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PREFACE

WELCOME TO THE SIXTH EDITION OF C-++ Programming: From Problem Analysis to Program
Design. Designed for a first Computer Science (CS1) C++ course, this text provides a
breath of fresh air to you and your students. The CS1 course serves as the cornerstone of
the Computer Science curriculum. My primary goal is to motivate and excite all CS1
students, regardless of their level. Motivation breeds excitement for learning. Motivation
and excitement are critical factors that lead to the success of the programming student. This
text is a culmination and development of my classroom notes throughout more than fifty
semesters of teaching successful programming to Computer Science students.

Warning: This text can be expected to create a serious reduction in the demand for
programming help during your office hours. Other side effects include significantly
diminished student dependency on others while learning to program.

C++ Programming: From Problem Analysis to Program Design started as a collection of brief
examples, exercises, and lengthy programming examples to supplement the books that were
in use at our university. It soon turned into a collection large enough to develop into a text.
The approach taken in this book is, in fact, driven by the students’ demand for clarity and readability.
The material was written and rewritten until the students felt comfortable with it. Most of the
examples in this book resulted from student interaction in the classroom.

As with any profession, practice is essential. Cooking students practice their recipes.
Budding violinists practice their scales. New programmers must practice solving
problems and writing code. This is not a C++ cookbook. We do not simply list the
C++ syntax followed by an example; we dissect the “why” behind all the concepts. The
crucial question of “why?” is answered for every topic when first introduced. This
technique offers a bridge to learning C++. Students must understand the “why?” in
order to be motivated to learn.

Traditionally, a C++ programming neophyte needed a working knowledge of another
programming language. This book assumes no prior programming experience. However,
some adequate mathematics background, such as college algebra, is required.



xxx | C++ Programming: From Problem Analysis to Program Design, Sixth Edition

Changes in the Sixth Edition

The sixth edition contains 200 new exercises, and more than 25 new programming exercises.
Earlier editions contain two chapters on user-defined functions. In this edition, without
sacrificing the rigor, these chapters are combined into one chapter so that user-defined functions
can be learned without interruption. Since Chapters 6 and 7 of earlier editions have been
combined into one chapter, the sixth edition contains one less chapter than the earlier editions.

The first part of Chapter 2 is rewritten and reorganized. Chapter 10, on searching and sorting
algorithms and the class vector is now Chapter 16. However, the selection sorting algorithm is
moved from Chapter 10 to Chapter 8 (arrays and string). So in addition to learning about array
and strings, the reader can also study a sequential search algorithm and a selection sort algorithm.
Even though additional searching and sorting algorithms are covered in Chapter 16, Chapter 16
can be studied right after studying Chapter 8. This edition also includes various new examples,
such as Examples 3-4, 3-8, 3-9, 4-8, 5-3, 5-4, 6-1, 8-4, 10-8, 11-2, 12-5, and 14-14.

Approach

The programming language C++, which evolved from C, is no longer considered an
industry-only language. Numerous colleges and universities use C++ for their first program-
ming language course. C++ is a combination of structured programming and object-oriented
programming, and this book addresses both types.

This book can be easily divided into two parts: structured programming and object-oriented
programming. The first 9 chapters form the structured programming part; Chapters 10
through 14, 17, and 18 form the object-oriented part. However, only the first six chapters
are essential to move on to the object-oriented portion.

In July 1998, ANSI/ISO Standard C++ was officially approved. This book focuses on ANSI/
ISO Standard C++. Even though the syntax of Standard C++ and ANSI/ISO Standard C++
is very similar, Chapter 7 discusses some of the features of ANSI/ISO Standard C++ that are
not available in Standard C++.

Chapter 1 briefly reviews the history of computers and programming languages. The reader can
quickly skim through this chapter and become familiar with some of the hardware components
and the software parts of the computer. This chapter contains a section on processing a C++
program. This chapter also describes structured and object-oriented programming.

Chapter 2 discusses the basic elements of C++. After completing this chapter, students
become familiar with the basics of C++ and are ready to write programs that are complicated
enough to do some computations. Input/output is fundamental to any programming
language. It is introduced early, in Chapter 3, and is covered in detail.

Chapters 4 and 5 introduce control structures to alter the sequential flow of execution.
Chapter 6 studies user-defined functions. It is recommended that readers with no prior
programming background spend extra time on Chapter 6. Several examples are provided to
help readers understand the concepts of parameter passing and the scope of an identifier.
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Chapter 7 discusses the user-defined simple data type (enumeration type), the namespace
mechanism of ANSI/ISO Standard C++, and the string type. The earlier versions of C did
not include the enumeration type. Enumeration types have very limited use; their main
purpose is to make the program readable. This book is organized such that readers can skip
the section on enumeration types during the first reading without experiencing any disconti-
nuity, and then later go through this section.

Chapter 8 discusses arrays in detail. This chapter also discusses a sequential search algorithm
and a selection sort algorithm. Chapter 9 introduces records (structs). The introduction of
structs in this book is similar to C structs. This chapter is optional; it is not a prerequisite
for any of the remaining chapters.

Chapter 10 begins the study of object-oriented programming (OOP) and introduces classes.
The first half of this chapter shows how classes are defined and used in a program. The second
half of the chapter introduces abstract data types (ADTs). This chapter shows how classes in
C++ are a natural way to implement ADTs. Chapter 11 continues with the fundamentals of
object-oriented design (OOD) and OOP and discusses inheritance and composition. It
explains how classes in C++ provide a natural mechanism for OOD and how C++ supports
OOP. Chapter 11 also discusses how to find the objects in a given problem.

Chapter 12 studies pointers in detail. After introducing pointers and how to use them in a
program, this chapter highlights the peculiarities of classes with pointer data members and
how to avoid them. Moreover, this chapter also discusses how to create and work with
dynamic two-dimensional arrays. Chapter 12 also discusses abstract classes and a type of
polymorphism accomplished via virtual functions.

Chapter 13 continues the study of OOD and OOP. In particular, it studies polymorphism in C++.
The chapter specifically discusses two types of polymorphism—overloading and templates.

Chapter 14 discusses exception handling in detail. Chapter 15 introduces and discusses recursion.
Moreover, this is a stand-alone chapter, so it can be studied anytime after Chapter 9. Chapter 16
describes various searching and sorting algorithms as well as an introduction to the vector class.

Chapters 17 and 18 are devoted to the study of data structures. Discussed in detail are linked
lists in Chapter 17 and stacks and queues in Chapter 18. The programming code developed in
these chapters is generic. These chapters effectively use the fundamentals of OOD.

Appendix A lists the reserved words in C++. Appendix B shows the precedence and
associativity of the C++ operators. Appendix C lists the ASCII (American Standard Code
for Information Interchange) and EBCDIC (Extended Binary Coded Decimal Interchange
Code) character sets. Appendix D lists the C++ operators that can be overloaded.

Appendix E has three objectives. First, we discuss how to convert a number from decimal to
binary and binary to decimal. We then discuss binary and random access files in detail.
Finally, we describe the naming conventions of the header files in both ANSI/ISO Standard
C++ and Standard C++. Appendix F discusses some of the most widely used library
routines, and includes the names of the standard C++ header files. The programs in
Appendix G show how to print the memory size for the built-in data types on your system
as well as how to use a random number generator. Appendix H gives an introduction to
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the Standard Template Library, and Appendix I provides the answers to odd-numbered
exercises in the book.

How to Use the Book

This book can be used in various ways. Figure 1 shows the dependency of the chapters.

A8

Chapter 4

|

Chapter 7 Chapter 8*
v v
Chapter 16 Chapter 9 Chapter 10

Y v v
Chapter 11 Chapter 12 Chapter 14
Chapter 13
Chapter 15
b
Chapter 17

Chapter 18

FIGURE 1 Chapter dependency diagram
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In Figure 1, dotted lines mean that the preceding chapter is used in one of the sections of the
chapter and is not necessarily a prerequisite for the next chapter. For example, Chapter 8
covers arrays in detail. In Chapters 9 and 10, we show the relationship between arrays and
structs and arrays and classes, respectively. However, if Chapter 10 is studied before
Chapter 8, then the section dealing with arrays in Chapter 10 can be skipped without any
discontinuation. This particular section can be studied after studying Chapter 8.

It is recommended that the first six chapters be covered sequentially. After covering the first
six chapters, if the reader is interested in learning OOD and OOP early, then Chapter 10 can
be studied right after Chapter 6. Chapter 7 can be studied anytime after Chapter 6.

After studying the first six chapters in sequence, some of the approaches are:

1. Study chapters in the sequence: 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18.
2. Study chapters in the sequence: 8, 10, 12, 13, 11, 15, 17, 18, 16, 15.
3. Study chapters in the sequence: 10, 8, 16, 12, 13, 11, 15, 17, 18, 14.
4. Study chapters in the sequence: 10, 8, 12, 13, 11, 15, 17, 18, 16, 14.
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noOfGuessest+;
if (guess == num)
{
cout << "Winner!. You guessed the correct number."
<< endl;
isGuessed = true;

if (guess < num)
cout << "Your guess is lower than the numbe
<< "Guess again!" << endl;

"Your guess—i8 higher than the number.\n"
Guess again!"™ << endl;
} //end while

You also 1 the following code o be included after the while loop in case the user

cannot guess the correct number in five tries:

if (lisGuessed)
cout << "You lose! The correct number is " << num << endl;

Programming Exercise 16 at the end of this chapter asks you to write a complete C++
pr m o impl nt the Number Guessing Game in which the user has, at most, five
tries to guess the number.

ou can see from the preceding while loop, the expression aterment can
be complex. The main objective of a while | IS to repeat certain went(s) until
certin conditions are met.

prROGRAMMING ExampLE: Fibonacci Number

Saa far, « seen several examples of loops. Recall that in C++, while loops are
used when a ain statement(s) must be executed repeatedly until certain conditions are
met, Followin C++ program that uses a while loop to find 2 Fibonacei number.

Consider the follow equence of numbers:
3; 5,8, 13, 21, 34,

is called the Fibonacei sequence. Given the fisst two numbers of
sequence (say, o and a3), the nth numbe >= 3, of this sequence is given by:

Thus;
m=mdaq=141=2,
iy =iy + 24+1=3

and so on

Four-color interior
design shows
accurate C++
code and related
comments.

One video is
available for each
chapter on the
optional
CourseMate that
accompanies this
text. Each video is
designed to
explain how a
program works.
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equence of statements whose 011_1‘:‘ tive 15 1o
ams you have examined so far wer
To process a program, the computer begins at the first

cutable state 1d executes the statements in order until it comes to the end.
In this chaprer and Chapter 5, you will learn how to rell a compurer thar it does
not have to follow a simple sequential order of statements; it can also make
decisions and repeat certain statements over and over until certain conditions
are met.

Control Structures

A computer can process i program in one of the following wa
by making a choice, which is also called a branch; repetinively, by ¢ 1 statement
over and over, using a structure called a loop; or by calling a fu on. Figure 4-1
illustrates the first three types of program flow. (In Chapter 6, we will show how function
calls we The progr: £ examples in Chapters 2 and 3 included simple sequential
programs. With such a program, the computer starts at the b ming and follows the
statements in order. No choices are made; there is no repetitio ontrol structures
provide alternatives to sequential program execution and are used to alter the sequential
flow of execution. The two most common control structures are selection and repetition
it the pecrisnt cubcuees parsiotiar sty depeadiog on some Soncirionty.

repetition, the program repeats particular statements a ¢ number of times based on

nent

. Sequence c. Repetition

FIGURE 4-1 F
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In C++, identifiers can be of any length.

The following are legal identifiers in C++:

first
conversion
payRate
counterl

Table 2-1 shows some illegal identifiers and explains why they are illegal.
TABLE 2-1 Examples of lllegal Identifiers

employee Salary There can be no space between employee and Salary.
Hello! The exclamation mark cannot be used in an identifier.
one + two The symbol + cannot be used in an identifier.

2nd An identifier cannot begin with a digit.

Compiler vendors usually begin certain identifiers with an underscore ()

When the linker links the object program with the system resources provided by

the integrated development environment (IDE), certain errors could occur. Therefore, it
is advisable that you should not begin identifiers in your program with an underscore (_).

Whitespaces

Every C++ program contains whitespaces. Whitespaces include blanks, tabs, and newline
characters. In a C++ program, whitespaces are used to separate special symbols, reserved
words, and identifiers. Whitespaces are nonprintable the sense that when they are
printed on a white sheet of paper, the space between special symbols, reserved words, and
identifiers is white. Proper utilization of whitespaces in a program is important. They can
be used to make the program more readable.

Data Types

The objective of a C++ program is to manipulate data. Different programs manipulate
different data. A program designed to calculate an employee's paycheck will add, subtract,
multply, and divide numbers, and some of the numbers might represent hours worked and
pay rate nilarly, a program designed to alphabetize a class list will manipulate names. You
wouldn’t use a cherry pie recipe to help you bake cookies. Similarly, you wouldn’t use a

Numbered Examples
illustrate the key
concepts with their
relevant code. The
programming code in
these examples is
followed by a Sample
Run. An explanation
then follows that
describes what each
line in the code does.

Notes highlight
important facts

about the concepts

introduced in the
chapter.



Programming Examples are
where everything in the
chapter comes together.
These examples teach
problem-solving skills and
include the concrete stages
of input, output, problem
analysis and algorithm
design, class design, and
a program listing. All
programs are designed to
be methodical, consistent,
and user-friendly. Each
Programming Example
starts with a problem
analysis that is followed
by the algorithm design
and/or class design, and
every step of the algorithm
is coded in C++. In
addition to helping
students learn problem-
solving techniques, these
detailed programs show
the student how to
implement concepts in

an actual C++ program.
We strongly recommend
that students study the
Programming Examples
carefully in order to learn
C++ effectively. Students
typically learn much from
completely worked-out
programs. Further,
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procRAMMING ExampLE: Convert Length

Write a program that takes as mput given lengths expressed i feet and inches. The
n convert and output the lengths in centimerers, Assume that the

given lengths in feer and inches are integers.

Input Length in feet and inches.

Output Equivalent length in centimeters.

The lengths are given in feet and inches, and you need to find the equivalent length
in centimeters, One inch is equal to 2.54 cenumeters. The fist thing the prog
needs to do s convert the length given in feer and inches to all inches. Then, you can
use the conversion formula, 1 inch = 2,54 centimeters, to find the equ

n centimeters. To convert the length from feet and inches to inches, y

the number of feet by 12, as 1 foot is equal to 12 inches, and add the given inches.

xample, suppose the input is § feet and 7 inches. You then find the total inches
lows:

totalInches = (12 * feet) + inches
=12+ 5 4+ 7
= §7

You can then apply the conversion formula, 1 inch = 2,54 centimeters, to find the
length in centimeters.
centimeters = totallnches * 2.54
- 67 * 2.54
= 170.18
Based on this analysis of the problem, you can design an algorithm as follows:
Get the length in feet and inches,
Convert the length into total inches.
Convert total inches into centimeters,
Output centimeters.
The input for the program is two numbers: one for feet and one for i Thus,
one to store feet and the other to ste g, wse the
will first convert the given length into inches, you d another variable to
store the total inches, You also need a variable to store the equivalent length in
centimeters, In summary, you need the following variables:
t feet; //wariable to hold given feet
inches; //variable to held given inches

t totallnchas; f/variable to hold total inches
ble centimeters; //variable to hold length in centimeters

programming examples considerably reduce the students’ need for help outside the classroom and bolster the

students’ self-confidence.
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EXERCISES

Mark the following statements as true or false.

The member variables of a elass must be of the same type,

The member functions of a elass must be public

A class can have more than one constructor.

A class can have more than one destructor.

Both constructors and destructors can have parameters,

Find the syntax errors in the following class

class mystery
{
public:
void print() const;
void setNum(double, double);
int power();
double mystery();
doub mystery {(double, double);
privata:
double
double y
i

Find the syntax errors in the follow

ass secret

public:
bool multiply():
print() cons
secret (int
}.‘:-r;\.ratr-_-:
int one;
int two;

Find the syntax errors in the following class

class secret
{
publiec:
bool compare();:
void print() const;
secret (int = 0, int = 0) const;
private:
string str;
int one;
int two;

definition:

//Line
//Line
//Line
//Line
//Line
//Line
//Line
//Line
//Line
//Line
//Line
//Line
definiion:

//Line
//Line
//Line
//Line
//Line
//Line
//Line
//Line
//Line
//Line
definition:
//Line
J/Line
//Line
//Line
//Line
//Line
//Line
//Line
//Line
//Line
//Line
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Exercises
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9
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Exercises further
reinforce learning
and ensure that
students have, in
fact, mastered the
material.
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cin >> firstNum >> secondNum;
cout << endl;

//Missing statements

Suppose that classStanding is a char varable, and gpa and dues are
double variables. Write a switch expression that assigns the dues as following:
If classStanding is '£°, the dues are $150.00; if classStanding s 's’
(if gpa is at least 3,75, the dues are §75.00; otherwise, dues are 120, 00); if
classStanding is '§' (if gpa is at least 3.75, the dues are $50.00;
otherwise, dues are $100,00); if classStanding is 'n" (if gpa is at le

3,75, the dues are $25.00; otherwise, dues are $75,00). (Note that the code
1§ sands for first year students, the code 's' stands for second y

students, the code '3 stands for juniors, and the code 'n* stan I SCTIOrs,)

Suppose that billingAmount is a double variable, which denotes the

amount you need to pay to the department stpfe. if you pay the full

amount, you $10.00 or 1% of .I]:u ?illinq}\mount, whic ver is Programming

smaller, as a dit on your next bill; if fou pay at least 50% of the :

billingAmount, the penalty is 5% of the’balance; if you pay at least 20% Exercises challenge
npth of the billingAmount and less thaw 50% of the billingAmount, the students to write

othep@ise, the penalty is 20% of the balance. :

Design an al £ apis the user to enter the billing amount and C++ programs with

the desired pa . The algotithm then calculates and outputs the credit a specified

or the remaining balance, i the amount is not paid in full, the algorithm

should also output the pénalty amount.

outcome.

PROGRAMMING EXERCISES

Write a program that prompts the user to input a number. The program
should then output the number and a message saying whether the number is
pusitive, negative, or zero,

Write a program that prompts the user to input three numbers. The
program should then output the numt n ascending order.

Write a program that prompts the user to input an integer between 0 and 35. If
the number is less than or equal to 9, the program should output the number;
otherwise, it should output A for 10, B for 11, € for 12.... and 2 for 35. (Hint:
Use the cast operator, static cast<char> (), for numbers >=10.)

The statements in the following program are in incorrect order. Rearrange

the statements so that they prompt the user to input the shape typ
(rectangle, circle, or cylinder) id the appropriate dimension of
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CourseMate

Make the most of your study time with everything you need to succeed in one place. Read
your textbook, highlight and take notes, review flashcards, watch videos, and take practice
quizzes online. Learn more at www.cengage.com/coursemate.

The C++ Programming CourseMate includes the following features:

® Videos step you through programs in each chapter, while integrated quizzes provide
immediate feedback to gauge your understanding.

e Lab Manual lets you apply material with a wealth of practical, hands-on exercises.

¢ Interactive Quizzes and Study Games drill key chapter concepts, while open-
ended Assignments develop critical thinking skills.

e Interactive eBook, flashcards, and more!

Instructors may add CourseMate to the textbook package, or students may purchase
CourseMate directly through www.cengagebrain.com.

Source Code

The source code, in ANSI/ISO Standard C++, is available for students to download at
www.cengagebrain.com and through the CourseMate available for this text. These files are also
available to instructors on the Instructor Resources CD and at login.cengage.com. The input
files needed to run some of the programs are also included with the source code.

Instructor Resources

The following supplemental materials are available when this book is used in a classroom
setting. All instructor teaching tools are available with this book on a single CD-ROM. Many
are also available for download at login.cengage.com.
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Electronic Instructor’s Manual

The Instructor’s Manual follows the text chapter-by-chapter and includes material to assist in

planning and organizing an effective, engaging course.

The Manual includes Overviews, Chapter Objectives, Teaching Tips, Quick Quizzes, Class
Discussion Topics, Additional Projects, Additional Resources, and Key Terms. A Sample
Syllabus is also available.

ExamView®

This textbook is accompanied by ExamView, a powerful testing software package that allows

instructors to create and administer printed, computer (LAN-based), and Internet exams.
ExamView includes hundreds of questions that correspond to the topics covered in this
text, enabling students to generate detailed study guides that include page references for
further review. These computer-based and Internet testing components allow students to
take exams at their computers, and save the instructor time because each exam is graded
automatically. The test banks are also available in Blackboard, WebCT, and Angel
compatible formats.

PowerPoint Presentations

This book comes with PowerPoint slides to accompany each chapter. Slides may be used to
guide classroom presentation, to make available to students for chapter review, or to print as
classroom handouts. Instructors can add their own slides for additional topics that they
introduce to the class, as well as customize the slides with the complete Figure Files from
the text.

Solution Files

The solution files for all Programming Exercises, in ANSI/ISO C++, are available at
login.cengage.com, and are also available on the Instructor Resources CD-ROM. The input files
needed to run some of the Programming Exercises are also included with the solution files.
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AN OVERVIEW OF
COMPUTERS AND
PROGRAMMING

L ANGUAGES

IN THIS CHAPTER, YOU WILL:

Learn about different types of computers

Explore the hardware and software components of a computer system

Learn about the language of a computer

Learn about the evolution of programming languages

Examine high-level programming languages

Discover what a compiler is and what it does

Examine a C++ program

Explore how a C++ program is processed

Learn what an algorithm is and explore problem-solving techniques

Become aware of structured design and object-oriented design programming methodologies

Become aware of Standard C++ and ANSI/ISO Standard C++
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Introduction

Terms such as “the Internet,” which were unfamiliar just 20 years ago are now common.
Students in elementary school regularly “surf™ the Internet and use computers to design their
classroom projects. Many people use the Internet to look for information and to commu-
nicate with others. This is all made possible by the availability of different software, also
known as computer programs. Without software, a computer is useless. Software is devel-
oped by using programming languages. The programming language C++ is especially well
suited for developing software to accomplish specific tasks. Our main objective is to help you
learn how to write programs in the C++ programming language. Before you begin
programming, it is useful to understand some of the basic terminology and different
components of a computer. We begin with an overview of the history of computers.

A Brief Overview of the History of Computers

The first device known to carry out calculations was the abacus. The abacus was invented in
Asia but was used in ancient Babylon, China, and throughout Europe until the late middle
ages. The abacus uses a system of sliding beads in a rack for addition and subtraction. In 1642,
the French philosopher and mathematician Blaise Pascal invented the calculating device
called the Pascaline. It had eight movable dials on wheels and could calculate sums up to
eight figures long. Both the abacus and Pascaline could perform only addition and subtrac-
tion operations. Later in the 17th century, Gottfried von Leibniz invented a device that was
able to add, subtract, multiply, and divide. In 1819, Joseph Jacquard, a French weaver,
discovered that the weaving instructions for his looms could be stored on cards with holes
punched in them. While the cards moved through the loom in sequence, needles passed
through the holes and picked up threads of the correct color and texture. A weaver could
rearrange the cards and change the pattern being woven. In essence, the cards programmed a
loom to produce patterns in cloth. The weaving industry may seem to have little in common
with the computer industry. However, the idea of storing information by punching holes on
a card proved to be of great importance in the later development of computers.

In the early and mid-1800s, Charles Babbage, an English mathematician and physical
scientist, designed two calculating machines: the difference engine and the analytical
engine. The difference engine could perform complex operations such as squaring numbers
automatically. Babbage built a prototype of the difference engine, but did not build the
actual device. The first complete difference engine was completed in London in 2002,
153 years after it was designed. It consists of 8,000 parts, weighs five tons, and measures 11
feet long. A replica of the difference engine was completed in 2008 and is on display at the
Computer History Museum in Mountain View, California (http://www.computerhistory.org/
babbage/). Most of Babbage’s work is known through the writings of his colleague Ada
Augusta, Countess of Lovelace. Augusta is considered the first computer programmer.

At the end of the 19th century, U.S. Census officials needed help in accurately tabulating
the census data. Herman Hollerith invented a calculating machine that ran on electricity
and used punched cards to store data. Hollerith’s machine was immensely successful.
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Hollerith founded the Tabulating Machine Company, which later became the computer
and technology corporation known as IBM.

The first computer-like machine was the Mark I. It was built, in 1944, jointly by IBM and
Harvard University under the leadership of Howard Aiken. Punched cards were used to feed
data into the machine. The Mark I was 52 feet long, weighed 50 tons, and had 750,000 parts.
In 1946, the ENIAC (Electronic Numerical Integrator and Calculator) was built at the
University of Pennsylvania. It contained 18,000 vacuum tubes and weighed some 30 tons.

The computers that we know today use the design rules given by John von Neumann in
the late 1940s. His design included components such as an arithmetic logic unit, a control
unit, memory, and input/output devices. These components are described in the next
section. Von Neumann’s computer design makes it possible to store the programming
instructions and the data in the same memory space. In 1951, the UNIVAC (Universal
Automatic Computer) was built and sold to the U.S. Census Bureau.

In 1956, the invention of transistors resulted in smaller, faster, more reliable, and more
energy-efficient computers. This era also saw the emergence of the software development
industry, with the introduction of FORTRAN and COBOL, two early programming
languages. In the next major technological advancement, transistors were replaced by tiny
integrated circuits, or “chips.” Chips are smaller and cheaper than transistors and can contain
thousands of circuits on a single chip. They give computers tremendous processing speed.

In 1970, the microprocessor, an entire CPU on a single chip, was invented. In 1977,
Stephen Wozniak and Steven Jobs designed and built the first Apple computer in their
garage. In 1981, IBM introduced its personal computer (PC). In the 1980s, clones of the
IBM PC made the personal computer even more affordable. By the mid-1990s, people
from many walks of life were able to afford them. Computers continue to become faster
and less expensive as technology advances.

Modern-day computers are powerful, reliable, and easy to use. They can accept spoken-word
instructions and imitate human reasoning through artificial intelligence. Expert systems assist
doctors in making diagnoses. Mobile computing applications are growing significantly. Using
hand-held devices, delivery drivers can access global positioning satellites (GPS) to verify
customer locations for pickups and deliveries. Cell phones permit you to check your e-mail,
make airline reservations, see how stocks are performing, and access your bank accounts.

Although there are several categories of computers, such as mainframe, midsize, and
micro, all computers share some basic elements, described in the next section.

Elements of a Computer System

A computer is an electronic device capable of performing commands. The basic commands
that a computer performs are input (get data), output (display result), storage, and perfor-
mance of arithmetic and logical operations. There are two main components of a computer
system: hardware and software. In the next few sections, we give a brief overview of these
components. Let’s look at hardware first.
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Hardware

Major hardware components include the central processing unit (CPU); main memory
(MM), also called random access memory (RAM); input/output devices; and secondary
storage. Some examples of input devices are the keyboard, mouse, and secondary storage.
Examples of output devices are the screen, printer, and secondary storage. Let’s look at
each of these components in greater detail.

Central Processing Unit and Main Memory

The central processing unit is the “brain” of the computer and the single most expensive
piece of hardware in a computer. The more powerful the CPU, the faster the computer.
Arithmetic and logical operations are carried out inside the CPU. Figure 1-1(a) shows some
hardware components.

1000
1001

2000
2001

Main Memory

(a) (b)

FIGURE 1-1 Hardware components of a computer and main memory

Main memory, or random access memory, is connected directly to the CPU. All
programs must be loaded into main memory before they can be executed. Similarly, all
data must be brought into main memory before a program can manipulate it. When the
computer is turned off, everything in main memory is lost.

Main memory is an ordered sequence of cells, called memory cells. Each cell has a
unique location in main memory, called the address of the cell. These addresses help
you access the information stored in the cell. Figure 1-1(b) shows main memory with
some data.
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Today’s computers come with main memory consisting of millions to billions of cells.
Although Figure 1-1(b) shows data stored in cells, the content of a cell can be either a
programming instruction or data. Moreover, this figure shows the data as numbers and
letters. However, as explained later in this chapter, main memory stores everything as
sequences of 0s and 1s. The memory addresses are also expressed as sequences of 0s and 1s.

SECONDARY STORAGE

Because programs and data must be stored in main memory before processing and
because everything in main memory is lost when the computer is turned off, information
stored in main memory must be transferred to some other device for permanent storage.
The device that stores information permanently (unless the device becomes unusable or
you change the information by rewriting it) is called secondary storage. To be able to
transfer information from main memory to secondary storage, these components must
be directly connected to each other. Examples of secondary storage are hard disks, flash
drives, floppy disks, ZIP disks, CD-ROMs, and tapes.

Input/Output Devices

For a computer to perform a useful task, it must be able to take in data and programs and
display the results of calculations. The devices that feed data and programs into computers
are called input devices. The keyboard, mouse, and secondary storage are examples of
input devices. The devices that the computer uses to display results are called output
devices. A monitor, printer, and secondary storage are examples of output devices.
Figure 1-2 shows some input and output devices.

Input devices Output devices

FIGURE 1-2 Some input and output devices
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Software

Software are programs written to perform specific tasks. For example, word processors
are programs that you use to write letters, papers, and even books. All software is written
in programming languages. There are two types of programs: system programs and
application programs.

System programs control the computer. The system program that loads first when you
turn on your PC is called the operating system. Without an operating system, the
computer is useless. The operating system monitors the overall activity of the computer
and provides services. Some of these services include memory management, input/output
activities, and storage management. The operating system has a special program that
organizes secondary storage so that you can conveniently access information.

Application programs perform a specific task. Word processors, spreadsheets, and
games are examples of application programs. The operating system is the program that
runs application programs.

The Language of a Computer

When you press A on your keyboard, the computer displays A on the screen. But what is
actually stored inside the computer’s main memory? What is the language of the
computer? How does it store whatever you type on the keyboard?

Remember that a computer is an electronic device. Electrical signals are used inside the
computer to process information. There are two types of electrical signals: analog and
digital. Analog signals are continuous wave forms used to represent such things as
sound. Audio tapes, for example, store data in analog signals. Digital signals represent
information with a sequence of 0s and 1s. A 0 represents a low voltage, and a 1
represents a high voltage. Digital signals are more reliable carriers of information than
analog signals and can be copied from one device to another with exact precision. You
might have noticed that when you make a copy of an audio tape, the sound quality of
the copy is not as good as the original tape. On the other hand, when you copy a CD,
the copy is as good as the original. Computers use digital signals.

Because digital signals are processed inside a computer, the language of a computer, called
machine language, is a sequence of 0s and 1s. The digit 0 or 1 is called a binary digit,
or bit. Sometimes a sequence of 0s and 1s is referred to as a binary code or a binary
number.

Bit: A binary digit 0 or 1.

A sequence of eight bits is called a byte. Moreover, 2'” bytes = 1024 bytes is called
a kilobyte (KB). Table 1-1 summarizes the terms used to describe various numbers
of bytes.
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TABLE 1-1 Binary Units

Byte 8 bits
Kilobyte KB 210 pytes = 1024 bytes
Megabyte MB 1024 KB = 2'° KB = 22° bytes = 1,048,576 bytes
Gigabyte GB 1024 MB = 29 MB = 23° bytes = 1,073,741,824 bytes
1024 GB = 2'° GB = 240 bytes =
T, B
erabyte 1,099,511,627,776 bytes
1024 TB = 21° TB = 2°° bytes =
Petabyt PB
ctayte 1,125,899,906,842,624 bytes
1024 PB = 219 PB = 20 bytes =
Exabyt EB
xapyte 1,152,921,504,606,846,976 bytes
__ nlO __ n70 _
Zettabyte 7B 1024 EB =2"" EB = 2" bytes =

1,180,591,620,717,411,303,424 bytes

Every letter, number, or special symbol (such as * or{ ) on your keyboard is encoded as a
sequence of bits, each having a unique representation. The most commonly used
encoding scheme on personal computers is the seven-bit American Standard Code
for Information Interchange (ASCII). The ASCII data set consists of 128 characters
numbered 0 through 127. That is, in the ASCII data set, the position of the first character
is 0, the position of the second character is 1, and so on. In this scheme, A is encoded as
the binary number 1000001. In fact, A is the 66th character in the ASCII character code,
but its position is 65 because the position of the first character is 0. Furthermore, the
binary number 1000001 is the binary representation of 65. The character 3 is encoded as
0110011. Note that in the ASCII character set, the position of the character 3 is 51, so
the character 3 is the 52nd character in the ASCII set. It also follows that 0110011 is the
binary representation of 51. For a complete list of the printable ASCII character set, refer
to Appendix C.

NOTE  The number system that we use in our daily life is called the decimal system, or base 10.
Because everything inside a computer is represented as a sequence of Os and 1s, that is,
binary numbers, the number system that a computer uses is called binary, or base 2. We
indicated in the preceding paragraph that the number 1000001 is the binary representation
of 65. Appendix E describes how to convert a number from base 10 to base 2 and vice versa.
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Inside the computer, every character is represented as a sequence of eight bits, that is, as
a byte. Now the eight-bit binary representation of 65 is 01000001. Note that we added 0
to the left of the seven-bit representation of 65 to convert it to an eight-bit representa-
tion. Similarly, the eight-bit binary representation of 51 is 00110011.

ASCII is a seven-bit code. Therefore, to represent each ASCII character inside the
computer, you must convert the seven-bit binary representation of an ASCII character
to an eight-bit binary representation. This is accomplished by adding 0 to the left of the
seven-bit ASCII encoding of a character. Hence, inside the computer, the character
A is represented as 01000001, and the character 3 is represented as 00110011.

There are other encoding schemes, such as EBCDIC (used by IBM) and Unicode,
which i1s a more recent development. EBCDIC consists of 256 characters; Unicode
consists of 65,536 characters. To store a character belonging to Unicode, you need
two bytes.

The Evolution of Programming Languages

The most basic language of a computer, the machine language, provides program
instructions in bits. Even though most computers perform the same kinds of operations,
the designers of the computer may have chosen difterent sets of binary codes to perform
the operations. Therefore, the machine language of one machine is not necessarily the
same as the machine language of another machine. The only consistency among com-
puters is that in any modern computer, all data is stored and manipulated as binary codes.

Early computers were programmed in machine language. To see how instructions are
written in machine language, suppose you want to use the equation:

wages = rate . hours

to calculate weekly wages. Further, suppose that the binary code 100100 stands for load,
100110 stands for multiplication, and 100010 stands for store. In machine language, you
might need the following sequence of instructions to calculate weekly wages:

100100 010001
100110 010010
100010 010011

To represent the weekly wages equation in machine language, the programmer had to
remember the machine language codes for various operations. Also, to manipulate
data, the programmer had to remember the locations of the data in the main memory.
This need to remember specific codes made programming not only very difficult, but also
error prone.

Assembly languages were developed to make the programmer’s job easier. In assembly
language, an instruction is an easy-to-remember form called a mnemonic. Table 1-2
shows some examples of instructions in assembly language and their corresponding
machine language code.
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TABLE 1-2 Examples of Instructions in Assembly Language and Machine Language

LOAD 100100
STOR 100010
MULT 100110
ADD 100101
SUB 100011

Using assembly language instructions, you can write the equation to calculate the weekly
wages as follows:

LOAD rate
MULT hours
STOR wages

As you can see, it is much easier to write instructions in assembly language. However,
a computer cannot execute assembly language instructions directly. The instructions first
have to be translated into machine language. A program called an assembler translates
the assembly language instructions into machine language.

Assembler: A program that translates a program written in assembly language into an
equivalent program in machine language.

Moving from machine language to assembly language made programming easier, but
a programmer was still forced to think in terms of individual machine instructions. The
next step toward making programming easier was to devise high-level languages that
were closer to natural languages, such as English, French, German, and Spanish. Basic,
FORTRAN, COBOL, Pascal, C, C++, C#, and Java are all high-level languages. You
will learn the high-level language C++ in this book.

In C++, you write the weekly wages equation as follows:
wages = rate * hours;

The instruction written in C++ is much easier to understand and is self~explanatory
to a novice user who is familiar with basic arithmetic. As in the case of assembly language,
however, the computer cannot directly execute instructions written in a high-level
language. To run on a computer, these C++ instructions first need to be translated into
machine language. A program called a compiler translates instructions written in high-
level languages into machine code.

Compiler: A program that translates instructions written in a high-level language into the
equivalent machine language.
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Processing a C++ Program

In the previous sections, we discussed machine language and high-level languages and
showed a C++ program. Because a computer can understand only machine language,
you are ready to review the steps required to process a program written in C++.

Consider the following C++ program:

#include <iostream>
using namespace std;

int main ()

{
cout << "My first C++ program." << endl;

return 0;

}

At this point, you need not be too concerned with the details of this program. However,
if you run (execute) this program, it will display the following line on the screen:

My first C++ program.

Recall that a computer can understand only machine language. Therefore, in order to run
this program successfully, the code must first be translated into machine language. In this
section, we review the steps required to execute programs written in C++.

The following steps, as shown in Figure 1-3, are necessary to process a C++ program.

1. You use a text editor to create a C++ program following the rules, or
syntax, of the high-level language. This program is called the source
code, or source program. The program must be saved in a text file
that has the extension .cpp. For example, if you saved the preceding
program in the file named FirstCPPProgram, then its complete name
1s FirstCPPProgram. cpp.

Source program: A program written in a high-level language.

2. The C++ program given in the preceding section contains the statement
#include <iostream>. In a C++ program, statements that begin with
the symbol # are called preprocessor directives. These statements are pro-
cessed by a program called preprocessor.

3. After processing preprocessor directives, the next step is to verify that the
program obeys the rules of the programming language—that is, the program
is syntactically correct—and translate the program into the equivalent
machine language. The compiler checks the source program for syntax errors
and, if no error is found, translates the program into the equivalent machine
language. The equivalent machine language program is called an object