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Introduction

Welcome to Beginning C++20. This is a revised and updated version of Ivor Horton’s original book called
Beginning ANSI C++. The C++ language has been extended and improved considerably since then, so

much so that it was no longer possible to squeeze detailed explanations of all of C++ into a single book. This
tutorial will teach the essentials of the C++ language and Standard Library features, which will be more than
enough for you to write your own C++ applications. With the knowledge from this book, you should have no
difficulty in extending the depth and scope of your C++ expertise.

We have assumed no prior programming knowledge. If you are keen to learn and have an aptitude for
thinking logically, getting a grip on C++ will be easier than you might imagine. By developing C++ skills,
you'll be learning a language that is already used by millions and that provides the capability for application
development in just about any context.

C++ is very powerful. Arguably, it'’s more powerful than most programming languages. So, yes, like with
any powerful tool you can wield some considerable damage if you use it without proper training. We often
compare C++ to a Swiss Army knife: age-old, trusted, incredibly versatile, yet potentially mind-boggling and
full of pointy things that could really hurt you. Once someone clearly explains to you what all the different
tools are meant for, however, and teaches you some elementary knife safety rules, then you'll never have to
look for another pocketknife again.

C++ does not need to be dangerous or difficult at all either. C++ today is much more accessible than
many people assume. The language has come a long way since its conception nearly 40 years ago. We have
learned how to wield all its mighty blades and tools in the safest and most effective way possible. And, more
importantly perhaps, the C++ language and its Standard Library have evolved accordingly to facilitate this.
The past decade has seen the rise of what is now known as “modern C++” Modern C++ emphasizes the
use of newer, more expressive, safer language features, combined with tried and tested best practices and
coding guidelines. Once you know and apply a handful of simple rules and techniques, C++ loses much of its
complexity. The key is that someone properly and gradually explains not simply what you can do with C++
but rather what you should do with C++. And that’s where this book comes in!

In this latest revision of the book, we have gone to great lengths to bring it back in line with the new,
modern era of C++ programming we’re living in. As before, we of course do so in the form of a gradual,
informal tutorial. We'll introduce to you all the shiny blades and pointy things C++ has to offer—both old
and new—using many hands-on coding samples and exercises. But that’s not all: more than ever before
we’ve made sure to always explain which tool is best to use for which purpose, why that is the case, and
how to avoid getting cut. We've made sure that you will begin C++, from day one, using the safe, productive,
modern programming style that employers will expect from you tomorrow.

The C++ language in this book corresponds to the latest International Organization for Standardization
(ISO) standard, commonly referred to as C++20. Not everything in C++20 is covered, since some of the
extensions compared to previous versions of the language are targeted toward more advanced use.

xxvii



INTRODUCTION

Using the Book

To learn C++ with this book, you'll need a compiler that conforms to the C++20 standard and a text editor
suitable for working with program code. Several compilers are available currently that support, to some
extent, C++20 features, many of which are free.

Note At the time of writing, no compiler fully supports C++20. If the past is any guide, we are confident
they will catch up soon, though. https://en.cppreference.com/w/cpp/compiler support provides an
excellent overview of what C++20 features are supported by all major compilers. If your compiler does not
support a certain feature yet, you may have to skip some examples or rework them in terms of alternatives.

GCC and Clang are free, open source compilers, with increasing support for C++20. Installing these
compilers and putting them together with a suitable editor can be a little tricky if you are new to this kind
of thing. An easy way to install a compiler along with a suitable editor is to download a free integrated
development environment (IDEs) such as Code::Blocks or Qt Creator. Such IDEs support a complete
program development for several compilers, including GCC and Clang.

Another possibility is to use the commercial Microsoft Visual C++ IDE that runs under Microsoft
Windows. The Community edition is free for individual use or even small professional teams, and its
support for C++20 is on par with GCC and Clang. With Visual Studio you get a comprehensive, easy-to-use
professional editor and debugger, as well as support for other languages such as C# and Javascript.

There are other compilers that support C++20 as well, which you can find with a quick online search.

We've organized the material in this book to be read sequentially, so you should start at the beginning
and keep going until you reach the end. However, no one ever learned programming by just reading a book.
You'll only learn how to program in C++ by writing code, so make sure you key in all the examples—don’t
just copy them from the download files—and compile and execute the code that you've keyed in. This
might seem tedious at times, but it’s surprising how much just typing in C++ statements will help your
understanding, especially when you may feel you're struggling with some of the ideas. If an example doesn’t
work, resist the temptation to go straight back to the book to see why. Try to figure out from your code what
is wrong. This is good practice for what you'll have to do when you are developing C++ applications for real.

Making mistakes is a fundamental part of the learning process, and the exercises should provide you
with ample opportunity for that. It’s a good idea to dream up a few exercises of your own. If you are not
sure about how to do something, just have a go before looking it up. The more mistakes you make, the
greater the insight you'll have into what can, and does, go wrong. Make sure you attempt all the exercises,
and remember, don’t look at the solutions until you're sure that you can’t work them out yourself. Most of
these exercises just involve a direct application of what’s covered in a chapter—they’re just practice, in other
words—but some also require a bit of thought or maybe even inspiration.

We wish you every success with C++. Above all, enjoy it!

Ivor Horton
Peter Van Weert
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CHAPTER 1

Basic Ideas

In this book we sometimes will use certain code in the examples before having explained it in detail. This
chapter is intended to help you when this occurs by presenting an overview of the major elements of C++
and how they hang together. We'll also explain a few concepts relating to the representation of numbers and
characters in your computer.

In this chapter, you'll learn

o  Whatis meant by modern C++

e What the terms C++11, C++14, C++17, and C++20 mean

e What the C++ Standard Library is

o What are the elements of a C++ program

e  How to document your program code

e Howyour C++ code becomes an executable program

o How object-oriented programming differs from procedural programming

e What binary, hexadecimal, and octal number systems are

o  What floating-point numbers are

e  How a computer represents numbers and letters using nothing but bits and bytes

¢  What Unicode is

Modern C++

Created in the early 1980s by Danish computer scientist Bjarne Stroustrup, C++ is one of the oldest
programming languages still in active use. Despite its age, however, C++ is still standing strong, steadily
maintaining its top-five position in most popularity rankings for programming languages. Just about
any kind of program can be written in C++, from device drivers to operating systems and from payroll
and administrative programs to games. Major operating systems, browsers, office suites, email clients,
multimedia players, database systems—name one and chances are it’s written at least partly in C++.

Above all else, C++ is best suited for applications where performance matters, such as applications
that have to process large amounts of data, computer games with high-end graphics, or apps for embedded
or mobile devices. Programs written in C++ remain many times faster than those written in other popular
languages. C++ is also very effective for developing applications across an enormous range of computing
devices and environments, including for personal computers, workstations, mainframe computers, tablets,
and mobile phones.
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The C++ programming language may be old, but it’s still very much alive and kicking. Or, better yet:
it’s again very much alive and kicking. After its initial development and standardization in the 1980s, C++
evolved very slowly, and remained essentially unchanged for decades. Until 2011, when the International
Organization for Standardization (ISO) released a new version of the formal C++ standard. This edition of
the standard, commonly referred to as C++11, revived C++ and catapulted the somewhat dated language
right back into the 21st Century. It modernized the language and the way we use it so profoundly that you
could almost call C++11 a completely new language.

Programming using the features of C++11 and beyond is referred to as modern C++. In this book, we'll
show you that modern C++ is about more than simply embracing the language’s new features—lambda
expressions (Chapter 19), auto type deduction (Chapter 2), and range-based for loops (Chapter 5), to name
a few. More than anything else, modern C++ is about modern ways of programming, the consensus of what
constitutes good programming style. It's about applying an implicit set of guidelines and best practices, all
designed to make C++ programming easier, less error-prone, and more productive. A modern, safe C++
programming style replaces traditional low-level language constructs with the use of containers (Chapters 5
and 20), smart pointers (Chapter 6), or other RAII techniques (Chapter 16). It emphasizes exceptions
to report errors (Chapter 16), passing objects by value through move semantics (Chapter 18), writing
algorithms instead of loops (Chapter 20), and so on. Of course, all this probably means little to nothing to
you yet. But not to worry: in this book, we’ll gradually introduce everything you need to know to program in
C++ today!

The C++11 standard also appears to have revived the C++ community, which has been actively working
hard on extending and further improving the language ever since. Every three years, a new version of the
standard is published. After C++11 came C++14, C++17, and, most recently, C++20.

After the smaller, incremental updates of C++14 and C++17, C++20 is again a major milestone. Like
C++11 did a decade ago, C++20 will again change the way we program in C++ forever. Modules (Chapter 11)
obsolete C++’s formerly antiquated ways of composing larger programs (such as headers and #include
guards: see online Appendix A), concepts (Chapter 21) facilitate type-safe templates and flexible template
specialization (Chapters 9 and 17), and ranges (Chapter 20) revolutionize the way we manipulate data. The
best thing about all these C++20 features—and in particular for someone beginning C++ today—is that they
make the language easier, more elegant, and more accessible than ever before.

This book relates to C++ as defined by C++20. All code should work on any compiler that complies with
the C++20 edition of the standard. The good news is that most major compilers work hard to keep up with all
latest developments, so if your compiler does not support a particular feature yet, it soon will.

Standard Libraries

If you had to create everything from scratch every time you wrote a program, it would be tedious indeed.
The same functionality is required in many programs—reading data from the keyboard, calculating a
square root, sorting data records into a particular sequence, and so on. C++ comes with a large amount of
prewritten code that provides facilities such as these so you don’t have to write the code yourself. All this
standard code is defined in the Standard Library.

The Standard Library is a huge collection of routines and definitions that provide functionality that is
required by many programs. Examples are numerical calculations, string processing, sorting and searching,
organizing and managing data, and input and output. We'll introduce major Standard Library functionalities
in virtually every chapter and will later zoom in a bit more specifically on some key data structures and
algorithms in Chapter 20. Nevertheless, the Standard Library is so vast that in this book we will only scratch
the surface of what is available. You really need several books to fully elaborate all the capabilities it provides.
Beginning STL (Apress, 2015) is a companion book that is a tutorial on using the Standard Template Library,
which is the subset of the C++ Standard Library for managing and processing data in various ways. For a
compact yet complete overview of everything the C++17 Standard Library has to offer, we also recommend
the book C++17 Standard Library Quick Reference (Apress, 2019).
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Given the scope of the language and the extent of the library, it’s not unusual for a beginner to find C++
somewhat daunting. It is too extensive to learn in its entirety from a single book. However, you don’t need
to learn all of C++ to be able to write substantial programs. You can approach the language step-by-step, in
which case it really isn’t difficult. An analogy might be learning to drive a car. You can certainly become a
competent and safe driver without necessarily having the expertise, knowledge, and experience to drive in
the Indianapolis 500. With this book you can learn everything you need to program effectively in C++. By the
time you reach the end, you'll be confidently writing your own applications. You'll also be well equipped to
explore the full extent of C++ and its Standard Library.

C++ Program Concepts

There will be much more detail on everything we discuss in this section later in the book. We'll jump straight
in with the complete, fully working C++ program shown in Figure 1-1, which also explains what the various
bits are. We'll use the example as a base for discussing some more general aspects of C++.

This is a statement.
Statements end with a semicolon.
There is also a comment on this line.

:// Ex1_01.cpp ; . . .
g// A cgmplete C++ program 54— Single-line comments begin with //.

import <iostream>; < This line adds input/output capability.

int main() < This is the first line of the function main.

{ <

int answer {42}; // Defines answer with value 42 €———

éstd::cout << "The answer to life, the universe, and everything is " : | Allthe codeina

: << answer .| function is enclosed
<< std::endl; ;| between braces.

............................................................................................................... X

return 0; €«———

} <

This statement ends the function main. This statement is spread over three lines.

Figure 1-1. A complete C++ program

Source Files

The file depicted in Figure 1-1, Ex1_01.cpp, is in the code download for the book. The file extension, .cpp,
indicates that this is a C++ source file or implementation file. Source files contain function bodies and thus
most of the executable code in a program. The names of source files usually have the extension . cpp,
although other extensions such as .cc, .cxx, or .c++ are sometimes used to identify a C++ source file.
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For the first ten chapters all your programs will be small enough to fit in a single C++ source file.
Real-life programs, however, are often composed of thousands of files. Not all source files, mind you. In
larger program you use other kinds of files as well, mostly to separate out the interfaces of the program’s
various components (function prototypes, class definitions, module interfaces, and so on) from their
implementation in a corresponding source file. In Chapter 11 you will learn about the various kinds of files
used to define C++20 modules, and in Appendix A we review the old-fashioned header files that are used by
legacy code to compose larger programs.

Note Appendix A is available online together with the source code of all examples and exercices.

Comments and Whitespace

The first two lines in Figure 1-1 are comments. You add comments that document your program code to
make it easier to understand how it works. The compiler ignores everything that follows two successive
forward slashes on a line, so this kind of comment can follow code on a line. In our example, the first line is
a comment that indicates the name of the file containing this code. We'll identify the file for each working
example in the same way.

Note The comment with the filename in each file is only there for your convenience. In normal coding there
is no need to add such comments; they only introduce unnecessary maintenance overhead when renaming files.

There’s another form of comment that you can use when you need to spread a comment over several
lines. Here’s an example:

/* This comment is
over two lines. */

Everything between /* and */ will be ignored by the compiler. You can embellish this sort of comment
to make it stand out. For instance:

* This comment is *

* over two lines. *
\ kR kk ok sk ok ok sk ok ook /

Note Because you are still learning, we often use code comments in this book to explain even the most
basic lines of C++ code. Of course you should not do this in real life, at least not nearly as extensively as we do
here. In real life, for instance, you would never clarify the meaning of “int answer {42};” with a comment like
we did in Figure 1-1. Once you know and understand the syntax, well-written code should explain itself. Simply
echoing code in a comment is generally considered bad practice. Ordinarily, you should only add comments to
clarify or document aspects of your code that are not immediately obvious to its intended readers (typically you
and/or your co-workers).




