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Introduction

The C++ programming language is undergoing continuous development and 

improvement. This effort to keep C++ on the cutting edge of language features is driven 

by the fact that C++ still finds an important role to play in high-performance, portable 

applications. Few other languages can be used on as many platforms as C++ without 

having a runtime environment dependency. This is partly thanks to the nature of C++ 

as a compiled programming language. C++ programs are built into application binaries 

through a combination of processes that include compiling and linking.

Compiler choice is particularly important in today’s C++ landscape, thanks to 

the rate at which the language is changing. Development of the C++ programming 

language was started by Bjarne Stroustrup in 1979, when it was called C with Classes. 

The language didn’t see formal standardization until 1998; an updated standard was 

published in 2003. There was another gap of eight years until the standard was updated 

again with the introduction of C++11 in 2011. This version brought a considerable 

number of updates to the C++ programming language and is distinguished from “older” 

C++ with the modern C++ moniker. C++ 17 and C++ 20 deprecated old features and 

brought many significant changes to the language.

This book introduces you to code written for the C++14 through C++20 ISO standard 

using both the Clang compiler, Microsoft Visual Studio (VS) 2019, and Xcode. Clang is an 

open source compiler that started life as a closed source Apple project. Apple released 

the code to the open source community in 2007, and the compiler has been adding 

strengths ever since. This book explains how to install and use Clang on a computer 

running OS X, Windows, or Linux (Ubuntu). The examples that accompany each chapter 

have been compiled and tested using Clang 3.5 and/or Visual Studio 2019. All of the 

listed applications are free, so choose which works best for your needs, or use them all to 

learn more!

The book’s accompanying source code can be accessed via the Download Source 
Code link located at www.apress.com/9781484257128. You can find source code for all of 

the executable code listings contained in this book along with makefiles that can be used 

to build running programs.

http://www.apress.com/9781484257128
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CHAPTER 1

Beginning C++
The C++ programming language is a powerful low-level language that allows you to write 

programs that are compiled into machine instructions to be executed on a computer’s 

processor. This makes C++ different from newer languages such as C# and Java. These 

languages are interpreted languages. This means they are not executed directly on the 

processor but instead are sent to another program that is responsible for operating the 

computer. Java programs are executed using the Java virtual machine (JVM), and C# 

programs are executed by the Common Language Runtime (CLR).

Thanks to C++ being a language that is compiled ahead of time, it still finds wide use 

in fields where absolute performance is paramount. The most obvious area where C++ 

is still the most predominantly used programming language is the video game industry. 

C++ allows programmers to write applications that take full advantage of the underlying 

system architecture. You might become familiar with phrases such as cache coherency 

while pursuing a career as a C++ programmer. There aren’t many other languages that 

allow you to optimize your applications to suit the individual processors that your 

program is being designed to run on. This book introduces you to some of the pitfalls 

that can affect the performance of your applications at different times and shows you 

some techniques to tackle those issues.

Modern C++ is in a period where the language is seeing continual updates to its 

features. This has not always been the case. Despite being around since the early 1980s, 

the C++ programming language was only standardized in 1998. A minor update and 

clarification of this standard was released in 2003 and is known as C++03. The 2003 

update did not add any new features to the language; however, it did clarify some of 

the existing features that had gone overlooked. One of these was an update to the 

standard for the Standard Template Library (STL) vector template to specify that the 

members of a vector should be stored contiguously in memory. The C++11 standard 

was released in 2011 and saw a massive update to the C++ programming language. C++ 

gained features for generalized type deduction system outside of templates, lambda, and 

closure support, a built-in concurrency library, and many more features. C++14 brought 
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a smaller update to the language and generally built upon the features already supplied 

by C++11. Features such as auto return type deduction from functions had been cleaned 

up, lambdas had been updated with new features, and there were some new ways to 

define properly typed literal values. C++ 17 introduced features such as folds and static if 

statements. C++20 now offers some powerful new features such as Modules and Concepts 

to name but a few of the enhancements to make the language even more powerful.

This book strives to write portable, standards-compliant C++20 code. At the time of 

writing, it’s possible to use many of the new features of C++20 code on Windows, Linux, 

and macOS machines so long as you use a compiler that provides all of the language 

features. Since as of the time of writing all of the version 20 standards have not been 

formally agreed to nor implemented in many compilers, you may need to use more 

than one development tool to implement various features in your projects. To this end, 

this book will use three different tools: Clang as the compiler on Windows and Ubuntu 

and Xcode on macOS, with Microsoft Visual Studio 19 or higher on Windows and Mac 

platforms. The rest of this chapter focuses on the software you need to write programs in 

C++ before showing you how to acquire some of the more common options available for 

Windows, macOS, and Linux operating systems.

�Recipe 1-1. Finding a Text Editor
�Problem
C++ programs are constructed from lots of different source files that must be created 

and edited by one or more programmers. Source files are simply text files, which 

usually come in two different types: header files and source files. Header files are used 

to share information about your types and classes between different files, and source 

files are generally used to contain the methods and the actual executable code that 

makes up your program. With C++ version 20, programmers now have the opportunity 

to use Modules instead of traditional header files for faster build times and cleaner 

implementation design.

�Solution
A text editor then becomes the first major piece of software you require to begin writing 

C++ programs. There are many excellent choices of text editors available on different 

platforms. My best two picks at the moment are the free Notepad++ for Windows and 

Chapter 1  Beginning C++
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Sublime Text 2, which despite not being free is available on all major operating systems. 

Figure 1-1 shows a screenshot from Sublime Text 2. Vim and gvim are also very good 

options that are available for all three operating systems. These editors provide many 

powerful features and are excellent choices for someone willing to learn.

Note  Don’t feel the urge to grab a text editor straight away. Some of the recipes 
later in this chapter cover integrated development environments (IDEs) that include 
all the software you need to write, build, and debug C++ applications. It is really 
a matter of user preference and platform to determine which is best for you. Try 
both using text editors and a comprehensive IDE (or two!) and see which fits your 
workflow the best. You will probably end up using several ultimately.

Figure 1-1.  A screenshot from the Sublime text editor

Chapter 1  Beginning C++
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Figure 1-1 shows one of the most important features of a good text editor: it should 

be able to highlight the different types of keywords in your source code. You can 

see in the simple Hello World program in Figure 1-1 that Sublime Text is capable of 

highlighting the C++ keywords include, int, and return. It has also added different-

colored highlights to the main function name and the strings <iostream> and "Hello 

World!". Once you have some experience writing code with your text editor of choice, 

you will become adept at scanning your source files to zero in on the area of code you are 

interested in, and syntax highlighting will be a major factor in this process.

Another feature some editors have is autocomplete or, as Microsoft calls it, 

IntelliSense. This feature is language-specific and speeds development time by 

autocompleting or auto-expanding options to functions and methods in the language. 

For a text editor such as Sublime with C++, you could install the Clang plugin for 

ClangAutoComplete for Sublime 3. Although not free, Sublime allows for continuous free 

evaluation time if you do not purchase a license.

�Recipe 1-2. Installing Clang on Ubuntu
�Problem
You would like to build C++ programs that support the latest C++20 language features on 

a computer system running Ubuntu.

�Solution
The Clang compiler supports all of the latest C++20 language features, and the libstdc++ 

library supports all of the C++20 STL features.

�How It Works
The Ubuntu operating system comes configured with package repositories that allow 

you to install Clang without much difficulty. You can achieve this using the apt-get 

command in a terminal window. Figure 1-2 shows the command that you should enter 

to install Clang.

Chapter 1  Beginning C++
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To install Clang, you can enter the following command on the command line: 

sudo apt-get install clang. Running this command will cause Ubuntu to query 

its repositories and work out all of the dependencies needed to install Clang. You will 

be prompted once this process has been completed to confirm that you wish to install 

Clang and its dependencies. You can see this prompt in Figure 1-3.

Figure 1-2.  An Ubuntu terminal window showing the command needed to  
install Clang

Figure 1-3.  The apt-get dependency confirmation prompt

Chapter 1  Beginning C++
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At this point, you can press Enter to continue as yes is the default option. Ubuntu will 

then download and install all of the software needed for you to be able to install Clang 

on your computer. You can confirm that this has been successful by running the clang 

command. Figure 1-4 shows what this should look like if everything was successful.

�Recipe 1-3. Installing Clang on Windows
�Problem
You would like to build supported C++20-based programs on the Windows 

operating system.

�Solution
You can use Cygwin for Windows to install Clang and build applications.

�How It Works
Cygwin provides a Unix-like command-line environment for Windows computers. This 

is ideal for building programs using Clang as the Cygwin installed comes preconfigured 

with package repositories that include everything you need to install and use Clang on 

Windows computers.

You can get a Cygwin installer executable from the Cygwin web site at www.cygwin.com. 

Be sure to download the 32-bit version of the Cygwin installer as the default packages 

supplied by Cygwin currently only work with the 32-bit environment.

Figure 1-4.  A successful Clang installation in Ubuntu

Chapter 1  Beginning C++
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Once you have downloaded the installer, you should run it and click through until 

you are presented with the list of packages to install. At this point, you want to select the 

Clang, make, and libstdc++ packages. Figure 1-5 shows the Cygwin installer with the 

Clang package selected.

Packages can be marked for installation in the installer by clicking the Skip area on 

the line for the package. Clicking Skip once moves the package version to the latest. You 

should select the latest packages for Clang, make, and libstdc++. Once you have selected 

all three, you can click Next to be taken to a window asking to confirm the installation of 

the dependencies needed by these three packages.

Once you have successfully downloaded and installed all of the packages that 

you needed to be able to run Clang, you can check that it was successful by opening a 

Cygwin terminal and typing the clang command. You can see the result of this output 

in Figure 1-6.

Figure 1-5.  Filtering the Clang package in the Cygwin installer
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