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Preface to the Second Edition

I never thought that the first edition of this book would sell so long. But now, after twelve years, it’s
time for a new edition that covers C++11, the new C++ standard.

Note that this means more than simply adding new libraries. C++ has changed. Almost all typical
applications of parts of the library look a bit different now. This is not the result of a huge language
change. It’s the result of many minor changes, such as using rvalue references and move semantics,
range-based for loops, auto, and new template features. Thus, besides presenting new libraries and
supplementary features of existing libraries, almost all of the examples in this book were rewritten
at least partially. Nevertheless, to support programmers who still use “old” C++ environments, this
book will describe differences between C++ versions whenever they appear.

I learned C++11 the hard way. Because I didn’t follow the standardization as it was happening I
started to look at C++11 about two years ago. I really had trouble understanding it. But the people
on the standardization committee helped me to describe and present the new features as they are
intended to be used now.

Note, finally, that this book now has a problem: Although the book’s size grew from about 800
to more than 1,100 pages, I still can’t present the C++ standard library as a whole. The library part
of the new C++11 standard alone now has about 750 pages, written in very condensed form without
much explanation. For this reason, I had to decide which features to describe and in how much
detail. Again, many people in the C++ community helped me to make this decision. The intent was
to concentrate on what the average application programmer needs. For some missing parts, I provide
a supplementary chapter on the Web site of this book, http://www.cppstdlib.com, but you still
will find details not mentioned here in the standard.

The art of teaching is not the art of presenting everything. It’s the art of separating the wheat
from the chaff so that you get the most out of it. May the exercise succeed.
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Marcus, Jens Maurer, Alisdair Meredith, Bartosz Milewski, P. J. Plauger, Tobias Schüle, Peter
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Preface to the First Edition

In the beginning, I only planned to write a small German book (400 pages or so) about the C++ stan-
dard library. That was in 1993. Now, in 1999 you see the result — a book in English with more than
800 pages of facts, figures, and examples. My goal is to describe the C++ standard library so that
all (or almost all) your programming questions are answered before you think of the question. Note,
however, that this is not a complete description of all aspects of the C++ standard library. Instead,
I present the most important topics necessary for learning and programming in C++ by using its
standard library.

Each topic is described based on the general concepts; this discussion then leads to the specific
details needed to support everyday programming tasks. Specific code examples are provided to help
you understand the concepts and the details.

That’s it — in a nutshell. I hope you get as much pleasure from reading this book as I did from
writing it. Enjoy!
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Chapter 1

About This Book

1.1 Why This Book
Soon after its introduction, C++ became a de facto standard in object-oriented programming. This
led to the goal of standardization. Only by having a standard could programs be written that would
run on different platforms — from PCs to mainframes. Furthermore, a standard library would enable
programmers to use general components and a higher level of abstraction without losing portability
rather than having to develop all code from scratch.

Now, with the second standard, called C++11 (see Section 2.1, page 7, for the detailed history of
C++ standards), we have a huge C++ standard library whose specification requires more than double
the size of the core language features. The library enables the use of

• Input/output (I/O) classes
• String types and regular expressions
• Various data structures, such as dynamic arrays, linked lists, binary trees, and hash tables
• Various algorithms, such as a variety of sorting algorithms
• Classes for multithreading and concurrency
• Classes for internationalization support
• Numeric classes
• Plenty of utilities

However, the library is not self-explanatory. To use these components and to benefit from their
power, you need an introduction that explains the concepts and the important details instead of
simply listing the classes and their functions. This book is written exactly for that purpose. First,
it introduces the library and all its components from a conceptual point of view. Next, the book
describes the details needed for practical programming. Examples are included to demonstrate the
exact use of the components. Thus, this book is a detailed introduction to the C++ library for both
the beginner and the practicing programmer. Armed with the data provided herein, you should be
able to take full advantage of the C++ standard library.
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2 Chapter 1: About This Book

Caveat: I don’t promise that everything described is easy and self-explanatory. The library
provides a lot of flexibility, but flexibility for nontrivial purposes has a price. The library has traps
and pitfalls, which I point out when we encounter them and suggest ways of avoiding them.

1.2 Before Reading This Book
To get the most from this book, you should already know C++. (The book describes the standard
components of C++ but not the language itself.) You should be familiar with the concepts of classes,
inheritance, templates, exception handling, and namespaces. However, you don’t have to know all
the minor details about the language. The important details are described in the book; the minor
details about the language are more important for people who want to implement the library rather
than to use it.

Note that the language has changed during the standardization of C++11, just as it changed
during the standardization of C++98, so your knowledge might not be up-to-date. Chapter 3 provides
a brief overview of and introduction to the latest language features that are important for using the
C++11 library. Many of the new library features use these new language features, so you should read
Chapter 3 to review all the new features of C++. But I will also refer to that chapter when libraries
use new language features.

1.3 Style and Structure of the Book
The C++ standard library provides components that are somewhat, but not totally, independent of
one another, so there is no easy way to describe each part without mentioning others. I considered
various approaches for presenting the contents of this book. One was on the order of the C++ stan-
dard. However, this is not the best way to explain the components of the C++ standard library from
scratch. Another approach was to start with an overview of all components, followed by chapters
that provided more details. Alternatively, I could have sorted the components, trying to find an order
that had a minimum of cross-references to other sections. My solution was to use a mixture of all
three approaches. I start with a brief introduction of the general concepts and the utilities that the
library uses. Then, I describe all the components, each in one or more chapters. The first compo-
nent is the standard template library (STL). There is no doubt that the STL is the most powerful,
most complex, and most exciting part of the library. Its design influences other components heav-
ily. Then, I describe the more self-explanatory components, such as special containers, strings, and
regular expressions. The next component discussed is one you probably know and use already: the
IOStream library. That component is followed by a discussion of internationalization, which had
some influence on the IOStream library. Finally, I describe the library parts dealing with numerics,
concurrency, and allocators.

Each component description begins with the component’s purpose, design, and some examples.
Next, a detailed description begins with various ways to use the component, as well as any traps and
pitfalls associated with it. The description usually ends with a reference section, in which you can
find the exact signature and definition of a component’s classes and its functions.
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1.3 Style and Structure of the Book 3

List of Contents

The first five chapters introduce this book and the C++ standard library in general:
• Chapter 1: About This Book introduces the book’s subject and describes its contents.
• Chapter 2: Introduction to C++ and the Standard Library provides a brief overview of the

history of the C++ standard library and the context of its standardization and introduces the
concept of complexity.

• Chapter 3: New Language Features provides an overview of the new language features you
should know to read this book and to use the C++ standard library.

• Chapter 4: General Concepts describes the fundamental library concepts that you need to
understand to work with all the components. In particular, the chapter introduces the namespace
std, the format of header files, and the general support of error and exception handling.

• Chapter 5: Utilities describes several small utilities provided for the user of the library and
for the library itself. In particular, the chapter describes classes pair<> and tuple<>, smart
pointers, numeric limits, type traits and type utilities, auxiliary functions, class ratio<>, clocks
and timers, and available C functions.

Chapters 6 through 11 describe all aspects of the STL:

• Chapter 6: The Standard Template Library presents a detailed introduction to the concept of
the STL, which provides container classes and algorithms that are used to process collections of
data. The chapter explains step-by-step the concept, the problems, and the special programming
techniques of the STL, as well as the roles of its parts.

• Chapter 7: STL Containers explains the concepts and describes the abilities of the STL’s con-
tainer classes. The chapter describes arrays, vectors, deques, lists, forward lists, sets, maps, and
unordered containers with their common abilities, differences, specific benefits, and drawbacks
and provides typical examples.

• Chapter 8: STL Container Members in Detail lists and describes all container members (types
and operations) in the form of a handy reference.

• Chapter 9: STL Iterators explains the various iterator categories, the auxiliary functions for
iterators, and the iterator adapters, such as stream iterators, reverse iterators, insert iterators, and
move iterators.

• Chapter 10: STL Function Objects and Using Lambdas details the STL’s function object
classes, including lambdas, and how to use them to define the behavior of containers and algo-
rithms.

• Chapter 11: STL Algorithms lists and describes the STL’s algorithms. After a brief introduc-
tion and comparison of the algorithms, each algorithm is described in detail, followed by one or
more example programs.

Chapters 12 through 14 describe “simple” individual standard classes of the C++ standard library:

• Chapter 12: Special Containers describes the container adapters for queues and stacks, as well
as the class bitset, which manages a bitfield with an arbitrary number of bits or flags.

• Chapter 13: Strings describes the string types of the C++ standard library (yes, there are more
than one). The standard provides strings as “kind of” fundamental data types with the ability to
use different types of characters.
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• Chapter 14: Regular Expressions describes the interface to deal with regular expressions,
which can be used to search and replace characters and substrings.

Chapters 15 and 16 deal with the two closely related subjects of I/O and internationalization:

• Chapter 15: Input/Output Using Stream Classes covers the standardized form of the com-
monly known IOStream library. The chapter also describes details that are typically not so well
known but that may be important to programmers, such as the correct way to define and integrate
special I/O channels.

• Chapter 16: Internationalization covers the concepts and classes for the internationalization
of programs, such as the handling of different character sets and the use of different formats for
floating-point numbers and dates.

The remaining chapters cover numerics, concurrency, and allocators:

• Chapter 17: Numerics describes the numeric components of the C++ standard library: in par-
ticular, classes for random numbers and distributions, types for complex numbers, and some
numeric C functions.

• Chapter 18: Concurrency describes the features provided by the C++ standard library to enable
and support concurrency and multithreading.

• Chapter 19: Allocators describes the concept of different memory models in the C++ standard
library.

The book concludes with a bibliography and an index.
Due to the size of this book I had to move material that is not so relevant for the average appli-

cation programmer but should be covered to a supplementary chapter provided on the Web site of
this book: http::/www.cppstdlib.com. That material includes:

• Details of bitsets (introduced in Section 12.5)
• Class valarray<> (very briefly introduced in Section 17.4)
• Details of allocators (introduced in Chapter 19)

1.4 How to Read This Book
This book is both an introductory user’s guide and a structured reference manual about the C++
standard library. The individual components of the C++ standard library are somewhat independent
of one another, so after reading Chapters 2 through 5 you could read the chapters that discuss the
individual components in any order. Bear in mind that Chapters 6 through 11 all describe the same
component. To understand the other STL chapters, you should start with the introduction to the STL
in Chapter 6.

If you are a C++ programmer who wants to know, in general, the concepts and all parts of
the library, you could simply read the book from beginning to end. However, you should skip the
reference sections. To program with certain components of the C++ standard library, the best way
to find something is to use the index, which I have tried to make comprehensive enough to save you
time when you are looking for something.

In my experience, the best way to learn something new is to look at examples. Therefore, you’ll
find a lot of examples throughout the book. They may be a few lines of code or complete programs.
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In the latter case, you’ll find the name of the file containing the program as the first comment line.
You can find the files on the Internet at the Web site of the book: http://www.cppstdlib.com.

1.5 State of the Art
The C++11 standard was completed while I was writing this book. Please bear in mind that some
compilers might not yet conform to the standard. This will most likely change in the near future.
As a consequence, you might discover that not all things covered in this book work as described on
your system, and you may have to change example programs to fit your specific environment.

1.6 Example Code and Additional Information
You can access all example programs and acquire more information about this book and the C++
standard library from my Web site: http://www.cppstdlib.com. Also, you can find a lot of
additional information about this topic on the Internet. See the bibliography, which is also provided
on the Web site, for some of them.

1.7 Feedback
I welcome your feedback (good and bad) on this book. I tried to prepare it carefully; however,
I’m human, and at some point I have to stop writing and tweaking. So, you may find some errors,
inconsistencies, or subjects that could be described better. Your feedback will give me the chance to
improve later editions.

The best way to reach me is by email. However, to avoid spam problems, I haven’t included
an email address inside this book. (I had to stop using the email address I put in the first edi-
tion after I started getting thousands of spam emails per day.) Please refer to the book’s Web site,
http://www.cppstdlib.com, to get an email address for feedback.

Many thanks.
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