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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 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 organized
at the University of Groningen. The C++ Annotations do not cover all aspects of C++, though. In
particular, C++’s basic grammar, which is, for all practical purposes, equal to C’s grammar, is not
covered. For this part of the C++ language, the reader should consult other texts, like a book cover-
ing the C programming language.

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

ftp://ftp.rug.nl/contrib/frank/documents/annotati ons,

in files having names starting with cpl uspl us (A4 paper size). Files having names starting with
‘cplusplusus’ are intended for the US legal paper size.

The latest version of the C++ Annotations in html-format can be browsed at:
http://ww.icce. rug.nl/docunents/

If you want to send in corrections or suggestions, you may want to browse through the suggestions
I already received to prevent you from sending in corrections or suggestions I already received. All
suggestions and corrections I received since the last version was released can be read at:

http://ww.icce.rug.nl/docunments/nail
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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: The ‘string’ data type.
Chapter 5: The C++ I/O library.

Chapter 6: The ‘class’ concept: structs having functions. The ‘object’ concept: variables of a

cl ass.

Chapter 7:

Allocation and returning unused memory: new, del ete, and the function

set _new handl er ().

Chapter 8: Exceptions: handle errors where appropriate, rather than where they occur.

Chapter 9: Give your own meaning to operators.

Chapter 10:
Chapter 11:
Chapter 12:
Chapter 13:
Chapter 14:
Chapter 15:
Chapter 16:
Chapter 17:
Chapter 18:
Chapter 19:
Chapter 21:

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

Gaining access to private parts: friend functions and classes.

Abstract Containers to put stuff into.

Building classes upon classes: setting up class hierarcies.

Changing the behavior of member functions accessed through base class pointers.
Classes having pointers to members: pointing to locations inside objects.
Constructing classes and enums within classes.

The Standard Template Library, generic algorithms.

Function templates: using molds for type independent functions.

Class templates: using molds for type independent classes.

Several examples of programs written in C++.
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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 Dutch book De programmeertaal C, Brokken and
Kubat, University of Groningen, 1996) or the on-| i ne book! suggested to me by George Danchev
(danchev at spnet dot net).

The reader should be forwarned 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.

The version number of the C++ Annotations (currently 7.2.0) is updated when the contents of the
document change. The first number is the major number, and will probably not be changed 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 Computing Center, University of Groningen, the Netherlands
under the GNU General Public License?.

The C++ Annotations were typeset using the yod! 3 formatting system.

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

Frank B. Brokken
Center of Information Technology,
University of Groningen
Nettelbosje 1,
P.O. Box 11044,
9700 CA Groningen
The Netherlands
(email: f.b.brokken@rug.nl)

Thttp:/publications.gbdirect.co.uk/c_book/
2http://www.gnu.org/licenses/
3http:/yodl.sourceforge.net
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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 sometimes
for the third part as well).

e Version 7.2.0 describes the implementation of polymorphism for classes inheriting from mul-
tiple base classes defining virtual member functions (section 14.8) and adds two new sections
in the concrete examples chapter: Section 21.1 discusses the problem how to distinguish lval-
ues from rvalues with operator[] (), section 21.9.3 discusses in the context of the Bisonc++
parser generator how to use polymorphism instead of a union to define different types of se-
mantic values. As usual, several typos were repaired and various other improvements were
made.

e Version 7.1.0 adds a description of the t ype_i nfo:: bef ore() member (cf. section 14.5.2).
Furthermore, several typographical corrections were made.

e Version 7.0.1. was released shortly after releasing version 7.0.0, as the result of very extensive
feedback received by Eric S. Raymond (esr at thyrsus dot com) and Edward Welbourne (eddy
at chaos dot org dot uk). Considering the extent of the received feedback, it’s appropriate to
mention explicitly the sub-sub-release here. Many textual changes were made and section
4.2.4 was completely reorganized.

e Version 7.0.0 comes with a new chapter discussing advanced template applications. Moreover,
the general terminology used with templates has evolved. ‘Templates’ are now considered a
core concept, which is reflected by the use of ‘templates’ as a noun, rather than an adjective.
So, from now on it is ‘class template’ rather than ‘template class’. The addition of another
chapter, together with the addition of several new sections to existing chapters as well as
various rewrites of existing sections made it appropriate to upgrade to the next major release.
The newly added chapter does not aim at concrete examples of templates. Instead it discusses
possibilities of templates beyond the basic function and class templates. In addition to this
new chapter, several new sections were added: section 6.5 introduces local classes; section
7.1.4 discusses the placement new operator; section 13.6.1 discusses how to make available
some members of privately inherited classes and section 13.8 discusses how objects created by
new ] can be initialized by non-default constructors. In addition to all this, Elwin Dijck (e dot
dijck at gmail dot com), one of the students of the 2006-2007 edition of the C++ course, did a
magnificent job by converting all images to vector graphics (in the process prompting me to
start using vector graphics as well :-). Thanks, Elwin for a job well done!

e Version 6.5.0 changed unsi gned into si ze_t where appropriate, and explicitly mentioned
i nt -derived types like i nt 16_t . In-class member function definitions were moved out of (be-
low) their class definitions as i nl i ne defined members. A paragraphs about implementing
pure virtual member functions was added. Various bugs and compilation errors were fixed.

e Version 6.4.0 added a new section (20.1.2) further discussing the use of the t enpl at e keyword
to distinguish types nested under class templates from template members. Furthermore, Ser-
gio Bacchi s dot bacchi at gmmil dot comdid an impressive job when translating the
Annotations into Portuguese. His translation (which may lag a distribution or two behind the
latest verstion of the Annotations) may also be retrieved from
ftp://ftp.rug.nl/contrib/frank/docunents/annotations.
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Version 6.3.0 added new sections about anonymous objects (section 6.2.1) and type resolution
with class templates (section 20.1.3). Also the description of the template parameter deduction
algorithm was rewritten (cf. section 18.2.4) and numerous modifications required because of
the compiler’s closer adherence to the C++ standard were realized, among which exception
rethrowing from constructor and destructor function try blocks. Also, all textual corrections
received from readers since version 6.2.4 were processed.

In version 6.2.4 many textual improvements were realized. I received extensive lists of typos
and suggestions for clarifications of the text, in particular from Nathan Johnson and from
Jakob van Bethlehem. Equally valuable were suggestions I received from various other readers
of the C++ annotations: all were processed in this release. The C++ content matter of this
release was not substantially modified, compared to version 6.2.2.

Version 6.2.2 offers improved implementations of the configurable class templates (sections
21.8.3 and 21.8.4).

Version 6.2.0 was released as an Annual Update, by the end of May, 2005. Apart from the
usual typo corrections several new sections were added and some were removed: in the Excep-
tion chapter (8) a section was added covering the standard exceptions and their meanings; in
the chapter covering static members (10) a section was added discussing st ati ¢ const data
members; and the final chapter (21) covers configurable class templates using local context
structs (replacing the previous For Each, Unar yPr edi cat e and Bi nar yPr edi cat e classes).
Furthermore, the final section (covering a C++ parser generator) now uses bisonc++, rather
than the old (and somewhat outdated) bison++ program.

Version 6.1.0 was released shortly after releasing 6.0.0. Following suggestions received from
Leo Razoumov<LEOR@\ nnai n. r ut ger s. edu> and Paulo Tribolet, and after receiving many,
many useful suggestions and extensive help from Leo, navigatable . pdf files are from now on
distributed with the C++ Annotations. Also, some sections were slightly adapted.

Version 6.0.0 was released after a full update of the text, removing many inconsistencies and
typos. Since the update effected the Annotation’s full text an upgrade to a new major version
seemed appropriate. Several new sections were added: overloading binary operators (section
9.6); throwing exceptions in constructors and destructors (section 8.8); function t r y-blocks
(section 8.9); calling conventions of static and global functions (section 10.2.1) and virtual con-
structors (section 14.10). The chapter on templates was completely rewritten and split into
two separate chapters: chapter 18 discusses the syntax and use of template functions; chapter
19 discusses template classes. Various concrete examples were modified; new examples were
included as well (chapter 21).

In version 5.2.4 the description of the random_shuffle generic algorithm (section 17.4.39) was
modified.

In version 5.2.3 section 2.5.10 on local variables was extended and section 2.5.11 on function
overloading was modified by explicitly discussing the effects of the const modifier with over-
loaded functions. Also, the description of the conpar e() function in chapter 4 contained an
error, which was repaired.

In version 5.2.2 a leftover in section 9.4 from a former version was removed and the corre-
sponding text was updated. Also, some minor typos were corrected.

In version 5.2.1 various typos were repaired, and some paragraphs were further clarified. Fur-
thermore, a section was added to the template chapter (chapter 18), about creating several
i t erat or types. This topic was further elaborated in chapter 21, where the section about the
construction of a reverse iterator (section 21.6) was completely rewritten. In the same chapter,
a universal text to anything convertor is discussed (section 21.7). Also, LaTeX, Post Scri pt
and PDF versions fitting the US-letter paper size are now available as cpl uspl usus ver-
sions: cpl uspl usus. | at ex, cpl uspl usus. ps and cpl uspl us. pdf. The A4-paper size is
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of course kept, and remains to be available in the cpl uspl us. | at ex, cpl uspl us. ps and
cpl uspl . pdf files.

e Version 5.2.0 was released after adding a section about the nut abl e keyword (section 6.6), and
after thoroughly changing the discussion of the For k() abstract base class (section 21.4). All
examples should now be up-to-date with respect to the use of the st d namespace.

e However, in the meantime the Gnu g++ compiler version 3.2 was released*. In this version
extensions to the abstract containers (see chapter 12) like the hash_map (see section 12.3.11)
were placed in a separate namespace, __gnu_cxx. This namespace should be used when using
these containers. However, this may break compilations of sources with g++, version 3.0. In
that case, a compilation can be performed conditionally to the 3.2 and the 3.0 compiler version,
defining __gnu_cxx for the 3.2 version. Alternatively, the dirty trick

#define __gnu_cxx std

can be placed just before header files in which the __gnu_cxx namespace is used. This might
eventually result in name-collisions, and it’s a dirty trick by any standards, so please don’t tell
anybody I wrote this down.

e Version 5.1.1 was released after modifying the sections related to the f or k() system call in
chapter 21. Under the ANSI/ISO standard many of the previously available extensions (like
procbuf, and vf orn()) applied to streams were discontinued. Starting with version 5.1.1.
ways of constructing these facilities under the ANSI/ISO standard are discussed in the C++
Annotations. I consider the involved subject sufficiently complex to warrant the upgrade to a
new subversion.

e With the advent of the Gnu g++ compiler version 3.00, a more strict implementation of the
ANSI/ISO C++ standard became available. This resulted in version 5.1.0 of the Annotations,
appearing shortly after version 5.0.0. In version 5.1.0 chapter 5 was modified and several
cosmetic changes took place (e.g., removing cl ass from template type parameter lists, see
chapter 18). Intermediate versions (like 5.0.0a, 5.0.0b) were not further documented, but were
mere intermediate releases while approaching version 5.1.0. Code examples will gradually be
adapted to the new release of the compiler.

In the meantime the reader should be prepared to insert
usi ng nanespace std;

in many code examples, just beyond the #i ncl ude preprocessor directives
as a temporary measure to make the example accepted by the compiler.

e New insights develop all the time, resulting in version 5.0.0 of the Annotations. In this version
a lot of old code was cleaned up and typos were repaired. According to current standard,
namespaces are required in C++ programs, so they are introduced now very early (in section
2.5.1) in the Annotations. A new section about using external programs was added to the
Annotations (and removed again in version 5.1.0), and the new st ri ngst r eamclass, replacing
the st rstreamclass is now covered too (sections 5.4.3 and 5.5.3). Actually, the chapter on
input and output was completely rewritten. Furthermore, the operators new and del et e are
now discussed in chapter 7, where they fit better than in a chapter on classes, where they
previously were discussed. Chapters were moved, split and reordered, so that subjects could
generally be introduced without forward references. Finally, the ht ml , PostScript and pdf
versions of the C++ Annotations now contain an index (sigh of relief ?) All in, considering the
volume and nature of the modifications, it seemed right to upgrade to a full major version. So
here it is.

4htt p: // www. gnu. or g
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Considering the volume of the Annotations, I'm sure there will be typos found every now and
then. Please do not hesitate to send me mail containing any mistakes you find or corrections
you would like to suggest.

e In release 4. 4. 1b the pagesize in the LaTeX file was defined to be di n A4. In countries
where other pagesizes are standard the default pagesize might be a better choice. In that case,
remove the ad4paper, t wosi de option from cpl uspl us. t ex (or cpl uspl us. yo if you have
yodl| installed), and reconstruct the Annotations from the TeX-file or Yod| -files.

The Annotations mailing lists was stopped at release 4. 4. 1d. From this point on only minor
modifications were expected, which are not anymore generally announced.

At some point, I considered version 4. 4. 1 to be the final version of the C++ Annotations.
However, a section on special I/O functions was added to cover unformatted I/O, and the section
about the st ri ng datatype had its layout improved and was, due to its volume, given a chapter
of its own (chapter 4). All this eventually resulted in version 4. 4. 2.

Version 4. 4. 1 again contains new material, and reflects the ANSI / | SO standard (well, I try
to have it reflect the ANSI/ISO standard). In version 4.4.1. several new sections and chapters
were added, among which a chapter about the Standard Template Library (STL) and generic
algorithms.

Version 4. 4. 0 (and subletters) was a mere construction version and was never made available.

The version 4. 3. 1a is a precursor of 4. 3. 2. In 4. 3. 1a most of the typos I've received since
the last update have been processed. In version 4. 3. 2 extra attention was paid to the syntax
for function addresses and pointers to member functions.

The decision to upgrade from version 4.2.* to 4.3.* was made after realizing that the lexical
scanner function yyl ex() can be defined in the scanner class that is derived from yyFl exLexer .
Under this approach the yyl ex() function can access the members of the class derived from
yyFl exLexer as well as the public and protected members of yyFl exLexer . The result of all
this is a clean implementation of the rules defined in the f | ex++ specification file.

The upgrade from version 4.1.* to 4.2.* was the result of the inclusion of section 3.3.1 about
the bool data type in chapter 3. The distinction between differences between C and C++ and
extensions of the C programming languages is (albeit a bit fuzzy) reflected in the introduction
chapter and the chapter on first impressions of C++: The introduction chapter covers some
differences between C and C++, whereas the chapter about first impressions of C++ covers
some extensions of the C programming language as found in C++.

Major version 4 is a major rewrite of the previous version 3.4.14. The document was rewritten
from SGML to Yodl and many new sections were added. All sections got a tune-up. The
distribution basis, however, hasn’t changed: see the introduction.

Modifications in versions 1.*.*, 2.** and 3.*%.* (replace the stars by any applicable number)
were not logged.

Subreleases like 4. 4. 2a etc. contain bugfixes and typographical corrections.

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, which converted special con-
structions in its source code to plain C. This code was then compiled by a normal C compiler. The
‘pre-code’, which was read by the C++ pre-compiler, was usually located in a file with the extension

5ftp://research.att.com/dist/c++std/WP/
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.cc,.Cor.cpp. This file would then be converted to a C source file with the extension . ¢, which
was 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 in modern compilers usually included in the actual
compilation process. Often compilers will determine the type of a source file by 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 . ccC.

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 . ¢, 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 SGVL.

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

In major version four Frank added new chapters and converted the document from SGML to yod| 6.

The C++ Annotations are freely distributable. Be sure to read the | egal not es”.

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
Fr ank®.

In the Internet, many useful hyperlinks exist to C++. Without even suggesting completeness (and
without being checked regularly for existence: they might have died by the time you read this), the
following might be worthwhile visiting:

e http://ww. cpl uspl us. coni ref/ : areference site for C++.

e http://wwmv. csci.csusb. edu/ di ck/ c++std/ cd2/i ndex. ht n : offers a version of the 1996
working paper of the C++ ANSI/ISO standard.

2.2.2 Compiling a C program using a C++ compiler

For the sake of completeness, it must be mentioned here 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

6http:/yodl.sourceforge.net
"legal.shtml
8mailto:f.b.brokken@rug.nl
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extension . cc and run it through a C++ compiler:

e In C, si zeof (' ¢’ ) equals si zeof (int),’ ¢’ being any ASCII character. The underlying
philosophy is probably that chars, when passed as arguments to functions, are passed as
integers anyway. Furthermore, the C compiler handles a character constant like ' ¢’ as an
integer constant. Hence, in C, the function calls

put char (10);
and
putchar(’\n');

are synonyms.

In contrast, in C++, si zeof (' ¢’ ) is always 1 (but see also section 3.3.2), while an i nt is still
an i nt. As we shall see later (see section 2.5.11), the two function calls

somef unc(10);
and
somefunc(’\n’);

may be handled by quite separate functions: C++ distinguishes functions not only by their
names, but also by their argument types, which are different in these two calls: one call using
an i nt argument, the other one using a char.

e C++ requires very strict prototyping of external functions. E.g., a prototype like
extern void func();

in C means that a function f unc() exists, which returns no value. The declaration doesn’t
specify which arguments (if any) the function takes.

In contrast, such a declaration in C++ means that the function f unc() takes no arguments at
all: passing arguments to it results in a compile-time error.

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

2.2.3 Compiling a C++ program

To compile a C++ program, a C++ compiler is needed. Considering the free nature of this document,
it won’t come as a surprise that a free compiler is suggested here. The Free Software Foundation
(FSF) provides at http://ww. gnu. or g a free C++ compiler which is, among other places, also
part of the Debian (ht t p: / / www. debi an. or g) distribution of Linux (htt p: / / www. | i nux. or g).

2.2.3.1 C++ under MS-Windows

For MS-Windows Cygnus (htt p: // sour ces. redhat . coni cygwi n) provides the foundation for in-
stalling the Windows port of the Gnu g++ compiler.
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When visiting the above URL to obtain a free g++ compiler, click on i nst al | now. This will down-
load the file set up. exe, which can be run to install cygwi n. The software to be installed can be
downloaded by set up. exe from the internet. There are alternatives (e.g., using a CD-ROM), which
are described on the Cygwin page. Installation proceeds interactively. The offered defaults are
normally what you would want.

The most recent Gnu g++ compiler can be obtained from ht t p: / / gcc. gnu. or g. Ifthe compiler that
is made available in the Cygnus distribution lags behind the latest version, the sources of the latest
version can be downloaded after which the compiler can be built using an already available compiler.
The compiler’s webpage (mentioned above) contains detailed instructions on how to proceed. In our
experience building a new compiler within the Cygnus environment works flawlessly.

2.2.3.2 Compiling a C++ source text
In general, the following command is used to compile a C++ source file ‘sour ce. cc’:
g++ source. cc

This produces a binary program (a. out or a. exe). If the default name is not wanted, the name of
the executable can be specified using the - 0 flag (here producing the program sour ce):

g++ -0 source source.cc
If a mere compilation is required, the compiled module can be generated using the - ¢ flag:
g++ -C source.cc

This produces the file sour ce. 0, which can be linked to other modules later on.

Using the i cmake® program a maintenance script can be used to assist in the construction and main-
tenance of C++ programs. A generic i cnake maintenance script (i cnbui | d) is available as well.
Alternatively, the standard nake program can be used to maintain C++ programs. It is strongly
advised to start using maintenance scripts or programs early in the study of the C++ program-
ming language. Alternative approaches were implemented by former students, e.g., | ake'® by Wybo
Wiersma and ccbui | d'! by Bram Neijt.

2.3 C++: advantages and claims

Often it is said that programming in C++ leads to ‘better’ programs. Some of the claimed advantages
of C++ are:

e New programs would be developed in less time because old code can be reused.
e Creating and using new data types would be easier than in C.

e The memory management under C++ would be easier and more transparent.

9ftp://ftp.rug.nl/contrib/frank/software/linux/icmake
10http://nl.logilogi.org/MetaLogi/LaKe
Uhttp://ccbuild.sourceforge.net/
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e Programs would be less bug-prone, as C++ uses a stricter syntax and type checking.

e ‘Data hiding’, the usage of data by one program part while other program parts cannot access
the data, would be easier to implement with C++.

Which of these allegations are true? Originally, our impression was that the C++ language was a
little overrated; the same holding true for the entire object-oriented programming (OOP) approach.
The enthusiasm for the C++ language resembles the once uttered allegations about Artificial-Intelligence
(AI) languages like Lisp and Prolog: these languages were supposed to solve the most difficult Al-
problems ‘almost without effort’. New languages are often oversold: in the end, each problem can
be coded in any programming language (say BASIC or assembly language). The advantages and
disadvantages of a given programming language aren’t in ‘what you can do with them’, but rather
in ‘which tools the language offers to implement an efficient and understandable solution for a pro-
gramming problem’. Often these tools take the form of syntactic restrictions, enforcing or promoting
certain constructions or which simply suggest intentions by applying or ‘embracing’ such syntactic
forms. Rather than a long list of plain assembly instructions we now use flow control statements,
functions, objects or even (with C++) so-called templates to structure and organize code and to ex-
press oneself ‘eloquently’ in the language of one’s choice.

Concerning the above allegations of C++, we support the following, however.

e The development of new programs while existing code is reused can also be implemented in
C by, e.g., using function libraries. Functions can be collected in a library and need not be
re-invented with each new program. C++, however, offers specific syntax possibilities for code
reuse, apart from function libraries (see chapter 13).

e Creating and using new data types is also possible in C; e.g., by using st r uct s, t ypedef s etc..
From these types other types can be derived, thus leading to st r uct s containing st r uct s and
so on. In C++ these facilities are augmented by defining data types which are completely ‘self
supporting’, taking care of, e.g., their memory management automatically (without having to
resort to an independently operating memory management system as used in, e.g., Java).

e In C++ memory management can in principle be either as easy or as difficult as it is in C.
Especially when dedicated C functions such as xnmal | oc() and xreal | oc() are used (allo-
cating the memory or aborting the program when the memory pool is exhausted). However,
with mal | oc() like functions it is easy to err: miscalculating the required number of bytes
in a mal | oc() call is a frequently occurring error. Instead, C++ offers facilities for allocating
memory in a somewhat safer way, through its oper at or new.

e Concerning ‘bug proneness’ we can say that C++ indeed uses stricter type checking than C.
However, most modern C compilers implement ‘warning levels’; it is then the programmer’s
choice to disregard or heed a generated warning. In C++ many of such warnings become fatal
errors (the compilation stops).

e As far as ‘data hiding’ is concerned, C does offer some tools. E.g., where possible, local or
st at i ¢ variables can be used and special data types such as st ruct s can be manipulated by
dedicated functions. Using such techniques, data hiding can be implemented even in C; though
it must be admitted that C++ offers special syntactic constructions, making it far easier to
implement ‘data hiding’ in C++ than in C.

C++ in particular (and OOP in general) is of course not the solution to all programming problems.
However, the language does offer various new and elegant facilities which are worth investigating.
At the same time, the level of grammatical complexity of C++ has increased significantly compared
to C. This may be considered a serious disadvantage of the language. Although we got used to this
increased level of complexity over time, the transition wasn’t fast or painless.
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With the C++ Annotations we hope to help the reader to make the transition from C to C++ by
focusing on the additions of C++ as compared to C and by leaving out the plain C. It is our hope that
you like this document and may benefit from it.

Enjoy and good luck on your journey into C++!

2.4 What is Object-Oriented Programming?

Object-oriented (and object-based) programming propagates a slightly different approach to pro-
gramming problems than the strategy usually used in C programs. In C programming problems are
usually solved using a ‘procedural approach’: a problem is decomposed into subproblems and this
process is repeated until the subtasks can be coded. Thus a conglomerate of functions is created,
communicating through arguments and variables, global or local (or st ati c).

In contrast (or maybe better: in addition) to this, an object-based approach identifies keywords in
a problem. These keywords are then depicted in a diagram and arrows are drawn between these
keywords to define an internal hierarchy. The keywords will be the objects in the implementation
and the hierarchy defines the relationship between these objects. The term object is used here to
describe a limited, well-defined structure, containing all information about an entity: data types
and functions to manipulate the data. As an example of an object oriented approach, an illustration
follows:

The employees and owner of a car dealer and auto garage company are paid as follows.
First, mechanics who work in the garage are paid a certain sum each month. Second, the
owner of the company receives a fixed amount each month. Third, there are car salesmen
who work in the showroom and receive their salary each month plus a bonus per sold
car. Finally, the company employs second-hand car purchasers who travel around; these
employees receive their monthly salary, a bonus per bought car, and a restitution of their
travel expenses.

When representing the above salary administration, the keywords could be mechanics, owner, sales-
men and purchasers. The properties of such units are: a monthly salary, sometimes a bonus per
purchase or sale, and sometimes restitution of travel expenses. When analyzing the problem in this
manner we arrive at the following representation:

e The owner and the mechanics can be represented as the same type, receiving a given salary
per month. The relevant information for such a type would be the monthly amount. In addition
this object could contain data as the name, address and social security number.

e Car salesmen who work in the showroom can be represented as the same type as above but with
some extra functionality: the number of transactions (sales) and the bonus per transaction.
In the hierarchy of objects we would define the dependency between the first two objects by
letting the car salesmen be ‘derived’ from the owner and mechanics.

e Finally, there are the second-hand car purchasers. These share the functionality of the sales-
men except for the travel expenses. The additional functionality would therefore consist of the
expenses made and this type would be derived from the salesmen.

The hierarchy of the identified objects are further illustrated in Figure 2.1.

The overall process in the definition of a hierarchy such as the above starts with the description of
the most simple type. Subsequently more complex types are derived, while each derivation adds a
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Figure 2.1: Hierarchy of objects in the salary administration.

little functionality. From these derived types, more complex types can be derived ad infinitum, until
a representation of the entire problem can be made.

In C++ each of the objects can be represented in a class, containing the necessary functionality to do
useful things with the variables (called objects) of these classes. Not all of the functionality and not
all of the properties of a class are usually available to objects of other classes. As we will see, classes
tend to hide their properties in such a way that they are not directly modifiable by the outside world.
Instead, dedicated functions are used to reach or modify the properties of objects. Also, these objects
tend to be self-contained. They encapsulate all the functionality and data required to perform their
tasks and to uphold the object’s integrity.

2.5 Differences between C and C++

In this section some examples of C++ code are shown. Some differences between C and C++ are
highlighted.

2.5.1 Namespaces

C++ introduces the notion of a namespace: all symbols are defined in a larger context, called a
namespace. Namespaces are used to avoid name conflicts that could arise when a programmer would
like to define a function like si n() operating on degrees, but does not want to lose the capability of
using the standard si n() function, operating on radians.

Namespaces are covered extensively in section 3.7. For now it should be noted that most compilers
require the explicit declaration of a standard namespace: st d. So, unless otherwise indicated, it is
stressed that all examples in the Annotations now implicitly use the

usi ng nanespace std;

declaration. So, if you actually intend to compile the examples given in the Annotations, make sure
that the sources start with the above usi ng declaration.
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2.5.2 End-of-line comment

According to the ANSI definition, ‘end of line comment’ is implemented in the syntax of C++. This
comment starts with / / and ends with the end-of-line marker. The standard C comment, delimited
by / * and */ can still be used in C++:

int main()

{
/1 this is end-of-1ine comrent
/1 one coment per line

| *
this is standard-C coment, covering
multiple lines

* |

Despite the example, it is advised not to use C type comment inside the body of C++ functions. At
times you will temporarily want to suppress sections of existing code. In those cases it’s very practi-
cal to be able to use standard C comment. If such suppressed code itself contains such comment, it
would result in nested comment-lines, resulting in compiler errors. Therefore, the rule of thumb is
not to use C type comment inside the body of C++ functions (alternatively, one could consider using
the #i f 0 until #endi f pair of preprocessor directives).

2.5.3 NULL-pointers vs. 0-pointers

In C++ all zero values are coded as 0. In C, where pointers are concerned, NULL is often used. This
difference is purely stylistic, though one that is widely adopted. In C++ there’s no need anymore to
use NULL, and using 0 is actually preferred when indicating null-pointer values.

2.5.4 Strict type checking

C++ uses very strict type checking. A prototype must be known for each function before it is called,
and the call must match the prototype. The program

int main()

{
}

printf("Hello World\n");

does often compile under C, though with a warning that pri ntf () is not a known function. Many
C++ compilers will fail to produce code in such a situation. The error is of course the missing
#i ncl ude <stdi 0. h> directive.

Although, while we’re at it: in C++ the function mai n() always uses the i nt return value. It
is possible to define i nt mai n() without an explicit return statement, but a r et ur n statement
without an expression cannot be given inside the mai n() function: a r et ur n statement in mai n()
must always be given an i nt -expression. For example:

int main()



2.5. DIFFERENCES BETWEEN C AND C++ 15

return; /1 won’t conpile: expects int expression

2.5.5 A new syntax for casts

Traditionally, C offers the following cast construction:
(typenane) expr essi on

in which t ypenane is the name of a valid type, and expr essi on an expression. Apart from the C
style cast (now deprecated) C++ also supports the function call notation:

t ypenane( expr essi on)

This function call notation is not actually a cast, but the request to the compiler to construct an
(anonymous) variable of type t ypenamne from the expression expr essi on. This form is actually very
often used in C++, but should not be used for casting. Instead, four new-style casts were introduced:

e The standard cast to convert one type to another is
static_cast <type>(expression)

e There is a special cast to do away with the const type-modification:
const _cast <t ype>(expressi on)

e A third cast is used to change the interpretation of information:
reinterpret cast<type>(expression)

e And, finally, there is a cast form which is used in combination with polymorphism (see chapter
14). The

dynam c_cast <t ype>(expressi on)
is performed run-time to convert, e.g., a pointer to an object of a certain class to a pointer to

an object further down its so-called class hierarchy. At this point in the Annotations it is a bit
premature to discuss the dynam c_cast , but we will return to this topic in section 14.5.1.

2.5.5.1 The ‘static_cast’-operator

The st ati c_cast <t ype>( expr essi on) operator is used to convert one type to an acceptable other
type. E.g., doubl e to i nt . An example of such a cast is, assuming d is of type doubl e and a and b
are i nt -type variables. In that situation, computing the floating point quotient of a and b requires
a cast:

d = static_cast<doubl e>(a) / b;
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If the cast is omitted, the division operator will cut-off the remainder, as its operands are i nt ex-
pressions. Note that the division should be placed outside of the cast. If not, the (integer) division
will be performed before the cast has a chance to convert the type of the operand to doubl e. Another
nice example of code in which it is a good idea to use the st ati c_cast <>() -operator is in situa-
tions where the arithmetic assignment operators are used in mixed-type situations. E.g., consider
the following expression (assume doubl eVar is a variable of type doubl e):

i nt Var += doubl eVar;
This statement actually evaluates to:
intVar = static_cast<int>(static_cast<doubl e>(intVar) + doubleVar);

I nt Var is first promoted to a doubl e, and is then added as doubl e to doubl eVar . Next, the sum
is cast back to an i nt. These two conversions are a bit overdone. The same result is obtained by
explicitly casting the doubl eVar to an i nt, thus obtaining an i nt -value for the right-hand side of
the expression:

i ntVar += static_cast<int>(doubl eVar);

2.5.5.2 The ‘const_cast’-operator

The const _cast <t ype>( expr essi on) operator is used to undo the const -ness of a (pointer) type.
Assume that a function f un( char +s) is available, which performs some operation on its char *s
parameter. Furthermore, assume that it’s kznown that the function does not actually alter the string
it receives as its argument. How can we use the function with a string like char const hel | o[ ]

= "Hello world"?

Passing hel | o to f un() produces the warning

passing ‘const char *’ as argunent 1 of ‘fun(char %)’ discards const

which can be prevented using the call

fun(const _cast<char *>(hello0));

2.5.5.3 The ‘reinterpret_cast’-operator

Thereinterpret_cast <type>(expressi on) operator is used to reinterpret pointers. For exam-
ple using arei nter pret _cast <>() the individual bytes making up a doubl e value can easily be
reached. Assume doubl eVar is a variable of type doubl e, then the individual bytes can be reached
using

reinterpret_cast<char *>(&doubl eVar)

This particular example also suggests the danger of the cast: it looks as though a standard C-string
is produced, but there is not normally a trailing 0-byte. It’s just a way to reach the individual bytes
of the memory holding a double value.
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More in general: using the cast-operators is a dangerous habit, as it suppresses the normal type-
checking mechanism of the compiler. It is suggested to prevent casts if at all possible. If circum-
stances arise in which casts have to be used, document the reasons for their use well in your code,
to make double sure that the cast will not eventually be the underlying cause for a program to
misbehave.

2.5.54 The ‘dynamic_cast’-operator

The dynam c_cast <>() operator is used in the context of polymorphism. Its discussion is post-
poned until section 14.5.1.

2.5.6 The ‘void’ parameter list
Within C, a function prototype with an empty parameter list, such as
voi d func();

means that the argument list of the declared function is not prototyped: the compiler will not warn
against improper argument usage. In C, to declare a function having no arguments, the keyword
voi d is used:

voi d func(void);

As C++ enforces strict type checking, an empty parameter list indicates the absence of any pa-
rameter. The keyword voi d can thus be omitted: in C++ the above two function declarations are
equivalent.

2.5.7 The ‘#define __cplusplus’

Each C++ compiler which conforms to the ANSI/ISO standard defines the symbol __ cpl uspl us: it
is as if each source file were prefixed with the preprocessor directive #def i ne __cpl uspl us.

We shall see examples of the usage of this symbol in the following sections.

2.5.8 Using standard C functions

Normal C functions, e.g., which are compiled and collected in a run-time library, can also be used in
C++ programs. Such functions, however, must be declared as C functions.

As an example, the following code fragment declares a function xnmal | oc() as a C function:
extern "C'" void *xmall oc(size_t size);

This declaration is analogous to a declaration in C, except that the prototype is prefixed with ext er n
n CI .

A slightly different way to declare C functions is the following:

extern "C'
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{
}

/1l C-declarations go in here
It is also possible to place preprocessor directives at the location of the declarations. E.g., a C header
file nyheader . h which declares C functions can be included in a C++ source file as follows:

extern "C'

{
}

#i ncl ude <myheader. h>

Although these two approaches can be used, they are actually seldom encountered in C++ sources.
We will encounter a more frequently used method to declare external C functions in the next section.

2.5.9 Header files for both C and C++

The combination of the predefined symbol __cpl uspl us and of the possibility to define ext ern
"C" functions offers the ability to create header files for both C and C++. Such a header file might,
e.g., declare a group of functions which are to be used in both C and C++ programs.

The setup of such a header file is as follows:

#i fdef _ cplusplus

extern "C'

{

#endi f
/* declaration of C-data and functions are inserted here. E. g., */
void *xmal | oc(size_t size);

#i fdef __cpl uspl us

}
#endi f

Using this setup, a normal C header file is enclosed by ext ern "C' { which occurs at the start of
the file and by }, which occurs at the end of the file. The #i f def directives test for the type of the
compilation: C or C++. The ‘standard’ C header files, such as st di 0. h, are built in this manner and
are therefore usable for both C and C++.

In addition to this, C++ headers should support include guards. In C++ it is usually undesirable to
include the same header file twice in the same source file. Such multiple inclusions can easily be
avoided by including an #i f ndef directive in the header file. For example:

#i f ndef MYHEADER H_

#defi ne MYHEADER H_
/1 declarations of the header file is inserted here,
/1 using #ifdef _ cplusplus etc. directives

#endi f

When this file is scanned for the first time by the preprocessor, the symbol MYHEADER H is not yet
defined. The #i f ndef condition succeeds and all declarations are scanned. In addition, the symbol
MYHEADER_H is defined.
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When this file is scanned for a second time during the same compilation, the symbol MYHEADER H
has been defined and consequently all information between the #i f ndef and #endi f directives is
skipped by the compiler.

In this context the symbol name MYHEADER H_serves only for recognition purposes. E.g., the name
of the header file can be used for this purpose, in capitals, with an underscore character instead of a
dot.

Apart from all this, the custom has evolved to give C header files the extension . h, and to give
C++ header files no extension. For example, the standard iostreams cin, cout and cerr are
available after including the preprocessor directive #i ncl ude <i ostrean®, rather than #i ncl ude
<i ostream h> in a source. In the Annotations this convention is used with the standard C++
header files, but not everywhere else (Frankly, we tend not to follow this convention: our C++ header
files still have the . h extension, and apparently nobody cares...).

There is more to be said about header files. In section 6.7 the preferred organization of C++ header
files is discussed.

2.5.10 Defining local variables

In C local variables can only be defined at the top of a function or at the beginning of a nested block.
In C++ local variables can be created at any position in the code, even between statements.

Furthermore, local variables can be defined inside some statements, just prior to their usage. A
typical example is the f or statement:

#i ncl ude <stdi o. h>

int main()
{
for (register int i =0; i < 20; i++)
printf("%\n", i);
return O;
}

In this code fragment the variable i is created inside the f or statement. According to the ANSI-
standard, the variable does not exist prior to the f or -statement and not beyond the f or -statement.
With some older compilers, the variable continues to exist after the execution of the f or -statement,
but a warning like

warning: name lookup of i’ changed for new ANSI ‘for’ scoping using obsolete binding at

1

will then be issued when the variable is used outside of the f or -loop. The implication seems clear:
define a variable just before the f or -statement if it’s to be used after that statement, otherwise the
variable can be defined inside the f or -statement itself.

Defining local variables when they’re needed requires a little getting used to. However, eventually
it tends to produce more readable and often more efficient code than defining variables at the begin-
ning of compound statements. We suggest the following rules of thumb for defining local variables:

e Local variables should be created at ‘intuitively right’ places, such as in the example above.
This does not only entail the f or -statement, but also all situations where a variable is only
needed, say, half-way through the function.
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e More in general, variables should be defined in such a way that their scope is as limited and
localized as possible. Local variables are not necessarily defined anymore at the beginning of
functions, following the first { .

e It is considered good practice to avoid global variables. 1t is fairly easy to lose track of which
global variable is used for what purpose. In C++ global variables are seldom required, and
by localizing variables the well known phenomenon of using the same variable for multiple
purposes, thereby invalidating each individual purpose of the variable, can easily be avoided.

If considered appropriate, nested blocks can be used to localize auxiliary variables. However, sit-
uations exist where local variables are considered appropriate inside nested statements. The just
mentioned f or statement is of course a case in point, but local variables can also be defined within
the condition clauses of i f - el se statements, within selection clauses of swi t ch statements and
condition clauses of whi | e statements. Variables thus defined will be available in the full state-
ment, including its nested statements. For example, consider the following swi t ch statement:

#i ncl ude <stdi o. h>

int main()
{
switch (int ¢ = getchar())

{

case
case
case
case
case

a

e !
l | .
l 01 .

u
printf("Saw vowel %\n", c);
br eak;

case EOF:
printf("Saw EOF\ n");
br eak;

defaul t:
printf("Saw ot her character, hex val ue 0x%x\n", c);

}

Note the location of the definition of the character ‘c’: it is defined in the expression part of the
swi t ch() statement. This implies that ‘c’is available only in the swi t ch statement itself, including
its nested (sub)statements, but not outside the scope of the swi t ch.

The same approach can be used with i f and whi | e statements: a variable that is defined in the
condition part of an i f and whi | e statement is available in their nested statements. However, be
forwarned that:

e The variable definition must result in a variable which is initialized to a numeric or logical-
value;
e The variable definition cannot be nested (e.g., using parentheses) within a more complex ex-

pression.

The latter point of attention should come as no big surprise: in order to be able to evaluate the
logicalcondition of an i f or whi | e statement, the value of the variable must be interpretable as
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either zero (false) or non-zero (true). Usually this is no problem, but in C++ objects (like objects
of the type std::string (cf. chapter 4)) are often returned by functions. Such objects may or
may not be interpretable as numeric values. If not (as is the case with st d: : st ri ng objects), then
such variables can not be defined in the condition or expression parts of condition- or repetition
statements. The following example will, therefore, not compile:

if (std::string nyString = getString()) /'l assume getString() returns
{ /1 a std::string val ue

/'l process nyString
}

The above deserves further clarification. Often a variable can profitably be given local scope, but
an extra check is required immediately following its initialization. Both the initialization and the
test cannot be combined in one expression, but two nested statements are required. The following
example will therefore not compile either:

if ((int ¢ = getchar()) && strchr("aeiou", c))
printf("Saw a vowel\n");

If such a situation occurs, either use two nested i f statements, or localize the definition of i nt
¢ using a nested compound statement. Actually, other approaches are possible as well, like using
exceptions (cf. chapter 8) and specialized functions, but that’s jumping a bit too far ahead. At this
point in our discussion, we can suggest one of the following approaches to remedy the problem
introduced by the last example:

if (int ¢ = getchar()) /'l nested if-statements
if (strchr("aeiou", c))
printf("Saw a vowel\n");

{ /'l nested conpound st at enent
int ¢ = getchar();

if (c &k strchr("aeiou", c))
printf("Saw a vowel\n");

2.5.11 Function Overloading

In C++ it is possible to define functions having identical names but performing different actions.
The functions must differ in their parameter lists (and/or in their const attribute). An example is
given below:

#i ncl ude <stdi o. h>

voi d show(int val)

{
printf("lInteger: %\ n", val);
}
voi d show doubl e val)
{

printf("Double: %f\n", val);
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}
voi d show(char =val)
{
printf("String: %\n", val);
}
int main()
{
show(12);
show( 3. 1415) ;
show("Hel o World\n!");
}

In the above fragment three functions show() are defined, which only differ in their parameter lists:
i nt, doubl e and char x. The functions have identical names. The definition of several functions
having identical names is called ‘function overloading’.

Interestingly, the way in which the C++ compiler implements function overloading is quite simple.
Although the functions share the same name in the source text (in this example show() ), the com-
piler (and hence the linker) use quite different names. The conversion of a name in the source file to
an internally used name is called ‘name mangling’. E.g., the C++ compiler might convert the name
voi d show (i nt) to the internal name Vshow , while an analogous function with a char * argu-
ment might be called VshowCP. The actual names which are internally used depend on the compiler
and are not relevant for the programmer, except where these names show up in e.g., a listing of the
contents of a library.

A few remarks concerning function overloading are:

e Do not use function overloading for functions doing conceptually different tasks. In the ex-
ample above, the functions show() are still somewhat related (they print information to the
screen).

However, it is also quite possible to define two functions | ookup() , one of which would find a
name in a list while the other would determine the video mode. In this case the two functions
have nothing in common except for their name. It would therefore be more practical to use
names which suggest the action; say, f i ndname() and vi dnode().

e C++ does not allow identically named functions to differ only in their return value, as it is
always the programmer’s choice to either use or ignore the return value of a function. E.g., the
fragment

printf("Hello World!'\n");

holds no information concerning the return value of the function pri ntf (). Two functions
printf () which would only differ in their return type could therefore not be distinguished by
the compiler.

e Function overloading can produce surprises. E.g., imagine a statement like
show( 0) ;
given the three functions show() above. The zero could be interpreted here as a NULL pointer

to a char, i.e.,, a (char *)0, or as an integer with the value zero. Here, C++ will call the
function expecting an integer argument, which might not be what one expects.
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e In chapter 6 the notion of const member functions will be introduced (cf. section 6.2). Here
it is merely mentioned that classes normally have so-called member functions associated with
them (see, e.g., chapter 4 for an informal introduction of the concept). Apart from overloading
member functions using different parameter lists, it is then also possible to overload member
functions by their const attributes. In those cases, classes may have pairs of identically named
member functions, having identical parameter lists. Then, these functions are overloaded by
their const attribute: one of these function must have the const attribute, and the other
must not.

2.5.12 Default function arguments

In C++ it is possible to provide ‘default arguments’ when defining a function. These arguments are
supplied by the compiler when they are not specified by the programmer. For example:

#i ncl ude <stdio. h>
voi d showstring(char *str = "Hello World!'\n");

int main()
{

showstring("Here's an explicit argument.\n");

showstring(); /1 in fact this says:
/1 showstring("Hello World!'\n");

The possibility to omit arguments in situations where default arguments are defined is just a nice
touch: the compiler will supply the missing argument unless explicitly specified in the call. The code
of the program becomes by no means shorter or more efficient.

Functions may be defined with more than one default argument:

void two_ints(int a =1, int b = 4);

int main()

{
two_ints(); /1 argunments: 1, 4
two_ints(20); /1 argunments: 20, 4
two_ints(20, 5); /1 argunments: 20, 5

}

When the function t wo_i nt s() is called, the compiler supplies one or two arguments when nec-
essary. A statement as t wo_i nt s(, 6) is however not allowed: when arguments are omitted they
must be on the right-hand side.

Default arguments must be known at compile-time, since at that moment arguments are supplied to
functions. Therefore, the default arguments must be mentioned in the function’s declaration, rather
than in its implementation:

/'l sanple header file
extern void two_ints(int a =1, int b = 4);
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/'l code of function in, say, two.cc
void two_ints(int a, int b)

{
}

Note that supplying the default arguments in function definitions instead of in function declarations
in header files is incorrect: when the function is used in other sources the compiler will read the
header file and not the function definition. Consequently, in those cases the compiler has no way to
determine the values of default function arguments. Current compilers may generate errors when
detecting default arguments in function definitions.

2.5.13 The keyword ‘typedef’

The keyword t ypedef is still allowed in C++, but is not required anymore when defining uni on,
struct or enumdefinitions. This is illustrated in the following example:

struct sonestruct

{ .

i nt a;

doubl e d;

char string[80];
s

When a st ruct, uni on or other compound type is defined, the tag of this type can be used as type
name (this is sonest r uct in the above example):

sonestruct what;

what.d = 3. 1415;

2.5.14 Functions as part of a struct

In C++ we may define functions as members of structs. Here we encounter the first concrete example
of an object: as previously described (see section 2.4), an object is a structure containing all involved
code and data.

A definition of a st ruct poi nt is given in the code fragment below. In this structure, two i nt data
fields and one function dr aw() are declared.

struct point /1 definition of a screen
{ /1 dot:

int x; /1 coordi nates

int vy; Il xly

voi d draw(voi d); /1 drawi ng function
b

A similar structure could be part of a painting program and could, e.g., represent a pixel in the
drawing. With respect to this st ruct it should be noted that:
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e The function dr aw() mentioned in the struct definition is a mere declaration. The actual
code of the function, or in other words the actions performed by the function, are located else-
where. We will describe the actual definitions of functions inside st ruct s later (see section
3.2).

e The size of the struct poi nt is equal to the size of its two i nt s. A function declared inside
the structure does not affect its size. The compiler implements this behavior by allowing the
function dr aw() to be known only in the context of a poi nt .

The poi nt structure could be used as follows:

poi nt a;
poi nt b;
a.x = 0;
a.y = 10
a.draw()
b = a;

b.y = 20
b. draw()

11
11

11
11

11
11
11

two points on
t he screen

define first dot
and draw it

copy atob
redefine y-coord
and draw it

The function that is part of the structure is selected in a similar manner in which data fields are
selected; i.e., using the field selector operator (. ). When pointers to st ruct s are used, - > can be

used.

The idea behind this syntactic construction is that several types may contain functions having iden-
tical names. E.g., a structure representing a circle might contain three i nt values: two values for
the coordinates of the center of the circle and one value for the radius. Analogously to the poi nt
structure, a function dr aw() could be declared which would draw the circle.
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Chapter 3

A first impression of C++

In this chapter C++ is further explored. The possibility to declare functions in st r uct s is illustrated
in various examples. The concept of a cl ass is introduced.

3.1 More extensions to C in C++

Before we continue with the ‘real’ object-approach to programming, we first introduce some exten-
sions to the C programming language: not mere differences between C and C++, but syntactic
constructs and keywords not found in C.

3.1.1 The scope resolution operator ::

C++ introduces several new operators, among which the scope resolution operator (: : ). This op-
erator can be used in situations where a global variable exists having the same name as a local
variable:

#i ncl ude <stdio. h>
int counter = 50; /'l gl obal variable

int main()
{
for (register int counter = 1; // this refers to the
counter < 10; /'l local variable
count er ++)

{
printf("%\n",
::counter /'l gl obal variable
/ /] divided by
counter); /'l local variable
}
return O;

27
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In this code fragment the scope operator is used to address a global variable instead of the local
variable with the same name. In C++ the scope operator is used extensively, but it is seldom used
to reach a global variable shadowed by an identically named local variable. Its main purpose will be
described in chapter 6.

3.1.2 ‘cout’, ‘cin’, and ‘cerr’
b 9

Analogous to C, C++ defines standard input- and output streams which are opened when a program
is executed. The streams are:

e cout , analogous to st dout
e Ci n, analogous to st di n,

e cerr, analogous to st derr.

Syntactically these streams are not used as functions: instead, data are written to streams or read
from them using the operators <<, called the insertion operator and >>, called the extraction oper-
ator. This is illustrated in the next example:

#i ncl ude <i ostreane

usi ng nanespace std;

int main()
{
i nt ival ;
char sval [ 30];
cout << "Enter a nunber:" << endl;
cin >> ival;
cout << "And now a string:" << endl;

cin >> sval;

<< jval << endl
" << sval << endl;

cout << "The nunber is:
<< "And the string is:

This program reads a number and a string from the ci n stream (usually the keyboard) and prints
these data to cout . With respect to streams, please note:

e The standard streams are declared in the header file i ost r eam In the examples in the An-
notations this header file is often not mentioned explicitly. Nonetheless, it must be included
(either directly or indirectly) when these streams are used. Comparable to the use of the usi ng
nanespace std; clause, the reader is expected to #i ncl ude <i ostrean® with all the exam-
ples in which the standard streams are used.

e The streams cout, ci n and cerr are variables of so-called class-types. Such variables are
commonly called objects. Classes are discussed in detail in chapter 6 and are used extensively
in C++.

e The stream ci n extracts data from a stream and copies the extracted information to variables
(e.g., i val in the above example) using the extraction operator (two consecutive > characters:
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>>). We will describe later how operators in C++ can perform quite different actions than
what they are defined to do by the language, as is the case here. Function overloading has
already been mentioned. In C++ operators can also have multiple definitions, which is called
operator overloading.

e The operators which manipulate ci n, cout and cerr (i.e., >> and <<) also manipulate vari-
ables of different types. In the above example cout << ival results in the printing of an
integer value, whereas cout << "Enter a nunber" results in the printing of a string. The
actions of the operators therefore depend on the types of supplied variables.

e The extraction operator (>>) performs a so called type safe assignment to a variable by ‘extract-
ing’ its value from a text-stream. Normally, the extraction operator will skip all white space
characters that precede the values to be extracted.

e Special symbolic constants are used for special situations. The termination of a line written by
cout is usually implemented by inserting the endl symbol, rather than the string "\ n".

The streams ci n, cout and cerr are not part of the C++ grammar, as defined in the compiler
which parses source files. The streams are part of the definitions in the header file i ostream
This is comparable to the fact that functions like pri ntf () are not part of the C grammar, but
were originally written by people who considered such functions important and collected them in a
run-time library.

Whether a program uses the old-style functions like pri nt f () and scanf () or whether it employs
the new-style streams is a matter of taste. The two styles can even be mixed. Some advantages are
given below:

e Compared to the standard C functions printf () and scanf (), the usage of the insertion
and extraction operators is more type-safe. The format strings which are used with pri ntf ()
and scanf () can define wrong format specifiers for their arguments, for which the compiler
sometimes can’t warn. In contrast, argument checking with ci n, cout and cerr is performed
by the compiler. Consequently it isn’t possible to err by providing an i nt argument in places
where, according to the format string, a string argument should appear.

e The functions pri ntf () and scanf (), and other functions which use format strings, in fact
implement a mini-language which is interpreted at run-time. In contrast, the C++ compiler
knows exactly which in- or output action to perform given which argument.

e The usage of the left-shift and right-shift operators in the context of the streams does illustrate
the possibilities of C++. Again, it requires a little getting used to, ascending from C, but after
that these overloaded operators feel rather comfortable.

e | ostreans are extensible: new functionality can easily be added to existing functionality, a
phenomenon called inheritance. Inheritance is discussed in detail in chapter 13.

The iostream library has a lot more to offer than just ci n, cout and cerr. In chapter 5 iostreams
will be covered in greater detail. Even though printf () and friends can still be used in C++
programs, streams are practically replacing the old-style C | / O functions like pri ntf (). If you
think you still need to use pri nt f () and related functions, think again: in that case you've probably
not yet completely grasped the possibilities of stream objects.

3.1.3 The keyword ‘const’

Even though the keyword const is part of the C grammar, it is more important and much more
common in C++ than it is in C.
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The const keyword is a modifier which states that the value of a variable or of an argument may
not be modified. In the following example the intent is to change the value of a variable i val , which
fails:

int main()
{
int const ival = 3; /] a constant int
// initialized to 3
ival = 4; /1 assignnment produces
/'l an error nessage
}

This example shows how i val may be initialized to a given value in its definition; attempts to
change the value later (in an assignment) are not permitted.

Variables which are declared const can, in contrast to C, be used as the specification of the size of

an array, as in the following example:

int const size = 20;
char buf[size]; /1l 20 chars big

Another use of the keyword const is seen in the declaration of pointers, e.g., in pointer-arguments.
In the declaration

char const =*buf;

buf is a pointer variable, which points to char s. Whatever is pointed to by buf may not be changed:
the char s are declared as const . The pointer buf itself however may be changed. A statement like
*buf = ' a’'; istherefore not allowed, while buf ++ is.

In the declaration

char xconst buf;

buf itselfis a const pointer which may not be changed. Whatever char s are pointed to by buf may
be changed at will.

Finally, the declaration

char const *const buf;

is also possible; here, neither the pointer nor what it points to may be changed.

The rule of thumb for the placement of the keyword const is the following: whatever occurs to the
left to the keyword may not be changed.

Although simple, this rule of thumb is not often used. For example, Bjarne Stroustrup states (in
http://ww. research. att.conf ~bs/ bs_faqg2. ht m #const pl acenent ):

Should I put "const” before or after the type?
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I put it before, but that’s a matter of taste. "const T” and "T const” were always (both)
allowed and equivalent. For example:

const int a
int const b

1; /1 K
2; /1 also K

My guess is that using the first version will confuse fewer programmers (“is more id-
iomatic”).

Below we'll see an example where applying this simple ‘before’ placement rule for the keyword
const produces unexpected (i.e., unwanted) results. Apart from that, the ‘idiomatic’ before-placement
conflicts with the notion of const functions, which we will encounter in section 6.2, where the key-
word const is also written behind the name of the function.

The definition or declaration in which const is used should be read from the variable or function
identifier back to the type indentifier:

“Bufis a const pointer to const characters”

This rule of thumb is especially useful in cases where confusion may occur. In examples of C++ code,
one often encounters the reverse: const preceding what should not be altered. That this may result
in sloppy code is indicated by our second example above:

char const =*buf;

What must remain constant here? According to the sloppy interpretation, the pointer cannot be
altered (since const precedes the pointer). In fact, the charvalues are the constant entities here, as
will be clear when we try to compile the following program:

int main()

{
char const *buf = "hello";
buf ++; /1 accepted by the conpiler
*buf ='"u’; /1 rejected by the compiler
return O;

}

Compilation fails on the statement *buf = ' u’;, not on the statement buf ++.

Marshall Cline’s C++ FAQ' gives the same rule (paragraph 18.5) , in a similar context:

[18.5] What’s the difference between “const Fred* p”, "Fred* const p” and “"const Fred*
const p”?

You have to read pointer declarations right-to-left.

Marshal Cline’s advice might be improved, though: You should start to read pointer definitions (and
declarations) at the variable name, reading as far as possible to the definition’s end. Once you see

Thttp://www.parashift.com/c++-faq-lite/const-correctness.html
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a closing parenthesis, read backwards (right to left) from the initial point, until you find match-
ing open-parenthesis or the very beginning of the definition. For example, consider the following
complex declaration:

char const =(* const (*ip)[])][]
Here, we see:

e the variablei p, being a

e (reading backwards) modifiable pointer to an
e (reading forward) array of

e (reading backward) constant pointers to an

e (reading forward) array of

e (reading backward) modifiable pointers to constant characters

3.1.4 References

In addition to the well known ways to define variables, plain variables or pointers, C++ allows
‘references’ to be defined as synonyms for variables. A reference to a variable is like an alias; the
variable and the reference can both be used in statements involving the variable:

int int_val ue;
int &ef = int_value;

In the above example a variable i nt _val ue is defined. Subsequently a reference r ef is defined,
which (due to its initialization) refers to the same memory location as i nt _val ue. In the definition
of r ef , the reference operator & indicates that r ef is not itself an integer but a reference to one. The
two statements

i nt_val ue++; /1 alternative 1
ref ++; /1 alternative 2

have the same effect, as expected. At some memory location an i nt value is increased by one.
Whether that location is called i nt _val ue or r ef does not matter.

References serve an important function in C++ as a means to pass arguments which can be modified.
E.g., in standard C, a function that increases the value of its argument by five but returns nothing
(voi d), needs a pointer parameter:

voi d increase(int =val p) /'l expects a pointer
{ /1l to an int
*val p += 5;
}
int main()
{

int Xx;
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i ncrease( &x) /1 the address of x is
return O; /'l passed as argunent

This construction can also be used in C++ but the same effect can also be achieved using a reference:

void increase(int &valr) /'l expects a reference
{ /1 to an int
valr += 5;
}
int main()
{
int x;
i ncrease(Xx); /1 a reference to x is
return O; /'l passed as argunent
}

It can be argued whether code such as the above is clear: the statement i ncrease (x) in the
mai n() function suggests that not x itself but a copy is passed. Yet the value of x changes because
of the way i ncr ease() is defined.

Actually, references are implemented using pointers. So, references in C++ are just pointers, as
far as the compiler is concerned. However, the programmer does not need to know or to bother
about levels of indirection. Nevertheless, pointers and references should be distinguished: once
initialized, references can never refer to another variable, whereas the values of pointer variables
can be changed, which will result in the pointer variable pointing to another location in memory. For
example:

extern int *ip;
extern int &r;

ip 0; /'l reassigns ip, now a O-pointer
ir = 0; /1 ir unchanged, the int variable it refers to
/1 is now O.

In order to prevent confusion, we suggest you adhere to the following:

e In those situations where a called function does not alter its arguments of primitive types, a
copy of the variables can be passed:

voi d some_func(int val)

{
cout << val << endl;
}
int main()
{

int x;

some_func(x); /1 a copy is passed, so
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return O; /1l x won’t be changed

}

e When a function changes the values of its arguments, a pointer parameter is preferred. These

pointer parameters should preferably be the initial parameters of the function. This is called
‘return by argument’.

voi d by_pointer(int *val p)
{

}

When a function doesn’t change the value of its class- or struct-type arguments, or if the mod-
ification of the argument is a trivial side-effect (e.g., the argument is a stream), references can
be used. Const-references should be used if the function does not modify the argument:

xval p += 5;

void by reference(string const &str)

{
cout << str;
}
int main ()
{
int x =7;
string str("hello");
by pointer (&x); /1 a pointer is passed
by reference(str); /1 str is not altered
return O; /1 x m ght be changed
}

References play an important role in cases where the argument will not be changed by the
function, but where it is undesirable to use the argument to initialize the parameter. Such a
situation occurs when a large variable, e.g., a st r uct , is passed as argument, or is returned by
the function. In these cases the copying operation tends to become a significant factor, as the
entire structure must be copied. So, in those cases references are preferred. If the argument
isn’t changed by the function, or if the caller shouldn’t change the returned information, the
const keyword should be used. Consider the following example:

struct Person /1 sone |arge structure
{

char nane[ 80] ,

char addr ess[ 90] ;

doubl e salary;

b

Per son person[50]; /| database of persons
/'l printperson expects a
voi d printperson (Person const &p)
{ /'l reference to a structure
/1 but won't change it
cout << "Nane: << p.nane << endl <<
"Address: " << p.address << endl
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/1 get a person by indexval ue
Person const &person(int index)

{
return person[index]; /1 a reference is returned,
} /1 not a copy of person[index]
int main()
{
Per son boss;
print person (boss); /1 no pointer is passed,
/1 so variable won't be
/1 altered by the function
print person(person(5));
/'l references, not copies
/1 are passed here
return O;
}

e Furthermore, it should be noted that there is yet another reason to use references when passing
objects as function arguments: when passing a reference to an object, the activation of the so
called copy constructor is avoided. Copy constructors will be covered in chapter 7.

References may result in extremely ‘ugly’ code. A function may return a reference to a variable, as
in the following example:

int & unc()
{

static int val ue;
return val ue;

This allows the following constructions:

func() = 20;
func() += func();

It is probably superfluous to note that such constructions should normally not be used. Nonetheless,
there are situations where it is useful to return a reference. We have actually already seen an
example of this phenomenon at our previous discussion of the streams. In a statement like cout

<< "Hell 0" << endl ;, the insertion operator returns a reference to cout . So, in this statement
first the "Hel | 0" is inserted into cout , producing a reference to cout . Via this reference the endl

is then inserted in the cout object, again producing a reference to cout . This latter reference is not
further used.

A number of differences between pointers and references is pointed out in the list below:

e A reference cannot exist by itself, i.e., without something to refer to. A declaration of a reference
like

int &ref;

is not allowed; what would r ef refer to?



36

CHAPTER 3. A FIRST IMPRESSION OF C++

References can, however, be declared as ext er nal . These references were initialized else-
where.

References may exist as parameters of functions: they are initialized when the function is
called.

References may be used in the return types of functions. In those cases the function determines
to what the return value will refer.

References may be used as data members of classes. We will return to this usage later.

In contrast, pointers are variables by themselves. They point at something concrete or just “at
nothing”.

References are aliases for other variables and cannot be re-aliased to another variable. Once a
reference is defined, it refers to its particular variable.

In contrast, pointers can be reassigned to point to different variables.

When an address-of operator & is used with a reference, the expression yields the address
of the variable to which the reference applies. In contrast, ordinary pointers are variables
themselves, so the address of a pointer variable has nothing to do with the address of the
variable pointed to.

3.2 Functions as part of structs

Earlier it was mentioned that functions can be part of st r uct s (see section 2.5.14). Such functions
are called member functions or methods. This section discusses how to define such functions.

The code fragment below illustrates a st ruct having data fields for a name and an address. A
function pri nt () is included in the st ruct definition:

struct Person

{
char nane[ 807,
char address[80];
void print();

b

The member function pri nt () is defined using the structure name (Per son) and the scope resolu-
tion operator (: : ):

voi d Person::print()

{

cout << "Name: << nanme << endl
" Addr ess: " << address<< endl;

In the definition of this member function, the function name is preceded by the st ruct name fol-
lowed by : : . The code of the function shows how the fields of the st r uct can be addressed without
using the type name: in this example the function pri nt () prints a variable nane. Since pri nt ()
is a part of the st ruct per son, the variable nane implicitly refers to the same type.



3.3. SEVERAL NEW DATA TYPES 37

This st ruct could be used as follows:

Person p;

strcpy(p. name, "Karel");
strcpy(p. address, "R etveldl aan 37");

p.print();

The advantage of member functions lies in the fact that the called function can automatically ad-
dress the data fields of the structure for which it was invoked. As such, in the statement p. pri nt ()

the structure p is the ‘substrate’: the variables nane and addr ess which are used in the code of
print () refer tothe same struct p.

3.3 Several new data types

In C the following basic data types are available: voi d, char, short, int, long, float and
doubl e. C++ extends these basic types with several new types: the types bool , wchar _t, | ong
| ong and | ong doubl e (Cf. ANSI/ISO draft (1995), par. 27.6.2.4.1 for examples of these very long
types). The type | ong | ong is merely a double-long | ong datatype. The type | ong doubl e is
merely a double-long doubl e datatype. Apart from these basic types a standard type stri ng is
available. The datatypes bool , and wchar _t are covered in the following sections, the datatype
stringis covered in chapter 4. Note that recent versions of C may also have adopted some of these
newer data types (notably bool and wchar t). Traditionally, however, C doesn’t support them,
hence they are mentioned in this section.

Now that these new types are introduced, let’s refresh your memory about letters that can be used
in literal constants of various types. They are:

e E or e: the exponentiation character in floating point literal values. For example: 1. 23E+3.
Here, E should be pronounced (and iterpreted) as: times 10 to the power. Therefore, 1. 23E+3
represents the value 1230.

e F can be used as postfix to a non-integral numeric constant to indicate a value of type f | oat ,
rather than doubl e, which is the default. For example: 12. F (the dot transforms 12 into
a floating point value); 1. 23E+3F (see the previous example. 1. 23E+3 is a doubl e value,
whereas 1. 23E+3F is a f | oat value).

e L can be used as prefix to indicate a character string whose elements are wchar _t -type char-
acters. For example: L" hel | o wor | d".

e L can be used as postfix to an integral value to indicate a value of type | ong, rather than
i nt, which is the default. Note that there is no letter indicating a short type. For that a
static_cast <short >() must be used.

e Ucan be used as postfix to an integral value to indicate an unsi gned value, rather than an
i nt. It may also be combined with the postfix L to produce an unsi gned | ong i nt value.

3.3.1 The data type ‘bool’

In C the following basic data types are available: voi d, char, int, float and double. C++
extends these five basic types with several extra types. In this section the type bool is introduced.
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The type bool represents boolean (logical) values, for which the (now reserved) values t r ue and
f al se may be used. Apart from these reserved values, integral values may also be assigned to vari-
ables of type bool , which are then implicitly converted to t r ue and f al se according to the following
conversion rules (assume i nt Val ue is an i nt -variable, and bool Val ue is a bool -variable):

// fromint to bool:
bool Val ue = intValue ? true : false;

// frombool to int:

i nt Value = boolValue ? 1 : O0;

Furthermore, when bool values are inserted into, e.g., cout , then 1 is written for t r ue values, and
0 is written for f al se values. Consider the following example:

cout << "A true value: " << true << endl|
<< "A false value: " << false << endl;

The bool data type is found in other programming languages as well. Pascal has its type Bool ean,
and Java has a bool ean type. Different from these languages, C++’s type bool acts like a kind of
i nt type: it’s primarily a documentation-improving type, having just two values t r ue and f al se.
Actually, these values can be interpreted as enumvalues for 1 and 0. Doing so would neglect the
philosophy behind the bool data type, but nevertheless: assigning t r ue to an i nt variable neither
produces warnings nor errors.

Using the bool -type is generally more intuitively clear than using i nt. Consider the following
prototypes:

bool exists(char const *fileNanme); [/ (1)
int exists(char const *fileNanme); [/ (2)

For the first prototype (1) , most people will expect the function to return t r ue if the given file-
name is the name of an existing file. However, using the second prototype some ambiguity arises:
intuitively the return value 1 is appealing, as it leads to constructions like

if (exists("nmyfile"))
cout << "nyfile exists";

On the other hand, many functions (like access(), stat (), etc.) return O to indicate a successful
operation, reserving other values to indicate various types of errors.

As a rule of thumb I suggest the following: if a function should inform its caller about the success
or failure of its task, let the function return a bool value. If the function should return success or
various types of errors, let the function return enum values, documenting the situation when the
function returns. Only when the function returns a meaningful integral value (like the sum of two
i nt values), let the function return an i nt value.

3.3.2 The data type ‘wchar_t’

The wchar _t type is an extension of the char basic type, to accomodate wide character values, such
as the Unicode character set. The g++ compiler (version 2.95 or beyond) reports si zeof (wchar _t)
as 4, which easily accomodates all 65,536 different Unicode character values.
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Note that a programming language like Java has a data type char that is comparable to C++’s
wchar _t type. Java’s char type is 2 bytes wide, though. On the other hand, Java’s byt e data type
is comparable to C++’s char type: one byte. Very convenient....

3.3.3 The data type ‘size_t’

The si ze_t type is not really a built-in primitive data type, but a data type that is promoted by
POSIX as a typename to be used for non-negative integral values answering questions like ‘how
much’ and ‘how many’, in which case it should be used instead of unsi gned i nt. It is not a specific
C++ type, but also available in, e.g., C. Usually it is defined implictly when a system header file is
included. The header file ‘officially’ defining si ze_t in the context of C++ is cst ddef .

Using si ze_t has the advantage of being a conceptual type, rather than a standard type that is
then modified by a modifier. Thus, it improves the self-documenting value of source code.

Sometimes functions explictly require unsi gned i nt to be used. E.g., on and-architectures the
X-windows function XQuer yPoi nt er explicitly requires a pointer to an unsi gned i nt variable as
one of its arguments. In this particular situation a pointer to a si ze_t variable can’t be used. This
situation is exceptional, though.

Other useful bit-represented types also exists. E.g., ui nt 32_t is guaranteerd to hold 32-bits un-
signed values. Analogously, i nt 32_t holds 32-bits signed values. Corresponding types exist for 8,
16 and 64 bits values. These types are defined in the header file st di nt . h.

3.4 Keywords in C++

C++’s keywords are a superset of C’s keywords. Here is a list of all keywords of the language:

and const fl oat operator static_cast usi ng
and_eq const _cast for or struct virtua
asm conti nue friend or_eq swi tch voi d
aut o def aul t goto private tenpl ate vol atile
bi t and del ete if protected this wchar_t
bi t or do inline public t hr ow whi | e
bool doubl e i nt register true xor
break dynam c_cast | ong reinterpret_cast try Xor _eq
case el se nmut abl e return t ypedef
catch enum nanespace short typei d
char explicit new si gned t ypenane
cl ass extern not si zeof uni on
conpl fal se not _eq static unsi gned

Note the operator keywords: and, and_eq, bitand, bitor, conpl, not, not _eq, or, or_eq,
xor and xor _eq are symbolic alternatives for, respectively, &&, &=, & |, ~ !, !'=, ||, |=,
AN and M=,
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3.5 Data hiding: public, private and class

As mentioned before (see section 2.3), C++ contains special syntactic possibilities to implement data
hiding. Data hiding is the ability of a part of a program to hide its data from other parts; thus
avoiding improper addressing or name collisions.

C++ has three special keywords which are related to data hiding: pri vat e, pr ot ect ed and publ i c.
These keywords can be used in the definition of a st ruct . The keyword publ i ¢ defines all subse-
quent fields of a structure as accessible by all code; the keyword pri vat e defines all subsequent
fields as only accessible by the code which is part of the st ruct (i.e., only accessible to its mem-
ber functions). The keyword pr ot ect ed is discussed in chapter 13, and is beyond the scope of the
current discussion.

In a struct all fields are publ i c, unless explicitly stated otherwise. Using this knowledge we can
expand the st ruct Person:

struct Person
{ .
private:
char d_nane[ 80];
char d_address[80];
public:
voi d set Name(char const =*n);
voi d set Address(char const =*a);
void print();
char const =*nane();
char const =*address();

b

The data fields d_nanme and d_addr ess are only accessible to the member functions which are
defined in the st ruct : these are the functions set Nane(), set Addr ess() etc.. This results from
the fact that the fields d_nane and d_addr ess are preceded by the keyword private. As an
illustration consider the following code fragment:

Person x;

x. set Name(" Frank"); /1 OK, setName() is public
strcpy(x.d_nane, "Knarf"); // error, x.d_name is private

Data hiding is implemented as follows: the actual data of a st ruct Per son are mentioned in the
structure definition. The data are accessed by the outside world using special functions, which
are also part of the definition. These member functions control all traffic between the data fields
and other parts of the program and are therefore also called ‘interface’ functions. The data hiding
which is thus implemented is illustrated in Figure 3.1. Also note that the functions set Nane() and
set Addr ess() are declared as having a char const =* argument. This means that the functions
will not alter the strings which are supplied as their arguments. In the same vein, the functions
name() and address() return a char const =*: the caller may not modify the strings to which
the return values point.

Two examples of member functions of the st r uct Per son are shown below:

voi d Person::set Nane(char const =n)

{
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Interface functions to set the fields

setName () setAddress ()

Private data

d_name | |

d_address | |

print () name () address ()

Interface functions to inspect/use the fields

Figure 3.1: Private data and public interface functions of the class Person.

strncpy(d_nane, n, 79);
d_nanme[ 79] = 0;

}
char const =*Person:: nane()
{
return d_nane;
}

In general, the power of the member functions and of the concept of data hiding lies in the fact that
the interface functions can perform special tasks, e.g., checking the validity of the data. In the above
example set Nane() copies only up to 79 characters from its argument to the data member nane,
thereby avoiding array buffer overflow.

Another example of the concept of data hiding is the following. As an alternative to member func-
tions which keep their data in memory (as do the above code examples), a runtime library could
be developed with interface functions which store their data on file. The conversion of a program
which stores Per son structures in memory to one that stores the data on disk would not require
any modification of the program using Per son structures. After recompilation and linking the new
object module to a new library, the program will use the new Per son structure.

Though data hiding can be implemented with st r uct s, more often (almost always) classes are used
instead. A cl ass refers to the same concept as a struct, except that a cl ass uses private access
by default, whereas structs use public access by default. The definition of a cl ass Per son would
therefore look exactly as shown above, except for the fact that instead of the keyword st r uct , cl ass
would be used, and the initial pri vat e: clause can be omitted. Our typographic suggestion for class
names is to use a capital character as its first character, followed by the remainder of the name in
lower case (e.g., Per son).

3.6 Structs in C vs. structs in C++

In this section we will illustrate the key difference between C and C++ structs. In C it is common to
define several functions to process a st ruct , which then require a pointer to the struct as one of
their arguments. A fragment of an imaginary C header file is given below:
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[+ definition of a struct PERSON_  */
typedef struct

{
char nane[ 80];
char address[80];
} PERSON ;

/+* some functions to mani pul ate PERSON_ structs =/
I+ initialize fields with a name and address */
void initialize(PERSON_ *p, char const *nm

char const =*adr);

[+ print information */
voi d print (PERSON_const =*p);

[+ etc.. * [

In C++, the declarations of the involved functions are placed inside the definition of the st ruct or
cl ass. The argument which denotes which st r uct is involved is no longer needed.

cl ass Person

{
publi c:
void initialize(char const *nm char const =*adr);
void print();
Il etc..
private:
char d_nane[ 80];
char d_address[ 80];
H

The st ruct argument is implicit in C++. A C function call such as:

PERSON_ x;

initialize(&, "sonme nane", "some address");
becomes in C++:

Person x;

x.initialize("sone nanme", "sone address");

3.7 Namespaces

Imagine a math teacher who wants to develop an interactive math program. For this program
functions like cos(), sin(), tan() etc. are to be used accepting arguments in degrees rather
than arguments in radians. Unfortunately, the function name cos() is already in use, and that
function accepts radians as its arguments, rather than degrees.
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Problems like these are usually solved by defining another name, e.g., the function name cosDegr ees()
is defined. C++ offers an alternative solution: by allowing us to use namespaces. Namespaces can
be considered as areas or regions in the code in which identifiers are defined which normally won’t
conflict with names already defined elsewhere.

Now that the ANSI/ISO standard has been implemented to a large degree in recent compilers, the
use of namespaces is more strictly enforced than in previous versions of compilers. This has certain
consequences for the setup of cl ass header files. At this point in the Annotations this cannot be dis-
cussed in detail, but in section 6.7.1 the construction of header files using entities from namespaces
is discussed.

3.7.1 Defining namespaces
Namespaces are defined according to the following syntax:

nanespace identifier

/'l declared or defined entities
/'l (declarative region)

The identifier used in the definition of a namespace is a standard C++ identifier.

Within the declarative region, introduced in the above code example, functions, variables, structs,
classes and even (nested) namespaces can be defined or declared. Namespaces cannot be defined
within a block. So it is not possible to define a namespace within, e.g., a function. However, it
is possible to define a namespace using multiple namespace declarations. Namespaces are called
‘open’. This means that a namespace CppAnnot at i ons could be defined in a filefi | el. cc and also
in a filefi | e2. cc. The entities defined in the CppAnnot at i ons namespace of filesfi |l el. cc and
fil e2. cc are then united in one CppAnnot at i ons namespace region. For example:

/Il in filel.cc
nanespace CppAnnotations

{
doubl e cos(doubl e ar gl nDegr ees)
{
}

}

/[l in file2.cc
nanespace CppAnnotations

{
doubl e si n(doubl e ar gl nDegr ees)
{
}

}

Both si n() and cos() are now defined in the same CppAnnot at i ons namespace.

Namespace entities can be defined outside of their namespaces. This topic is discussed in section
3.7.4.1.
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3.7.1.1 Declaring entities in namespaces

Instead of defining entities in a namespace, entities may also be declared in a namespace. This
allows us to put all the declarations of a namespace in a header file which can thereupon be included
in sources in which the entities of a namespace are used. Such a header file could contain, e.g.,

namespace CppAnnot ati ons

{
doubl e cos(doubl e degrees);
doubl e sin(doubl e degrees);

3.7.1.2 A closed namespace

Namespaces can be defined without a name. Such a namespace is anonymous and it restricts the
visibility of the defined entities to the source file in which the anonymous namespace is defined.

Entities defined in the anonymous namespace are comparable to C’s st ati ¢ functions and vari-
ables. In C++ the st ati ¢ keyword can still be used, but its use is more common in cl ass defini-
tions (see chapter 6). In situations where static variables or functions are necessary, the use of the
anonymous namespace is preferred.

The anonymous namespace is a closed namespace: it is not possible to add entities to the same
anonymous namespace using different source files.

3.7.2 Referring to entities

Given a namespace and entities that are defined or declared in it, the scope resolution operator can
be used to refer to the entities that are defined in that namespace. For example, to use the function
cos() defined in the CppAnnot at i ons namespace the following code could be used:

/1 assume the CppAnnotations nanespace is declared in the
/'l next header file:
#i ncl ude <CppAnnot ati ons>

int main()
{
cout << "The cosine of 60 degrees is: " <<
CppAnnot ati ons: : cos(60) << endl;

This is a rather cumbersome way to refer to the cos() function in the CppAnnot at i ons namespace,
especially so if the function is frequently used.

However, in these cases an abbreviated form (just cos() ) can be used by specifying a using-declaration.
Following

usi ng CppAnnotations::cos; // note: no function prototype,
/1 just the nane of the entity
/1 is required.
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the function cos() will refer to the cos() function in the CppAnnot at i ons namespace. This im-
plies that the standard cos() function, accepting radians, cannot be used automatically anymore.
The plain scope resolution operator can be used to reach the generic cos() function:

int main()
{
usi ng CppAnnot ati ons: : cos;
cout << cos(60) /1 uses CppAnnotations::cos()
<< ::co0s(1.5) /1 uses the standard cos() function
<< endl ;

}

Note that a usi ng-declaration can be used inside a block. The usi ng declaration prevents the
definition of entities having the same name as the one used in the usi ng declaration: it is not
possible to use a usi ng declaration for a variable val ue in the CppAnnot at i ons namespace, and
to define (or declare) an identically named object in the block in which the usi ng declaration was
placed:

int main()

{
usi ng CppAnnot ati ons: : val ue;
cout << value << endl; // this uses CppAnnotations::val ue
i nt val ue; /1 error: value already defined.

3.7.2.1 The ‘using’ directive
A generalized alternative to the usi ng-declaration is the using-directive:
usi ng nanmespace CppAnnot ati ons;

Following this directive, all entities defined in the CppAnnot at i ons namespace are used as if they
where declared by usi ng declarations.

While the usi ng-directive is a quick way to import all the names of the CppAnnot at i ons names-
pace (assuming the entities are declared or defined separately from the directive), it is at the same
time a somewhat dirty way to do so, as it is less clear which entity will be used in a particular block
of code.

If, e.g.,cos() is defined in the CppAnnot at i ons namespace, the function CopAnnot ati ons: : cos()
will be used when cos() is called in the code. However, if cos() is not defined in the CoppAnnot at i ons
namespace, the standard cos() function will be used. The usi ng directive does not document as
clearly which entity will be used as the usi ng declaration does. For this reason, the usi ng directive
is somewhat deprecated.

3.7.2.2 ‘Koenig lookup’

If Koenig lookup were called the ‘Koenig principle’, it could have been the title of a new Ludlum
novell. However, it is not. Instead it refers to a C++ technicality.
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‘Koenig lookup’ refers to the fact that if a function is called without referencing a namespace, then
the namespaces of its arguments are used to find the namespace of the function. If the namespace in
which the arguments are defined contains such a function, then that function is used. This is called
the ‘Koenig lookup’.

In the following example this is illustrated. The function FBB: : f un( FBB: : Val ue v) is defined in
the FBB namespace. As shown, it can be called without the explicit mentioning of a namespace:

#i ncl ude <i ostreanr

namespace FBB

{
enum Val ue /1 defines FBB:: Val ue
{
first,
second,
1
voi d fun(Val ue x)
{
std::cout << "fun called for " << x << std::endl
}
}
int main()
{
fun(FBB::first); /1 Koenig | ookup: no nanespace
/1 for fun()
}
| *

gener at ed out put:
fun called for O
*/

Note that trying to fool the compiler doesn’t work: if in the nanmespace FBB Val ue was defined
as typedef int Val ue then FBB: : Val ue would have been recognized as i nt, thus causing the
Koenig lookup to fail.

As another example, consider the next program. Here there are two namespaces involved, each
defining their own fun() function. There is no ambiguity here, since the argument defines the
namespace. So, FBB: : f un() is called:

#i ncl ude <i ostreane

nanmespace FBB

{
enum Val ue [/ defines FBB:: Val ue
{
first,
second,
b

voi d fun(Val ue x)

{
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std::cout << "FBB::fun() called for " << x << std::endl

}
}
nanmespace ES
{
void fun(FBB:: Val ue x)
{
std::cout << "ES::fun() called for " << x << std::endl
}
}
int main()
{
fun(FBB::first); /1 No ambiguity: argunment deternines
/'l the nanespace
}
| *

gener at ed out put:
FBB::fun() called for O
*/

Finally, an example in which there is an ambiguity: fun() has two arguments, one from each
individual namespace. Here the ambiguity must be resolved by the programmer:

#i ncl ude <i ostreanr

nanmespace ES

{
enum Val ue /'l defines ES::Val ue
{
first,
second,
H
}
nanespace FBB
{
enum Val ue /'l defines FBB:: Val ue
{
first,
second,
b
void fun(Value x, ES::Value vy)
{
std::cout << "FBB::fun() called\n"
}
}

nanmespace ES

{
void fun(FBB:: Val ue x, Val ue y)

{
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std::cout << "ES::fun() called\n";

}
}
int main()
{
| *
fun(FBB::first, ES::first); // anmbiguity: nust be resol ved
/1 by explicitly mentioning
/1 the nanespace
*/
ES: :fun(FBB::first, ES::first);
}
| *

gener at ed out put:
ES::fun() called
*/

3.7.3 The standard namespace

Many entities of the runtime available software (e.g., cout, cin, cerr and the templates defined
in the Standard Template Library, see chapter 17) are now defined in the st d namespace.

Regarding the discussion in the previous section, one should use a usi ng declaration for these
entities. For example, in order to use the cout stream, the code should start with something like

#i ncl ude <i ostreanp
using std::cout;

Often, however, the identifiers that are defined in the st d namespace can all be accepted without
much thought. Because of that, one frequently encounters a usi ng directive, rather than a usi ng
declaration with the st d namespace. So, instead of the mentioned usi ng decl ar ati on a construc-
tion like

#i ncl ude <i ostreanp
usi ng nanespace std;

is encountered. Whether this should be encouraged is subject of some dispute. Long usi ng decla-
rations are of course inconvenient too. So, as a rule of thumb one might decide to stick to usi ng
declarations, up to the point where the list becomes impractically long, at which point a usi ng
directive could be considered.

3.7.4 Nesting namespaces and namespace aliasing
Namespaces can be nested. The following code shows the definition of a nested namespace:

nanespace CppAnnot ati ons

{

nanmespace Virtual

{
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voi d *pointer;

Now the variable poi nt er is defined in the Vi r t ual namespace, nested under the CppAnnot ati ons
namespace. In order to refer to this variable, the following options are available:

e The fully qualified name can be used. A fully qualified name of an entity is a list of all the
namespaces that are visited until the definition of the entity is reached, glued together by the
scope resolution operator:

int main()

{
}

CppAnnot ations: : Virtual ::pointer = 0;

e A usi ng declaration for CopAnnot ati ons: : Vi rt ual can be used. Now Vi rt ual can be used
without any prefix, but poi nt er must be used with the Vi rt ual : : prefix:
usi ng CppAnnot ations::Virtual;

int main()

{
}

Virtual ::pointer = 0;

e A usi ng declaration for CopAnnot at i ons: : Vi rtual : : poi nt er can be used. Now poi nt er
can be used without any prefix:
usi ng CppAnnotations::Virtual::pointer;

int main()

{
}

poi nter = O;
e A usi ng directive or directives can be used:

usi ng nanespace CppAnnotations::Virtual;

int main()

{
}

poi nter = O;
Alternatively, two separate usi ng directives could have been used:

usi ng nanmespace CppAnnot ati ons;
usi ng namespace Virtual;
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int main()

{
}

e A combination of usi ng declarations and usi ng directives can be used. E.g., a usi ng directive
can be used for the CppAnnot at i ons namespace, and a usi ng declaration can be used for the
Virtual :: pointer variable:

poi nter = O;

usi ng nanespace CppAnnotati ons;
using Virtual :: pointer;

int main()

{
}

poi nter = 0;

At every usi ng directive all entities of that namespace can be used without any further prefix. If
a namespace is nested, then that namespace can also be used without any further prefix. However,
the entities defined in the nested namespace still need the nested namespace’s name. Only by using
a usi ng declaration or directive the qualified name of the nested namespace can be omitted.

When fully qualified names are somehow preferred and a long form like
CppAnnot ati ons: : Virtual :: pointer

is at the same time considered too long, a namespace alias can be used:
nanespace CV = CppAnnotations:: Virtual;

This defines CV as an alias for the full name. So, to refer to the poi nt er variable, we may now use
the construction

CV::pointer = O;

Of course, a namespace alias itself can also be used in a usi ng declaration or directive.

3.7.4.1 Defining entities outside of their namespaces

It is not strictly necessary to define members of namespaces within a namespace region. By prefix-
ing the member by its namespace or namespaces a member can be defined outside of a namespace
region. This may be done at the global level, or at intermediate levels in the case of nested names-
paces. So while it is not possible to define a member of namespace A within the region of namespace
C, it is possible to define a member of namespace A: : B within the region of namespace A.

Note, however, that when a member of a namespace is defined outside of a namespace region, it
must still be declared within the region.

Assume the type i nt | NT8[ 8] is defined in the CppAnnot ati ons: : Vi rt ual namespace.

Now suppose we want to define a member function f unny, inside the namespace CppAnnot at i ons: : Vi r t ual
returning a pointer to CppAnnot ati ons: : Virtual : : | NT8. After first defining everything inside
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the CppAnnot ati ons: : Vi rtual namespace, such a function could be defined as follows (the ex-
amples below use the memory allocation operator new[ ] which will formally be introduced in chap-
ter 7). At this point it can be assumed to behave somewhat like C’s memory allocation function

mal | oc():

nanespace CppAnnot ati ons

{
namespace Virtual
{
voi d *pointer;
typedef int |INT8[8];
I NT8 *funny()
{
INT8 *ip = new | NT8[1];
for (int idx = 0; idx < sizeof (INT8) / sizeof(int); ++idx)
(¢*ip)[idx] = (idx + 1) * (idx + 1);
return ip;
}
}
}

The function f unny() defines an array of one | NT8 vector, and returns its address after initializing

the vector by the squares of the first eight natural numbers.

Now the function f unny() can be defined outside of the CppAnnot ati ons: : Vi rt ual namespace

as follows:

nanmespace CppAnnotati ons

{
nanespace Virtual
{
voi d *pointer;
typedef int |INT8[8];
I NT8 *funny();
}
}

CppAnnotations::Virtual :: 1 NT8 «CppAnnotations::Virtual::funny()

{
INT8 *ip = new | NT8[1];

for (int idx = 0; idx < sizeof (INT8) / sizeof(int); ++idx)
(xip)[idx] = (idx + 1) = (idx + 1);

return ip;

}

In the final code fragment note the following:
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e funny() is declared inside of the CppAnnot ati ons: : Vi rt ual namespace.

e The definition outside of the namespace region requires us to use the fully qualified name of
the function and of its return type.

e Inside the block of the function f unny we are within the CopAnnot ati ons: : Vi rt ual names-
pace, so inside the function fully qualified names (e.g., for | NT8) are not required any more.

Finally, note that the function could also have been defined in the CppAnnot ati ons region. It
that case the Vi rtual namespace would have been required when defining f unny() and when
specifying its return type, while the internals of the function would remain the same:

nanmespace CppAnnotati ons

{

nanespace Virtual

{
voi d *pointer;
typedef int |NT8[8];
I NT8 *funny();

}

Virtual ::INT8 *Virtual::funny()

{
INT8 *ip = new | NT8[1];
for (int idx = 0; idx < sizeof (INT8) / sizeof(int); ++idx)

(»ip)[idx] = (idx + 1) *= (idx + 1);

return ip;

}



Chapter 4

The ‘string’ data type

C++ offers a large number of facilities to implement solutions for common problems. Most of these
facilities are part of the Standard Template Library or they are implemented as generic algorithms
(see chapter 17).

Among the facilities C++ programmers have developed over and over again are those for manipulat-
ing chunks of text, commonly called strings. The C programming language offers rudimentary string
support: the ASCII-Z terminated series of characters is the foundation on which a large amount of
code has been built!.

Standard C++ now offers a st ri ng type. In order to use st ri ng-type objects, the header file st ri ng
must be included in sources.

Actually, stri ng objects are class type variables, and the cl ass is formally introduced in chapter
6. However, in order to use a string, it is not necessary to know what a class is. In this section the
operators that are available for strings and several other operations are discussed. The operations
that can be performed on strings take the form

stringVari abl e. operation(argunentList)
For example, if st ri ngl and st ri ng2 are variables of type st ri ng, then
stringl. conmpare(string2)

can be used to compare both strings. A function like conpar e(), which is part of the st ri ng-class
is called a member function. The stri ng class offers a large number of these member functions,
as well as extensions of some well-known operators, like the assignment (=) and the comparison
operator (==). These operators and functions are discussed in the following sections.

4.1 Operations on strings

Some of the operations that can be performed on strings return indices within the strings. Whenever
such an operation fails to find an appropriate index, the value stri ng: : npos is returned. This

1We define an ASCII-Z string as a series of ASCII-characters terminated by the ASCII-character zero (hence -Z), which
has the value zero, and should not be confused with character ' 0’ , which usually has the value 0x30

53
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value is a (symbolic) value of type stri ng: : si ze_t ype, which is (for all practical purposes) an
(unsi gned) i nt.

Note that in all operations with st ri ngs both st ri ng objects and char const =* values and vari-
ables can be used.

Some st ri ng-members use iterators. Iterators will be covered in section 17.2. The member func-
tions using iterators are listed in the next section (4.2), they are not further illustrated below.

The following operations can be performed on strings:

e Initialization: String objects can be initialized. For the initialization a plain ASCl | - Z string,
another st ri ng object, or an implicit initialization can be used. In the example, note that the
implicit initialization does not have an argument, and may not use an argument list. Not even
empty.

#i ncl ude <string>

usi ng nanespace std;

int main()

{
string stringOne("Hello Wrld"); // using plain ascii-Z
string stringTwo(stringOne); /1 using another string object
string stringThree; /[l inmplicit initializationto "". Do

/1l not use the form‘stringThree()’
return O;

}

e Assignment: String objects can be assigned to each other. For this the assignment operator
(i.e., the = operator) can be used, which accepts both a st ri ng object and a C-style character
string as its right-hand argument:

#i ncl ude <string>
usi ng nanespace std;

int main()

{
string stringOne("Hello World");
string stringTwo;

stringTwo = stringOne; /1 assign stringOne to stringTwo
stringTwo = "Hello world"; // assign a C-string to StringTwo
return O;

}

e String to ASCII-Z conversion: In the previous example a standard C-string (an ASCII-Z string)
was implicitly converted to a stri ng-object. The reverse conversion (converting a stri ng
object to a standard C-string) is not performed automatically. In order to obtain the C-string
that is stored within the st ri ng object itself, the member function c_str (), which returns a
char const =+, can be used:

#i ncl ude <i ostreane
#i ncl ude <string>
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usi ng nanespace std,;

int main()
{
string stringOne("Hello World");
char const *cString = stringOne.c_str();
cout << cString << endl;
return O;
}

e String elements: The individual elements of a string object can be accessed for reading or
writing. For this operation the subscript operator ([]) is available, but there is no string
pointer dereferencing operator (* ). The subscript operator does not perform range-checking. If
range checking is required the st ri ng: : at () member function should be used:

#i ncl ude <i ostrean»
#i ncl ude <string>
usi ng nanespace std;

int main()
{
string stringOne("Hello World");
stringOne[6] ='W ; /1 now "Hello world"
if (stringOne[0] == "H)
stringOne[0] = "'h’; /1 now "hello world"
/1l  *stringOne = 'H ; /[l TH 'S WON' T COWPI LE
stringOne = "Hello World"; // Now using the at()
/1 menmber function:
stringOne. at(6) =
stringOne. at (0); /1 now "Hello Horld"
if (stringOne.at(0) == "H)
stringOne.at(0) ='W, [/ now "Wello Horld"
return O;
}

When an illegal index is passed to the at () member function, the program aborts (actually, an
exception is generated, which could be caught. Exceptions are covered in chapter 8).

e Comparisons: Two strings can be compared for (in)equality or ordering using the ==, ! =,
<, <=, > and >= operators or the stri ng: : conpar e() member function. The conpar e()
member function comes in several flavors (see section 4.2.4 for details). E.g.:

—int string::conpare(string const &other): this variant offers a bit more infor-
mation than the comparison-operators do. The return value of the stri ng: : conpar e()
member function may be used for lexicographic ordering: a negative value is returned if
the string stored in the string object using the conpar e() member function (in the exam-
ple: st ri ngOne) is located earlier in the ASCII collating sequence than the string stored
in the string object passed as argument.

#i ncl ude <i ostreanr
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#i ncl ude <string>
usi ng nanespace std,;

int main()

{
string stringOne("Hello World");
string stringTwo;

if (stringOne != stringTwo)
stringTwo = stringOne;

if (stringOne == stringTwo)
stringTwo = "Sonet hi ng el se";

if (stringOne.conpare(stringTwo) > 0)

cout << "stringOne after stringTwo in the al phabet\n";
else if (stringOne.conpare(stringTwo) < 0)

cout << "stringOne before stringTw in the al phabet\n";
el se

cout << "The two strings are the sane\n";

/1 Alternatively:

if (stringOne > stringTwo)

cout << "stringOne after stringTwo in the al phabet\n";
else if (stringOne < stringTwo)

cout << "stringOne before stringTwo in the al phabet\n";
el se

cout << "The two strings are the sane\n";

return O;

}

Note that there is no member function to perform a case insensitive comparison of strings.

—int string::conpare(string::size_type pos, size_t n, string const &other):
the first argument indicates the position in the current string that should be compared;
the second argument indicates the number of characters that should be compared (if this
value exceeds the number of characters that are actually available, only the available
characters are compared); the third argument indicates the string which is compared to
the current string.

— More variants of st ri ng: : conpar e() are available. As stated, refer to section 4.2.4 for
details.

The following example illustrates the conpar e() function:

#i ncl ude <i ostreanr
#i ncl ude <string>
usi ng nanespace std;

int main()

{
string stringOne("Hello World");

/'l conparing froma certain offset in stringOne
if (!'stringOne.conpare(l, stringOne.length() - 1, "ello World"))
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*/

cout << "conparing 'Hello world fromindex 1"
" to 'ello World : ok\n";

/'l the nunber of characters to conpare (2nd arg.)
/'l may exceed the nunber of avail abl e characters:
if (!stringOne.conpare(l, string::npos, "ello Wrld"))
cout << "conparing 'Hello world fromindex 1"
"“to'ello Wrld : ok\n";

/1l conparing froma certain offset in stringOne over a
/'l certain number of characters with a second C-string
/1 This fails, as 3 chars in stringOne starting at
/1 index 6 are conpared with "World"
if (!stringOne.conpare(6, 3, "Wrld"))
cout <<
"conparing 'Hello Wrld fromindex 6 over"
" 3 positions to "World and nore’: ok\n";
el se
cout << "Unequal (sub)strings\n";

/1 This one will report a match, as only 5 characters are
/1 conpared of the source and target strings
if (!stringOne.conpare(6, 5 "Wrld and nore", 0, 5))
cout <<
"conparing 'Hello Wrld fromindex 6 over"
" 5 positions to "Wrld and nore’: ok\n";
el se
cout << "Unequal (sub)strings\n";

Gener at ed out put:

conparing 'Hello world fromindex 1 to 'ello Wrld : ok

conparing 'Hello world fromindex 1 to 'ello Wrld : ok

Unequal (sub)strings

conparing 'Hello World fromindex 6 over 5 positions to
"World and nore’: ok

e Appending: A st ri ng can be appended to another string. For this the += operator can be used,
as well asthe string &string::append() member function.

Like the conpar e() function, the append() member function may have extra arguments.
The first argument is the string to be appended, the second argument specifies the index po-
sition of the first character that will be appended. The third argument specifies the number
of characters that will be appended. If the first argument is of type char const =, only a
second argument may be specified. In that case, the second argument specifies the number of
characters of the first argument that are appended to the st ri ng object. Furthermore, the +
operator can be used to append two strings within an expression:

#i ncl ude <i ostreanr
#i ncl ude <string>

usi ng nanespace std,;
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int main()

{

string stringOne("Hello");
string stringTwo("World");

stringOne += + stringTwo;
stringOne = "hell 0";
stringOne. append(" world");
/1 append 5 characters:
stringOne. append(" ok. >This is not used<", 5);

cout << stringOne << endl;

string stringThree("Hello");
/1 append " world":
stringThree. append(stringOne, 5, 6);

cout << stringThree << endl;

}

The + operator can be used in cases where at least one term of the + operator is a stri ng
object (the other term can be a string, char const =* orchar).

When neither operand of the + operator is a st ri ng, at least one operand must be converted
to a stri ng object first. An easy way to do this is to use an anonymous string object:

string("hello") + " world";

e Insertions: The string &string::insert() member function to insert (parts of) astri ng
has at least two, and at most four arguments:

— The first argument is the offset in the current st ri ng object where another string should
be inserted.
— The second argument is the string to be inserted.

— The third argument specifies the index position of the first character in the provided
st ri ng-argument that will be inserted.

— The fourth argument specifies the number of characters that will be inserted.

If the first argument, however, is of type char const =*,the fourth argument is not available.
In that case, the third argument indicates the number of characters of the provided char
const * value that will be inserted.

#i ncl ude <string>

int main()
{
string
stringOne("Hell ok.");

/'l Insert
stringOne.insert(4, "o ");

o] at position 4

string
wor | d(" The World of C++");
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/1 insert "World" into stringOne
stringOne.insert(6, world, 4, 5);

cout << "Quess what ? It is: " << stringOne << endl;

}

Several variants of stri ng: : i nsert () are available. See section 4.2 for details.

Replacements: At times, the contents of st ri ng objects must be replaced by other information.
To replace parts of the contents of a stri ng object by another string the member function
string &string::replace() can be used. The member function has at least three and
possibly five arguments, having the following meanings (see section 4.2 for overloaded versions
of repl ace() using different types of arguments):

— The first argument indicates the position of the first character that must be replaced
— The second argument gives the number of characters that must be replaced.
— The third argument defines the replacement text (a st ri ng or char const =*).

— The fourth argument specifies the index position of the first character in the provided
st ri ng-argument that will be inserted.

— The fifth argument can be used to specify the number of characters that will be inserted.
If the third argument is of type char const =*, the fifth argument is not available. In that

case, the fourth argument indicates the number of characters of the provided char const =*
value that will be inserted.

The following example shows a very simple file changer: it reads lines from ci n, and replaces
occurrences of a ‘searchstring’ by a ‘replacestring’. Simple tests for the correct number of
arguments and the contents of the provided strings (they should be unequal) are applied as
well.

#i ncl ude <i ostreanr
#i ncl ude <string>

usi ng nanespace std,;

int main(int argc, char *=xargv)

{
if (argc !'= 3)
{
cerr << "Usage: <searchstring> <replacestring> to process "
"stdin\n";
return 1;
}

string search(argv[1]);
string replace(argv[2]);

if (search == repl ace)

{
cerr << "The replace and search texts should be different\n";
return 1,

}

string |ine;
while (getline(cin, line))
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{
string::size_type idx = 0;
while (true)
{
idx = line.find(search, idx); // find(): another string nmenber
/1 see ‘searching’ bel ow
if (idx == string::npos)
br eak;
line.replace(idx, search.size(), replace);
i dx += replace.length(); /1 don’t change the repl acenent
}
cout << line << endl;
}
return O;

}

e Swapping: The member function string &string::swap(string &other) swaps the con-
tents of two st ri ng-objects. For example:

#i ncl ude <i ostreane
#i ncl ude <string>
usi ng nanespace std;

int main()

{

string stringOne("Hello");
string stringTwo("Wrld")

cout << "Before: stringOne:
<< stringTwo << endl;

<< stringOne << stringTwo:

stringOne. swap(stringTwo);

<< stringOne << ", stringTwo:

cout << "After: stringOne:
<< stringTwo << endl;

}

e Erasing: The member functionstri ng &string:: erase() removes charactersfromastring.
The standard form has two optional arguments:

- Ifno arguments are specified, the stored string is erased completely: it becomes the empty
string (string() orstring("")).

— The first argument may be used to specify the offset of the first character that must be
erased.

— The second argument may be used to specify the number of characters that are to be
erased.

See section 4.2 for overloaded versions of er ase() . An example of the use of er ase() is given
below:

#i ncl ude <i ostreanr
#i ncl ude <string>
usi ng nanespace std;
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int main()
{ string stringOne("Hello Cruel World");
stringOne. erase(5, 6);
cout << stringOne << endl;
stringOne. erase();
cout << "'" << stringOne << "'\ n";
}

e Searching: To find substrings in a string the member function string::size_type
string::find() can be used. This function looks for the string that is provided as its first ar-
gument in the st ri ng object calling f i nd() and returns the index of the first character of the
substring if found. If the string is not found st ri ng: : npos is returned. The member function
rfind() looks for the substring from the end of the st ri ng object back to its beginning. An
example using f i nd() was given earlier.

e Substrings: To extract a substring from a string object, the member function stri ng
string::substr() is available. The returned st r i ng object contains a copy of the substring
in the st ri ng-object calling substr () The substr () member function has two optional ar-
guments:

— Without arguments, a copy of the st ri ng itself is returned.
— The first argument may be used to specify the offset of the first character to be returned.
— The second argument may be used to specify the number of characters that are to be

returned.

For example:

#i ncl ude <i ostreanp
#i ncl ude <string>
usi ng nanespace std;

int main()
{
string stringOne("Hello World");
cout << stringOne.substr(0, 5) << endl
<< stringOne. substr(6) << endl
<< stringOne. substr() << endl;
}

e Character set searches: Whereasf i nd() is used to find a substring, the functionsfi nd_first_of (),
find first not_of (), find last _of() andfind | ast _not_ of () can be used to find
sets of characters (unfortunately, regular expressions are not supported here). The following
program reads a line of text from the standard input stream, and displays the substrings start-
ing at the first vowel, starting at the last vowel, and starting at the first non-digit:

#i ncl ude <i ostrean»
#i ncl ude <string>
usi ng nanespace std;
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int main()
{

string |ine;
getline(cin, line);

string::size_type pos;
cout << "Line: " << line << end
<< "Starting at the first vowel:\n"
<< "t
<< (
(pos = line.find_first_of ("aei ouAElI QU"))
I'= string::npos ?
I'i ne. substr(pos)

"«xx not found xxx"
) << ""\n"
<< "Starting at the |ast vowel:\n"
<< "M
<< (
(pos = line.find_|l ast_of ("aei ouAEI OU"))
I'= string::npos ?
I'i ne. substr (pos)

"xxx not found xxx"
) << ""\n"
<< "Starting at the first non-digit:\n"
<< "
<< (
(pos = line.find_first_not_of ("1234567890"))
I'= string::npos ?
I'i ne. substr (pos)

"x%%x not found x*xx"
) << lll\nll;

e String size: The number of characters that are stored in a string are obtained by the si ze()
member function, which, like the standard C function strl en() does not include the termi-
nating ASCII-Z character. For example:

#i ncl ude <i ostreane
#i ncl ude <string>
usi ng nanespace std;

int main()
{
string stringOne("Hello Wrld");

cout << "The length of the stringOne string is
<< stringOne.size() << " characters\n";
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e Empty strings: The si ze() member function can be used to determine whether a string holds
no characters. Alternatively, the st ri ng: : enpt y() member function can be used:

#i ncl ude <i ostreane
#i ncl ude <string>
usi ng nanespace std,;

int main()
{
string stringOne;

cout << "The length of the stringOne string is "
<< stringOne.size() << " characters\n"
"It is " << (stringOne.enpty() ? "" : " not ")
<< "enpty\n";

stringOne = ;

cout << "After assigning a \"\"-string to a string-object\n"
"it is " << (stringOne.empty() ? "also" not")
<< " enpty\n";

}

e Resizing strings: If the size of a string is not enough (or if it is too large), the member function
void string::resize() can be used to make it longer or shorter. Note that operators like
+= automatically resize a st ri ng when needed.

e Reading a line from a stream into a string: The function
i stream &getline(istream & nstream string & arget, char deliniter)

may be used to read a line of text (up to the first delimiter or the end of the stream) from
i nstream(note that get| i ne() is not a member function of the class st ri ng).

The delimiter’s default value is '\ n’ . It is removed from i nst r eam but it is not¢ stored in
target. If the delimiter is not found, i str. eof () returns true (see section 5.3.1). The
function get | i ne() was used in several earlier examples (e.g., with the replace() member
function).

e A string variables may be extracted from a stream. Using the construction
istr >> str;

where i str is an i st reamobject, and str is a stri ng, the next consecutive series of non-
blank characters will be assigned to st r. Note that by default the extraction operation will
skip any blanks that precede the characters that are extracted from the stream.

4.2 Overview of operations on strings

In this section the available operations on strings are summarized. There are four subparts here:
the st ri ng-initializers, the st ri ng-iterators, the st r i ng-operators and the st r i ng-member func-
tions.
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The member functions are ordered alphabetically by the name of the operation. Below, obj ect is a
st ri ng-object, and ar gunent is eitherastring const &orachar const =*,unlessoverloaded
versions tailored to st ri ng and char const =* parameters are explicitly mentioned.

oj ect is used in cases where a stri ng object is initialized or given a new value. The entity
referred to by ar gunent always remains unchanged.

Furthermore, opos indicates an offset into the obj ect string, apos indicates an offset into the
ar gunment string. Analogously, on indicates a number of characters in the obj ect string, and an
indicates a number of characters in the ar gunent string.

Both opos and apos must refer to existing offsets, or an exception will be generated. In contrast
to this, an and on may exceed the number of available characters, in which case only the available
characters will be considered.

With many members, default values are available for on, an and apos. Some members accept
default values for opos. By default, apos and opos are 0, while on and an can by default be
interpreted as ‘the required number of characters to reach the end of the string’; where needed this
can be made explicit by providing the generic value st ri ng: : npos.

With members starting their operations at the end of the string object proceeding backwards, the
default value of opos becomes the index of the object’s last character, while on refers to the length
of the substring ending at the character at opos.

In the overview of member functions presented below it can be assumed that all these parameters
accept default values unless indicated otherwise.

Of course, no defaults are accepted if a function requires additional arguments beyond the ones
normally offering default values.

Some members have specific overloaded versions for an initial argument of type char const =*.
However, note that the first argument can always be of type char const =, using promotions to
convert the char const * toastd::string const &

When streams are involved, i str indicates a stream from which information is extracted, ostr
indicates a stream into which information is inserted.

Several member functions accept iterators. At this point in the Annotations it’s a bit premature to
discuss iterators, but for referential purposes they nevertheless have to be mentioned. So, a forward
reference is used here: see section 17.2 for a more detailed discussion of iterators. Like apos and
0pos, iterators must refer to existing characters, or to a defined range of characters within the string
to which they refer.

Finally, note that all st ri ng-member functions returning indices in obj ect return the predefined
constant st ri ng: : npos if no suitable index could be found.

4.2.1 Initializers
The following st ri ng constructors are available:

e string object:
Initializes obj ect to an empty string.
e string object(string::size_type n, char c):

Initializes obj ect with n characters c.
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e string object(string argunent):
Initializes obj ect with ar gunment .
e string object = argunent:

Initializes obj ect with ar gument . This is an alternative form of the previous ini-
tialization.

e string object(string argunent, string::size_type apos, string::size_type an):
Initializes obj ect with ar gunent .
e string object(Inputlterator begin, Inputlterator end):

Initializes obj ect with the characters implied by the range of characters defined by
the two | nput | terators.

4.2.2 Iterators

See section 17.2 for details about iterators. As a quick introduction to iterators: an iterator acts
like a pointer, and pointers can often be used in situations where iterators are requested. Iterators
almost always come in pairs: the begin-iterator points to the first entity that will be considered, the
end-iterator points just beyond the last entity that will be considered. Iterators play an important
role in the context of generic algorithms (cf. chapter 17).

e Forward iterators are returned by the members:

- string:: begin(), pointing to the first character inside the string object.
- string::end(), pointing beyond the last character inside the string object.

e Reverse iterators are also iterators, but they are used to step through a range in a reversed
direction. Reverse iterators are returned by the members:

- string::rbegin(), which can be considered to be an iterator pointing to the last char-
acter inside the string object.

- string::rend(),which can be considered to be an iterator pointing before the first char-
acter inside the string object.

4.2.3 Operators
The following string operators are available:

e obj ect = argunent.

Assignment of ar gunent to an existing string obj ect .
e Object = c.

Assignment of char c to obj ect.
e Obj ect += argunent.

Appends ar gunent to obj ect. Argunent may also be a char expression.
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e argunment1 + argunent 2.

Within expressions, st ri ngs may be added. At least one term of the expression (the
left-hand term or the right-hand term) should be a stri ng object. The other term
may be astring,achar const =* valueorachar expression, as illustrated by the
following example:

void fun()

{
char const *asciiz = "hello";
string first = "first";
string second;

/1 all expressions compile K

second = first + ascii z;
second = asciiz + first;
second = first + 'a’
second = "a' + first;

}

object[string::

si ze_type opos].

The subscript operator may be used to retrieve obj ect’s individual characters, or to
assign new values to individual characters of obj ect . There is no range-checking. If
range checking is required, use the at () member function.

argunment 1 == argunent 2.

The equality operator (==) may be used to compare a string object to another
string or char const * value. The ! = operator is available as well. The return
value for each is a bool . For two identical strings == returns t r ue, and ! = returns

fal se.

argunment 1 < ar gunent 2.

The less-than operator may be used to compare the ordering within the Ascii-character
set of ar gunent 1 and ar gunent 2. The operators <=, > and >= are available as well,
each returning a bool result.

ostr << object.

The insertion-operator (cf. section 3.1.2) may be used with st ri ng objects.

i str >> obj ect.

The extraction-operator may be used with st ri ng objects. It operates analogously
to the extraction of characters into a character array, but obj ect is automatically
resized to the required number of characters.

42,4 Member functions

Below string member functions are listed in alphabetic order. The member name, prefixed by the
st ring-class is given first. Then the full prototype and a description are given. Values of the type
string::size_type represent index positions within a st ri ng. For all practical purposes, these
values may be interpreted as unsi gned.
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The special value st ri ng: : npos, defined by the string class, represents a non-existing index. This
value is returned by all members returning indices when they could not perform their requested
tasks. Note that the string’s length is not returned as a valid index. E.g., when calling a member
find first _not_of (" ")’ (see below) on a string object holding 10 blank space characters,
npos is returned, as the string only contains blanks. The final 0-byte that is used in C to indicate
the end of a ASCI | - Z string is not considered part of a C++ string, and so the member function will
return npos, rather than | engt h() .

In the following overview, ‘si ze_t ype’ should always be read as ‘stri ng: : si ze_type’.

e char &string::at(size type opos):

the character (reference) at the indicated position is returned (it may be reassigned).
The member function performs range-checking, raising an exception (by default abort-
ing the program) if an invalid index is passed. No default value for opos.

e string &string::append(lnputlterator begin, Inputlterator end):

using this member function the characters, in the range implied by the begi n and
end | nputlterators are appended to the stri ng object.

e string &string::append(string argunent, size_ type apos, size_type an):
ar gunment (or a substring) is appended to the st ri ng object.

e string &string::append(char const xargunent, size_type an):
the first an characters of ar gunment are appended to the st ri ng object.

e string &string::append(size_type n, char c):
using this member function, n characters c are appended to the st ri ng object.

e string &string::assign(string argunent, size type apos, sSize_type an):

— argunent (or a substring) is assigned to the st ri ng object.
- if argunent is of type char const * and one additional argument the second
argument is interpreted as a value initializing an, using O to initialize apos.

e string &string::assign(size_type n, char c):
using this member function, n characters c can be assigned to the stri ng object.
e Size_type string::capacity():

returns the number of characters that can currently be stored in the st ri ng object.
Its return value is at least si ze() ’s return value

e int string::conpare(string argunent):

this member function is used to compare (according to the ASCII-character set) the
text stored in the st ri ng object and in ar gunent. The ar gunment may also be a
(non-0) char const *. 0 is returned if the characters in the stri ng object and
in ar gunent are the same; a negative value is returned if the text in string is
lexicographically before the text in ar gunent ; a positive value is returned if the text
in st ri ng is lexicographically beyond the text in ar gunent .

e int string::conpare(size_type opos, size_type on, string argunent):

this member function is used to compare a substring of the text stored in the st ri ng
object with the text stored in ar gunent. At most on characters, starting at offset
0opos, are compared with the text in ar gunent . The ar gunent may also be a (non-0)
char const =*.
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e int string::conpare(size_type opos, size_type on, string argunent,
size_type apos, size_ type an):

this member function is used to compare a substring of the text stored in the st ri ng
object with a substring of the text stored in ar gunent. At most on characters of
the st ri ng object, starting at offset opos, are compared with at most an characters
of ar gunent , starting at offset apos. Note that ar gunment must also be a st ri ng
object.

e int string::conpare(size type opos, size type on, char const xargunent,
size type an):

this member function is used to compare a substring of the text stored in the st ri ng
object with a substring of the text stored in ar gunent . At most on characters of the
string object, starting at offset opos, are compared with at most an characters of
argument . Argunent must have at least an characters. However, the characters
may have arbitrary values: the ASCII-Z value has no special meaning.

e Size_type string::copy(char x*argunent, size_type on, size_type opos):

the contents of the st ri ng object are (partially) copied to ar gunent. The actual
number of characters that were copied is returned. Note that characters of the object
calling this member will be copied into ar gunent . Also note that following the copy-
ing, no ASCl | - Z will be appended to the copied string. A final ASCII-Z character can
be appended to the copied text using the following construction:

buffer[s.copy(buffer)] = 0;
e char const *string::c_str():

the member function returns the contents of the stri ng object as an ASCl | - Z C-
string.

e char const *string::data():

returns the raw text stored in the st ri ng object. Since this member does not return
an ascii-Z string (as c_str () does), it can be used to store and retrieve any kind of
information, including, e.g., series of 0-bytes:

string s;

s.resize(2);

cout << static_cast<int>(s.data()[1]) << endl

e bool string::empty():

returns t r ue if the st ri ng object contains no data.
e string &string::erase(size type opos, size type on):

this member function is used to erase (a sub)string of the st ri ng object.
eiterator string::erase(iterator obegin, iterator oend):

- if only obegi n is provided, the stri ng object’s character at iterator position
obegi n is erased.
- if oend is provided as well the characters of the stri ng object, in the range
implied by the i t er at ors obegi n and oend, are erased.
The iterator obegi n is returned, pointing to the character immediately following the
last erased character.
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size_type string::find(string argunent, size_type opos):

returns the index in the st ri ng object where ar gunent is found.

size_type string::find(char const xargunment, size_type opos, size_type an):

returns the index in the st ri ng object where ar gunent is found. Note: when three
arguments are specified the first argument cannot be astd: : string const &

size_type string::find(char c, size_type opos):

returns the index in the st ri ng object where c is found.

size_type string::find_first_of (string argunent, size_type opos):

returns the index in the st ri ng object where any character in ar gunent is found.

size_type string::find_first_of (char const *argunent, size_type opos,
size_type an):

returns the index in the st ri ng object where a character of ar gunent is found, no
matter which character.

— If opos is provided it refers to the index in the st ri ng object where the search
for ar gunent should start. If omitted, the st ri ng object is scanned completely.

— If an is provided it indicates the number of characters of the char const =
argument that should be used in the search: it defines a partial string starting
at the beginning of the char const * argument. If omitted, all of ar gunent’s
characters are used.

size type string::find first_of (char c, size_ type opos):

returns the index in the st r i ng object where character c is found.

size type string::find first _not_of(string argunment, size type opos):

returns the index in the st ri ng object where a character not appearing in ar gunent
is found.

size_type string::find_first_not_of (char const =argunent, size_type opos,
size_type an):

returns the index in the st r i ng object where any character not appearing in ar gunent
is found.

size type string::find first _not_of(char c, size type opos):

returns the index in the st ri ng object where another character than c is found.

size type string::find |ast_of(string argunent, size_ type opos):

returns the last index in the st ri ng object where one of ar gument ’s characters is
found.

size type string::find | ast_of(char const* argument, size_ type opos,
size _type an):

returns the last index in the st ri ng object where one of ar gunent ’s characters is
found.

size_type string::find_last_of(char c, size_type opos):

returns the last index in the st ri ng object where character ¢ is found.
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size_type string::find_|ast_not_of (string argunent, size_ type opos):

returns the last index in the stri ng object where any character not appearing in
ar gurent is found.

size_type string::find_last_not_of (char const *argunent, size_type
opos, Size_type an):

returns the last index in the stri ng object where any character not appearing in
ar gunment is found.

size type string::find | ast_not_of (char c, size type opos):
returns the last index in the st ri ng object where another character than c is found.
i stream &getline(istream& str, string object, char delinmter):

this function (note that it’s not a memaber function of the class st ri ng) is used to read
a line of text from i st r. All characters until del i m t er (or the end of the stream,
whichever comes first) are read from i st r and are stored in obj ect . The delimiter,
when present, is removed from the stream, but is not stored in | i ne. The delimiter’s
default valueis '\ n’.

If the delimiter is not found, i str. eof () returnst r ue (see section 5.3.1). Note that
the contents of the last line, whether or not it was terminated by a delimiter, will
always be assigned to obj ect .

string &string::insert(size_type opos, string argument, size_type
apos, size_type an):

this member function is used to insert (a sub)string of ar gunent into the stri ng
object, at the st ri ng object’s index position opos. Arguments for apos and an must
either both be specified or they must both be omitted.

string &string::insert(size_type opos, char const xargunent, size_type an):
if ar gunent is of type char const =*,apos is not available.

string &string::insert(size type opos, size type n, char c):
using this member function, n characters ¢ can be inserted to the st ri ng object.

iterator string::insert(iterator obegin, char c):

the character c is inserted at the (iterator) position obegi n in the stri ng object.
The iterator obegi n is returned.

iterator string::insert(iterator obegin, size type n, char c):

at the (iterator) position obegi n of obj ect, n characters c are inserted. The iterator
obegi n is returned.

iterator string::insert(iterator obegin, Inputlterator abegin,
I nputlterator aend):

the characters in the range implied by the | nput | t er at ors abegi n and aend are
inserted at the (iterator) position obegi n in obj ect. The iterator obegi n is re-
turned.

size_type string::length():

returns the number of characters stored in the st ri ng object.
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Ssize_type string::max_size():
returns the maximum number of characters that can be stored in the st ri ng object.

string &string::replace(size type opos, size type on, string argunent,
size_type apos, size type an):

the specified substring of characters in obj ect are replaced by the specified sub-
set of characters of ar gunent . If on is specified as 0, the member function inserts
ar gunent into obj ect at offset opos.

string &string::replace(size_type opos, size_type on,
char const =*argunent, size_type an):

the indicated range of characters in obj ect will be replaced by an initial subset of
an characters of the provided char const * argument.

string &string::replace(size_type opos, size_type on, size_type n,
char c):

on characters of the st ri ng object, starting at index position opos, are replaced by
n characters having values c.

string &string::replace (iterator obegin, iterator oend, string argumnent):

here, the string implied by the iterators obegi n and oend is replaced by ar gunent .
If ar gunent is achar const =*,an extra argument an may be used, specifying the
number of characters of ar gunent that are used in the replacement.

string &string::replace(iterator obegin, iterator oend, size_type n, char
c):

the characters of the st ri ng object, in the range implied by the i t er at or s obegi n
and oend are replaced by n characters having values c.

string string::replace(iterator obegin, iterator oend, Inputlterator abegin,

| nput I terator aend):

here the characters in the range implied by the iterators obegi n and oend are re-
placed by the characters in the range implied by the | nput | t er at ors abegi n and
aend.

void string::reserve(size type request):

this member can be used to request the string to change its capacity. After it is
called, the return value of capaci ty() will be at least r equest or the value re-
turned by si ze() if request is specified as a smaller value than the value returned
by the string’s capaci t y() member. Astd:: | ength_error exception is thrown if
request exceeds the value returned by max_si ze() (the std::length_error is
defined in the st dexcept header). Calling r eser ve() has the effect of redefining a
string’s capacity, not of actually making available the memory to the program. This
is illustrated by the exception thrown by the string’s at () member when trying to
access an element exceeding the string’s si ze() but not the string’s capaci ty().

e void string::resize(size type n, char c):

the string stored in the st r i ng object is resized to n characters. The second argument
is optional, in which case the value ¢ = 0 is used. If provided and the string is
enlarged, the extra characters are initialized to c.
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e size type string::rfind(string argunment, size_type opos):

returns the index in the st r i ng object where ar gunent is found. Searching proceeds
either from the end of the st ri ng object or from its offset opos back to the beginning.

e size_type string::rfind(char const *=argument, size_type opos, size_type an):

returns the index in the st ri ng object where ar gunent is found. Searching proceeds
either from the end of the st ri ng object or from offset opos back to the beginning.
The parameter an specifies the number of characters of of ar gument starting at its
beginning.

e size type string::rfind(char c, size type opos):

returns the index in the st ri ng object where c is found. Searching proceeds either
from the end of the st ri ng object (or from offset opos, if specified) back to the begin-
ning.

e Size_ type string::size():

returns the number of characters stored in the stri ng object. This member is a
synonym of string: : 1 ength().

e string string::substr(size_type opos, size_type on):

returns (using a value return type) a substring of the st ri ng object. The string
obj ect itself is not modified by substr ().

e Size type string::swap(string argunent):

swaps the contents of the st ri ng object and ar gunent . In this case, ar gunent must
be a string and cannot be a char const . Of course, both strings (obj ect and
ar gunent ) are modified by this member function.



Chapter 5

The I10-stream Library

As an extension to the standard stream (FI LE) approach, well known from the C programming
language, C++ offers an input/output (I/0) library based on cl ass concepts.

Earlier (in chapter 3) we've already seen examples of the use of the C++ I/O library, especially the
use of the insertion operator (<<) and the extraction operator (>>). In this chapter we’ll cover the
library in more detail.

The discussion of input and output facilities provided by the C++ programming language heavily
uses the cl ass concept, and the notion of member functions. Although the construction of classes
will be covered in the upcoming chapter 6, and inheritance will formally be introduced in chapter 13,
we think it is quite possible to introduce input and output (I/O) facilities long before the technical
background of these topics is actually covered.

Most C++ I/O classes have names starting with basi ¢_ (like basi c_i 0s). However, these basi c__
names are not regularly found in C++ programs, as most classes are also defined using t ypedef
definitions like:

typedef basic_i os<char> i 0s;

Since C++ defines both the char andwchar _t types, I/O facilities were developed using the template
mechanism. As will be further elaborated in chapter 18, this way it was possible to construct generic
software, which could thereupon be used for both the char and wchar _t types. So, analogously to
the above t ypedef there exists a

typedef basic_i os<wchar _t> Wi 0S;

This type definition can be used for the wchar _t type. Because of the existence of these type def-
initions, the basi c_ prefix can be omitted from the Annotations without loss of continuity. In the
Annotations the emphasis is primarily on the standard 8-bits char type.

As a side effect to this implementation it must be stressed that it is not anymore correct to declare
iostream objects using standard forward declarations, like:

cl ass ostream /'l now erroneous
Instead, sources that must declare iostream classes must

#i ncl ude <i osfwd> /'l correct way to declare iostreamcl asses

73
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Using the C++ I/0 library offers the additional advantage of type safety. Objects (or plain values)
are inserted into streams. Compare this to the situation commonly encountered in C where the
fprintf() function is used to indicate by a format string what kind of value to expect where.
Compared to this latter situation C++’s iostream approach immediately uses the objects where their
values should appear, as in

cout << "There were << nMai dens << " virgins present\n";
The compiler notices the type of the nMai dens variable, inserting its proper value at the appropriate
place in the sentence inserted into the cout iostream.

Compare this to the situation encountered in C. Although C compilers are getting smarter and
smarter over the years, and although a well-designed C compiler may warn you for a mismatch
between a format specifier and the type of a variable encountered in the corresponding position of
the argument list of a pri nt f () statement, it can’t do much more than warn you. The type safety
seen in C++ prevents you from making type mismatches, as there are no types to match.

Apart from this, iostreams offer more or less the same set of possibilities as the standard FI LE-
based I/O used in C: files can be opened, closed, positioned, read, written, etc.. In C++ the basic
FI LE structure, as used in C, is still available. C++ adds I/O based on classes to FI LE-based I/0O,
resulting in type safety, extensibility, and a clean design. In the ANSI/ISO standard the intent
was to construct architecture independent I/O. Previous implementations of the iostreams library
did not always comply with the standard, resulting in many extensions to the standard. Software
developed earlier may have to be partially rewritten with respect to I/O. This is tough for those who
are now forced to modify existing software, but every feature and extension that was available in
previous implementations can be reconstructed easily using the ANSI/ISO standard conforming I/0
library. Not all of these re-implementations can be covered in this chapter, as most use inheritance
and polymorphism, topics that will be covered in chapters 13 and 14, respectively. Selected re-
implementations will be provided in chapter 21, and below references to particular sections in that
chapter will be given where appropriate. This chapter is organized as follows (see also Figure 5.1):

e The cl ass i os_base is the foundation upon which the iostreams I/O library was built. It
defines the core of all I/O operations and offers, among other things, facilities for inspecting
the state of I/O streams and for output formatting.

e The class i 0s was directly derived from i 0os_base. Every class of the I/O library doing input
or output is derived from this i 0s class, and inherits its (and, by implication, i os_base’s)
capabilities. The reader is urged to keep this feature in mind while reading this chapter. The
concept of inheritance is not discussed further here, but rather in chapter 13.

An important function of the class i 0s is to define the communication with the buffer that is
used by streams. The buffer is a st r eanbuf object (or is derived from the class st r eanbuf)
and is responsible for the actual input and/or output. This means that i ost r eamobjects do
not perform input/output operations themselves, but leave these to the (stream)buffer objects
with which they are associated.

e Next, basic C++ output facilities are discussed. The basic class used for output is ost r eam
defining the insertion operator as well as other facilities for writing information to streams.
Apart from inserting information in files it is possible to insert information in memory buffers,
for which the ost ri ngst r eamclass is available. Formatting of the output is to a great extent
possible using the facilities defined in the i 0s class, but it is also possible to insert formatting
commands directly in streams using manipulators. This aspect of C++ output is discussed as
well.

e Basic C++ input facilities are available in the i st r eamclass. This class defines the insertion
operator and related facilities for input. Analogous to the ostri ngstreamaclassi stri ngstream
class is available for extracting information from memory buffers.
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e Finally, several advanced I/O-related topics are discussed: other topics, combined reading and
writing using streams and mixing C and C++ I/O using fi | ebuf ojects. Other I/O related
topics are covered elsewhere in the Annotations, e.g., in chapter 21.

In the iostream library the stream objects have a limited role: they form the interface between,
on the one hand, the objects to be input or output and, on the other hand, the st r eanbuf , which
is responsible for the actual input and output to the device for which the st reanbuf object was
created in the first place. This approach allows us to construct a new kind of st r eanbuf for a new
kind of device, and use that streambuf in combination with the ‘good old’ i st r eam or ostr eam
class facilities. It is important to understand the distinction between the formatting roles of the
iostream objects and the buffering interface to an external device as implemented in a st r eanbuf .
Interfacing to new devices (like sockets or file descriptors) requires us to construct a new kind of
st reanbuf, not a new kind of i st r eamor ostreamobject. A wrapper class may be constructed
around the i st r eamor ost r eamclasses, though, to ease the access to a special device. This is how
the stringstream classes were constructed.

5.1 Special header files

Several header files are defined for the iostream library. Depending on the situation at hand, the
following header files should be used:

e #include <i osfwd>: sources should use this preprocessor directive if a forward declaration
is required for the iostream classes. For example, if a function defines a reference parameter
to an ost r eamthen, when this function itself is declared, there is no need for the compiler to
know exactly what an ost r eamis. In the header file declaring such a function the ostream
class merely needs to be be declared. One cannot use

cl ass ostream /| erroneous decl aration

voi d someFunction(ostream &str);
but, instead, one should use:

#include <iosfwd> // correctly declares class ostream

voi d someFunction(ostream &str);

e #i ncl ude <streanbuf >: sources should use this preprocessor directive when using st r eanbuf
or fil ebuf classes. See sections 5.7 and 5.7.2.

e #include <istreant: sources should use this preprocessor directive when using the class
i st r eamor when using classes that do both input and output. See section 5.5.1.

e #i ncl ude <ostreanr: sources should use this preprocessor directive when using the class
ost r eamclass or when using classes that do both input and output. See section 5.4.1.

e #i ncl ude <i ostreanp: sources should use this preprocessor directive when using the global
stream objects (like ci n and cout ).

e #include <fstreanr: sources should use this preprocessor directive when using the file
stream classes. See sections 5.4.2, 5.5.2, and 5.8.4.

e #i ncl ude <sstreanp: sources should use this preprocessor directive when using the string
stream classes. See sections 5.4.3 and 5.5.3.

e #i ncl ude <i omani p>: sources should use this preprocessor directive when using parameter-
ized manipulators. See section 5.6
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5.2 The foundation: the class ‘10s_base’

The class i os_base forms the foundation of all I/O operations, and defines, among other things, the
facilities for inspecting the state of I/O streams and most output formatting facilities. Every stream
class of the I/O library is, via the class i 0s, derived from this class, and inherits its capabilities.

The discussion of the class i 0s_base precedes the introduction of members that can be used for
actual reading from and writing to streams. But as the i os_base class is the foundation on which
all I/0O in C++ was built, we introduce it as the first class of the C++ I/O library.

Note, however, that as in C, I/O in C++ is not part of the language (although it is part of the
ANSI/ISO standard on C++): although it is technically possible to ignore all predefined I/O facil-
ities, nobody actually does so, and the I/O library represents therefore a de facto I/O standard in
C++. Also note that, as mentioned before, the iostream classes do not do input and output them-
selves, but delegate this to an auxiliary class: the class st r eanbuf or its derivatives.

For the sake of completeness it is noted that it is not possible to construct an i 0s_base object
directly. As covered by chapter 13, classes that are derived from i os_base (like i 0S) may construct
i 0s_base objects using the i os_base: : i os_base() constructor.

The next class in the iostream hierarchy (see figure 5.1) is the class i 0s. Since the stream classes in-
herit from the class i 0s, and thus also from i 0os_base, in practice the distinction betweeni os_base
and i os is hardly important. Therefore, facilities actually provided by i os_base will be discussed
as facilities provided by i 0s. The reader who is interested in the true class in which a particular
facility is defined should consult the relevant header files (e.g.,i 0s_base. h and basi c_i os. h).

5.3 Interfacing ‘streambuf’ objects: the class ‘ios’

The i os class was derived directly from i os_base, and it defines de facto the foundation for all
stream classes of the C++ I/O library.

Although it is possible to construct an i 0s object directly, this is hardly ever done. The purpose of
the class i 0s is to provide the facilities of the class basi c¢_i 0s, and to add several new facilites, all
related to managing the st r eanbuf object which is managed by objects of the class i 0s.

All other stream classes are either directly or indirectly derived from i os. This implies, as explained
in chapter 13, that all facilities offered by the classes i 0s and i 0s_base are also available in other
stream classes. Before discussing these additional stream classes, the facilities offered by the class
i 0s (and by implication: by i 0s_base) are now introduced.

The class i 0s offers several member functions, most of which are related to formatting. Other
frequently used member functions are:

e streanbuf =ios::rdbuf():

This member function returns a pointer to the st r eanbuf object forming the inter-
face between the i 0s object and the device with which the i 0s object communicates.
See section 21.2.2 for further information about the cl ass streanbuf .

e streanbuf =*ios::rdbuf(streanbuf *new):

This member function can be used to associate a i 0s object with another st r eanbuf
object. A pointer to the i 0s object’s original streanbuf object is returned. The
object to which this pointer points is not destroyed when the st r eamobject goes out
of scope, but is owned by the caller of r dbuf () .
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e ostream*ios::tie():

This member function returns a pointer to the ost r eamobject that is currently tied
to the i 0s object (see the next member). The returned ost r eamobject is flushed
every time before information is input or output to the i 0s object of which the ti e()
member is called. The return value 0 indicates that currently no ost r eamobject is
tied to the i 0s object. See section 5.8.2 for details.

e Ostream i 0s::tie(ostream*new):

This member function can be used to associate an i 0s object with another ost r eam
object. A pointer to the i 0s object’s original 0ost r eamobject is returned. See section
5.8.2 for details.

5.3.1 Condition states

Operations on streams may succeed and they may fail for several reasons. Whenever an operation
fails, further read and write operations on the stream are suspended. It is possible to inspect (and
possibly: clear) the condition state of streams, so that a program can repair the problem, instead of
having to abort.

Conditions are represented by the following condition flags:

e i 0s:: badbit:

if this flag has been raised an illegal operation has been requested at the level of the
st reanbuf object to which the stream interfaces. See the member functions below
for some examples.

e jos::eofbit:
if this flag has been raised, the i 0s object has sensed end of file.
ejos::failbit:

if this flag has been raised, an operation performed by the stream object has failed
(like an attempt to extract an i nt when no numeric characters are available on in-
put). In this case the stream itself could not perform the operation that was requested
of it.

e i 0s::goodbit:

this flag is raised when none of the other three condition flags were raised.

Several condition member functions are available to manipulate or determine the states of i os

objects. Originally they returned i nt values, but their current return type is bool :

e i0s::bad():

this member function returns t r ue wheni os: : badbi t has been set and f al se oth-
erwise. Ift r ue is returned it indicates that an illegal operation has been requested
at the level of the st r eanbuf object to which the stream interfaces. What does this
mean? It indicates that the st r eanbuf itself is behaving unexpectedly. Consider the
following example:

std::ostreamerror(0);
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e | 0OS:
e | 0S:
e | 0S:

This constructs an ost r eamobject without providing it with a working st r eanbuf
object. Since this ‘st r eanbuf ’ will never operate properly, its i os: : badbi t is raised
from the very beginning: err or . bad() returnstrue.

ceof ():

this member function returns true when end of file (EOF) has been sensed (i.e.,
i 0s::eof bit has been set) and f al se otherwise. Assume we’re reading lines line-
by-line from ci n, but the last line is not terminated by a final \ n character. In that
case getline() attempting to read the \ n delimiter hits end-of-file first. This sets
eos: : eof bi t,and ci n. eof () returnstr ue. For example, assume mai n() executes
the statements:

getline(cin, str);
cout << cin.eof();

Following:
echo "hello world" | program
the value 0 (no EOF sensed) is printed, following:
echo -n "hello world" | program
the value 1 (EOF sensed) is printed.

cfail():

this member function returns t r ue when ios::bad() returns t r ue or when the ios::failbit
was set, and f al se otherwise. In the above example, ci n. fail () returns f al se,
whether we terminate the final line with a delimiter or not (as we've read a line).
However, trying to execute a second get | i ne() statement will seti os::failbit,
causing ci n::fail () toreturntrue. More in general: fai | () returnstrue if the
requested stream operation failed. A simple example consists of an attempt to ex-
tract an i nt when the input stream contains the text hel | o wor | d. The value not
fail () is returned by the bool interpretation of a stream object (see below).

s good():

this member function returns the value of the i os: : goodbi t flag. It returns true
when none of the other condition flags (i os: : badbit, io0s::eofbit, ios::failbit)
were raised. Consider the following little program:

#i ncl ude <i ostreanr
#i ncl ude <string>

usi ng nanespace std;

void state()

{
cout << "\n"

"Bad: " << cin.bad() << " "
"Fail: " << cin.fail() <<" "
"Eof: " << cin.eof() << " "
"Good: " << cin.good() << endl;

}

int main()

{

string |ine;
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int Xx;

cin >> x;
state();

cin.clear();

getline(cin, line);
state();
getline(cin, line);
state();

}

When this program processes a file having two lines, containing, respectively, hel | o
and wor | d, while the second line is not terminated by a \ n character it shows the
following results:

Bad: O Fail: 1 Eof: 0 Good: O
Bad: O Fail: 0 Eof: 0 Good: 1

Bad: O Fail: O Eof: 1 Good: O

So, extracting x fails (good() returning f al se). Then, the error state is cleared, and
the first line is successfully read (good() returningt r ue). Finally the second line is
read (incompletely): good() returnsf al se, and eof () returnstr ue.

e Interpreting streams as bool values:

streams may be used in expressions expecting logical values. Some examples are:

if (cin) /1 cinitself interpreted as bool
if (cin >> x) /1 cin interpreted as bool after an extraction
if (getline(cin, str)) // getline returning cin

When interpreting a stream as a logicalvalue, it is actually ‘not i os::fail ()’ that
is interpreted. So, the above examples may be rewritten as:

if (not cin.fail())
if (not (cin >> x).fail())
if (not getline(cin, str).fail())

The former incantation, however, is used almost exclusively.
The following members are available to manage error states:

eios::clear():

When an error condition has occurred, and the condition can be repaired, then cl ear ()
can be called to clear the error status of the file. An overloaded version accepts state
flags, which are set after first clearing the current set of flags: i os::cl ear (int
st at e) . It’s return type is voi d

e ios::rdstate():

This member function returns (as an i nt ) the current set of flags that are set for an
i 0S object. To test for a particular flag, use the bitwise and operator:

if (iosObject.rdstate() & ios::good)
{
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/] state is good

}
e ios::setstate(int flags):

This member is used to set a particular set of flags. Its return type is voi d. The
member i 0S::cl ear () is a shortcut to clear all error flags. Of course, clearing
the flags doesn’t automatically mean the error condition has been cleared too. The
strategy should be:

— An error condition is detected,
— The error is repaired
— The member i 0s: : cl ear () is called.

C++ supports an exception mechanism for handling exceptional situations. According to the ANSI/ISO
standard, exceptions can be used with stream objects. Exceptions are covered in chapter 8. Using
exceptions with stream objects is covered in section 8.7.

5.3.2 Formatting output and input

The way information is written to streams (or, occasionally, read from streams) may be controlled by
formatting flags.

Formatting is used when it is necessary to control the width of an output field or an input buffer and
if formatting is used to determine the form (e.g., the radix) in which a value is displayed. Most for-
matting belongs to the realm of the i 0s class, although most formatting is actually used with output
streams, like the upcoming ost r eamclass. Since the formatting is controlled by flags, defined in the
i 0s class, it was considered best to discuss formatting with the i os class itself, rather than with a
selected derived class, where the choice of the derived class would always be somewhat arbitrarily.

Formatting is controlled by a set of formatting flags. These flags can basically be altered in two
ways: using specialized member functions, discussed in section 5.3.2.2 or using manipulators, which
are directly inserted into streams. Manipulators are not applied directly to the i os class, as they
require the use of the insertion operator. Consequently they are discussed later (in section 5.6).

5.3.2.1 Formatting flags

Most formatting flags are related to outputting information. Information can be written to output
streams in basically two ways: binary output will write information directly to the output stream,
without conversion to some human-readable format. E.g., an i nt value is written as a set of four
bytes. Alternatively, formatted output will convert the values that are stored in bytes in the com-
puter’s memory to ASCII-characters, in order to create a human-readable form.

Formatting flags can be used to define the way this conversion takes place, to control, e.g., the
number of characters that are written to the output stream.

The following formatting flags are available (see also sections 5.3.2.2 and 5.6):

e ios::adjustfield:

mask value used in combination with a flag setting defining the way values are ad-
justed in wide fields (i os: : I eft,i os::right,ios::internal). Example, setting
the value 10 left-aligned in a field of 10 character positions:

cout.setf(ios::left, ios::adjustfield);
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cout << "'" << setw(10) << 10 << "'" << endl;
e i 0s:: basefield:

mask value used in combination with a flag setting the radix of integral values to
output (i os: : dec, i 0s:: hex orios:: oct). Example, printing the value 57005 as
a hexadecimal number:

cout.setf(ios::hex, ios::basefield);
cout << 57005 << endl;

/1 or using the mani pul ator:
cout << hex << 57005 << endl;

e i 0s:: bool al pha:

to display boolean values as text using the text ‘t r ue’ for the t r ue logicalvalue, and
the string ‘f al se’ for the f al se logicalvalue. By default this flag is not set. Cor-
responding manipulators: bool al pha and nobool al pha. Example, printing the
boolean value ‘true’ instead of 1:

cout << boolalpha << (1 == 1) << endl;
e i 0s::dec:

to read and display integral values as decimal (i.e., radix 10) values. This is the
default. With setf () the mask value i 0s: : basefi el d must be provided. Corre-
sponding manipulator: dec.

e jos::fixed:

to display real values in a fixed notation (e.g., 12.25), as opposed to displaying val-

ues in a scientific notation. If just a change of notation is requested the mask value

i os::floatfiel dmustbe provided whensetf () isused. Example: seei 0s: :scientific
below. Corresponding manipulator: fi xed.

Another use of i 0s:: fi xed is to set a fixed number of digits behind the decimal

point when floating or double values are to be printed. See i 0s: : preci si on in

section 5.3.2.2.

ejos::floatfield:

mask value used in combination with a flag setting the way real numbers are dis-
played (i os:: fixedori os::scientific). Example:

cout.setf(ios::fixed, ios::floatfield);
e i 0S:: hex:

to read and display integral values as hexadecimal values (i.e., radix 16) values. With
set f () the mask valuei os: : basefi el d must be provided. Corresponding manip-
ulator: hex.

e jos::internal:

to add fill characters (blanks by default) between the minus sign of negative numbers
and the value itself. With setf () the mask value adj ust fi el d must be provided.
Corresponding manipulator: i nt er nal .

e jos::left:

to left-adjust (integral) values in fields that are wider than needed to display the
values. By default values are right-adjusted (see below). With setf () the mask
value adj ust f i el d must be provided. Corresponding manipulator: | ef t .
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e | 0OS:
e i 0S
e | 0S
e i 0S
e i 0S
e i 0S
e i 0S
e | 0S
e | 0S

:oct:

to display integral values as octal values (i.e., radix 8) values. With set f () the mask
value i 0s: : basefi el d must be provided. Corresponding manipulator: oct .

ciright:

to right-adjust (integral) values in fields that are wider than needed to display the
values. This is the default adjustment. With set f () the mask value adj ustfield
must be provided. Corresponding manipulator: ri ght .

c:scientific:

to display real values in scientific notation (e.g., 1.24e+03). With set f () the mask

valuei os: : fl oat fi el d mustbe provided. Corresponding manipulator: sci enti fi c.

:: showbase:

to display the numeric base of integral values. With hexadecimal values the Ox prefix
is used, with octal values the prefix 0. For the (default) decimal value no particular
prefix is used. Corresponding manipulators: showbase and noshowbase

. : showpoi nt :

display a trailing decimal point and trailing decimal zeros when real numbers are
displayed. When this flag is set, an insertion like:

cout << 16.0 << ", " << 16.1 << ", " << 16 << endl;
could result in:
16. 0000, 16.1000, 16

Note that the last 16 is an integral rather than a real number, and is not given a
decimal point: i 0s: : showpoi nt has no effect here. Ifi 0s: : showpoi nt is not used,
then trailing zeros are discarded. If the decimal part is zero, then the decimal point
is discarded as well. Corresponding manipulator: showpoi nt .

. : showpos:

display a + character with positive values. Corresponding manipulator: showpos.

1 ski pws:

used for extracting information from streams. When this flag is set (which is the
default) leading white space characters (blanks, tabs, newlines, etc.) are skipped
when a value is extracted from a stream. If the flag is not set, leading white space
characters are not skipped.

2ouni t buf:

flush the stream after each output operation.

.1 upper case:

use capital letters in the representation of (hexadecimal or scientifically formatted)
values.

83
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5.3.2.2 Format modifying member functions

Several member functions are available for I/O formatting. Often, corresponding manipulators exist,
which may directly be inserted into or extracted from streams using insertion or extraction opera-
tors. See section 5.6 for a discussion of the available manipulators. They are:

e i 0s &copyfmt (ios &obj):

This member function copies all format definitions from obj to the currenti os object.
The current i 0s object is returned.

eijos::fill() const:
returns (as char ) the current padding character. By default, this is the blank space.
eios::fill(char padding):

redefines the padding character. Returns (as char ) the previous padding character.
Corresponding manipulator: setfill ().

e ios::flags() const:

returns the current collection of flags controlling the format state of the stream for
which the member function is called. To inspect a particular flag, use the binary and
operator, e.g.,

if (cout.flags() & ios::hex)

/'l hexadeci mal output of integral val ues

}
eios::flags(fmflags flagset):

returns the previous set of flags, and defines the current set of flags as fl agset,
defined by a combination of formatting flags, combined by the binary or operator.
Note: when setting flags using this member, a previously set flag may have to be
unset first. For example, to change the number conversion of cout from decimal to
hexadecimal using this member, do:

cout.flags(ios::hex | cout.flags() & ~ios::dec);
Alternatively, either of the following statements could have been used:

cout.setf(ios::hex, ios::basefield);
cout << hex;

e i 0S::precision() const:

returns (as i nt ) the number of significant digits used for outputting real values (de-
fault: 6).

e ios::precision(int signif):

redefines the number of significant digits used for outputting real values, returns (as
i nt) the previously used number of significant digits. Corresponding manipulator:
set preci si on() . Example, rounding all displayed double values to a fixed number
of digits (e.g., 3) behind the decimal point:

cout.setf(ios::fixed);

cout . precision(3);

cout << 3.0 << " " << 3.01 << " " << 3.001 << endl;

cout << 3.0004 << " " << 3.0005 << " " << 3.0006 << endl;
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Note that the value 3.0005 is rounded away from zero to 3.001 (-3.0005 is rounded to
-3.001).

eios::setf(fntflags flags):

returns the previous set of all flags, and sets one or more formatting flags (using
the bitwise operator| () to combine multiple flags. Other flags are not affected).
Corresponding manipulators: seti osfl ags andreseti osfl ags

eios::setf(fntflags flags, fntflags nmask):

returns the previous set of all flags, clears all flags mentioned in nask, and sets
the flags specified in fl ags. Well-known mask values are i 0s:: adj ustfield,
i 0s::basefieldandios::floatfield. For example:

-setf(ios::left, ios::adjustfield) is used to left-adjust wide values in
their field. (alternatively, i os: : ri ght andi os::internal can be used).

- setf(ios::hex, ios::basefield) is used to activate the hexadecimal rep-
resentation of integral values (alternatively, i 0s:: dec and i 0S:: oct can be
used).

- setf(ios::fixed, ios::floatfield) isusedtoactivate the fixed value rep-
resentation of real values (alternatively, i 0s: : sci enti fi ¢ can be used).

e ios::unsetf(fmflags flags):

returns the previous set of all flags, and clears the specified formatting flags (leav-
ing the remaining flags unaltered). The unsetting of an active default flag (e.g.,
cout . unsetf (i os::dec))has no effect.

e ios::width() const:

returns (as i nt) the current output field width (the number of characters to write
for numeric values on the next insertion operation). Default: 0, meaning ‘as many
characters as needed to write the value’. Corresponding manipulator: set w() .

e ios::width(int nchars):

returns (as i nt ) the previously used output field width, redefines the value to nchar s
for the next insertion operation. Note that the field width is reset to 0 after every
insertion operation, and that wi dt h() currently has no effect on text-values like
char = or string values. Corresponding manipulator: set w(i nt).

5.4 Output

In C++ output is primarily based on the ost r eamclass. The ost r eamclass defines the basic oper-
ators and members for inserting information into streams: the insertion operator (<<), and special
members like ostream : write() for writing unformatted information to streams.

From the class ost r eamseveral other classes are derived, all having the functionality of the ost r eam
class, and adding their own specialties. In the next sections on ‘output’ we will introduce:
e The class ost r eam offering the basic facilities for doing output;

e The class of st r eam allowing us to open files for writing (comparable to C’s f open(fi | enane,
W'));

e The class ostri ngstream allowing us to write information to memory rather than to files
(streams) (comparable to C’s spri nt f () function).
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5.4.1 Basic output: the class ‘ostream’

The class ost r eamis the class defining basic output facilities. The cout , cl og and cerr objects are
all ost r eamobjects. Note that all facilities defined in the i 0s class, as far as output is concerned, is
available in the ost r eamclass as well, due to the inheritance mechanism (discussed in chapter 13).

We can construct ost r eamobjects using the following ostream constructor:

e ostream obj ect (streanbuf =*sb):

this constructor can be used to construct a wrapper around an existing st r eanbuf ,
which may be the interface to an existing file. See chapter 21 for examples.

What this boils down to is that it isn’t possible to construct a plain ost r eamobject that can
be used for insertions. When cout or its friends are used, we are actually using a predefined
ost r eamobject that has already been created for us, and interfaces to, e.g., the standard output
stream using a (also predefined) st r eanbuf object handling the actual interfacing.

Note that it is possible to construct an ost r eamobject passing it a 0-pointer as a st r eanbuf .
Such an object cannot be used for insertions (i.e., it will raise its i 0s: : bad flag when some-
thing is inserted into it), but since it may be given a st r eanbuf later, it may be preliminary
constructed, receiving its st r eanbuf once it becomes available.

In order to use the ost r eamclass in C++ sources, the #i ncl ude <ost r ean® preprocessor directive
must be given. To use the predefined ost r eamobjects, the #i ncl ude <i ostrean> preprocessor
directive must be given.

5.4.1.1 Writing to ‘ostream’ objects

The class ost r eamsupports both formatted and binary output.

The insertion operator (<<) may be used to insert values in a type safe way into ost r eamobjects.
This is called formatted output, as binary values which are stored in the computer’s memory are
converted to human-readable ASCII characters according to certain formatting rules.

Note that the insertion operator points to the ost r eam object wherein the information must be
inserted. The normal associativity of << remains unaltered, so when a statement like

cout << "hello " << "world";

is encountered, the leftmost two operands are evaluated first (cout <<"hell o "),and an ostream
& object, which is actually the same cout object, is returned. Now, the statement is reduced to

cout << "worl d";

and the second string is inserted into cout .

The << operator has a lot of (overloaded) variants, so many types of variables can be inserted into
ost r eamobjects. There is an overloaded <<-operator expecting an i nt, a doubl e, a pointer, etc.
etc.. For every part of the information that is inserted into the stream the operator returns the
ost r eamobject into which the information so far was inserted, and the next part of the information
to be inserted is processed.

Streams do not have facilities for formatted output like C’s printf () and vprintf () functions.
Although it is not difficult to implement these facilities in the world of streams, pri ntf () -like
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functionality is hardly ever required in C++ programs. Furthermore, as it is potentially type-unsafe,
it might be better to avoid this functionality completely.

When binary files must be written, normally no text-formatting is used or required: an i nt value
should be written as a series of unaltered bytes, not as a series of ASCII numeric characters 0 to 9.
The following member functions of ost r eamobjects may be used to write ‘binary files’

e ostream& ostream : put(char c):

This member function writes a single character to the output stream. Since a char-
acter is a byte, this member function could also be used for writing a single character
to a text-file.

e ostrean& ostream :wite(char const *buffer, int length):

This member function writes at most | en bytes, stored in the char const *buffer
to the ost r eamobject. The bytes are written as they are stored in the buffer, no
formatting is done whatsoever. Note that the first argument is a char const *: a
type_cast is required to write any other type. For example, to write an i nt as an
unformatted series of byte-values:

int x;
out.write(reinterpret_cast<char const *>(&x), sizeof(int));

5.4.1.2 ‘ostream’ positioning

Although not every ost r eamobject supports repositioning, they usually do. This means that it is
possible to rewrite a section of the stream which was written earlier. Repositioning is frequently
used in database applications where it must be possible to access the information in the database
randomly.

The following members are available:

e pos_type ostream:tellp():

this function returns the current (absolute) position where the next write-operation to
the stream will take place. For all practical purposes a pos_t ype can be considered
to be an unsi gned | ong.

e ostream &ostream : seekp(off_type step, io0s::seekdir org):

This member function can be used to reposition the stream. The function expects
an of f _type st ep, the stepsize in bytes to go from or g. For all practical purposes
an of f _type can be considered to be a | ong. The origin of the step, org is an
i 0s::seekdir value. Possible values are:
- i0s::beg:
or g is interpreted as the stepsize relative to the beginning of the stream.
If or g is not specified, i 0s: : beg is used.
—-ios::cur:
or g is interpreted as the stepsize relative to the current position (as re-
turned by t el | p() of the stream).
- io0s::end:
or g is interpreted as the stepsize relative to the current end position of
the the stream.
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It is OK to seek beyond end of file. Writing bytes to a location beyond EOF will pad the
intermediate bytes with ASCII-Z values: null-bytes. It is not allowed to seek before
the begining of a file. Seeking before i 0s: : beg will cause the i os: : fail flagto be
set.

54.1.3 ‘ostream’ flushing

Unless the i 0s: : uni t buf flag has been set, information written to an ost r eamobject is not im-
mediately written to the physical stream. Rather, an internal buffer is filled up during the write-
operations, and when full it is flushed.

The internal buffer can be flushed under program control:

e ostream& ostream :flush():

this member function writes any buffered information to the ost r eamobject. The
call to fl ush() is implied when:
— The ost r eamobject ceases to exist,
— The endl or f | ush manipulators (see section 5.6) are inserted into the ost r eam
object,
— A stream derived from ost r eam(like of st r eam see section 5.4.2) is closed.

5.4.2 Output to files: the class ‘ofstream’

The of st r eamclass is derived from the ost r eamclass: it has the same capabilities as the ost r eam
class, but can be used to access files or create files for writing.

In order to use the of st r eamclass in C++ sources, the preprocessor directive #i ncl ude <fstrean»
must be given. After including f st r eamci n, cout etc. are not automatically declared. If these lat-
ter objects are needed too, then i ost r eamshould be included.

The following constructors are available for of st r eamobjects:

e of st ream obj ect :

This is the basic constructor. It creates an of st r eamobject which may be associated
with an actual file later, using the open() member (see below).

e of stream obj ect (char const *nane, int node):

This constructor can be used to associate an of st r eamobject with the file named
nane using output mode node. The output mode is by default i 0s: : out . See section
5.4.2.1 for a complete overview of available output modes.

In the following example an of st r eamobject, associated with the newly created file
/ t np/ scr at ch, is constructed:

of stream out ("/tnp/scratch");

Note that it is not possible to open a of st r eamusing a file descriptor. The reason for this is (ap-
parently) that file descriptors are not universally available over different operating systems. For-
tunately, file descriptors can be used (indirectly) with a st r eanbuf object (and in some implemen-
tations: with a fi | ebuf object, which is also a st reanbuf). St reanbuf objects are discussed in
section 5.7, f i | ebuf objects are discussed in section 5.7.2.
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Instead of directly associating an of st r eamobject with a file, the object can be constructed first,
and opened later.

e voi d of stream : open(char const *nane, int node):

Having constructed an of st r eamobject, the member function open() can be used
to associate the of st r eamobject with an actual file.

e of stream : cl ose():

Conversely, it is possible to close an of st r eamobject explicitly using the cl ose()
member function. The function sets the i os: : f ai | flag of the closed object. Closing
the file will flush any buffered information to the associated file. A file is automati-
cally closed when the associated of st r eamobject ceases to exist.

A subtlety is the following: Assume a stream is constructed, but it is not actually attached to a file.
E.g., the statement of st r eam ostr was executed. When we now check its status through good(),
a non-zero (i.e., OK) value will be returned. The ‘good’ status here indicates that the stream object
has been properly constructed. It doesn’t mean the file is also open. To test whether a stream
is actually open, inspect of stream : i s_open(): If t rue, the stream is open. See the following

example:

#i ncl ude <fstreanr
#i ncl ude <i ostreanr

usi ng nanespace std;

i nt

{

}
| *

mai n()

of st ream of ;

cout << "of’s open state: " << bool al pha << of.is_open() << endl;
of . open("/dev/null"); /1 on Unix systens
cout << "of’'s open state: " << of.is_open() << endl;

Gener at ed out put:

of s open state: false
of's open state: true

*/

5.4.2.1 Modes for opening stream objects

The following file modes or file flags are defined for constructing or opening of st r eam(or i stream
see section 5.5.2) objects. The values are of type i 0s: : opennpde:

e i 0S::app:

reposition to the end of the file before every output command. The existing contents
of the file are kept.
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e jOS::ate:

Start initially at the end of the file. The existing contents of the file are kept.

Note that the original contents are only kept if some other flag tells the object to
do so. For example of stream out (" gone", ios:: ate) will rewrite the file gone,
because the implied i 0s: : out will cause the rewriting. If rewriting of an existing
file should be prevented, the i 0s: : i n mode should be specified too. Note that in this
case the construction only succeeds if the file already exists.

e i 0s::binary:

open a binary file (used on systems which make a distinction between text- and binary
files, like MS-DOS or MS-Windows).

eios::in:

open the file for reading. The file must exist.
e jOS::oUt:

open the file. Create it if it doesn’t yet exist. If it exists, the file is rewritten.
e jos::trunc:

Start initially with an empty file. Any existing contents of the file are lost.

The following combinations of file flags have special meanings:

out | app: The file is created if non-existing,
information is always added to the end of the
stream

out | trunc: The file is (re)created enpty to be witten;

in | out: The stream may be read and witten. However, the
file nust exist.

in| out | trunc: The stream may be read and witten. It is

(re)created enpty first.

5.4.3 Output to memory: the class ‘ostringstream’

In order to write information to memory using the st r eamfacilities, ost r i ngst r eamobjects can be
used. These objects are derived from ost r eamobjects. The following constructors and members are
available:

e ostringstreamostr(string const &s, io0s::opennode node):

When using this constructor, the last or both arguments may be omitted. There is also
a constructor requiring only an opennode parameter. If stri ng s is specified and
opennode is i 0s:: at e, the ostri ngst r eamobject is initialized with the stri ng
s and remaining insertions are appended to the contents of the ostri ngstream
object. If string s is provided, it will not be altered, as any information inserted
into the object is stored in dynamically allocated memory which is deleted when the
ostringstreamobject goes out of scope.

e string ostringstream:str() const:

This member function will return the string that is stored inside the ost ri ngst r eam
object.
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e Oostringstream:str(string):

This member function will re-initialize the ost ri ngst r eamobject with new initial
contents.

Before the st ri ngst r eamclass was available the class ostr st r eamwas commonly used for doing
output to memory. This latter class suffered from the fact that, once its contents were retrieved
using its st r () member function, these contents were ‘frozen’, meaning that its dynamically allo-
cated memory was not released when the object went out of scope. Although this situation could be
prevented (using the ost r st r eammember call f r eeze( 0) ), this implementation could easily lead
to memory leaks. The st ri ngstreamclass does not suffer from these risks. Therefore, the use of
the class ost r st r eamis now deprecated in favor of ost ri ngst r eam

The following example illustrates the use of the ost ri ngst r eamclass: several values are inserted
into the object. Then, the stored text is stored in a string, whose length and contents are thereupon
printed. Such ostri ngstreamobjects are most often used for doing ‘type to string’ conversions,
like converting i nt to stri ng. Formatting commands can be used with stri ngstreans as well,
as they are available in 0st r eamobjects.

Here is an example showing the use of an ost ri ngst r eamobject:

#i ncl ude <i ostreanp
#i ncl ude <string>

#i ncl ude <sstreanp
#i ncl ude <fstreanpr

usi ng nanespace std;

int main()

{

ostringstreamostr("hello ", ios::ate);
cout << ostr.str() << endl

ostr.setf(ios::showbase);
ostr.setf(ios::hex, ios::basefield);
ostr << 12345;

cout << ostr.str() << endl

ostr << " -- ";
ostr.unsetf(ios::hex);

ostr << 12;

cout << ostr.str() << endl;

}
| *
Qutput fromthis program
hel | o
hel | o 0x3039

hell o 0x3039 -- 12
* [
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5.5 Input

In C++ input is primarily based on the i st r eamclass. Thei st r eamclass defines the basic operators
and members for extracting information from streams: the extraction operator (>>), and special
members like i st ream : read() for reading unformatted information from streams.

From the classi st r eamseveral other classes are derived, all having the functionality of the i st r eam
class, and adding their own specialties. In the next sections we will introduce:

e The class i st r eam offering the basic facilities for doing input;

e Theclassi f st r eam allowing us to open files for reading (comparable to C’s f open(fi | enane,
"))

e The classi st ri ngstream allowing us to read information from text that is not stored on files
(streams) but in memory (comparable to C’s sscanf () function).

5.5.1 Basic input: the class ‘istream’

The class i st reamis the I/O class defining basic input facilities. The ci n object is an i stream
object that is declared when sources contain the preprocessor directive #i ncl ude <i ostreanp.
Note that all facilities defined in the i 0s class are, as far as input is concerned, available in the
i st reamclass as well due to the inheritance mechanism (discussed in chapter 13).

| st r eamobjects can be constructed using the following istream constructor:

e i stream obj ect (streanbuf =*sh):

this constructor can be used to construct a wrapper around an existing open stream,
based on an existing st r eanbuf , which may be the interface to an existing file. Sim-
ilarly to ost r eamobjects, i st r eamobjects may initially be constructed using a 0-
pointer. See section 5.4.1 for a discussion, and chapter 21 for examples.

In order to use the i st r eamclass in C++ sources, the #i ncl ude <i st r ean® preprocessor directive
must be given. To use the predefinedi st r eamobject ci n, the #i ncl ude <i ostrean® preprocessor
directive must be given.

5.5.1.1 Reading from ‘istream’ objects

The class i st r eamsupports both formatted and unformatted binary input. The extraction operator
(oper at or »() ) may be used to extract values in a type safe way from i st r eamobjects. This is called
formatted input, whereby human-readable ASCII characters are converted, according to certain
formatting rules, to binary values which are stored in the computer’s memory.

Note that the extraction operator points to the objects or variables which must receive new values.
The normal associativity of >> remains unaltered, so when a statement like

cin >> x >>vy;

is encountered, the leftmost two operands are evaluated first (ci n >> x), and an i st r eam & object,
which is actually the same ci n object, is returned. Now, the statement is reduced to

cin >>y
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and the y variable is extracted from ci n.

The >> operator has various (overloaded) variants and thus many types of variables can be ex-
tracted from i st r eamobjects. There is an overloaded >> available for the extraction of an i nt, of
a doubl e, of a string, of an array of characters, possibly to a pointer, etc. etc.. String or character
array extraction will (by default) skip all white space characters, and will then extract all consec-
utive non-white space characters. Once an extraction operator has been processed the i st ream
object from which the information was extracted is returned and it can immediately be used for any
subsequent i st r eamoperations that follow in the same expression.

Streams do not have facilities for formatted input (like C’s scanf () and vscanf () functions). Al-
though it is not difficult to make these facilities available in the world of streams, scanf () -like
functionality is hardly ever required in C++ programs. Furthermore, as it is potentially type-unsafe,
it might be better to avoid this functionality completely.

When binary files must be read, the information should normally not be formatted: an i nt value
should be read as a series of unaltered bytes, not as a series of ASCII numeric characters 0 to 9. The
following member functions for reading information from i st r eamobjects are available:

e int istream:gcount():

this function does not actually read from the input stream, but returns the number of
characters that were read from the input stream during the last unformatted input
operation.

eint istream:get():

this function returns ECF or reads and returns the next available single character as
an i nt value.

e i stream & stream : get(char &c):

this function reads the next single character from the input stream into c. As its
return value is the stream itself, its return value can be queried to determine whether
the extraction succeeded or not.

e istream& i stream :get(char xbuffer, int len [, char delin]):

This function reads a series of | en - 1 characters from the input stream into the
array starting at buf f er , which should be at least | en bytes long. At most | en -
1 characters are read into the buffer. By default, the delimiter is a newline (" \ n’ )
character. The delimiter itself is not removed from the input stream.

After reading the series of characters into buf f er , an ASCl | - Z character is written
beyond the last character that was written to buf f er. The functions eof () and
fail () (see section 5.3.1) return 0 (f al se) if the delimiter was not encountered
before | en - 1 characters were read. Furthermore, an ASCl | - Z can be used for the
delimiter: this way strings terminating in ASCI | - Z characters may be read from a
(binary) file. The program using this get () member function should know in advance
the maximum number of characters that are going to be read.

e istrean& i stream :getline(char *buffer, int len [, char delim):

This function operates analogously to the previous get () member function, but
del i mis removed from the stream if it is actually encountered. At most | en - 1
bytes are written into the buf f er , and a trailing ASCl | - Z character is appended to
the string that was read. The delimiter itself is not stored in the buf fer. If del i m
was not found (before reading | en - 1 characters) the fail () member function,
and possibly also eof () will return true. Note that the st d: : stri ngclass also has a
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support function get | i ne() which is used more often than thisi stream : getli ne()
member function (see section 4.2.4).

ream& i stream:ignore(int n, int delim:

This member function has two (optional) arguments. When called without argu-
ments, one character is skipped from the input stream. When called with one argu-
ment, N characters are skipped. The optional second argument specifies a delimiter:
after skipping n or the del i mcharacter (whichever comes first) the function returns.

i stream : peek():

this function returns the next available input character, but does not actually remove
the character from the input stream.

ream& i stream : putback (char c):

The character ¢ that was last read from the stream is ‘pushed back’ into the input
stream, to be read again as the next character. EOF is returned if this is not allowed.
Normally, one character may always be put back. Note that ¢ must be the character
that was last read from the stream. Trying to put back any other character will fail.

ream& i stream :read(char *buffer, int len):

This function reads at most | en bytes from the input stream into the buffer. If EOF is
encountered first, fewer bytes are read, and the member function eof () will return
true. This function will normally be used for reading binary files. Section 5.5.2
contains an example in which this member function is used. The member function
gcount () should be used to determine the number of characters that were retrieved
by the r ead() member function.

ream& i stream :readsone(char +buffer, int len):

This function reads at most | en bytes from the input stream into the buffer. All
available characters are read into the buffer, but if EOF is encountered first, fewer
bytes are read, without setting the i os_base: : eof bit ori os_base::failbit.

ream& i stream:unget():

an attempt is made to push back the last character that was read into the stream.
Normally, this succeeds if requested only once after a read operation, as is the case
with put back()

‘istream’ positioning

Although not every i st r eamobject supports repositioning, some do. This means that it is possi-
ble to read the same section of a stream repeatedly. Repositioning is frequently used in database
applications where it must be possible to access the information in the database randomly.

The following members are available:

e pos_type istream:tellg():

this function returns the current (absolute) position where the next read-operation to
the stream will take place. For all practical purposes a pos_t ype can be considered
to be an unsi gned | ong.
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e i stream & stream : seekg(off_type step, ios::seekdir org):

This member function can be used to reposition the stream. The function expects
an of f _type step, the stepsize in bytes to go from org. For all practical pur-
poses a pos_t ype can be considered to be a | ong. The origin of the step, or g is
aios::seekdir value. Possible values are:
- i0s::beg:
st ep is interpreted as the stepsize relative to the beginning of the stream.
If or g is not specified, i 0s: : beg is used.
—-ios::cur:
st ep is interpreted as the stepsize relative to the current position (as
returned by t el | g() of the stream).
- io0s::end:
st ep is interpreted as the stepsize relative to the current end position of
the the stream.

While it is OK to seek beyond end of file, reading at that point will of course fail. It
is not allowed to seek before begin of file. Seeking before i 0s: : beg will cause the
i os::fail flag to be set.

5.5.2 Input from files: the class ‘ifstream’

The class i f st r eamis derived from the class i st r eam it has the same capabilities as the i st r eam
class, but can be used to access files for reading. Such files must exist.

In orderto use thei f st r eamclass in C++ sources, the preprocessor directive #i ncl ude <fstrean»
must be given.

The following constructors are available for i f st r eamobjects:

e i fstream obj ect:

This is the basic constructor. It creates an i f st r eamobject which may be associated
with an actual file later, using the open() member (see below).

e i fstream obj ect (char const =*nane, int node):

This constructor can be used to associate an i f st r eamobject with the file named
name using input mode node. The input mode is by defaulti 0s: : i n. See also section
5.4.2.1 for an overview of available file modes.

In the following example an i f st r eamobject is opened for reading. The file must
exist:

ifstreamin("/tnp/scratch");

Instead of directly associating an i f st r eamobject with a file, the object can be constructed first,
and opened later.

e void ifstream :open(char const *nane, int node):

Having constructed an i f st r eamobject, the member function open() can be used
to associate the i f st r eamobject with an actual file.
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e ifstream:close():

Conversely, it is possible to close an i f st r eamobject explicitly using the cl ose()
member function. The function sets the i os: : f ai | flag of the closed object. A file is
automatically closed when the associated i f st r eamobject ceases to exist.

A subtlety is the following: Assume a stream is constructed, but it is not actually attached to a file.
E.g., the statement i f st r eam ostr was executed. When we now check its status through good(),
true (i.e., OK) is returned. The ‘good’ status here indicates that the stream object has been properly
constructed. It doesn’t mean the file is also open. To test whether a stream is actually open, inspect
i fstream :is_open():Iftrue, the stream is open. See also the example in section 5.4.2.

To illustrate reading from a binary file (see also section 5.5.1.1), a doubl e value is read in binary
form from a file in the next example:

#i ncl ude <fstrean»
usi ng nanespace std;

int main(int argc, char *=xargv)

{
ifstreamf(argv[1]);
double d;
/1 reads double in binary form
f.read(reinterpret_cast<char *>(&d), sizeof(double));
}

5.5.3 Input from memory: the class ‘istringstream’

In order to read information from memory using the st r eamfacilities, i st ri ngst r eamobjects can
be used. These objects are derived from i st r eamobjects. The following constructors and members
are available:

e istringstreamistr:

The constructor will construct an empty i st ri ngst r eamobject. The object may be
filled with information to be extracted later.

e istringstreamistr(string const & ext):

The constructor will construct an i stri ngstreamobject initialized with the con-
tents of the string t ext .

e void istringstream:str(string const & ext):
This member function will store the contents of the string t ext intothei stri ngstream

object, overwriting its current contents.

The i stringstreamobject is commonly used for converting ASCl | text to its binary equivalent,
like the C function at oi () . The following example illustrates the use of the i st ri ngst r eamclass,
note especially the use of the member seekg() :

#i ncl ude <i ostrean
#i ncl ude <string>
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#i ncl ude <sstreanr

usi ng nanespace std,;

int main()

{
istringstreamistr("123 345"); // store sone text.
int x;
i str.seekg(2); /[l skip "12"
istr >> x; /] extract int
cout << x << endl; /1 wite it out
i str.seekg(0); /'l retry fromthe begi nni ng
istr >> x; /] extract int
cout << x << endl; /'l wite it out
istr.str("666"); /'l store anot her text
istr >> x; /'l extract it
cout << x << endl; /[l wite it out

}

| *
out put of this program

3

123

666

*/

5.6 Manipulators

| os objects define a set of format flags that are used for determining the way values are inserted and
extracted (see section 5.3.2.1). The format flags can be controlled by member functions (see section
5.3.2.2), but also by manipulators. Manipulators are inserted into output streams or extracted from
input streams, instead of being activated through the member selection operator (‘. °).

Manipulators are functions. New manipulators can be constructed as well. The construction of
manipulators is covered in section 9.10.1. In this section the manipulators that are available in the
C++ I/O library are discussed. Most manipulators affect format flags. See section 5.3.2.1 for details
about these flags. Most manipulators are parameterless. Sources in which manipulators expecting
arguments are used, must do:

#i ncl ude <i omani p>

e std:: bool al pha:
This manipulator will set the i os: : bool al pha flag.
e std::dec:

This manipulator enforces the display and reading of integral numbers in decimal
format. This is the default conversion. The conversion is applied to values inserted
into the stream after processing the manipulators. For example (see also st d: : hex
and st d: : oct , below):

cout << 16 << ", " << hex << 16 << ", " << oct << 16;
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/'l produces the output:
16, 10, 20

e std::endl:

This manipulator will insert a newline character into an output buffer and will flush
the buffer thereafter.

e std::ends:
This manipulator will insert a string termination character into an output buffer.
e std::fixed:
This manipulator will set the i os: : fi xed flag.
e std::flush:
This manipulator will flush an output buffer.
e std:: hex:

This manipulator enforces the display and reading of integral numbers in hexadeci-
mal format.

e std::internal:

This manipulator will set the i 0s: : i nt er nal flag.
e std::left:

This manipulator will align values to the left in wide fields.
e std:: nobool al pha:

This manipulator will clear the i 0s: : bool al pha flag.
e std:: noshowpoint:

This manipulator will clear the i 0s: : showpoi nt flag.
e std:: noshowpos:

This manipulator will clear the i 0s: : showpos flag.
e std:: noshowbase:

This manipulator will clear the i 0s: : showbase flag.
e std:: noski pws:

This manipulator will clear the i 0s: : ski pws flag.
e std:: nounitbuf:

This manipulator will stop flushing an output stream after each write operation. Now
the stream is flushed at a f | ush, endl , uni t buf or when it is closed.

e std:: nouppercase:
This manipulator will clear the i os: : upper case flag.
e std::oct:

This manipulator enforces the display and reading of integral numbers in octal for-
mat.
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e std::resetiosflags(flags):

This manipulator calls st d: : reset f (f| ags) to clear the indicated flag values.

std::right:

This manipulator will align values to the right in wide fields.

std::scientific:

This manipulator will set the i 0os: : sci enti fi c flag.

std::setbase(int b):

This manipulator can be used to display integral values using the base 8, 10 or 16.
It can be used as an alternative to oct, dec, hex in situations where the base of
integral values is parameterized.

std::setfill(int ch):

This manipulator defines the filling character in situations where the values of num-
bers are too small to fill the width that is used to display these values. By default the
blank space is used.

std::setiosflags(flags):

This manipulator calls st d: : set f (f| ags) to set the indicated flag values.

std::setprecision(int width):

This manipulator will set the precision in which a f | oat or doubl e is displayed. In
combination with st d:: fi xed it can be used to display a fixed number of digits of
the fractional part of a floating or double value:

cout << fixed << setprecision(3) << 5.0 << endl;
/1 displays: 5.000

std::setw(int width):

This manipulator expects as its argument the width of the field that is inserted or
extracted next. It can be used as manipulator for insertion, where it defines the
maximum number of characters that are displayed for the field, but it can also be
used during extraction, where it defines the maximum number of characters that
are inserted into an array of characters. To prevent array bounds overflow when
extracting from ci n, set W() can be used as well:

cin >> setw(sizeof (array)) >> array;

A nice feature is that a long string appearing at ci n is split into substrings of at most
si zeof (array) - 1 characters, and that an ASCI | - Z character is automatically
appended.

Notes:

- set wW() is valid only for the next field. It does not act like e.g., hex which changes
the general state of the output stream for displaying numbers.

— When set w( si zeof (someArray)) is used, make sure that soneArr ay really
is an array, and not a pointer to an array: the size of a pointer, being, e.g., four
bytes, is usually not the size of the array that it points to....

— The ASCI | - Z character that is appended to the extracted string is counted in
set Ws argument. So specify set w( 3) to extract two characters.
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e std::showbase:

This manipulator will set the i 0s: : showbase flag.
e std:: showpoint:

This manipulator will set the i 0s: : showpoi nt flag.
e std::showpos:

This manipulator will set the i 0s: : showpos flag.
e std:: skipws:

This manipulator will set the i 0s: : ski pws flag.
e std::unithbuf:

This manipulator will flush an output stream after each write operation.
e std::uppercase:

This manipulator will set the i 0s: : upper case flag.
e std::ws:

This manipulator will remove all whitespace characters that are available at the
current read-position of an input buffer.

5.7 The ‘streambuf’ class

The class st r eanbuf defines the input and output character sequences that are processed by streams.
Like an i os object, a st r eanbuf object is not directly constructed, but is implied by objects of other
classes that are specializations of the cl ass streanbuf .

The class plays an important role in offering features that were available as extensions to the pre-
ANSI/ISO standard implementations of C++. Although the class cannot be used directly, its mem-
bers are introduced here, as the current chapter is the most logical place to introduce the cl ass
st reanmbuf . However, this section of the current chapter assumes a basic familiarity with the con-
cept of polymorphism, a topic discussed in detail in chapter 14. Readers not yet familiar with the
concept of polymorphism may, for the time being, skip this section without loss of continuity.

The primary reason for existence of the cl ass streanbuf, however, is to decouple the stream
classes from the devices they operate upon. The rationale here is to use an extra software layer
between, on the one hand, the classes allowing us to communicate with the device and, on the other
hand, the communication between the software and the devices themselves. This implements a
chain of command which is seen regularly in software design: The chain of command is considered
a generic pattern for the construction of reusable software, encountered also in, e.g., the TCP/IP
stack. A streanbuf can be considered yet another example of the chain of command pattern: here
the program talks to st r eamobjects, which in turn forward their requests to st r eanbuf objects,
which in turn communicate with the devices. Thus, as we will see shortly, we are now able to do in
user-software what had to be done via (expensive) system calls before.

The cl ass st reanbuf has no public constructor, but does make available several public member
functions. In addition to these public member functions, several member functions are available to
specializing classes only. These protected members are listed in this section for further reference. In
section 5.7.2 below, a particular specialization of the cl ass st r eanbuf is introduced. Note that all
public members of st r eanbuf discussed here are also available in fi | ebuf .
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In section 14.6 the process of constructing specializations of the cl ass streanbuf is discussed,
and in chapter 21 several other implications of using st r eanbuf objects are mentioned. In the
current chapter examples of copying streams, of redirecting streams and and of reading and writing
to streams using the st r eanbuf members of st r eamobjects are presented (section 5.8).

With the cl ass st reanbuf the following public member functions are available. The type st r eansi ze
that is used below may, for all practical purposes, be considered an unsi gned i nt.

Public members for input operations:

e streansize streanbuf::in_avail():

This member function returns a lower bound on the number of characters that can
be read immediately.

e int streanbuf::sbunpc():

This member function returns the next available character or EOF. The returned
character is removed from the st r eanbuf object. If no input is available, sbunpc()
will call the (protected) member uf | ow() (see section 5.7.1 below) to make new char-
acters available. EOF is returned if no more characters are available.

e int streanbuf::sgetc():

This member function returns the next available character or EOF. The character is
not removed from the st r eanbuf object, however.

e int streanbuf::sgetn(char =buffer, streansize n):

This member function reads n characters from the input buffer, and stores them in
buf f er. The actual number of characters read is returned. This member function
calls the (protected) member xsget n() (see section 5.7.1 below) to obtain the re-
quested number of characters.

e int streanbuf::snextc():

This member function removes the current character from the input buffer and re-
turns the next available character or ECOF. The character is not removed from the
st r eambuf object, however.

e int streanbuf::sputback(char c):

Inserts ¢ as the next character to read from the st r eanbuf object. Caution should
be exercised when using this function: often there is a maximum of just one character
that can be put back.

e int streanbuf::sungetc():

Returns the last character read to the input buffer, to be read again at the next input
operation. Caution should be exercised when using this function: often there is a
maximum of just one character that can be put back.

Public members for output operations:

e int streanbuf:: pubsync():

Synchronize (i.e., flush) the buffer, by writing any pending information available in
the st r eanbuf ’s buffer to the device. Normally used only by specializing classes.
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e int streanbuf::sputc(char c):

This member function inserts ¢ into the st r eanbuf object. If, after writing the char-
acter, the buffer is full, the function calls the (protected) member function over f | ow()
to flush the buffer to the device (see section 5.7.1 below).

e int streanbuf::sputn(char const xbuffer, streansize n):

This member function inserts n characters from buf f er into the st r eanbuf object.
The actual number of inserted characters is returned. This member function calls
the (protected) member xsput n() (see section 5.7.1 below) to insert the requested
number of characters.

Public members for miscellaneous operations:

e pos_type streanbuf:: pubseekoff(of f_type of fset, ios::seekdir way, io0s::opennode
node = ios::in |ios::out):

Reset the offset of the next character to be read or written to of f set , relative to the
standard i os: : seekdi r values indicating the direction of the seeking operation.
Normally used only by specializing classes.

e pos_type streanbuf:: pubseekpos(pos_type of fset, ios::openmpde node = ios::in
|ios::out):

Reset the absolute position of the next character to be read or written to pos. Nor-
mally used only by specializing classes.

e streanbuf =streanbuf::pubsetbuf(char* buffer, streamnsize n):

Deploy buf f er as the buffer to be used by the st r eambuf object. Normally used
only by specializing classes.

5.7.1 Protected ‘streambuf’ members

The protected members of the cl ass streanbuf are normally not accessible. However, they are
accessible in specializing classes which are derived from st r eanbuf. They are important for un-
derstanding and using the cl ass streanbuf. Usually there are both protected data members
and protected member functions defined in the cl ass st reanbuf. Since using data members im-
mediately violates the principle of encapsulation, these members are not mentioned here. As the
functionality of st reanbuf, made available via its member functions, is quite extensive, directly
using its data members is probably hardly ever necessary. This section does not even list all pro-
tected member functions of the cl ass streanbuf. Only those member functions are mentioned
that are useful in constructing specializations. The cl ass st r eanbuf maintains an input- and/or
and output buffer, for which begin-, actual- and end-pointers have been defined, as depicted in figure
5.2. In upcoming sections we will refer to this figure repeatedly.

Protected constructor:

e streanbuf::streanbuf():

Default (protected) constructor of the cl ass st r eanbuf.
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Input

put back

T " retrieve T

eback () gptr () egptr ()

Output

T | insert > T

pbase () pptr () epptr ()

Figure 5.2: Input- and output buffer pointers of the class ‘streambuf’
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Several protected member functions are related to input operations. The member functions marked
asvi rt ual may be redefined in classes derived from st r eanbuf . In those cases, the redefined func-
tion will be called by i / ost r eamobjects that received the addresses of such derived class objects.
See chapter 14 for details about virtual member functions. Here are the protected members:

e char *streanbuf::eback():

For the input buffer the cl ass st r eanbuf maintains three pointers: eback() points
to the ‘end of the putback’ area: characters can safely be put back up to this position.
See also figure 5.2. Eback() can be considered to represent the beginning of the
input buffer.

e char *streanbuf::egptr():

For the input buffer the cl ass st reanbuf maintains three pointers: egpt r () points
just beyond the last character that can be retrieved. See also figure 5.2. If gptr ()
(see below) equals egpt r () the buffer must be refilled. This should be implemented
by calling under f | ow( ), see below.

e voi d streanbuf::gbunp(int n):
This function moves the input pointer over n positions.
e char *streanbuf::gptr():

For the input buffer the cl ass st r eanbuf maintains three pointers: gptr () points
to the next character to be retrieved. See also figure 5.2.

e virtual int streanbuf::pbackfail(int c):

This member function may be redefined by specializations of the cl ass st r eanbuf
to do something intelligent when putting back character c fails. One of the things to
consider here is to restore the old read pointer when putting back a character fails,
because the beginning of the input buffer is reached. This member function is called
when ungetting or putting back a character fails.

e voi d streanbuf::setg(char *beg, char *next, char xbeyond):

This member function initializes an input buffer: beg points to the beginning of the
input area, next points to the next character to be retrieved, and beyond points
beyond the last character of the input buffer. Ususally next is at least beg + 1, to
allow for a put back operation. No input buffering is used when this member is called
with 0-arguments (not no arguments, but arguments having 0 values.) See also the
member st r eanbuf : : uf | ow( ), below.

e virtual streansize streanbuf::showranyc():

(Pronounce: s-how-many-c) This member function may be redefined by specializa-
tions of the cl ass streanbuf. It must return a guaranteed lower bound on the
number of characters that can be read from the device before uf | ow() orunderf| ow()
returns EOF. By default 0 is returned (meaning at least 0 characters will be returned
before the latter two functions will return EOF).

e virtual int streanbuf::uflow):

This member function may be redefined by specializations of the cl ass st r eanbuf
to reload an input buffer with new characters. The default implementation is to call
under f 1 ow( ), see below, and to increment the read pointer gpt r () . When no input
buffering is required this function, rather than underfl ow() can be overridden to
produce the next available character from the device to read.
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e virtual int streanbuf::underflow):

This member function may be redefined by specializations of the cl ass st r eanbuf
to read another character from the device. The default implementation is to return
ECF. When buffering is used, often the complete buffer is not refreshed, as this would
make it impossible to put back characters just after a reload. This system, where
only a subsection of the input buffer is reloaded, is called a split buffer.

e virtual streansize streanbuf::xsgetn(char *buffer, streansize n):

This member function may be redefined by specializations of the cl ass st r eanbuf
to retrieve n characters from the device. The default implementation is to call sbunpc()
for every single character. By default this calls (eventually) under f 1 ow() for every
single character.

Here are the protected member functions related to output operations. Similarly to the functions
related to input operations, some of the following functions are vi rt ual : they may be redefined in
derived classes:

e virtual int streanbuf::overflow(int c):

This member function may be redefined by specializations of the cl ass st r eanbuf
to flush the characters in the output buffer to the device, and then to reset the output
buffer pointers such that the buffer may be considered empty. It receives as param-
eter ¢ the next character to be processed by the streanbuf. If no output buffer-
ing is used, over fl ow() is called for every single character which is written to the
streanbuf object. This is implemented by setting the buffer pointers (using, e.g.,
set p(), see below) to 0. The default implementation returns EOF, indicating that no
characters can be written to the device.

char =streanbuf:: pbase():

For the output buffer the cl ass streanbuf maintains three pointers: pbase()
points to the beginning of the output buffer area. See also figure 5.2.

char =streanbuf::epptr():

For the output buffer the cl ass streanbuf maintains three pointers: epptr ()
points just beyond the location of the last character that can be written. See also
figure 5.2. If pptr () (see below) equals epptr () the buffer must be flushed. This is
implemented by calling over f | ow( ), see earlier.

voi d streanbuf:: pbunp(int n):

This function moves the output pointer over n positions.

char =streanbuf::pptr():

For the output buffer the cl ass st r eanbuf maintains three pointers: ppt r () points
to the location of the next character to be written. See also figure 5.2.

voi d streanbuf::setp(char *beg, char *beyond):

This member function initializes an output buffer: beg points to the beginning of the
output area and beyond points beyond the last character of the output area. Use 0 for
the arguments to indicate that no buffering is requested. In that case overfl ow()
is called for every single character to write to the device.
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e streansi ze streanbuf::xsputn(char const =*buffer, streansize n):

This member function may be redefined by specializations of the cl ass st r eanbuf
to write n characters immediately to the device. The actual number of inserted char-
acters should be returned. The default implementation calls sput ¢c() for each indi-
vidual character, so redefining is only needed if a more efficient implementation is
required.

Protected member functions related to buffer management and positioning:

e virtual streanbuf =*streanbuf::setbuf(char «buffer, streansize n):

This member function may be redefined by specializations of the cl ass st r eanbuf
to install a buffer. The default implementation is to do nothing.

e virtual pos_type streanbuf::seekoff(off_type offset, ios::seekdir way,
i 0s::opennpbde node = ios::in |ios::out)

This member function may be redefined by specializations of the cl ass st r eanbuf
to reset the next pointer for input or output to a new relative position (usingi os: : beg,
i 0s::cur orios::end). The default implementation is to indicate failure by re-
turning -1. The function is called when, e.g.,tel 1 g() ortell p() is called. When
a streanbuf specialization supports seeking, then the specialization should also de-
fine this function to determine what to do with a repositioning request.

e virtual pos_type streanbuf::seekpos(pos_type offset, ios::opennode node =
ios::in |ios::out):

This member function may be redefined by specializations of the cl ass st r eanbuf
to reset the next pointer for input or output to a new absolute position (i.e, relative to
i 0s:: beg). The default implementation is to indicate failure by returning -1.

e virtual int sync():

This member function may be redefined by specializations of the cl ass st r eanbuf
to flush the output buffer to the device or to reset the input device to the position
of the last consumed character. The default implementation (not using a buffer) is
to return 0, indicating successful syncing. The member function is used to make
sure that any characters that are still buffered are written to the device or to restore
unconsumed characters to the device when the st r eanbuf object ceases to exist.

The moral: when specializations of the cl ass st reanbuf are designed, the very least thing to do
is to redefine under fl ow() for specializations aimed at reading information from devices, and to
redefine over f| ow() for specializations aimed at writing information to devices. Several examples
of specializations of the cl ass streanbuf will be given in the C++ Annotations (e.g., in chapter
21).

Objects of the class f st r eamuse a combined input/output buffer. This results from the fact that
i streamand ostream are virtually derived from i 0s, which contains the st r eanbuf. As ex-
plained in section 14.4.2, this implies that classes derived from both i st r eamand ost r eamshare
their st r eanbuf pointer. In order to construct a class supporting both input and output on sepa-
rate buffers, the st r eanbuf itself may define internally two buffers. When seekof f () is called for
reading, its nbde parameter is set to i 0S: : i n, otherwise to i 0s: : out. This way, the st r eanbuf
specializaiton knows whether it should access the r ead buffer or the writ e buffer. Of course,
under fl ow() and over fl owm) themselves already know on which buffer they should operate.
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5.7.2 The class ‘filebuf’

The cl ass fi |l ebuf is a specialization of st r eanbuf used by the file st r eamclasses. Apart from
the (public) members that are available through the cl ass streanbuf, it defines the following
extra (public) members:

filebuf::filebuf():

Since the class has a constructor, it is, different from the cl ass st r eanbuf , possible
to construct afi | ebuf object. This defines a plain f i | ebuf object, not yet connected
to a stream.

e bool filebuf::is_open():

This member function returns t r ue if the f i | ebuf is actually connected to an open
file. See the open() member, below.

filebuf =filebuf::open(char const *nane, io0s::opennbde node):

This member function associates the fi | ebuf object with a file whose name is pro-
vided. The file is opened according to the provided i 0s: : opennpde.

filebuf =filebuf::close():

This member function closes the association between the fi | ebuf object and its file.
The association is automatically closed when the f i | ebuf object ceases to exist.

Beforefi | ebuf objects can be defined the following preprocessor directive must have been specified:

#i ncl ude <fstreanr

5.8 Advanced topics

5.8.1 Copying streams

Usually, files are copied either by reading a source file character by character or line by line. The
basic mold for processing files is as follows:

e Looping forever:

1. read a character
2. if reading did not succeed (i.e., f ai | () returns true), br eak from the loop

3. process the character

It is important to note that the reading must precede the testing, as it is only possible to know after
the actual attempt to read from a file whether the reading succeeded or not. Of course, variations
are possible: getline(istream & string & (seesection5.5.1.1) returns an i stream &itself|
so here reading and testing may be implemented in one expression. Nevertheless, the above mold
represents the general case. So, the following program could be used to copy ci n to cout :

#i ncl ude <i ostreanr
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usi ng nanmespace: : std;

int main()

while (true)

{
char c;
cin.get(c);
if (cin.fail())

br eak;

cout << c;

}

return O;

By combining the get () with the i f -statement a construction comparable to get | i ne() could be
used:

if ('cin.get(c))
br eak;

Note, however, that this would still follow the basic rule: ‘read first, test later’.

This simple copying of a file, however, isn’t required very often. More often, a situation is encoun-
tered where a file is processed up to a certain point, whereafter the remainder of the file can be
copied unaltered. The following program illustrates this situation: the i gnore() call is used to
skip the first line (for the sake of the example it is assumed that the first line is at most 80 char-
acters long), the second statement uses a special overloaded version of the <<-operator, in which a
st r eanbuf pointer is inserted into another stream. As the member r dbuf () returns a st r eambuf
* it can thereupon be inserted into cout . This immediately copies the remainder of ci n to cout :

#i ncl ude <i ostreane
usi ng nanespace std,;

int main()
{

cin.ignore(80, '\n); /'l skip the first line

cout << cin.rdbuf(); /'l copy the rest by inserting a streanbuf =
}

Note that this method assumes a st r eanbuf object, so it will work for all specializations of st r eanbuf .
Consequently, if the cl ass streanbuf is specialized for a particular device it can be inserted into
any other stream using the above method.

5.8.2 Coupling streams

Ostreams can be coupled to i 0s objects using the ti e() member function. This results in flushing
all buffered output of the ost r eamobject (by calling f | ush() ) whenever an input or output opera-
tion is performed on the i 0s object to which the ost r eamobject is tied. By default cout is tied to
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cin (i.e, cin.tie(cout)): whenever an operation on ci n is requested, cout is flushed first. To
break the coupling, the member functioni os: :ti e(0) can be called.

Another (frequently useful, but non-default) example of coupling streams is to tie cerr to cout : this
way standard output and error messages written to the screen will appear in sync with the time at
which they were generated:

#i ncl ude <i ostreanr
usi ng nanespace std;

int main()

{

cout << "first (buffered) line to cout ";
cerr << "first (unbuffered) line to cerr\n";
cout << "\n";

cerr.tie(&cout);
cout << "second (buffered) line to cout ";
cerr << "second (unbuffered) line to cerr\n";
cout << "\n";

}

| *
Gener at ed out put:

first (buffered) line to cout
first (unbuffered) line to cerr
second (buffered) line to cout second (unbuffered) line to cerr

*/

An alternative way to couple streams is to make streams use a common st r eanbuf object. This can
be implemented using the i os: : rdbuf (streanbuf *) member function. This way two streams
can use, e.g. their own formatting, one stream can be used for input, the other for output, and
redirection using the iostream library rather than operating system calls can be implemented. See
the next sections for examples.

5.8.3 Redirecting streams

By using the i os: : r dbuf () member streams can share their st r eanbuf objects. This means that
the information that is written to a stream will actually be written to another stream, a phenomenon
normally called redirection. Redirection is normally implemented at the level of the operating sys-
tem, and in some situations that is still necessary (see section 21.4.1).

A standard situation where redirection is wanted is to write error messages to file rather than to
standard error, usually indicated by its file descriptor number 2. In the Unix operating system using
the bash shell, this can be implemented as follows:

program 2>/tnp/error.|og

With this command any error messages written by pr ogr amwill be saved on the file/ t np/ error. | og,
rather than being written to the screen.
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Here is how this can be implemented using st r eanbuf objects. Assume pr ogr amnow expects an
optional argument defining the name of the file to write the error messages to; so pr ogr amis now
called as:

program/tnp/error.|og
Here is the example implementing redirection. It is annotated below.

#i ncl ude <i ostreanr
#i ncl ude <streanbuf >
#i ncl ude <fstreanp

usi ng nanespace std;

int main(int argc, char *xargv)

{
of stream errl og; /71
streanbuf xcerr_buffer = 0; Il 2
if (argc == 2)
{
errl og. open(argv[1]); /1 3
cerr_buffer = cerr.rdbuf(errlog.rdbuf()); /1 4
}
el se
{
cerr << "M ssing log filenanme\n";
return 1,
}
cerr << "Several nessages to stderr, nsg 1\n";
cerr << "Several nessages to stderr, nsg 2\n";
cout << "Now inspect the contents of " <<
argv[1l] << "... [Enter] ";
cin.get(); Il 5
cerr << "Several nessages to stderr, nmsg 3\n";
cerr.rdbuf (cerr_buffer); /Il 6
cerr << "Done\n"; 17
}
| *

CGenerated output on file argv[1]
at cin.get():

Several nessages to stderr, msg 1
Several messages to stderr, nsg 2

at the end of the program

Several nessages to stderr, msg 1
Several messages to stderr, nsg 2
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Several messages to stderr, nmsg 3
*/

e At lines 1-2 local variables are defined: err | og is the of st r eamto write the error messages
too, and cerr _buf f er is a pointer to a st r eanbuf , to point to the original cer r buffer. This
is further discussed below.

e At line 3 the alternate error stream is opened.

e Atline 4 the redirection takes place: cer r will now write to the st r eanbuf defined by errl og.
It is important that the original buffer used by cerr is saved, as explained below.

e At line 5 we pause. At this point, two lines were written to the alternate error file. We get a
chance to take a look at its contents: there were indeed two lines written to the file.

e At line 6 the redirection is terminated. This is very important, as the err| og object is de-
stroyed at the end of nai n(). If cerr’s buffer would not have been restored, then at that
point cer r would refer to a non-existing st r eanbuf object, which might produce unexpected
results. It is the responsibility of the programmer to make sure that an original st r eanbuf is
saved before redirection, and is restored when the redirection ends.

e Finally, at line 7, Done is now written to the screen again, as the redirection has been termi-
nated.

5.8.4 Reading AND Writing streams

In order to both read and write to a stream an f st r eamobject must be created. As with i f st r eam
and of st r eamobjects, its constructor receives the name of the file to be opened:

fstreaminout("iofile", ios::in | ios::out);

Note the use of the i 0s constants i 0s::i nand i 0s:: out, indicating that the file must be opened
for both reading and writing. Multiple mode indicators may be used, concatenated by the binary or
operator ' | ' . Alternatively, instead of i 0s: : out, i 0s:: app could have been used, in which case
writing will always be done at the end of the file.

Somehow reading and writing to a file is a bit awkward: what to do when the file may or may not
exist yet, but if it already exists it should not be rewritten? I have been fighting with this problem
for some time, and now I use the following approach:

#i ncl ude <fstreanr
#i ncl ude <i ostreanp
#i ncl ude <string>

usi ng nanespace std,;

int main()
{
fstreamrw("fname", ios::out | ios::in);
if ('rw
{
rw. clear();
rw. open("fname", ios::out | ios::trunc | ios::in);
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if ('rw

{
cerr << "QOpening ‘fname’ failed mserably" << endl;
return 1;

}

cerr << rw.tellp() << endl;

rw << "Hello world" << endl;
rw. seekg(0);

string s;
getline(rw, s);

cout << "Read: " << s << endl

In the above example, the constructor fails when f nane doesn’t exist yet. However, in that case the
open() member will normally succeed since the file is created due to the i 0os: : t runc flag. If the
file already existed, the constructor will succeed. If the i 0s: : at e flag would have been specified
as well with r ws initial construction, the first read/write action would by default have take place at
EOF. However, i 0s: : at e is not i 0S: : app, so it would then still have been possible to repositioned
r wusing seekg() or seekp().

Under DOS-like operating systems, using the multiple character \ r\ n sentinels to separate lines
in text files the flag i 0s: : bi nary is required for processing binary files to ensure that \ r\ n com-
binations are processed as two characters. In general, i 0s: : bi nary should be usd when binary
(non-text) files are to be processed. Text files are assumed when i 0s: : bi nary is not specified. This
will leave the proper handling of line-endings to the run-time support system.

With f st r eamobjects, combinations of file flags are used to make sure that a stream is or is not
(re)created empty when opened. See section 5.4.2.1 for details.

Once a file has been opened in read and write mode, the << operator can be used to insert infor-
mation into the file, while the >> operator may be used to extract information from the file. These
operations may be performed in any order, but a seekg() or seekp() operation is required when
switching between insertions and extractions. The following fragment will read a blank-delimited
word from the file, and will then write a string to the file, just beyond the point where the string
just read terminated, followed by the reading of yet another string just beyond the location where
the string just written ended (assuming that the file f i | enane contains enough information for the
extractions to succeed):

fstreamf("filenane", ios::in | io0s::out);
string str;

f >> str; /1l read the first word
// wite a well known text

f.seekg(0, ios::cur);
f << "hello world";

f.seekp(0, ios::cur);
f >> str; /1 and read again
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Since a seek or clear operation is required between alternating read and write (extraction and inser-
tion) operations on the same file it is not possible to execute a series of << and >> operations in one
expression statement.

Of course, random insertions and extractions are hardly ever used. Generally, insertions and ex-
tractions take place at specific locations in the file. In those cases, the position where the insertion
or extraction must take place can be controlled and monitored by the seekg(), seekp(),tel I g()
andtel | p() member functions (see sections 5.4.1.2 and 5.5.1.2).

Error conditions (see section 5.3.1) occurring due to, e.g., reading beyond end of file, reaching end of
file, or positioning before begin of file, can be cleared using the cl ear () member function. Following
cl ear () processing may continue. E.g.,

fstreamf("filenane", ios::in | io0s::out);
string str;

f.seekg(-10); /1 this fails, but..
f.clear(); /'l processing f continues

f >> str; /!l read the first word

A common situation in which files are both read and written occurs in database applications, where
files consists of records of fixed size, and where the location and size of pieces of information is well
known. For example, the following program may be used to add lines of text to a (possibly existing)
file, and to retrieve a certain line, based on its order-number from the file. Note the use of the binary
file i ndex to retrieve the location of the first byte of a line.

#i ncl ude <i ostreanr
#i ncl ude <fstreanp
#i ncl ude <string>
usi ng nanespace std;

void err(char const =*nsgQ)

{
cout << nBg << endl;
return;
}
void err(char const *nsg, |ong val ue)
{
cout << nmeg << val ue << endl|
return;
}
void read(fstream & ndex, fstream &strings)
{
int idx;
if (!(cin >>idx)) /1 read index

return err("line nunber expected");
i ndex. seekg(idx * sizeof(long)); /1 go to index-offset

| ong of f set;
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i f
(
'i ndex. read
( reinterpret_cast<char *>(&offset),
si zeof (1 ong)
)
)

return err("no offset for line", idx);
if (!strings.seekg(offset))
return err("can’t get string offet "

string |ine;

if ('getline(strings, line))
return err("no line at ", offset);

cout << "Got |ine: << line << endl

void wite(fstream & ndex,

{

fstream &strings)
string |ine;

if ('getline(cin, line))
return err("line mssing");

strings. seekp(0, ios::end);
i ndex. seekp(0, ios::end);

long offset = strings.tellp();

i f
(

lindex.write

(

reinterpret_cast<char *>(&offset),
si zeof (1 ong)

)

return err("Witing failed to index:

if (!'(strings << line << endl))
return err("Witing to ‘strings

cout << "Wite at offset << offset << "

mai n()

fstreamindex("index", ios::trunc | io0s::

/1 read the |ine-offset

/1 go to the line's offset
of fset);

!/l read the |line

/1 show the |ine

!/l read the |ine

/1 to strings

/1l to index

/1 wite the offset to index
", offset);

// wite the line itself

failed");

/1 confirmwiting the line
['ine: << line << endl

n| ios::out);
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fstreamstrings("strings", ios::trunc | ios::in | io0s::out);

r <nunber>'" to read |ine <nunber> or
"w<line> to wite a line\n"

cout << "enter

"or enter ‘q’" to quit.\n";
while (true)
{
cout << "r <nr>, w<line> q?"; /1 show pronpt
i ndex. cl ear();
strings.clear();
string cnd;
cin >> cnd; /1 read cnd
if (c = "q") /1 process the cnd.
return O;
if (cmd == "r")
read(i ndex, strings);
else if (cnmd == "w")
write(index, strings);
el se
cout << "Unknown command: " << cnd << endl
}

As another example of reading and writing files, consider the following program, which also serves
as an illustration of reading an ASCII-Z delimited string:

#i ncl ude <i ostreanr
#i ncl ude <fstreanr
usi ng nanespace std;

int main()

{ Il rlwthe file
fstreaemf("hello", ios::in ios::out | ios::trunc);
f.wite("hello", 6); /'l wite 2 ascii-z

f.wite("hello", 6);

f.seekg(0, ios::beg); /1 reset to begin of file
char buffer[100]; /1 or: char xbuffer = new char[ 100]
char c;

/1 read the first ‘hello’
cout << f.get(buffer, sizeof(buffer), 0).tellg() << endl;;
f >> c; /1 read the ascii-z delim

/1 and read the second ‘hello’
cout << f.get(buffer + 6, sizeof(buffer) - 6, 0).tellg() << endl;
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buffer[5] =" ’; /'l change asciiz to '’
cout << buffer << endl; /1 show 2 tines ‘hello’
}
| *
CGener at ed out put :
5
11
hello hello
*/

A completely different way to both read and write to streams can be implemented using the st r eanbuf
members of stream objects. All considerations mentioned so far remain valid: before a read oper-
ation following a write operation seekg() must be used, and before a write operation following
a read operation seekp() must be used. When the stream’s st r eanbuf objects are used, either
an i st reamis associated with the st r eanbuf object of another ost r eamobject, or vice versa, an
ost reamobject is associated with the st r eanbuf object of another i st r eamobject. Here is the
same program as before, now using associated streams:

#i ncl ude <i ostreane
#i ncl ude <fstrean
#i ncl ude <string>
usi ng nanespace std;

void err(char const *msQ); /'l see earlier example
void err(char const *nsg, |ong val ue);

voi d read(i stream & ndex, istream &strings)

{
i ndex. cl ear ();
strings.clear();
/1 insert the body of the read() function of the earlier exanple
}
void wite(ostream & ndex, ostream &strings)
{
i ndex. cl ear ();
strings.clear();
/1 insert the body of the wite() function of the earlier exanple
}
int main()
{
ifstreamindex_in("index", ios::trunc | ios::in | io0s::out);
ifstreamstrings_in("strings", ios::trunc | ios::in | ios::out);

ostream index_out(index_in.rdbuf());
ostream strings_out(strings_in.rdbuf());

r <nunber>" to read |ine <nunber> or
"w<line> to wite a |line\n"
to quit.\n";

cout << "enter

or enter ‘q
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while (true)
{

cout << "r <nr>, w<line> q ? "; /1 show pronpt

string cnd,
cin >> cnd; /!l read cnd

if (cmd == "q") /1 process the cnd.
return O;

if (cmd == "r")
read(i ndex_in, strings_in);
else if (cnd == "wW'")
write(index out, strings_ out);
el se
cout << "Unknown command: " << cnd << endl;

Please note:

e The streams to associate with the st r eanbuf objects of existing streams are not i f st r eamor
of st r eamobjects (or, for that matter, i st ri ngstreamor ost ri ngst r eamobjects), but basic
i st r eamand ost r eamobjects.

e The st r eanbuf object does not have to be defined in an i f st r eamor of st r eamobject: it can
be defined outside of the streams, using constructions like:

filebuf fb("index", ios::in | ios::out | ios::trunc);
i streamindex_in(&fb);
ostream i ndex_out (& b);

e Note that an i f st r eamobject can be constructed using stream modes normally used for writ-
ing to files. Conversely, of st r eamobjects can be constructed using stream modes normally
used for reading from files.

e Ifi streamand ost r eans are associated through a common st r eanbuf , then the read and
write pointers (should) point to the same locations: they are tightly coupled.

e The advantage of using a separate st r eanbuf over a predefined f st r eamobject is (of course)
that it opens the possibility of using st r eamobjects with specialized st r eanbuf objects. These
st reanbuf objects may then specifically be constructed to interface particular devices. Elabo-
rating this is left as an exercise to the reader.
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Chapter 6

Classes

In this chapter classes are formally introduced. Two special member functions, the constructor and
the destructor, are presented.

In steps we will construct a class Per son, which could be used in a database application to store a
person’s name, address and phone number.

Let’s start by creating the declaration of a cl ass Per son right away. The class declaration is
normally contained in the header file of the class, e.g., per son. h. A class declaration is generally
not called a declaration, though. Rather, these days the common name for class declarations is
class interface, to be distinguished from the definitions of the function members, called the class
implementation. The term ‘interface’ nicely avoids the confusion ‘declaration’ might present, since
‘declaration’ is traditionally used with ‘variable declaration’ and ‘function declaration’.

Thus, the interface of the cl ass Per son is:

#i ncl ude <string>

cl ass Person

{
std::string d_nane; /1 name of person
std::string d_address; // address field
std::string d_phone; /'l tel ephone number
size_t d_wei ght ; /1 the weight in kg.

publi c: /1 interface functions
voi d set Nane(std::string const &n);
voi d set Address(std::string const &a);
voi d set Phone(std::string const &p);
voi d set Wei ght (size_t weight);

std::string const &name() const ;
std::string const &address() const;
std::string const &phone() const;
size_t weight () const ;

H

Note, however, that this terminology is frequently loosely applied. Sometimes, class definition is
used to indicate the class interface. While the class definition (so, the interface) contains the declara-
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tions of its members, the actual implementation of these members is also referred to as the definition
of these members. As long as the concept of the class interface and the class implementation is well
distinguished, it should be clear from the context what is meant by a ‘definition’.

The data fields in this class are d_nanme, d_address, d_phone and d_wei ght. All fields except
d_wei ght are string objects. As the data fields are not given a specific access modifier, they
are pri vat e, which means that they can only be accessed by the functions of the class Per son.
Alternatively, the label ‘pri vat e: ’ might have been used at the beginning of a private section of the
class definition.

The data are manipulated by interface functions which take care of all communication with code
outside of the class. Either to set the data fields to a given value (e.g., set Nanme() ) or to inspect the
data (e.g., nane() ). Functions merely returning values stored inside the object, not allowing the
caller to modify these internally stored values, are called accessor functions.

Note once again how similar the cl ass is to the struct. The only formal difference between a
cl ass and a struct is the fact that by default classes have private members, whereas structs have
public members. In practice structs are used in the way they are used in C: to aggregate data, which
are all freely accessible, whereas classes usually hide their data from access by the outside world,
and feature member functions defining the actions class-objects may perform.

A few remarks concerning style. Following Lakos (Lakos, J., 2001) Large-Scale C++ Software
Design (Addison-Wesley). I suggest the following setup of class interfaces:

e All data members should have private access rights, and should be placed at the head of the
interface.

e All data members start with d_, followed by a name suggesting the meaning of the variable
(In chapter 10 we’ll also encounter data members starting with s_).

e Non-private data members do exist, but one should be hesitant to use non-private access rights
for data members (see also chapter 13).

e Two broad classes of member functions are manipulators and accessor functions. Manipulators
allow the users of objects to actually modify the internal data of the objects. By convention,
manipulators start with set . E.g., set Nane() .

e With accessors, often a get -prefix is encountered, e.g., get Nane() . However, following the con-
ventions used in the Qt Graphical User Interface Toolkit (see htt p: // www. trol | t ech. com,
the get -prefix is dropped. So, rather than defining the member get Addr ess( ), the function
will simply be defined as addr ess() .

e In normal situations (exceptions exist) the public member functions of a class should appear
first as they are the important elements of the interface from the class’s users point of view
as these public members define the features that the class offers to its users. It’s a matter of
convention to place them high up in the interface, immediately following the data members.
Consequently, the keyword pri vat e is needed to switch back from public members to the
(default) private situation which thus nicely separates the members that may be used ‘by the
general public’ from the class’s own support members.

Style conventions usually take a long time to develop. There is nothing obligatory about them, how-
ever. I suggest that readers who have compelling reasons not to follow the above style conventions
use their own. All others are strongly advised to adopt the above style conventions.
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6.1 The constructor

A class in C++ may contain two special categories of member functions which are involved in the
internal workings of the class. These member function categories are, on the one hand, the con-
structors and, on the other hand, the destructor. The destructor’s primary task is to return memory
allocated by an object to the common pool when an object goes ‘out of scope’. Allocation of memory is
discussed in chapter 7, and destructors will therefore be discussed in depth in that chapter.

In this chapter the emphasis will be on the basic form of the cl ass and on its constructors.

The constructor has by definition the same name as its class. The constructor does not specify a
return value, not even voi d. E.g., for the class Per son the constructor is Per son: : Person() . The
C++ run-time system ensures that the constructor of a class, if defined, is called when a variable
of the class, called an object, is defined (‘created’). It is of course possible to define a class with no
constructor at all. In that case the program will call a default constructor when a corresponding
object is created. What actually happens in that case depends on the way the class has been defined.
The actions of the default constructors are covered in section 6.4.1.

Objects may be defined locally or globally. However, in C++ most objects are defined locally. Globally
defined objects are hardly ever required.

When an object is defined locally (in a function), the constructor is called every time the function is
called. The object’s constructor is then activated at the point where the object is defined (a subtlety
here is that a variable may be defined implicitly as, e.g., a temporary variable in an expression).

When an object is defined as a static object (i.e., it is static variable) in a function, the constructor is
called when the function in which the static variable is defined is called for the first time.

When an object is defined as a global object the constructor is called when the program starts. Note
that in this case the constructor is called even before the function mai n() is started. This feature is
illustrated in the following program:

#i ncl ude <i ostreanp
usi ng nanespace std,;

cl ass Denp

{
publi c:
Deno() ;
b
Deno: : Deno()
{
cout << "Denp constructor called\n";
}
Deno d;
int main()
{}
[ *

Gener at ed out put:
Deno constructor call ed
* [
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The above listing shows how a class Denp is defined which consists of just one function: the con-
structor. The constructor performs but one action: a message is printed. The program contains one
global object of the class Denp, and mai n() has an empty body. Nonetheless, the program produces
some output.

Some important characteristics of constructors are:

e The constructor has the same name as its class.

e The primary function of a constructor is to make sure that all its data members have sensible
or at least defined values once the object has been constructed. We'll get back to this important
task shortly.

e The constructor does not have a return value. This holds true for the declaration of the con-
structor in the class definition, as in:

cl ass Denp

{
publi c:
Deno() ; /'l no return val ue here

s
and it holds true for the definition of the constructor function, as in:

Deno: : Deno() /'l no return val ue here

{
}

/'l statenents ...

e The constructor function in the example above has no arguments. It is called the default
constructor. That a constructor has no arguments is, however, no requirement per se. We
shall shortly see that it is possible to define constructors with arguments as well as without
arguments.

e NOTE: Once a constructor is defined having arguments, the default constructor doesn’t exist
anymore, unless the default constructor is defined explicitly too.

This has important consequences, as the default constructor is required in cases where it must
be able to construct an object either with or without explicit initialization values. By merely
defining a constructor having at least one argument, the implicitly available default construc-
tor disappears from view. As noted, to make it available again in this situation, it must be
defined explicitly too.

6.1.1 A first application

As illustrated at the beginning of this chapter, the class Per son contains three pri vate string
data members and asi ze t d_wei ght data member. These data members can be manipulated by
the interface functions.

Classes (should) operate as follows:

e When the object is constructed, its data members are given ‘sensible’ values. Thus, objects
never suffer from uninitialized values.
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e The assignment to a data member (using a set. .. () function) consists of the assignment of
the new value to the corresponding data member. This assignment is fully controlled by the
class-designer. Consequently, the object itself is ‘responsible’ for its own data-integrity.

e Inspecting data members using the accessor functions simply returns the value of the re-
quested data member. Again, this will not result in uncontrolled modifications of the object’s

data.
The set . .. () functions could be constructed as follows:
#i ncl ude "person. h" /'l given earlier

/'l interface functions set...()
voi d Person::setNane(string const &nane)

{
}

d_nane = nane;

voi d Person::set Address(string const &address)

d_address = address;

}

voi d Person::set Phone(string const &phone)
{ d_phone = phone;

}

voi d Person::set\Wight(size_t weight)

i d_wei ght = wei ght;

Next the accessor functions are defined. Note the occurence of the keyword const following the
parameter lists of these functions: these member functions are called const member functions, indi-
cating that they will not modify their object’s data when they’re called. Furthermore, notice that the
return types of the member functions returning the values of the st ri ng data members are st ri ng
const & types: the const here indicates that the caller of the member function cannot alter the
returned value itself. The caller of the accessor member function could copy the returned value to a
variable of its own, though, and that variable’s value may then of course be modified ad /ib. Const
member functions are discussed in greater detail in section 6.2. The return value of the wei ght ()
member function, however, is a plain si ze_t, as this can be a simple copy of the value that’s stored
in the Per son’s wei ght member:

#i ncl ude "person. h" /1 given earlier
/'l accessor functions ... ()

string const &Person::nanme() const

{

return d_nane;

}

string const &Person::address() const

{
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return d_address;

}

string const &Person::phone() const

{

return d_phone;
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}
size_ t Person::weight() const
{ return d_wei ght;
}
The class definition of the Per son class given earlier can still be used. The set. .. () and accessor

functions merely implement the member functions declared in that class definition.

The following example shows the use of the class Per son. An object is initialized and passed to
a function pri nt per son(), which prints the person’s data. Note also the usage of the reference
operator & in the argument list of the function pri nt per son(). This way only a reference to an
existing Per son object is passed, rather than a whole object. The fact that pri nt person() does
not modify its argument is evident from the fact that the parameter is declared const .

Alternatively, the function pri nt per son() might have been defined as a publ i ¢ member function
of the class Per son, rather than a plain, objectless function.

#i ncl ude <i ostreane
#i ncl ude "person. h"

voi d printperson(Person const &p)

{

cout << "Nane © " << p.nane() << endl
"Address : " << p.address() << end
"Phone : " << p.phone() << end
"Wei ght : " << p.weight() << endl
}
int main()
{
Person p;
p. set Name("Li nus Torval ds");
p. set Address("E-nmai | : Torval ds@s. hel sinki.fi");
p. set Phone(" - not sure - ");
p. set Wi ght (75) ; /'l kg.
print person(p);
return O;
}
| *
Produced out put:
Narme : Linus Torval ds
Address : E-mail: Torval ds@s. hel sinki.f
Phone : - not sure -

Weight : 75

/1 given earlier

<<
<<
<<



6.1. THE CONSTRUCTOR 125

*/

6.1.2 Constructors: with and without arguments

In the above declaration of the class Per son the constructor has no arguments. C++ allows con-
structors to be defined with or without argument lists. The arguments are supplied when an object
is created.

For the class Per son a constructor expecting three strings and an size_t may be handy: these argu-
ments then represent, respectively, the person’s name, address, phone number and weight. Such a
constructor is:

Per son:: Person(string const &nane, string const &address,
string const &phone, size_t weight)

{
d_nane = nane;
d_address = address;
d_phone = phone;
d_wei ght = wei ght;

}

The constructor must also be declared in the class interface:

cl ass Person

{
publi c:
Person(std::string const &name, std::string const &address,
std::string const &phone, size t weight);
/1 rest of the class interface
b

However, now that this constructor has been declared, the default constructor must be declared
explicitly too, if we still want to be able to construct a plain Per son object without any specific
initial values for its data members.

Since C++ allows function overloading, such a declaration of a constructor can co-exist with a con-
structor without arguments. The class Per son would thus have two constructors, and the relevant
part of the class interface becomes:

cl ass Person

{
publi c:
Person();
Person(std::string const &nane, std::string const &address,
std::string const &phone, size t weight);
/1 rest of the class interface
b

In this case, the Per son() constructor doesn’t have to do much, as it doesn’t have to initialize the
stri ng data members of the Per son object: as these data members themselves are objects, they
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are already initialized to empty strings by default. However, there is also a si ze_t data member.
That member is a variable of a basic type and basic type variabes are not initialized automatically.
So, unless the value of the d_wei ght data member is explicitly initialized, it will be

e A random value for local Per son objects,

e 0 for global and static Per son objects
The 0-value might not be too bad, but normally we don’t want a random value for our data members.

So, the default constructor has a job to do: initializing the data members which are not initialized to
sensible values automatically. Here is an implementation of the default constructor:

Per son: : Person()

{
}

d_wei ght = 0;

The use of a constructor with and without arguments (i.e., the default constructor) is illustrated in
the following code fragment. The object a is initialized at its definition using the constructor with
arguments, with the b object the default constructor is used:

int main()

{
Person a("Karel", "Rietveldlaan 37", "542 6044", 70);
Per son b;
return O;

}

In this example, the Per son objects a and b are created when mai n() is started: they are local
objects, living for as long as the mai n() function is active.

If Per son objects must be contructed using other arguments, other constructors are required as
well. It is also possible to define default parameter values. These default parameter values must be
given in the class interface, e.g.,

cl ass Person

{
publi c:
Person();
Person(std::string const &nane,
std::string const &ddress = "--unknown--",
std::string const &phone = "--unknown--",
size_t weight = 0);
/'l rest of the class interface
b

Often, the constructors are implemented highly similarly. This results from the fact that often the
constructor’s parameters are defined for convenience: a constructor not requiring a phone number
but requiring a wei ght cannot be defined using default arguments, since only the last but one
parameter in the constructor defining all four parameters is not required. This cannot be solved
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using default argument values, but only by defining another constructor, not requiring phone to be
specified.

Although some languages (e.g., Java) allow constructors to call other constructors from their bodies,
this is conceptually weird. It’s weird because it makes a kludge out of the constructor concept. A
constructor is meant to construct an object, not to construct itself while it hasn’t been constructed
yet.

In C++ the way to proceed is as follows: All constructors must initialize their reference and const
data members, or the compiler will (rightfully) complain. This is one of the fundamental reasons why
you can’t call a constructor during a construction. For the remaining (non-const and non-reference
members), we have two options:

e Ifthe body of your construction process is extensive, but (parameterizable) identical to another
constructor’s body, factorize! Make a private member i ni t (maybe havi ng par ans) called
by the constructors. Each constructor furthermore initializes any reference data members its
class may have.

e If the constructors act fundamentally differently, then there’s nothing left but to define com-
pletely different constructors.

6.1.2.1 The order of construction

The possibility to pass arguments to constructors allows us to monitor the construction of objects
during a program’s execution. This is shown in the next listing using a class Test. The program
listing below shows a class Test, a global Test object, and two local Test objects: in a function
func() and in the mai n() function. The order of construction is as expected: first global, then
main’s first local object, then f unc() ’s local object, and then, finally, mai n() ’s second local object:

#i ncl ude <i ostreanp
#i ncl ude <string>
usi ng nanespace std;

cl ass Test

{

publi c:

Test (string const &nane); /1 constructor with an argunent

s
Test:: Test(string const &nane)
{

cout << "Test object " << nanme << " created" << endl
}

Test gl obal test("gl obal");

voi d func()

{
Test functest("func");
}
int main()
{

Test first("main first");
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func();
Test second("rain second");
return O;
}
| *
Gener at ed out put:
Test object gl obal created
Test object main first created
Test object func created
Test object nain second created
*/

6.2 Const member functions and const objects

The keyword const is often used behind the parameter list of member functions. This keyword
indicates that a member function does not alter the data members of its object, but will only inspect
them. These member functions are called const member functions. Using the example of the class
Per son, we see that the accessor functions were declared const :

cl ass Person

{
publi c:
std::string const &nanme() const;
std::string const &address() const;
std::string const &phone() const;
b

This fragment illustrates that the keyword const appears behind the functions’ argument lists.
Note that in this situation the rule of thumb given in section 3.1.3 applies as well: whichever appears
before the keyword const , may not be altered and doesn’t alter (its own) data.

The const specification must be repeated in the definitions of member functions:

string const &Person::nanme() const

{
}

return d_nane;

A member function which is declared and defined as const may not alter any data fields of its class.
In other words, a statement like

d_name = 0;

in the above const function nanme() would result in a compilation error.

Const member functions exist because C++ allows const objects to be created, or (used more of-
ten) references to const objects to be passed to functions. For such objects only member functions
which do not modify it, i.e., the const member functions, may be called. The only exception to this
rule are the constructors and destructor: these are called ‘automatically’. The possibility of calling
constructors or destructors is comparable to the definition of a variable i nt const max = 10. In
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situations like these, no assignment but rather an initialization takes place at creation-time. Analo-
gously, the constructor can initialize its object when the const variable is created, but subsequent
assignments cannot take place.

The following example shows the definition of a const object of the class Per son. When the object
is created the data fields are initialized by the constructor:

Person const ne("Karel", "karel @cce.rug.nl", "542 6044");

Following this definition it would be illegal to try to redefine the name, address or phone number for
the object ne: a statement as

me. set Nanme(" Ler ak");

would not be accepted by the compiler. Once more, look at the position of the const keyword in the
variable definition: const, following Per son and preceding ne associates to the left: the Per son
object in general must remain unaltered. Hence, if multiple objects were defined here, both would
be constant Per son objects, as in:

Per son const /1 all constant Person objects
kk("Karel", "karel @cce.rug.nl", "542 6044"),
fbb("Frank", "f.b.brokken@ug.nl", "363 9281");

Member functions which do not modify their object should be defined as const member functions.
This subsequently allows the use of these functions with const objects or with const references. As
a rule of thumb it is stated here that member functions should always be given the const attribute,
unless they actually modify the object’s data.

Earlier, in section 2.5.11 the concept of function overloading was introduced. There it noted that
member functions may be overloaded merely by their const attribute. In those cases, the compiler
will use the member function matching most closely the const-qualification of the object:

e When the object is a const object, only const member functions can be used.
e When the object is not a const object, non-const member functions will be used, unless only

a const member function is available. In that case, the const member function will be used.

An example showing the selection of (non) const member functions is given in the following exam-
ple:

#i ncl ude <i ostreanp
usi ng nanespace std;

class X
{
publi c:
X();
voi d nmenber () ;
voi d menber () const;
H

Xt X()



cout << "non const nenber\n";

cout << "const nenber\n";

X const const Obj ect;

nonConst Obj ect ;

const Qbj ect . nenber () ;
nonConst Obj ect . nenber () ;

Gener at ed out put:
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{}
void X :member ()
{
}
void X :member() const
{
}
int main()
{
X
}
| *
const menber
non const memnber
*/
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Overloading member functions by their const attribute commonly occurs in the context of operator
overloading. See chapter 9, in particular section 9.1 for details.

6.2.1 Anonymous objects

Situations exists where objects are used because they offer a certain functionality. They only exist
because of the functionality they offer, and nothing in the objects themselves is ever changed. This
situation resembles the well-known situation in the C programming language where a function
pointer is passed to another function, to allow run-time configuration of the behavior of the latter

function.

For example, the class Pri nt may offer a facility to print a string, prefixing it with a configurable
prefix, and affixing a configurable affix to it. Such a class could be given the following prototype:

class Print

{
publ

s

ic:

printout(std::string const &prefix,

std::string const &affix) const;

An interface like this would allow us to do things like:

Print print;

for (int

i dx

0;

i dx < argc; ++idx)

print.printout("arg: ", argv[idx], "\n");

std::string const &text,
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This would work well, but can greatly be improved if we could pass pri nt out ’s invariant arguments
to Pri nt’s constructors: this way we would not only simplify pri nt out ’s prototype (only one argu-
ment would need to be passed rather than three, allowing us to make faster calls to pri nt out ) but
we could also capture the above code in a function expecting a Pri nt object:

voi d printText(Print const &orint, int argc, char xargv[])

{
for (int idx = 0; idx < argc; ++idx)
print.printout(argv[idx]);

Now we have a fairly generic piece of code, at least as far as Pri nt is concerned. If we would provide
Pri nt’s interface with the following constructors we would be able to configure our output stream
as well:

Print(char const xprefix, char const *affix);
Print(ostream &ut, char const =prefix, char const =affix);

Now pri nt Text could be used as follows:

Print pi("arg: ", "\n"); /] prints to cout
Print p2(cerr, "err: --", "--\n"); [/ prints to cerr
print Text (pl, argc, argv); /1 prints to cout
print Text (p2, argc, argv); [/l prints to cerr

However, when looking closely at this example, it should be clear that both pl and p2 are only
used inside the pri nt Text function. Furthermore, as we can see from pri nt Text’s prototype,
print Text won’t modify the internal data of the Pri nt object it is using.

In situations like these it is not necessary to define objects before they are used. Instead anonymous
objects should be used. Using anonymous objects is indicated when:

e A function parameter defines a const reference to an object;

e The object is only needed inside the function call.

Anonymous objects are defined by calling a constructor without providing a name for the constructed
object. In the above example anonymous objects can be used as follows:

printText(Print("arg: ", "\n"), argc, argv); /1 prints to cout

printText(Print(cerr, "err: --", "--\n"), argc, argv);// prints to cerr

In this situation the Pri nt objects are constructed and immediately passed as first arguments to
the pri nt Text functions, where they are accessible as the function’s pri nt parameter. While the
print Text function is executing they can be used, but once the function has completed, the Pri nt
objects are no longer accessible.

Anonymous objects cease to exist when the function for which they were created has terminated. In
this respect they differ from ordinary local variables whose lifetimes end by the time the function
block in which they were defined is closed.



132 CHAPTER 6. CLASSES

6.2.1.1 Subtleties with anonymous objects

As discussed, anonymous objects can be used to initialize function parameters that are const ref-
erences to objects. These objects are created just before such a function is called, and are destroyed
once the function has terminated. This use of anonymous objects to initialize function parameters
is often seen, but C++’s grammar allows us to use anonymous objects in other situations as well.
Consider the following snippet of code:

int main()

{
// initial statements
Print("hello", "world");
/1l later statenents

In this example the anonymous Pri nt object is constructed, and is immediately destroyed after
its construction. So, following the ‘initial statements’ our Pri nt object is constructed, then it is
destroyed again, followed by the execution of the ‘later statements’. This is remarkable as it shows
that the standard lifetime rules do not apply to anonymous objects. Their lifetime is limited to the
statement, rather than to the end of the block in which they are defined.

Of course one might wonder why a plain anonymous object could ever be considered useful. One
might think of at least one situation, though. Assume we want to put markers in our code producing
some output when the program’s execution reaches a certain point. An object’s constructor could be
implemented so as to provide that marker-functionality, thus allowing us to put markers in our code
by defining anonymous, rather than named objects.

However, C++’s grammar contains another remarkable characteristic. Consider the next example:

int main(int argc, char xargv[])

{
Print p("", ""); /11
printText(Print(p), argc, argv); /1 2

In this example a non-anonymous object p is constructed in statement 1, which object is then used in
statement 2 to initialize an anonymous object which, in turn, is then used to initialize pri nt Text’s
const reference parameter. This use of an existing object to initialize another object is common
practice, and is based on the existence of a so-called copy constructor. A copy constructor creates an
object (as it is a constructor) using an existing object’s characteristics to initialize the new object’s
data. Copy constructors are discussed in depth in chapter 7, but presently merely the concept of a
copy constructor is used.

In the last example a copy constructor was used to initialize an anonymous object, which was then
used to initialize a parameter of a function. However, when we try to apply the same trick (i.e., using
an existing object to initialize an anonymous object) to a plain statement, the compiler generates an
error: the object p can’t be redefined (in statement 3, below):

int main(int argc, char xargv[])

{
Print p("", ""); 111
printText(Print(p), argc, argv); /Il 2
Print(p); /Il 3 error!
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So using an existing object to initialize an anonymous object that is used as function argument is
OK, but an existing object can’t be used to initialize an anonymous object in a plain statement?

The answer to this apparent contradiction is actually found in the compiler’s error message itself.
At statement 3 the compiler states something like:

error: redeclaration of "Print p’

which solves the problem, noting that within a compound statement objects and variables may be
defined as well. Inside a compound statement, a type name followed by a vari abl e nane is the
grammatical form of a variable definition. Parentheses can be used to break priorities, but if there
are no priorities to break, they have no effect, and are simply ignored by the compiler. In statement
3 the parentheses allowed us to get rid of the blank that’s required between a type name and the
variable name, but to the compiler we wrote

Print (p);
which is, since the parentheses are superfluous, equal to
Print p;

thus producing p’s redeclaration.

As a further example: when we define a variable using a basic type (e.g., doubl e) using superfluous
parentheses the compiler will quietly remove these parentheses for us:

double ((((a)))); [l weird, but OK
To summarize our findings about anonymous variables:

e Anonymous objects are great for initializing const reference parameters.

e The same syntaxis, however, can also be used in stand-alone statements, in which they are
interpreted as variable definitions if our intention actually was to initialize an anonymous
object using an existing object.

e Since this may cause confusion, it’s probably best to restrict the use of anonymous objects to
the first (and main) form: initializing function parameters.

6.3 The keyword ‘inline’

Let us take another look at the implementation of the function Per son: : nane() :

std::string const &Person::name() const

{
}

return d_nane;

This function is used to retrieve the name field of an object of the class Per son. In a code fragment
like:

Person frank("Frank", "Qostumerweg 17", "403 2223");



134 CHAPTER 6. CLASSES

cout << frank. name();
the following actions take place:

e The function Per son: : nane() is called.
e This function returns the nane of the object f r ank as a reference.

e The referenced name is inserted into cout .

Especially the first part of these actions results in some time loss, since an extra function call is
necessary to retrieve the value of the nane field. Sometimes a faster procedure may be desirable,
in which the nane field becomes immediately available, without ever actually calling a function
name(). This can be implemented using i nl i ne functions. An inline function is a request to the
compiler to insert the function’s code at the location of the function’s call. This speeds up execution
by avoiding a function call, which typically comes with some (stack handling and parameter passing)
overhead. Note that i nl i ne is a request to the compiler: the compiler may decide to ignore it, and
will probably ignore it when the function’s body contains much code. Good programming discipline
suggests to be aware of this, and to avoid i nl i ne unless the function’s body is fairly small. More on
this in section 6.3.2.

6.3.1 Defining members inline

Inline functions may be implemented in the class interface itself. For the class Per son this results
in the following implementation of nane() :

cl ass Person

{
publi c:
std::string const &nane() const
{
return d_nane;
}
b

Note that the inline code of the function name() now literally occurs inline in the interface of the
class Per son. The keyword const occurs after the function declaration, and before the code block.

Although members can be defined inside the class interface itself, it should be considered bad prac-
tice because of the following considerations:

e Defining functions inside the interface confuses the interface with the implementation. The
interface should merely document what functionality the class offers. Mixing member declara-
tions with implementation detail complicates understanding the interface. Readers will have
to skip over implementation details which takes time and makes it hard to grab the ‘broad
picture’, and thus to understand at a glance what functionality the class’s objects are offering.

e Although members that are eligible for inline-coding should remain inline, situations do exist
where members migrate from an inline to a non-inline definition. The in-class inline definition
still needs editing (sometimes considerable editing) before a non-inline definition is ready to be
compiled. This additional editing is undesirable.
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Because of the above considerations inline members should not be defined within the class interface.
Rather, they should be defined below the class interface. The nane() member of the Per son class
is therefore preferably defined as follows:

cl ass Person

{

publi c:

std::string const &nanme() const;

b
inline std::string const &Person::nanme() const
{

return d_nane;
}

This version of the Per son class clearly shows that:

e the class interface itself only contains a declaration

e the inline implementation can easily be redefined as a non-inline implementation by removing
the i nl i ne keyword and including the appropriate class-header file. E.g.,

#i ncl ude "person. h"

std::string const &Person::nane() const

{
}

return d_nane;

Defining members inline has the following effect: Whenever an inline function is called in a program
statement, the compiler may insert the function’s body at the location of the function call. The
function itself may never actually be called. Consequently, the function call is prevented, but the
function’s body appears as often in the final program as the inline function is actually called.

This construction, where the function code itself is inserted rather than a call to the function, is
called an inline function. Note that using inline functions may result in multiple occurrences of the
code of those functions in a program: one copy for each invocation of the inline function. This is
probably OK if the function is a small one, and needs to be executed fast. It’'s not so desirable if
the code of the function is extensive. The compiler knows this too, and considers the use of inline
functions a request rather than a command: if the compiler considers the function too long, it will
not grant the request, but will, instead, treat the function as a normal function. As a rule of thumb:
members should only be defined inline if they are small (containing a single, small statement) and
if it is highly unlikely that their definition will ever change.

6.3.2 When to use inline functions

When should i nl i ne functions be used, and when not? There are some rules of thumb which may
be followed:

e In general i nl i ne functions should not be used. Voila; that’s simple, isn’t it?

e Defining i nl i ne functions can be considered once a fully developed and tested program runs
too slowly and shows ‘bottlenecks’ in certain functions. A profiler, which runs a program and
determines where most of the time is spent, is necessary to perform for such optimizations.
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e i nline functions can be used when member functions consist of one very simple statement
(such as the return statement in the function Per son: : nanme() ).

e By defining a function as i nl i ne, its implementation is inserted in the code wherever the
function is used. As a consequence, when the implementation of the inline function changes, all
sources using the inline function must be recompiled. In practice that means that all functions
must be recompiled that include (either directly or indirectly) the header file of the class in
which the inline function is defined.

e It is only useful to implement an i nl i ne function when the time spent during a function call
is long compared to the code in the function. An example of an i nl i ne function which will
hardly have any effect on the program’s speed is:

voi d Person::printnanme() const

{
}

cout << d_nane << endl;

This function, which is, for the sake of the example, presented as a member of the class Per son,
contains only one statement. However, the statement takes a relatively long time to execute.
In general, functions which perform input and output take lots of time. The effect of the
conversion of this function pri nt name() to i nl i ne would therefore lead to an insignificant
gain in execution time.

All i nli ne functions have one disadvantage: the actual code is inserted by the compiler and must
therefore be known compile-time. Therefore, as mentioned earlier, an i nl i ne function can never
be located in a run-time library. Practically this means that an i nl i ne function is placed near
the interface of a class, usually in the same header file. The result is a header file which not only
shows the declaration of a class, but also part of its implementation, thus blurring the distinction
between interface and implementation.

Finally, note once again that the keyword i nl i ne is not really a command to the compiler. Rather,
it is a request the compiler may or may not grant.

6.4 Objects inside objects: composition

Often objects are used as data members in class definitions. This is called composition.

For example, the class Per son holds information about the name, address and phone number. This
information is stored in st ri ng data members, which are themselves objects: composition.

Composition is not extraordinary or C++ specific: in C a st ruct or uni on field is commonly used in
other compound types.

The initialization of composed objects deserves some special attention: the topics of the coming
sections.

6.4.1 Composition and const objects: const member initializers

Composition of objects has an important consequence for the constructor functions of the ‘composed’
(embedded) object. Unless explicitly instructed otherwise, the compiler generates code to call the
default constructors of all composed classes in the constructor of the composing class.
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Often it is desirable to initialize a composed object from a specific constructor of the composing class.
This is illustrated below for the class Per son. In this fragment it assumed that a constructor for a
Per son should be defined expecting four arguments: the name, address and phone number plus the
person’s weight:

Per son: : Person(char const =*name, char const xaddress,
char const =*phone, size_t weight)

d_nane(nane),
d_addr ess(address),
d_phone( phone),
d_wei ght (wei ght)

{}

Following the argument list of the constructor Per son: : Per son(), the constructors of the st ri ng
data members are explicitly called, e.g., d_nane( nane) . The initialization takes place before the
code block of Per son: : Per son() (now empty) is executed. This construction, where member ini-
tialization takes place before the code block itself is executed is called member initialization. Mem-
ber initialization can be made explicit in the member initializer list, that may appear after the pa-
rameter list, between a colon (announcing the start of the member initializer list) and the opening
curly brace of the code block of the constructor.

Member initialization always occurs when objects are composed in classes: if no constructors are
mentioned in the member initializer list the default constructors of the objects are called. Note that
this only holds true for objects. Data members of primitive data types are not initialized automati-
cally.

Member initialization can, however, also be used for primitive data members, like i nt and doubl e.
The above example shows the initialization of the data member d_wei ght from the parameter
wei ght. Note that with member initializers the data member could even have the same name
as the constructor parameter (although this is deprecated): with member initialization there is no
ambiguity and the first (left) identifier in, e.g., wei ght (wei ght) is interpreted as the data member
to be initialized, whereas the identifier between parentheses is interpreted as the parameter.

When a class has multiple composed data members, all members can be initialized using a ‘member
initializer list’: this list consists of the constructors of all composed objects, separated by commas.
The order in which the objects are initialized is defined by the order in which the members are
defined in the class interface. If the order of the initialization in the constructor differs from the
order in the class interface, the compiler complains, and reorders the initialization so as to match
the order of the class interface.

Member initializers should be used as often as possible: it can be downright necessary to use them,
and not using member initializers can result in inefficient code: with objects always at least the
default constructor is called. So, in the following example, first the st ri ng members are initialized
to empty strings, whereafter these values are immediately redefined to their intended values. Of
course, the immediate initialization to the intended values would have been more efficent.

Per son: : Person(char const *nanme, char const xaddress,
char const =*phone, size t weight)
{

d_nane = nane;
d_address = address;
d_phone = phone;
d_wei ght = wei ght;
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This method is not only inefficient, but even more: it may not work when the composed object is
declared as a const object. A data field like bi r t hday is a good candidate for being const , since a
person’s birthday usually doesn’t change too much.

This means that when the definition of a Per son is altered so as to contain a string const

bi r t hday member, the implementation of the constructor Per son: : Per son() in which also the
birthday must be initialized, a member initializer must be used for bi rt hday. Direct assignment of
the birthday would be illegal, since bi r t hday is a const data member. The next example illustrates
the const data member initialization:

Per son: : Person(char const =*name, char const xaddress,
char const =*phone, char const =birthday,
size_t weight)

d_nane( nane),
d_addr ess(address),
d_phone( phone),
d_birthday(birthday), /'l assume: string const d_birthday
d_wei ght (wei ght)
{}

Concluding, the rule of thumb is the following: when composition of objects is used, the member
initializer method is preferred to explicit initialization of composed objects. This not only results in
more efficient code, but it also allows composed objects to be declared as const objects.

6.4.2 Composition and reference objects: reference member initializers

Apart from using member initializers to initialize composed objects (be they const objects or not),
there is another situation where member initializers must be used. Consider the following situation.

A program uses an object of the class Confi gfi |l e, defined in nmai n() to access the information in
a configuration file. The configuration file contains parameters of the program which may be set by
changing the values in the configuration file, rather than by supplying command line arguments.

Assume that another object that is used in the function mai n() is an object of the class Pr ocess,
doing ‘all the work’. What possibilities do we have to tell the object of the class Pr ocess that an
object of the class Confi gfi | e exists?

e The objects could have been declared as global objects. This is a possibility, but not a very good
one, since all the advantages of local objects are lost.

e The Confi gfil e object may be passed to the Pr ocess object at construction time. Bluntly
passing an object (i.e., by value) might not be a very good idea, since the object must be copied
into the Confi gf i | e parameter, and then a data member of the Pr ocess class can be used to
make the Confi gfi | e object accessible throughout the Pr ocess class. This might involve yet
another object-copying task, as in the following situation:

Process: : Process(Configfile conf) /1l a copy fromthe caller

{
}

e The copy-instructions can be avoided if pointers to the Confi gf i | e objects are used, as in:

d_conf = conf; /1 copying to conf_nenber

Process: : Process(Configfile xconf) // pointer to external object
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{
}

This construction as such is OK, but forces us to use the ‘- >’ field selector operator, rather
than the ‘.’ operator, which is (disputably) awkward: conceptually one tends to think of the
Confi gfil e object as an object, and not as a pointer to an object. In C this would probably
have been the preferred method, but in C++ we can do better.

d_conf = conf; /1 d_conf is a Configfile =

e Rather than using value or pointer parameters, the Confi gf i | e parameter could be defined
as a reference parameter to the Pr ocess constructor. Next, we can define a Conf i g reference
data member in the cl ass Process. Using the reference variable effectively uses a pointer,
disguised as a variable.

However, the following construction will not result in the initialization of the Confi gfi | e &d_conf
reference data member:

Process: : Process(Configfile &conf)

{
d_conf = conf; /1 wong: no assignment
}
The statement d_conf = conf fails, because the compiler won’t see this as an initialization, but

considers this an assignment of one Confi gfi | e object (i.e., conf ), to another (d_conf). It does
so, because that’s the normal interpretation: an assignment to a reference variable is actually an
assignment to the variable the reference variable refers to. But to what variable does d_conf refer?
To no variable, since we haven’t initialized d_conf . After all, the whole purpose of the statement
d_conf = conf was to initialize d_conf ....

So, how do we proceed when d_conf must be initialized? In this situation we once again use the
member initializer syntax. The following example shows the correct way to initialize d_conf :

Process: : Process(Configfile &conf)

d_conf (conf) /1 initializing reference nenber

{}

Note that this syntax must be used in all cases where reference data members are used. If d_ir
would be an i nt reference data member, a construction like

Process: : Process(int &r)

d_ir(ir)
{}

would have been called for.

6.5 Local classes: classes inside functions

Classes are usually defined at the global or namespace level. However, it is entirely possible to
define a class inside a function. Such classes are called local classes.



140 CHAPTER 6. CLASSES

Local classes can be very useful in advanced applications involving inheritance or templates (cf.
section 13.8). At this point in the Annotations they have limited use, although it is possible to
describe their main features now. Refer to the example shown at the end of this section for code-
examples illustrating the following featurees of local classes:

e Local classes may use almost all characteristics of normal classes: they may have have con-
structors, destructors, data members, member functions;

e Local classes cannot define static data members. Static member functions, however, can be
defined.

e If a local class needs access to a constant integral value, a local enum can be used. The enum
may be anonymous, exposing only the enumvalues.

e Local classes cannot directly access the non-static variables of their surrounding context. For
example, in the example shown below the class Local cannot directly access nmai n’s ar gc
parameter.

e Local classes may directly access global data and static variables defined by their surrounding
function. This includes variables defined in the anonymous namespace defined in the source
file containing the local class.

e Local objects can be defined within the function body, but they cannot leave the function as
objects of their own type. I.e., a local class name cannot be used for either the return type or
for the parameter types of its surrounding function.

e However, as a prelude to inheritance (chapter 13): a local class may be derived from an existing
class allowing the surrounding function to return a dynamically allocated locally constructed
class object, pointer or reference could be returned via a base class pointer or reference.

e Since a local class may define static member functions, it is possible to define nested functions
in C++ somewhat comparable to the way programming languages like Pascal allow nested
functions to be defined.

#i ncl ude <i ostreanr
#i ncl ude <string>

usi ng nanespace std;
int main(int argc, char xargv[])
{

static size_ t staticValue = 0;

cl ass Loca

{
int d_argc; /'l non-static data nmenmbers OK
public:
enum /'l enums OK
{
value = 5
b
Local (i nt argc) /'l constructors and nenber functions OK

/1 in-class inplenmentation required
d_argc(argc)
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/1 gl obal data: accessible
cout << "Local constructor\n";

/1l static function variables: accessible
staticVal ue += 5;

}

static void hello() // static menber functions: OK

{

cout << "hello world\n";

}
H
Local : : hell o(); /1 call Local static menber
Local | oc(argc); /1 define object of a |ocal class
return O;

6.6 The keyword ‘mutable’

Earlier, in section 6.2, the concepts of const member functions and const objects were introduced.

C++, however, allows the construction of objects which are, in a sense, neither const objects, nor
non-const objects. Data members which are defined using the keyword nmut abl e, can be modified
by const member functions.

An example of a situation where mut abl e might come in handy is where a const object needs to
register the number of times it was used. The following example illustrates this situation:

#i ncl ude <string>
#i ncl ude <i ostreanp
#i ncl ude <nenory>

cl ass Mut abl e

{
std::string d_nane;
mut abl e int d_count; /'l uses mnutabl e keyword
publi c:

Mut abl e(std::string const &nane)

d_nane( nane),

d_count (0)
{}
void call ed() const
{
std::cout << "Calling " << d_nane <<
" (attenpt " << ++d_count << ")\n";
}
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int main()
Mut abl e const x("Constant mnutabl e object");

for (int idx = 0; idx < 4; idx++)

x.cal led(); /1 nodify data of const object

}
| *

Gener at ed out put:

Cal l'i ng Constant mutabl e object (attenpt 1)

Cal ling Constant nutabl e object (attenpt 2)

Cal ling Constant nutabl e object (attenpt 3)

Cal ling Constant nutabl e object (attenpt 4)
*/

The keyword mut abl e may also be useful in classes implementing, e.g., reference counting. Consider
a class implementing reference counting for textstrings. The object doing the reference counting
might be a const object, but the class may define a copy constructor. Since const objects can’t
be modified, how would the copy constructor be able to increment the reference count? Here the
nmut abl e keyword may profitably be used, as it can be incremented and decremented, even though
its object is a const object.

The advantage of having a mut abl e keyword is that, in the end, the programmer decides which data
members can be modified and which data members can’t. But that might as well be a disadvantage:
having the keyword nut abl e around prevents us from making rigid assumptions about the stability
of const objects. Depending on the context, that may or may not be a problem. In practice, nut abl e
tends to be useful only for internal bookkeeping purposes: accessors returning values of mutable
data members might return puzzling results to clients using these accessors with const objects. In
those situations, the nature of the returned value should clearly be documented. As a rule of thumb:
do not use nut abl e unless there is a very clear reason to violate this rule.

6.7 Header file organization

In section 2.5.9 the requirements for header files when a C++ program also uses C functions were
discussed.

When classes are used, there are more requirements for the organization of header files. In this
section these requirements are covered.

First, the source files. With the exception of the occasional classless function, source files should
contain the code of member functions of classes. With source files there are basically two approaches:
e All required header files for a member function are included in each individual source file.
e All required header files (for all member functions of a class) are included in a header file that

is included by each of the source files defining class members.

The first alternative has the advantage of economy for the compiler: it only needs to read the header
files that are necessary for a particular source file. It has the disadvantage that the program devel-
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oper must include multiple header files again and again in sourcefiles: it both takes time to type the
i ncl ude-directives and to think about the header files which are needed in a particular source file.

The second alternative has the advantage of economy for the program developer: the header file of
the class accumulates header files, so it tends to become more and more generally useful. It has the
disadvantage that the compiler frequently has to read header files which aren’t actually used by the
function defined in the source file.

With computers running faster and faster (and compilers getting smarter and smarter) I think the
second alternative is to be preferred over the first alternative. So, as a starting point source files of
a particular class My ass could be organized according to the following example:

#i ncl ude <mycl ass. h>

int Myd ass::aMenber Function()
{}

There is only one i ncl ude-directive. Note that the directive refers to a header file in a direc-
tory mentioned in the | NCLUDE-file environment variable. Local header files (using #i ncl ude
"mycl ass. h") could be used too, but that tends to complicate the organization of the class header
file itself somewhat.

If name collisions with existing header files might occur it pays off to have a subdirectory of one of the
directories mentioned in the | NCLUDE environment variable (e.g.,/ usr/ | ocal /i ncl ude/ nyheader s/ ).

If a class My ass is developed there, create a subdirectory (or subdirectory link) nyheader s of one

of the standard | NCLUDE directories to contain all header files of all classes that are developed as

part of the project. The i ncl ude-directives will then be similar to #i ncl ude <myheader s/ nycl ass. h>,
and name collisions with other header files are avoided.

The organization of the header file itself requires some attention. Consider the following example,
in which two classes Fi | e and St ri ng are used.

Assume the Fi | e class has a member get s(Stri ng &dJesti nati on), while the class St ri ng has
a member function get Li ne(File & ile). The (partial) header file for the cl ass String is
then:

#i fndef String_h_
#define String_h_

#include <project/file.h> // to know about a File

class String

{
publi c:
void getLine(File &file);
b
#endi f

However, a similar setup is required for the class Fi | e:

#i fndef File_h_
#define File_h_

#include <project/string.h> // to know about a String
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class File

{
public:
voi d gets(String &string);
b
#endi f

Now we have created a problem. The compiler, trying to compile the source file of the function
Fi |l e:: gets() proceeds as follows:

e The header file proj ect/fil e. his opened to be read;

e Fil e_h_isdefined

e The header file proj ect/ st ri ng. h is opened to be read

e String_h_is defined

e The header file proj ect/fil e. his (again) opened to be read

e Apparently, Fi | e_h_ is already defined, so the remainder of proj ect/fi | e. h is skipped.

e The interface of the class St ri ng is now parsed.

e In the class interface a reference to a Fi | e object is encountered.

e Asthecl ass Fil e hasn’t been parsed yet, a Fi | e is still an undefined type, and the compiler

quits with an error.

The solution for this problem is to use a forward class reference before the class interface, and to
include the corresponding class header file after the class interface. So we get:

#i fndef String_h_
#define String_h_

class File; /1 forward reference
class String
{
public:
void getLine(File &file);
s

#i nclude <project/file.h> // to know about a File

#endi f
A similar setup is required for the class Fi | e:

#i fndef File_h_
#define File_h_

class String; /'l forward reference
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class File

{
publi c:
voi d gets(String &string);
H

#include <project/string.h> // to know about a String

#endi f

This works well in all situations where either references or pointers to another classes are involved
and with (non-inline) member functions having class-type return values or parameters.

Note that this setup doesn’t work with composition, nor with in-class inline member functions. As-
sume the class Fi | e has a composed data member of the class Stri ng. In that case, the class
interface of the class Fi | e must include the header file of the class St ri ng before the class interface
itself, because otherwise the compiler can’t tell how big a Fi | e object will be, as it doesn’t know the
size of a St ri ng object once the interface of the Fi | e class is completed.

In cases where classes contain composed objects (or are derived from other classes, see chapter 13)
the header files of the classes of the composed objects must have been read before the class interface
itself. In such a case the cl ass Fi | e might be defined as follows:

#i fndef File_h_
#define File_h_

#i ncl ude <project/string. h> /1 to know about a String

class File

{
String d_line; /'l conposition !
publi c:
voi d gets(String &string);
b
#endi f

Note that the class St ri ng can’t have a Fi | e object as a composed member: such a situation would
result again in an undefined class while compiling the sources of these classes.

All remaining header files (appearing below the class interface itself) are required only because they
are used by the class’s source files.

This approach allows us to introduce yet another refinement:

e Header files defining a class interface should declare what can be declared before defining the
class interface itself. So, classes that are mentioned in a class interface should be specified
using forward declarations unless

— They are a base class of the current class (see chapter 13);
— They are the class types of composed data members;
— They are used in inline member functions.

In particular: additional actual header files are not required for:

- class-type return values of functions;
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- class-type value parameters of functions.

Header files of classes of objects that are either composed or inherited or that are used in inline
functions, must be known to the compiler before the interface of the current class starts. The
information in the header file itself is protected by the #i f ndef ... #endif construction
introduced in section 2.5.9.

Program sources in which the class is used only need to include this header file. Lakos, (2001)
refines this process even further. See his book Large-Scale C++ Software Design for further
details. This header file should be made available in a well-known location, such as a directory
or subdirectory of the standard | NCLUDE path.

For the implementation of the member functions the class’s header file is required and u