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Preface

This textbook teaches the fundamentals of programming using C++, a programming language which
supports the development of software using the object-oriented paradigm.

Although the book is primarily intended as a textbook for a programming module in a computer science
course, it is equally suited to an individual familiar with another programming language and who now
wants to learn how to program in C++.

This book focuses on core concepts and features of C++ while keeping the explanations as simple as
possible. Drawing on their professional experience, the authors teach C++ programming largely by way
of examples that are organised for easy step-by-step learning.

Like so many other programming languages, C++ contains numerous English technical terms that are
difficult for all students, including the native English speaking student.

Learn C++ through English and Chinese explains C++ concepts and terminology in English with
additional explanatory annotations in Chinese. This bi-lingual approach will be appreciated by Chinese
students and will help them focus on the C++ language without being over-burdened by English technical
terminology. Despite C++ being available on a wide variety of platforms, this book is not specific to any
particular machine, compiler, or operating system. All programs are designed to be portable with little or
no modification to a wide variety of platforms.

Learn C++ through English and Chinese

® [s a comprehensive introduction to programming in C++.

® Uses practical examples to explain difficult theoretical examples.

® Uses a step-by-step approach with detailed explanation of programming examples.

® Uses explanatory annotations written in Chinese.

@® Provides end-of-chapter ‘programming pitfalls’ commonly experienced by learners.

® Provides a ‘quick syntax reference’ at the end of each chapter that summarises the C++ syntax covered
in the chapter. This is a useful resource for experienced programmers as well as for learners.

® Provides end-of-chapter exercises, allowing the learner to test and re-enforce their understanding of
C++.

® s suitable for students new to programming and those familiar with some other language, such as C or
Basic, and who now wish to learn C++.

® [s accompanied by a web site containing the example programs, solutions to selected exercises,

frequently asked questions and links to other useful resources.

Typographic Conventions

The line numbers to the left of the program examples are for reference purposes only and are not part of

the C++ language.



When a new term is introduced it is in italic type.
C++ statements, keywords, program variables and values are in this font.

This font is used in examples to show values that should be typed at the keyboard by the user.

Paul Kelly
Dublin Institute of Technology
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Chapter One
Introduction

F1E & B

1.1 What is a computer program?
(ftAZRITENERF?)

Computers are involved in a wide variety of tasks that we do in our
everyday lives. Some of these tasks such as using a word processor
or checking e-mail obviously use a computer. Less direct examples
occur when we use an ATM at a bank, pay at a supermarket checkout
or use a phone.

A computer performs all of these tasks by following a predefined
set of instructions. This set of instructions is a called a computer
program. A computer program to a computer is like a recipe to a
chef; it specifies the steps needed to perform a certain task. But
unfortunately, unlike a recipe, you can’t give your instructions to a
computer in a language such as English or Chinese. For instructions
to be ‘intelligible’ to a computer, they need to be expressed in
a language ‘understood’ by the computer. The only language
‘understood’ by a computer is its own machine language, which
consists of a series of binary ones and zeroes.

Machine language is very difficult to use directly and so instructions
to a computer are given in a special language called a programming
language. The programming language is neither English nor machine
language, but is somewhere in between. In fact, as you will see, it is
more like English than machine language.

Machine languages are known as low-/level languages and programming
languages are known as high-level languages.

Writing instructions in a high level language is much easier than
writing them in low-level machine language, but is still not as easy
as writing them in English or Chinese.

For the computer to carry out the program instructions written in a
high level language, they have to be translated from the high level
language to the machine language of the computer. A compiler does

this translation.
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1.2 Developing a computer program
( FARITENIERF )

The first step in developing a computer program is to define and
understand the problem to be solved. If you cannot understand the
problem then you will certainly not be able to tell a computer how
to solve the problem. This is called the analysis phase and basically
answers the question “what is to be done?”, ignoring for the time
being the question of how the problem is to be solved.

Once it is known what has to be done, the question “how is it to be
done?” arises. This is called the design phase and it is in this phase
that a solution to the problem is developed. The design phase may
reveal problems not previously considered in the analysis phase. So
rather than being independent phases, the design and analysis phases
are closely related and interact with each other.

The analysis and design phases are important to developing a
successful solution to a problem. Neglect at either of these phases
will result in a ‘solution’ that will not solve the original problem and
may even contribute to making it worse.

Analysis and design are subjects in their own right and are not
covered in this book. This book concentrates on the next phase:
writing, compiling and testing C++ programs.

There are many different compilers on the market, with updated
versions being released regularly. Up to date instructions for writing,
compiling and running C++ programs with some of the popular
compilers can be found on the web site for this book at http:/www.

hxedu.com.cn.
1.2.1

Despite the differences between compilers, the following is a general

Program development cycle

description of the steps involved in the development of a C++
program.

Step 1: Design the program.

A computer system consists of one or more programs. Each program
has to be individually designed to implement the overall solution
developed at the analysis and design phases.

After each program is designed, it is important to check its logic
before starting to write the program.

Step 2: Write the program.
Firstly, the C++ program instructions are typed into a file using a text
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editor. The file containing the C++ statements is called the source
file and is usually stored on disk. The program instructions are also
called the source code or the program code.

Step 3: Compile the program.

Next the C++ program is passed through a compiler, which translates
the C++ program instructions to machine instructions. The compiler
reads the source file, translates the C++ statements into machine or
object code, and stores the object code in an object file.

Some errors are likely to occur in this step. An error in the source
code is indicated by the compiler and is referred to as a compile-time
error. The simplest kind of compile-time error is a syntax error. This
type of error is relatively easy to correct, as the compiler will indicate
where in the source code the error has occurred. Typical syntax
errors involve missing punctuation and misspellings. All compile-
time errors must be corrected before the compilation process can be
completed.

The compiler may sometimes issue a warning message during
compilation. A warning message is not as serious as a syntax error
and will not prevent the program from being compiled. However,
warnings are the compiler’s way of drawing attention to what it
‘thinks” may be a problem and should be investigated.

Step 4: Link the program.

The final step before running the program is to /ink the program
using the linker. Linking involves combining the object file of the
program with other object files from the C++ run-time library to form

an executable file.

Step 5: Test the program.

When the program is run you may find that it is not working as expected.
The fact that a program does not have any compile-time errors does
not guarantee that the program will work as required. For example,
the programmer may mistakenly have given an instruction to divide
a number by zero. This type of error is called a run-time error and
causes the program to stop before it has completed its task.

The program may complete its task but produce incorrect results or
display them at the wrong position on the screen.

These kinds of errors are known as logic errors or more commonly as
bugs. Bugs are much harder to find and fix than compile-time errors.
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Some bugs appear only under certain conditions, for example when a
program is run with a particular set of data.
The process of locating and correcting program errors is called

debugging.

Step 6: Debug the program.

Once a bug has been identified, the next step is to find where in the
source code the problem lies. Many compilers have tools that can be
used to help locate bugs.

Correcting bugs involves going back to step 2, but hopefully not any
further. Going back to step 1 or even back to the analysis and design
phases would be like asking an architect to redesign parts of a house
while it is being built! In general, try to catch errors as early as
possible.

1.3 Learning C++ ( %3] C++)

You’ll learn more from designing, writing, running, and correcting
programs than you ever will by simply reading a book. A successful
approach to learning to program in C++ depends on large amounts of
practice.

To help you practise, there are exercises at the end of each chapter.
Do as many of the exercises as possible and get some feedback on
your solutions from people who know C++. There are solutions to
selected exercises at the web site for this book.

1.4 Web site for this book ( &<HB MY )

The web site for this book is at http://www.hxedu.com.cn. The

source code for all the example programs used in this book as well
as answers to selected exercises are available here. In addition, The
source code is also available at https://db.tt/e6Uwrli5.

1.5 Brief history of C++ ( C++ f&5 )

C++ is a direct descendent of the C programming language, which
was originally developed in 1972 at Bell Laboratories, New Jersey,
USA. C evolved from a language called B, which in turn evolved
from a language called BCPL (Basic Combined Programming
Language). C++ was developed by Bjarne Strostrup at AT&T Bell
Laboratories from 1979 to 1983. The initial version of the language
was called “C with Classes” and was used internally in AT&T
in 1983. Later that year, the name was changed to “C++". The
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