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Abstract

This document is intended for knowledgeable users of C (or any other language using a C-like gram-
mar, like Python, Perl or Java) who would like to know more about, or make the transition to, C++.
This document is the main textbook for Frank’s C++ programming courses, which are yearly orga-
nized at the University of Groningen. The C++ Annotations do not cover all aspects of C++, though.
In particular, C++’s basic grammar is not covered when equal to C’s grammar. Any basic book on C
may be consulted to refresh that part of C++’s grammar.

If you want a hard-copy version of the C++ Annotations: printable versions are available in
zip-archives containing files in postscript, pdf and other formats at

https://gitlab.com /fbb-git /cppannotations-zip

Pages of files having names starting with cplusplus are in A4 paper size, pages of files having names
starting with cplusplusus are in the US legal paper size. The C++ Annotations are also available as
a Kindle book.

The latest version of the C++ Annotations in html-format can be browsed at:

https://fbb-git.gitlab.io/cppannotations/
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Chapter 1

Overview Of The Chapters

The chapters of the C++ Annotations cover the following topics:

* Chapter 1: This overview of the chapters.

¢ Chapter 2: A general introduction to C++.

¢ Chapter 3: A first impression: differences between C and C++.
¢ Chapter 4: Name Spaces: how to avoid name collisions.

¢ Chapter 5: The ‘string’ data type.

* Chapter 6: The C++ I/O library.

* Chapter 7: The ‘class’ concept: structs having functions. The ‘object’ concept: variables of a
class.

¢ Chapter 8: Static data and functions: members of a class not bound to objects.

* Chapter 9: Allocation and returning unused memory: new, delete, and the function
set_new_handler().

¢ Chapter 10: Exceptions: handle errors where appropriate, rather than where they occur.
¢ Chapter 11: Give your own meaning to operators.

* Chapter 12: Abstract Containers to put stuff into.

¢ Chapter 13: Building classes upon classes: setting up class hierarchies.

¢ Chapter 14: Changing the behavior of member functions accessed through base class pointers.
* Chapter 15: Gaining access to private parts: friend functions and classes.

¢ Chapter 16: Classes having pointers to members: pointing to locations inside objects.

* Chapter 17: Constructing classes and enums within classes.

* Chapter 18: The Standard Template Library.

¢ Chapter 19: The STL generic algorithms.

¢ Chapter 20: Multi Threading.



CHAPTER 1. OVERVIEW OF THE CHAPTERS

Chapter 21: Function templates: using molds for type independent functions.
Chapter 22: Class templates: using molds for type independent classes.
Chapter 23: Advanced Template Use: programming the compiler.

Chapter 24: Coroutines.

Chapter 26: Several examples of programs written in C++.



Chapter 2

Introduction

This document offers an introduction to the C++ programming language. It is a guide for C/C++
programming courses, yearly presented by Frank at the University of Groningen. This document is
not a complete C/C++ handbook, as much of the C-background of C++ is not covered. Other sources
should be referred to for that (e.g., the on-line book! suggested to me by George Danchev (danchev
at spnet dot net)).

The reader should be forewarned that extensive knowledge of the C programming language is ac-
tually assumed. The C++ Annotations continue where topics of the C programming language end,
such as pointers, basic flow control and the construction of functions.

Some elements of the language, like specific lexical tokens (like digraphs (e.g., <: for [, and >: for
) are not covered by the C++ Annotations, as these tokens occur extremely seldom in C++ source
code. In addition, trigraphs (using ??< for {, and 77> for }) have been removed from C++.

The working draft of the C++ standard is freely available, and can be cloned from the git-repository
at https://gitlab.com/cplusplus/draft.git

The version number of the C++ Annotations (currently 13.02.01) is updated when the content of the
document change. The first number is the major number, and is probably not going to change for
some time: it indicates a major rewriting. The middle number is increased when new information
is added to the document. The last number only indicates small changes; it is increased when, e.g.,
series of typos are corrected.

This document is published by the Center of Information Technology, University of Groningen, the
Netherlands under the GNU General Public License?.

The C++ Annotations were typeset using the yodl® formatting system.

All correspondence concerning suggestions, additions, improvements or
changes to this document should be directed to the author:

Frank B. Brokken
University of Groningen,
PO Box 407,

9700 AK Groningen

Thttp:/publications.gbdirect.co.uk/c_book/
2http://www.gnu.org/licenses/
3https://fbb-git.gitlab.io/yodl/
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The Netherlands
(email: f.b.brokken@rug.nl)

In this chapter an overview of C++’s defining features is presented. A few extensions to C are
reviewed and the concepts of object based and object oriented programming (OOP) are briefly intro-
duced.

2.1 What’s new in the C++ Annotations

This section is modified when the first or second part of the version number changes (and occasion-
ally also for the third field of the version number). At a major version upgrade the entries of the
previous major version are kept, and entries referring to older releases are removed.

e Version 13.02.00’s chapter Modules was rewritten, and adds a section to chapter POLYMOR-
PHISM about deriving a std::streambuf class that can be used by std::iostream objects (cf. section
14.8.2).

® Version 13.01.00 reorganized section 4.3 (note: changing  file clock to file clock); removed
section 12.3 (allocators, removed in the C++20 standard); included missing examples; and
repaired typos.

* Version 13.0.0 adds a new chapter (25) about C++ Modules, covers the _ name-independent
declaration, upgraded the C++ standard to C++26, clarified and repaired typos in several
sections.

e Version 12.5.0 adds a subsection about constructors of polymorphic classes (cf. section 14.1.1)
and adds a section about reading and writing devices using the std::iostream class (replaced by
section 14.8.2 in version 13.02.00).

e Version 12.4.0 adds a section about the std::byte type (cf. chapter 3), offers an alternative
implementation (cf. section 11.4), and covers the definition of multi-argument index operators
(chapter 11). The description of how to implement class constructors that may throw exceptions
was updated (cf. section 10.12).

e Version 12.3.0 updates and reorganizes the coverage of the generic algorithms, fixes many
typos and unclarities in the Annotations’ text, removed superfluous sections since C++20, and
adds an overview of facilities to handle objects constructed in raw memory.

* Version 12.2.0 takes into account that std::iterator is deprecated. Section 22.14 was rewritten;
section 11.1 was updated (operator[] const should return Type const & instead of Type values);
added section 5.3 covering std::string view; added section 20.15 covering synchronization of
output to streams in multi-threaded programs; added sections 22.10.2.1 and 23.13.7.2 about
bound-friends; 'typedef’ definitions were replaced by "using’ declarations.

* Version 12.1.0 adds a description of the _file clock::to _sys static member, repaired the de-
scriptions of pop=() members of various abstract containers, and reorganized the description of
the facilities of the filesystem::path class.

® Version 12.0.0 adds a new chapter about coroutines (chapter 24) and a new section (20.1.3) to
chapter 20.
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2.2 C++’s history

The first implementation of C++ was developed in the 1980s at the AT&T Bell Labs, where the Unix
operating system was created.

C++ was originally a ‘pre-compiler’, similar to the preprocessor of C, converting special constructions
in its source code to plain C. Back then this code was compiled by a standard C compiler. The ‘pre-
code’, which was read by the C++ pre-compiler, was usually located in a file with the extension .cc,
.C or .cpp. This file would then be converted to a C source file with the extension .c, which was
thereupon compiled and linked.

The nomenclature of C++ source files remains: the extensions .cc and .cpp are still used. However,
the preliminary work of a C++ pre-compiler is nowadays usually performed during the actual compi-
lation process. Often compilers determine the language used in a source file from its extension. This
holds true for Borland’s and Microsoft’s C++ compilers, which assume a C++ source for an extension
.cpp. The GNU compiler g++, which is available on many Unix platforms, assumes for C++ the
extension .cc.

The fact that C++ used to be compiled into C code is also visible from the fact that C++ is a superset
of C: C++ offers the full C grammar and supports all C-library functions, and adds to this features
of its own. This makes the transition from C to C++ quite easy. Programmers familiar with C may
start ‘programming in C++’ by using source files having extensions .cc or .cpp instead of .c, and
may then comfortably slip into all the possibilities offered by C++. No abrupt change of habits is
required.

2.2.1 History of the C++ Annotations

The original version of the C++ Annotations was written by Frank Brokken and Karel Kubat in
Dutch using LaTeX. After some time, Karel rewrote the text and converted the guide to a more
suitable format and (of course) to English in September 1994.

The first version of the guide appeared on the net in October 1994. By then it was converted to
SGML.

Gradually new chapters were added, and the content was modified and further improved (thanks to
countless readers who sent us their comments).

In major version four Frank added new chapters and converted the document from SGML to yod1%.

The C++ Annotations are freely distributable. Be sure to read the legal notes®.
Reading the annotations beyond this point implies that you are aware of these

notes and that you agree with them.

If you like this document, tell your friends about it. Even better, let us know by sending email to
Frank®.

4https://fbb-git.gitlab.io/yodl/
5legal.shtml
Smailto:f.b.brokken@rug.nl
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2.2,2 Compiling a C program using a C++ compiler

Prospective C++ programmers should realize that C++ is not a perfect superset of C. There are some
differences you might encounter when you simply rename a file to a file having the extension .cc and
run it through a C++ compiler:

* In C, sizeof(’c’) equals sizeof(int), ’c’ being any ASCII character. The underlying philosophy
is probably that chars, when passed as arguments to functions, are passed as integers any-
way. Furthermore, the C compiler handles a character constant like ’c’ as an integer constant.
Hence, in C, the function calls

putchar(10);
and
putchar("\n');

are synonymous.
By contrast, in C++, sizeof(’c’) is always 1 (but see also section 3.4.2). An int is still an int,
though. As we shall see later (section 2.5.4), the two function calls

somefunc(10);

and

somefunc('\n');

may be handled by different functions: C++ distinguishes functions not only by their names,
but also by their argument types, which are different in these two calls. The former using an
int argument, the latter a char.

e C++ requires very strict prototyping of external functions. E.g., in C a prototype like

void func();

means that a function func() exists, returning no value. The declaration doesn’t specify which
arguments (if any) are accepted by the function.

However, in C++ the above declaration means that the function func() does not accept any
arguments at all. Any arguments passed to it result in a compile-time error.

Note that the keyword extern is not required when declaring functions. A function definition
becomes a function declaration simply by replacing a function’s body by a semicolon. The
keyword extern is required, though, when declaring variables.

2.2.3 Compiling a C++ program

To compile a C++ program, a C++ compiler is required. Considering the free nature of this document,
it won’t 