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Streams

What you see is all you get.
– Brian Kernighan

Input and output— o os st tr re ea am ms — output of built-in types— output of user-defined types
— virtual output functions— i is st tr re ea am ms — input of built-in types— unformatted input
— stream state— input of user-defined types— I/O exceptions— tying of streams—
sentries— formatting integer and floating-point output— fields and adjustments—
manipulators— standard manipulators— user-defined manipulators— file streams—
closing streams— string streams— stream buffers— locale — stream callbacks—
p pr ri in nt tf f() — advice— exercises.

21.1 Introduction [io.intro]

Designing and implementing a general input/output facility for a programming language is notori-
ously difficult. Traditionally, I/O facilities have been designed exclusively to handle a few built-in
data types. However, a nontrivial C++ program uses many user-defined types, and the input and
output of values of those types must be handled. An I/O facility should be easy, convenient, and
safe to use; efficient and flexible; and, above all, complete. Nobody has come up with a solution
that pleases everyone. It should therefore be possible for a user to provide alternative I/O facilities
and to extend the standard I/O facilities to cope with special applications.

C++ was designed to enable a user to define new types that are as efficient and convenient to
use as built-in types. It is therefore a reasonable requirement that an I/O facility for C++ should be
provided in C++ using only facilities available to every programmer. The stream I/O facilities pre-
sented here are the result of an effort to meet this challenge:

§21.2 Output:What the application programmer thinks of as output is really the conversion of
objects of types, such asi in nt t, c ch ha ar r* , andE Em mp pl lo oy ye ee e_ _r re ec co or rd d, into sequences of charac-
ters. The facilities for writing built-in and user-defined types to output are described.
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606 Streams Chapter 21

§21.3 Input: The facilities for requesting input of characters, strings, and values of other built-
in and user-defined types are presented.

§21.4 Formatting: There are often specific requirements for the layout of the output. For
example, i in nt ts may have to be printed in decimal and pointers in hexadecimal or
floating-point numbers must appear with exactly specified precision. Formatting con-
trols and the programming techniques used to provide them are discussed.

§21.5 Files and Streams:By default, every C++ program can use standard streams, such as
standard output (c co ou ut t), standard input (c ci in n), and error output (c ce er rr r). To use other
devices or files, streams must be created and attached to those files or devices. The
mechanisms for opening and closing files and for attaching streams to files ands st tr ri in ng gs
are described.

§21.6 Buffering: To make I/O efficient, we must use a buffering strategy that is suitable for
both the data written (read) and the destination it is written to (read from). The basic
techniques for buffering streams are presented.

§21.7 Locale:A l lo oc ca al le e is an object that specifies how numbers are printed, what characters are
considered letters, etc. It encapsulates many cultural differences. Locales are implicitly
used by the I/O system and are only briefly described here.

§21.8 C I/O: Thep pr ri in nt tf f() function from the C<s st td di io o. h h> library and the C library’s relation
to the C++ <i io os st tr re ea am m> library are discussed.

Knowledge of the techniques used to implement the stream library is not needed to use the library.
Also, the techniques used for different implementations will differ. However, implementing I/O is
a challenging task. An implementation contains examples of techniques that can be applied to
many other programming and design tasks. Therefore, the techniques used to implement I/O are
worthy of study.

This chapter discusses the stream I/O system to the point where you should be able to appreci-
ate its structure, to use it for most common kinds of I/O, and to extend it to handle new user-
defined types. If you need to implement the standard streams, provide a new kind of stream, or
provide a new locale, you need a copy of the standard, a good systems manual, and/or examples of
working code in addition to what is presented here.

The key components of the stream I/O systems can be represented graphically like this:

i io os s_ _b ba as se e:
locale independent format state

b ba as si ic c_ _i io os s< <> >:
locale dependent format state

stream state

b ba as si ic c_ _i io os st tr re ea am m< <> >:
formatting (<<, >>, etc.)

setup/cleanup

b ba as si ic c_ _s st tr re ea am mb bu uf f< <> >:
buffering

character buffer

real destination/source

l lo oc ca al le e:
format information

..

..

..

..

.
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The dotted arrow fromb ba as si ic c_ _i io os st tr re ea am m<> indicates thatb ba as si ic c_ _i io os s<> is a virtual base class; the
solid arrows represent pointers. The classes marked with<> are templates parameterized by a
character type and containing al lo oc ca al le e.

The streams concept and the general notation it provides can be applied to a large class of com-
munication problems. Streams have been used for transmitting objects between machines
(§25.4.1), for encrypting message streams (§21.10[22]), for data compression, for persistent storage
of objects, and much more. However, the discussion here is restricted to simple character-oriented
input and output.

Declarations of stream I/O classes and templates (sufficient to refer to them but not to apply
operations to them) and standardt ty yp pe ed de ef fs are presented in<i io os sf fw wd d>. This header is occasionally
needed when you want to include some but not all of the I/O headers.

21.2 Output [io.out]

Type-safe and uniform treatment of both built-in and user-defined types can be achieved by using a
single overloaded function name for a set of output functions. For example:

p pu ut t( c ce er rr r," x x = ") ; / / cerr is the error output stream
p pu ut t( c ce er rr r, x x) ;
p pu ut t( c ce er rr r,´ \ \n n´) ;

The type of the argument determines whichp pu ut t function will be invoked for each argument. This
solution is used in several languages. However, it is repetitive. Overloading the operator<< to
mean ‘‘put to’’ gives a better notation and lets the programmer output a sequence of objects in a
single statement. For example:

c ce er rr r << " x x = " << x x << ´ \ \n n´;

If x x is ani in nt t with the value1 12 23 3, this statement would print

x x = 1 12 23 3

followed by a newline onto the standard error output stream,c ce er rr r. Similarly, if x x is of typec co om m- -
p pl le ex x (§22.5) with the value( 1 1, 2 2. 4 4) , the statement will print

x x = ( 1 1, 2 2. 4 4)

on c ce er rr r. This style can be used as long asx x is of a type for which operator<< is defined and a user
can trivially define operator<< for a new type.

An output operator is needed to avoid the verbosity that would have resulted from using an out-
put function. But why<<? It is not possible to invent a new lexical token (§11.2). The assign-
ment operator was a candidate for both input and output, but most people seemed to prefer to use
different operators for input and output. Furthermore,= binds the wrong way; that is,c co ou ut t=a a=b b
meansc co ou ut t=( a a=b b) rather than( c co ou ut t=a a)= b b (§6.2). I tried the operators< and>, but the mean-
ings ‘‘less than’’ and ‘‘greater than’’ were so firmly implanted in people’s minds that the new I/O
statements were for all practical purposes unreadable.

The operators<< and>> are not used frequently enough for built-in types to cause that prob-
lem. They are symmetric in a way that can be used to suggest ‘‘to’’ and ‘‘from.’’ When they are
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used for I/O, I refer to<< as put to and to>> as get from. People who prefer more technical-
sounding names call theminsertersand extractors, respectively. The precedence of<< is low
enough to allow arithmetic expressions as operands without using parentheses. For example:

c co ou ut t << " a a* b b+c c=" << a a* b b+c c << ´ \ \n n´;

Parentheses must be used to write expressions containing operators with precedence lower than
<<’s. For example:

c co ou ut t << " a a^b b| c c=" << ( a a^b b| c c) << ´ \ \n n´;

The left shift operator (§6.2.4) can be used in an output statement, but of course it, too, must appear
within parentheses:

c co ou ut t << " a a<<b b=" << ( a a<<b b) << ´ \ \n n´;

21.2.1 Output Streams [io.ostream]

An o os st tr re ea am m is a mechanism for converting values of various types into sequences of characters.
Usually, these characters are then output using lower-level output operations. There are many
kinds of characters (§20.2) that can be characterized byc ch ha ar r_ _t tr ra ai it ts s (§20.2.1). Consequently, an
o os st tr re ea am m is a specialization for a particular kind of character of a generalb ba as si ic c_ _o os st tr re ea am m template:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s s st td d: : b ba as si ic c_ _o os st tr re ea am m : v vi ir rt tu ua al l p pu ub bl li ic c b ba as si ic c_ _i io os s<C Ch h, T Tr r> {
p pu ub bl li ic c:

v vi ir rt tu ua al l ~b ba as si ic c_ _o os st tr re ea am m() ;
/ / ...

};

This template and its associated output operations are defined in namespaces st td d and presented by
<o os st tr re ea am m>, which contains the output-related parts of<i io os st tr re ea am m>.

Theb ba as si ic c_ _o os st tr re ea am m template parameters control the type of characters that is used by the imple-
mentation; they do not affect the types of values that can be output. Streams implemented using
ordinary c ch ha ar rs and streams implemented using wide characters are directly supported by every
implementation:

t ty yp pe ed de ef f b ba as si ic c_ _o os st tr re ea am m<c ch ha ar r> o os st tr re ea am m;
t ty yp pe ed de ef f b ba as si ic c_ _o os st tr re ea am m<w wc ch ha ar r_ _t t> w wo os st tr re ea am m;

On many systems, it is possible to optimize writing of wide characters throughw wo os st tr re ea am m to an
extent that is hard to match for streams using bytes as the unit of output.

It is possible to define streams for which the physical I/O is not done in terms of characters.
However, such streams are beyond the scope of the C++ standard and beyond the scope of this book
(§21.10[15]).

The b ba as si ic c_ _i io os s base class is presented in<i io os s>. It controls formatting (§21.4), locale (§21.7),
and access to buffers (§21.6). It also defines a few types for notational convenience:
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t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s s st td d: : b ba as si ic c_ _i io os s : p pu ub bl li ic c i io os s_ _b ba as se e {
p pu ub bl li ic c:

t ty yp pe ed de ef f C Ch h c ch ha ar r_ _t ty yp pe e;
t ty yp pe ed de ef f T Tr r t tr ra ai it ts s_ _t ty yp pe e;
t ty yp pe ed de ef f t ty yp pe en na am me e T Tr r: : i in nt t_ _t ty yp pe e i in nt t_ _t ty yp pe e; / / type of integer value of character
t ty yp pe ed de ef f t ty yp pe en na am me e T Tr r: : p po os s_ _t ty yp pe e p po os s_ _t ty yp pe e; / / position in buffer
t ty yp pe ed de ef f t ty yp pe en na am me e T Tr r: : o of ff f_ _t ty yp pe e o of ff f_ _t ty yp pe e; / / offset in buffer

/ / ... see also §21.3.3, §21.3.7, §21.4.4, §21.6.3, and §21.7.1 ...
};

The i io os s_ _b ba as se e base class contains information and operations that are independent of the character
type used, such as the precision used for floating-point output. It therefore doesn’t need to be a
template.

In addition to thet ty yp pe ed de ef fs in i io os s_ _b ba as se e, the stream I/O library uses a signed integral type
s st tr re ea am ms si iz ze e to represent the number of characters transferred in an I/O operation and the size of I/O
buffers. Similarly, at ty yp pe ed de ef f called s st tr re ea am mo of ff f is supplied for expressing offsets in streams and
buffers.

Several standard streams are declared in<i io os st tr re ea am m>:

o os st tr re ea am m c co ou ut t; / / standard output stream of char
o os st tr re ea am m c ce er rr r; / / standard unbuffered output stream for error messages
o os st tr re ea am m c cl lo og g; / / standard output stream for error messages

w wo os st tr re ea am m w wc co ou ut t; / / wide stream corresponding to cout
w wo os st tr re ea am m w wc ce er rr r; / / wide stream corresponding to cerr
w wo os st tr re ea am m w wc cl lo og g; / / wide stream corresponding to clog

Thec ce er rr r andc cl lo og g streams refer to the same output destination; they simply differ in the buffering
they provide. Thec co ou ut t writes to the same destination as C’ss st td do ou ut t (§21.8), whilec ce er rr r andc cl lo og g
write to the same destination as C’ss st td de er rr r. The programmer can create more streams as needed
(see §21.5).

21.2.2 Output of Built-In Types [io.out.builtin]

The classo os st tr re ea am m is defined with the operator<< (‘‘put to’’) to handle output of the built-in types:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _o os st tr re ea am m : v vi ir rt tu ua al l p pu ub bl li ic c b ba as si ic c_ _i io os s<C Ch h, T Tr r> {
p pu ub bl li ic c:

/ / ...

b ba as si ic c_ _o os st tr re ea am m& o op pe er ra at to or r<<( s sh ho or rt t n n) ;
b ba as si ic c_ _o os st tr re ea am m& o op pe er ra at to or r<<( i in nt t n n) ;
b ba as si ic c_ _o os st tr re ea am m& o op pe er ra at to or r<<( l lo on ng g n n) ;

b ba as si ic c_ _o os st tr re ea am m& o op pe er ra at to or r<<( u un ns si ig gn ne ed d s sh ho or rt t n n) ;
b ba as si ic c_ _o os st tr re ea am m& o op pe er ra at to or r<<( u un ns si ig gn ne ed d i in nt t n n) ;
b ba as si ic c_ _o os st tr re ea am m& o op pe er ra at to or r<<( u un ns si ig gn ne ed d l lo on ng g n n) ;
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b ba as si ic c_ _o os st tr re ea am m& o op pe er ra at to or r<<( f fl lo oa at t f f) ;
b ba as si ic c_ _o os st tr re ea am m& o op pe er ra at to or r<<( d do ou ub bl le e f f) ;
b ba as si ic c_ _o os st tr re ea am m& o op pe er ra at to or r<<( l lo on ng g d do ou ub bl le e f f) ;

b ba as si ic c_ _o os st tr re ea am m& o op pe er ra at to or r<<( b bo oo ol l n n) ;
b ba as si ic c_ _o os st tr re ea am m& o op pe er ra at to or r<<( c co on ns st t v vo oi id d* p p) ; / / write pointer value

b ba as si ic c_ _o os st tr re ea am m& p pu ut t( C Ch h c c) ; / / write c
b ba as si ic c_ _o os st tr re ea am m& w wr ri it te e( c co on ns st t C Ch h* p p, s st tr re ea am ms si iz ze e n n) ; / / p[0]..p[n-1]

/ / ...
};

An o op pe er ra at to or r<<() returns a reference to theo os st tr re ea am m for which it was called so that anothero op pe er ra a- -
t to or r<<() can be applied to it. For example,

c ce er rr r << " x x = " << x x;

wherex x is ani in nt t, will be interpreted as:

( c ce er rr r. o op pe er ra at to or r<<(" x x = ")). o op pe er ra at to or r<<( x x) ;

In particular, this implies that when several items are printed by a single output statement, they will
be printed in the expected order: left to right. For example:

v vo oi id d v va al l( c ch ha ar r c c)
{

c co ou ut t << " i in nt t(´" << c c << "´) = " << i in nt t( c c) << ´ \ \n n´;
}

i in nt t m ma ai in n()
{

v va al l(´ A A´) ;
v va al l(´ Z Z´) ;

}

On an implementation using ASCII characters, this will print:

i in nt t(´ A A´) = 6 65 5
i in nt t(´ Z Z´) = 9 90 0

Note that a character literal has typec ch ha ar r (§4.3.1) so thatc co ou ut t<<´ Z Z´ will print the letterZ Z and not
the integer value9 90 0.

A b bo oo ol l value will be output as0 0 or 1 1 by default. If you don’t like that, you can set the format-
ting flagb bo oo ol la al lp ph ha a from <i io om ma an ni ip p> (§21.4.6.2) and gett tr ru ue eor f fa al ls se e. For example:

i in nt t m ma ai in n()
{

c co ou ut t << t tr ru ue e << ´ ´ << f fa al ls se e << ´ \ \n n´;
c co ou ut t << b bo oo ol la al lp ph ha a; / / use symbolic representation for true and false
c co ou ut t << t tr ru ue e << ´ ´ << f fa al ls se e << ´ \ \n n´;

}

This prints:
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1 1 0 0
t tr ru ue e f fa al ls se e

More precisely,b bo oo ol la al lp ph ha a ensures that we get a locale-dependent representation ofb bo oo ol l values.
By setting my locale (§21.7) just right, I can get:

1 1 0 0
s sa an nd dt t f fa al ls sk k

Formatting floating-point numbers, the base used for integers, etc., are discussed in §21.4.
The functiono os st tr re ea am m: : o op pe er ra at to or r<<( c co on ns st t v vo oi id d*) prints a pointer value in a form appropriate

to the architecture of the machine used. For example,

i in nt t m ma ai in n()
{

i in nt t i i = 0 0;
i in nt t* p p = n ne ew w i in nt t;
c co ou ut t << " l lo oc ca al l " << &i i << ", f fr re ee e s st to or re e " << p p << ´ \ \n n´;

}

printed

l lo oc ca al l 0 0x x7 7f ff ff fe ea ad d0 0, f fr re ee e s st to or re e 0 0x x5 50 00 0c c

on my machine. Other systems have different conventions for printing pointer values.
Thep pu ut t() andw wr ri it te e() functions simply write characters. Consequently, the<< for outputting

characters need not be a member. Theo op pe er ra at to or r<<() functions that take a character operand can
be implemented as nonmembers usingp pu ut t() :

t te em mp pl la at te e<c cl la as ss s C Ch h, c cl la as ss s T Tr r>
b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>& o op pe er ra at to or r<<( b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>&, C Ch h) ;

t te em mp pl la at te e<c cl la as ss s C Ch h, c cl la as ss s T Tr r>
b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>& o op pe er ra at to or r<<( b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>&, c ch ha ar r) ;

t te em mp pl la at te e<c cl la as ss s T Tr r>
b ba as si ic c_ _o os st tr re ea am m<c ch ha ar r, T Tr r>& o op pe er ra at to or r<<( b ba as si ic c_ _o os st tr re ea am m<c ch ha ar r, T Tr r>&, c ch ha ar r) ;

t te em mp pl la at te e<c cl la as ss s T Tr r>
b ba as si ic c_ _o os st tr re ea am m<c ch ha ar r, T Tr r>& o op pe er ra at to or r<<( b ba as si ic c_ _o os st tr re ea am m<c ch ha ar r, T Tr r>&, s si ig gn ne ed d c ch ha ar r) ;

t te em mp pl la at te e<c cl la as ss s T Tr r>
b ba as si ic c_ _o os st tr re ea am m<c ch ha ar r, T Tr r>& o op pe er ra at to or r<<( b ba as si ic c_ _o os st tr re ea am m<c ch ha ar r, T Tr r>&, u un ns si ig gn ne ed d c ch ha ar r) ;

Similarly, << is provided for writing out zero-terminated character arrays:

t te em mp pl la at te e<c cl la as ss s C Ch h, c cl la as ss s T Tr r>
b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>& o op pe er ra at to or r<<( b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>&, c co on ns st t C Ch h*) ;

t te em mp pl la at te e<c cl la as ss s C Ch h, c cl la as ss s T Tr r>
b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>& o op pe er ra at to or r<<( b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>&, c co on ns st t c ch ha ar r*) ;

t te em mp pl la at te e<c cl la as ss s T Tr r>
b ba as si ic c_ _o os st tr re ea am m<c ch ha ar r, T Tr r>& o op pe er ra at to or r<<( b ba as si ic c_ _o os st tr re ea am m<c ch ha ar r, T Tr r>&, c co on ns st t c ch ha ar r*) ;

t te em mp pl la at te e<c cl la as ss s T Tr r>
b ba as si ic c_ _o os st tr re ea am m<c ch ha ar r, T Tr r>& o op pe er ra at to or r<<( b ba as si ic c_ _o os st tr re ea am m<c ch ha ar r, T Tr r>&, c co on ns st t s si ig gn ne ed d c ch ha ar r*) ;

t te em mp pl la at te e<c cl la as ss s T Tr r>
b ba as si ic c_ _o os st tr re ea am m<c ch ha ar r, T Tr r>& o op pe er ra at to or r<<( b ba as si ic c_ _o os st tr re ea am m<c ch ha ar r, T Tr r>&, c co on ns st t u un ns si ig gn ne ed d c ch ha ar r*) ;
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21.2.3 Output of User-Defined Types [io.out.udt]

Consider a user-defined typec co om mp pl le ex x (§11.3):

c cl la as ss s c co om mp pl le ex x {
p pu ub bl li ic c:

d do ou ub bl le e r re ea al l() c co on ns st t { r re et tu ur rn n r re e; }
d do ou ub bl le e i im ma ag g() c co on ns st t { r re et tu ur rn n i im m; }
/ / ...

};

Operator<< can be defined for the new typec co om mp pl le ex x like this:

o os st tr re ea am m& o op pe er ra at to or r<<( o os st tr re ea am m&s s, c co om mp pl le ex x z z)
{

r re et tu ur rn n s s << ´(´ << z z. r re ea al l() << ´,´ << z z. i im ma ag g() << ´)´;
}

This << can then be used exactly like<< for a built-in type. For example,

i in nt t m ma ai in n()
{

c co om mp pl le ex x x x( 1 1, 2 2) ;
c co ou ut t << " x x = " << x x << ´ \ \n n´;

}

produces

x x = ( 1 1, 2 2)

Defining an output operation for a user-defined type does not require modification of the declara-
tion of classo os st tr re ea am m. This is fortunate becauseo os st tr re ea am m is defined in<i io os st tr re ea am m>, which users
cannot and should not modify. Not allowing additions too os st tr re ea am m also provides protection against
accidental corruption of that data structure and makes it possible to change the implementation of
ano os st tr re ea am m without affecting user programs.

21.2.3.1 Virtual Output Functions [io.virtual]

The o os st tr re ea am m members are notv vi ir rt tu ua al l. The output operations that a programmer can add are not
members, so they cannot bev vi ir rt tu ua al l either. One reason for this is to achieve close to optimal perfor-
mance for simple operations such as putting a character into a buffer. This is a place where run-
time efficiency is crucial and where inlining is a must. Virtual functions are used to achieve flexi-
bility for the operations dealing with buffer overflow and underflow only (§21.6.4).

However, a programmer sometimes wants to output an object for which only a base class is
known. Since the exact type isn’t known, correct output cannot be achieved simply by defining a
<< for each new type. Instead, a virtual output function can be provided in the abstract base:
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c cl la as ss s M My y_ _b ba as se e {
p pu ub bl li ic c:

/ / ...

v vi ir rt tu ua al l o os st tr re ea am m& p pu ut t( o os st tr re ea am m& s s) c co on ns st t = 0 0; / / write *this to s
};

o os st tr re ea am m& o op pe er ra at to or r<<( o os st tr re ea am m& s s, c co on ns st t M My y_ _b ba as se e& r r)
{

r re et tu ur rn n r r. p pu ut t( s s) ; / / use the right put()
}

That is,p pu ut t() is a virtual function that ensures that the right output operation is used in<<.
Given that, we can write:

c cl la as ss s S So om me et ty yp pe e : p pu ub bl li ic c M My y_ _b ba as se e {
p pu ub bl li ic c:

/ / ...

o os st tr re ea am m& p pu ut t( o os st tr re ea am m& s s) c co on ns st t; / / the real output function: override My_base::put()
};

v vo oi id d f f( c co on ns st t M My y_ _b ba as se e& r r, S So om me et ty yp pe e& s s) / / use<< which calls the right put()
{

c co ou ut t << r r << s s;
}

This integrates the virtualp pu ut t() into the framework provided byo os st tr re ea am m and<<. The technique
is generally useful to provide operations that act like virtual functions, but with the run-time selec-
tion based on their second argument.

21.3 Input [io.in]

Input is handled similarly to output. There is a classi is st tr re ea am m that provides an input operator>>
(‘‘get from’’) for a small set of standard types. Ano op pe er ra at to or r>>() can then be defined for a user-
defined type.

21.3.1 Input Streams [io.istream]

In parallel tob ba as si ic c_ _o os st tr re ea am m (§21.2.1),b ba as si ic c_ _i is st tr re ea am m is defined in<i is st tr re ea am m>, which contains the
input-related parts of<i io os st tr re ea am m>, like this:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s s st td d: : b ba as si ic c_ _i is st tr re ea am m : v vi ir rt tu ua al l p pu ub bl li ic c b ba as si ic c_ _i io os s<C Ch h, T Tr r> {
p pu ub bl li ic c:

v vi ir rt tu ua al l ~b ba as si ic c_ _i is st tr re ea am m() ;

/ / ...
};

The base classb ba as si ic c_ _i io os s is described in §21.2.1.
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Two standard input streamsc ci in n andw wc ci in n are provided in<i io os st tr re ea am m>:

t ty yp pe ed de ef f b ba as si ic c_ _i is st tr re ea am m<c ch ha ar r> i is st tr re ea am m;
t ty yp pe ed de ef f b ba as si ic c_ _i is st tr re ea am m<w wc ch ha ar r_ _t t> w wi is st tr re ea am m;

i is st tr re ea am m c ci in n; / / standard input stream of char
w wi is st tr re ea am m w wc ci in n; / / standard input stream of wchar_t

Thec ci in n stream reads from the same source as C’ss st td di in n (§21.8).

21.3.2 Input of Built-In Types [io.in.builtin]

An i is st tr re ea am m provides operator>> for the built-in types:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _i is st tr re ea am m : v vi ir rt tu ua al l p pu ub bl li ic c b ba as si ic c_ _i io os s<C Ch h, T Tr r> {
p pu ub bl li ic c:

/ / ...
/ / formatted input:

b ba as si ic c_ _i is st tr re ea am m& o op pe er ra at to or r>>( s sh ho or rt t& n n) ; / / read into n
b ba as si ic c_ _i is st tr re ea am m& o op pe er ra at to or r>>( i in nt t& n n) ;
b ba as si ic c_ _i is st tr re ea am m& o op pe er ra at to or r>>( l lo on ng g& n n) ;

b ba as si ic c_ _i is st tr re ea am m& o op pe er ra at to or r>>( u un ns si ig gn ne ed d s sh ho or rt t& u u) ; / / read into u
b ba as si ic c_ _i is st tr re ea am m& o op pe er ra at to or r>>( u un ns si ig gn ne ed d i in nt t& u u) ;
b ba as si ic c_ _i is st tr re ea am m& o op pe er ra at to or r>>( u un ns si ig gn ne ed d l lo on ng g& u u) ;

b ba as si ic c_ _i is st tr re ea am m& o op pe er ra at to or r>>( f fl lo oa at t& f f) ; / / read into f
b ba as si ic c_ _i is st tr re ea am m& o op pe er ra at to or r>>( d do ou ub bl le e& f f) ;
b ba as si ic c_ _i is st tr re ea am m& o op pe er ra at to or r>>( l lo on ng g d do ou ub bl le e& f f) ;

b ba as si ic c_ _i is st tr re ea am m& o op pe er ra at to or r>>( b bo oo ol l& b b) ; / / read into b
b ba as si ic c_ _i is st tr re ea am m& o op pe er ra at to or r>>( v vo oi id d*& p p) ; / / read pointer value into p

/ / ...
};

Theo op pe er ra at to or r>>() input functions are defined in this style:

i is st tr re ea am m& i is st tr re ea am m: : o op pe er ra at to or r>>( T T& t tv va ar r) / / T is a type for which istream::operator>> is declared
{

/ / skip whitespace, then somehow read a T into ‘tvar’
r re et tu ur rn n * t th hi is s;

}

Because>> skips whitespace, you can read a sequence of whitespace-separated integers like this:

i in nt t r re ea ad d_ _i in nt ts s( v ve ec ct to or r<i in nt t>& v v) / / fill v, return number of ints read
{

i in nt t i i = 0 0;
w wh hi il le e ( i i<v v. s si iz ze e() && c ci in n>>v v[ i i]) i i++;
r re et tu ur rn n i i;

}
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A non-i in nt t on the input will cause the input operation to fail and thus terminate the input loop. For
example, the input:

1 1 2 2 3 3 4 4 5 5. 6 6 7 7 8 8.

will have r re ea ad d_ _i in nt ts s() read in the five integers

1 1 2 2 3 3 4 4 5 5

and leave the dot as the next character to be read from input. Whitespace is defined as the standard
C whitespace (blank, tab, newline, formfeed, and carriage return) by a call toi is ss sp pa ac ce e() as defined
in <c cc ct ty yp pe e> (§20.4.2).

The most common mistake when usingi is st tr re ea am ms is to fail to notice that input didn’t happen as
expected because the input wasn’t of the expected format. One should either check the state of an
input stream (§21.3.3) before relying on values supposedly read in or use exceptions (§21.3.6).

The format expected for input is specified by the current locale (§21.7). By default, theb bo oo ol l
values t tr ru ue e and f fa al ls se e are represented by1 1 and 0 0, respectively. Integers must be decimal and
floating-point numbers of the form used to write them in a C++ program. By settingb ba as se e_ _f fi ie el ld d
(§21.4.2), it is possible to read0 01 12 23 3 as an octal number with the decimal value8 83 3 and0 0x xf ff f as a
hexadecimal number with the decimal value2 25 55 5. The format used to read pointers is completely
implementation-dependent (have a look to see what your implementation does).

Surprisingly, there is no member>> for reading a character. The reason is simply that>> for
characters can be implemented using theg ge et t() character input operations (§21.3.4), so it doesn’t
need to be a member. From a stream, we can read a character into the stream’s character type. If
that character type isc ch ha ar r, we can also read into as si ig gn ne ed d c ch ha ar r andu un ns si ig gn ne ed d c ch ha ar r:

t te em mp pl la at te e<c cl la as ss s C Ch h, c cl la as ss s T Tr r>
b ba as si ic c_ _i is st tr re ea am m<C Ch h, T Tr r>& o op pe er ra at to or r>>( b ba as si ic c_ _i is st tr re ea am m<C Ch h, T Tr r>&, C Ch h&) ;

t te em mp pl la at te e<c cl la as ss s T Tr r>
b ba as si ic c_ _i is st tr re ea am m<c ch ha ar r, T Tr r>& o op pe er ra at to or r>>( b ba as si ic c_ _i is st tr re ea am m<c ch ha ar r, T Tr r>&, u un ns si ig gn ne ed d c ch ha ar r&) ;

t te em mp pl la at te e<c cl la as ss s T Tr r>
b ba as si ic c_ _i is st tr re ea am m<c ch ha ar r, T Tr r>& o op pe er ra at to or r>>( b ba as si ic c_ _i is st tr re ea am m<c ch ha ar r, T Tr r>&, s si ig gn ne ed d c ch ha ar r&) ;

From a user’s point of view, it does not matter whether a>> is a member.
Like the other>> operators, these functions first skip whitespace. For example:

v vo oi id d f f()
{

c ch ha ar r c c;
c ci in n >> c c;
/ / ...

}

This places the first non-whitespace character fromc ci in n into c c.
In addition, we can read into an array of characters:
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t te em mp pl la at te e<c cl la as ss s C Ch h, c cl la as ss s T Tr r>
b ba as si ic c_ _i is st tr re ea am m<C Ch h, T Tr r>& o op pe er ra at to or r>>( b ba as si ic c_ _i is st tr re ea am m<C Ch h, T Tr r>&, C Ch h*) ;

t te em mp pl la at te e<c cl la as ss s T Tr r>
b ba as si ic c_ _i is st tr re ea am m<c ch ha ar r, T Tr r>& o op pe er ra at to or r>>( b ba as si ic c_ _i is st tr re ea am m<c ch ha ar r, T Tr r>&, u un ns si ig gn ne ed d c ch ha ar r*) ;

t te em mp pl la at te e<c cl la as ss s T Tr r>
b ba as si ic c_ _i is st tr re ea am m<c ch ha ar r, T Tr r>& o op pe er ra at to or r>>( b ba as si ic c_ _i is st tr re ea am m<c ch ha ar r, T Tr r>&, s si ig gn ne ed d c ch ha ar r*) ;

These operations first skip whitespace. Then they read into their array operand until they encounter
a whitespace character or end-of-file. Finally, they terminate the string with a0 0. Clearly, this
offers ample opportunity for overflow, so reading into as st tr ri in ng g (§20.3.15) is usually better. How-
ever, you can specify a maximum for the number of characters to be read by>>: i is s. w wi id dt th h( n n)
specifies that the next>> on i is s will read at mostn n- 1 1 characters into an array. For example:

v vo oi id d g g()
{

c ch ha ar r v v[ 4 4] ;
c ci in n. w wi id dt th h( 4 4) ;
c ci in n >> v v;
c co ou ut t << " v v = " << v v << e en nd dl l;

}

This will read at most three characters intov v and add a terminating0 0.
Settingw wi id dt th h() for an i is st tr re ea am m affects only the immediately following>> into an array and

does not affect reading into other types of variables.

21.3.3 Stream State [io.state]

Every stream (i is st tr re ea am m or o os st tr re ea am m) has astateassociated with it. Errors and nonstandard condi-
tions are handled by setting and testing this state appropriately.

The stream state is found inb ba as si ic c_ _i is st tr re ea am m’s baseb ba as si ic c_ _i io os s from <i io os s>:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _i io os s : p pu ub bl li ic c i io os s_ _b ba as se e {
p pu ub bl li ic c:

/ / ...

b bo oo ol l g go oo od d() c co on ns st t; / / next operation might succeed
b bo oo ol l e eo of f() c co on ns st t; / / end of input seen
b bo oo ol l f fa ai il l() c co on ns st t; / / next operation will fail
b bo oo ol l b ba ad d() c co on ns st t; / / stream is corrupted

i io os st ta at te e r rd ds st ta at te e() c co on ns st t; / / get io state flags
v vo oi id d c cl le ea ar r( i io os st ta at te e f f = g go oo od db bi it t) ; / / set io state flags
v vo oi id d s se et ts st ta at te e( i io os st ta at te e f f) { c cl le ea ar r( r rd ds st ta at te e()| f f) ; } / / add f to io state flags

o op pe er ra at to or r v vo oi id d*() c co on ns st t; / / nonzero if !fail()
b bo oo ol l o op pe er ra at to or r!() c co on ns st t { r re et tu ur rn n f fa ai il l() ; }

/ / ...
};

If the state isg go oo od d() the previous input operation succeeded. If the state isg go oo od d() , the next input
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operation might succeed; otherwise, it will fail. Applying an input operation to a stream that is not
in theg go oo od d() state is a null operation. If we try to read into a variablev v and the operation fails,
the value ofv v should be unchanged (it is unchanged ifv v is a variable of one of the types handled by
i is st tr re ea am m or o os st tr re ea am m member functions). The difference between the statesf fa ai il l() and b ba ad d() is
subtle. When the state isf fa ai il l() but not alsob ba ad d() , it is assumed that the stream is uncorrupted
and that no characters have been lost. When the state isb ba ad d() , all bets are off.

The state of a stream is represented as a set of flags. Like most constants used to express the
behavior of streams, these flags are defined inb ba as si ic c_ _i io os s’ basei io os s_ _b ba as se e:

c cl la as ss s i io os s_ _b ba as se e {
p pu ub bl li ic c:

/ / ...

t ty yp pe ed de ef f implementation_defined2 i io os st ta at te e;
s st ta at ti ic c c co on ns st t i io os st ta at te e b ba ad db bi it t, / / stream is corrupted

e eo of fb bi it t, / / end-of-file seen
f fa ai il lb bi it t, / / next operation will fail
g go oo od db bi it t; / / goodbit==0

/ / ...
};

The I/O state flags can be directly manipulated. For example:

v vo oi id d f f()
{

i io os s_ _b ba as se e: : i io os st ta at te e s s = c ci in n. r rd ds st ta at te e() ; / / returns a set of iostate bits

i if f ( s s & i io os s_ _b ba as se e: : b ba ad db bi it t) {
/ / cin characters possibly lost

}
/ / ...
c ci in n. s se et ts st ta at te e( i io os s_ _b ba as se e: : f fa ai il lb bi it t) ;
/ / ...

}

When a stream is used as a condition, the state of the stream is tested byo op pe er ra at to or r v vo oi id d*() or
o op pe er ra at to or r!() . The test succeeds only if the state isg go oo od d() . For example, a general copy function
can be written like this:

t te em mp pl la at te e<c cl la as ss s T T> v vo oi id d i io oc co op py y( i is st tr re ea am m& i is s, o os st tr re ea am m& o os s)
{

T T b bu uf f;
w wh hi il le e ( i is s>>b bu uf f) o os s << b bu uf f << ´ \ \n n´;

}

The i is s>>b bu uf f returns a reference toi is s, which is tested by a call ofi is s: : o op pe er ra at to or r v vo oi id d*() . For
example:
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v vo oi id d f f( i is st tr re ea am m& i i1 1, i is st tr re ea am m& i i2 2, i is st tr re ea am m& i i3 3, i is st tr re ea am m& i i4 4)
{

i io oc co op py y<c co om mp pl le ex x>( i i1 1, c co ou ut t) ; / / copy complex numbers
i io oc co op py y<d do ou ub bl le e>( i i2 2, c co ou ut t) ; / / copy doubles
i io oc co op py y<c ch ha ar r>( i i3 3, c co ou ut t) ; / / copy chars
i io oc co op py y<s st tr ri in ng g>( i i4 4, c co ou ut t) ; / / copy whitespace-separated words

}

21.3.4 Input of Characters [io.in.unformatted]

The >> operator is intended for formatted input; that is, reading objects of an expected type and
format. Where this is not desirable and we want to read characters as characters and then examine
them, we use theg ge et t() functions:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _i is st tr re ea am m : v vi ir rt tu ua al l p pu ub bl li ic c b ba as si ic c_ _i io os s<C Ch h, T Tr r> {
p pu ub bl li ic c:

/ / ...
/ / unformatted input:

s st tr re ea am ms si iz ze e g gc co ou un nt t() c co on ns st t; / / number of char read by last get()

i in nt t_ _t ty yp pe e g ge et t() ; / / read one Ch (or Tr::eof())

b ba as si ic c_ _i is st tr re ea am m& g ge et t( C Ch h& c c) ; / / read one Ch into c

b ba as si ic c_ _i is st tr re ea am m& g ge et t( C Ch h* p p, s st tr re ea am ms si iz ze e n n) ; / / newline is terminator
b ba as si ic c_ _i is st tr re ea am m& g ge et t( C Ch h* p p, s st tr re ea am ms si iz ze e n n, C Ch h t te er rm m) ;

b ba as si ic c_ _i is st tr re ea am m& g ge et tl li in ne e( C Ch h* p p, s st tr re ea am ms si iz ze e n n) ; / / newline is terminator
b ba as si ic c_ _i is st tr re ea am m& g ge et tl li in ne e( C Ch h* p p, s st tr re ea am ms si iz ze e n n, C Ch h t te er rm m) ;

b ba as si ic c_ _i is st tr re ea am m& i ig gn no or re e( s st tr re ea am ms si iz ze e n n = 1 1, i in nt t_ _t ty yp pe e t t = T Tr r: : e eo of f()) ;
b ba as si ic c_ _i is st tr re ea am m& r re ea ad d( C Ch h* p p, s st tr re ea am ms si iz ze e n n) ; / / read at most n char

/ / ...
};

Theg ge et t() andg ge et tl li in ne e() functions treat whitespace characters exactly like other characters. They
are intended for input operations, where one doesn’t make assumptions about the meanings of the
characters read.

The functioni is st tr re ea am m: : g ge et t( c ch ha ar r&) reads a single character into its argument. For example, a
character-by-character copy program can be written like this:

i in nt t m ma ai in n()
{

c ch ha ar r c c;
w wh hi il le e( c ci in n. g ge et t( c c)) c co ou ut t. p pu ut t( c c) ;

}

The three-arguments s. g ge et t( p p, n n, t te er rm m) reads at at mostn n- 1 1 characters intop p[ 0 0].. p p[ n n- 2 2] . A
call of g ge et t() will always place a0 0 at the end of the characters (if any) it placed in the buffer, sop p
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must point to an array of at leastn n characters. The third argument,t te er rm m, specifies a terminator. A
typical use of the three-argumentg ge et t() is to read a ‘‘line’’ into a fixed-sized buffer for further
analysis. For example:

v vo oi id d f f()
{

c ch ha ar r b bu uf f[ 1 10 00 0] ;
c ci in n >> b bu uf f; / / suspect: will overflow some day
c ci in n. g ge et t( b bu uf f, 1 10 00 0,´ \ \n n´) ; / / safe
/ / ...

}

If the terminator is found, it is left as the first unread character on the stream. Never callg ge et t()
twice without removing the terminator. For example:

v vo oi id d s su ub bt tl le e_ _i in nf fi in ni it te e_ _l lo oo op p()
{

c ch ha ar r b bu uf f[ 2 25 56 6] ;

w wh hi il le e ( c ci in n) {
c ci in n. g ge et t( b bu uf f, 2 25 56 6) ; / / read a line
c co ou ut t << b bu uf f; / / print a line. Oops: forgot to remove ’\n’ from cin

}
}

This example is a good reason to preferg ge et tl li in ne e() overg ge et t() . A g ge et tl li in ne e() behaves like its corre-
spondingg ge et t() , except that it removes its terminator from thei is st tr re ea am m. For example:

v vo oi id d f f()
{

c ch ha ar r w wo or rd d[ 1 10 00 0][ M MA AX X] ;
i in nt t i i = 0 0;
w wh hi il le e( c ci in n. g ge et tl li in ne e( w wo or rd d[ i i++] , 1 10 00 0,´ \ \n n´) && i i<M MA AX X) ;
/ / ...

}

When efficiency isn’t paramount, it is better to read into as st tr ri in ng g (§3.6, §20.3.15). In that way, the
most common allocation and overflow problems cannot occur. However, theg ge et t() , g ge et tl li in ne e() ,
and r re ea ad d() functions are needed to implement such higher-level facilities. The relatively messy
interface is the price we pay for speed, for not having to re-scan the input to figure out what termi-
nated the input operation, for being able to reliably limit the number of characters read, etc.

A call r re ea ad d( p p, n n) reads at mostn n characters intop p[ 0 0].. p p[ n n- 1 1] . The read function does not
rely on a terminator, and it doesn’t put a terminating0 0 into its target. Consequently, it really can
readn n characters (rather than justn n- 1 1). In other words, it simply reads characters and doesn’t try
to make its target into a C-style string.

The i ig gn no or re e() function reads characters liker re ea ad d() , but it doesn’t store them anywhere. Like
r re ea ad d() , it really can readn n characters (rather thann n- 1 1). The default number of characters read by
i ig gn no or re e() is 1 1, so a call ofi ig gn no or re e() without an argument means ‘‘throw the next character away.’’
Like g ge et tl li in ne e() , it optionally takes a terminator and removes that terminator from the input stream
if it gets to it. Note thati ig gn no or re e() ’s default terminator is end-of-file.
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For all of these functions, it is not immediately obvious what terminated the read– and it can
be hard even to remember which function has what termination criterion. However, we can always
inquire whether we reached end-of-file (§21.3.3). Also,g gc co ou un nt t() gives the number of characters
read from the stream by the most recent, unformatted input function call. For example:

v vo oi id d r re ea ad d_ _a a_ _l li in ne e( i in nt t m ma ax x)
{

/ / ...
i if f ( c ci in n. f fa ai il l()) { / / Oops: bad input format

c ci in n. c cl le ea ar r() ; / / clear the input flags (§21.3.3)
c ci in n. i ig gn no or re e( m ma ax x,´;´) ; / / skip to semicolon

i if f (! c ci in n) {
/ / oops: we reached the end of the stream

}
e el ls se e i if f ( c ci in n. g gc co ou un nt t()== m ma ax x) {

/ / oops: read max characters
}
e el ls se e {

/ / found and discarded the semicolon
}

}
}

Unfortunately, if the maximum number of characters are read there is no way of knowing whether
the terminator was found (as the last character).

Theg ge et t() that doesn’t take an argument is the<i io os st tr re ea am m> version of the<c cs st td di io o> g ge et tc ch ha ar r()
(§21.8). It simply reads a character and returns the character’s numeric value. In that way, it
avoids making assumptions about the character type used. If there is no input character to return,
g ge et t() returns a suitable ‘‘end-of-file’’ marker (that is, the stream’st tr ra ai it ts s_ _t ty yp pe e: : e eo of f() ) and sets
the i is st tr re ea am m into e eo of f-state (§21.3.3). For example:

v vo oi id d f f( u un ns si ig gn ne ed d c ch ha ar r* p p)
{

i in nt t i i;
w wh hi il le e(( i i = c ci in n. g ge et t()) && i i!= E EO OF F) {

* p p++ = i i;
/ / ...

}
}

E EO OF F is the value ofe eo of f() from the usualc ch ha ar r_ _t tr ra ai it ts s for c ch ha ar r. E EO OF F is presented in<i io os st tr re ea am m>.
Thus, this loop could have been writtenr re ea ad d( p p, M MA AX X_ _I IN NT T) , but presumably we wrote an explicit
loop because we wanted to look at each character as it came in. It has been said that C’s greatest
strength is its ability to read a character and decide to do nothing with it– and to do this fast. It is
indeed an important and underrated strength, and one that C++ aims to preserve.

The standard header<c cc ct ty yp pe e> defines several functions that can be useful when processing
input (§20.4.2). For example, ane ea at tw wh hi it te e() function that reads whitespace characters from a
stream could be defined like this:
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i is st tr re ea am m& e ea at tw wh hi it te e( i is st tr re ea am m& i is s)
{

c ch ha ar r c c;
w wh hi il le e ( i is s. g ge et t( c c)) {

i if f (! i is ss sp pa ac ce e( c c)) { / / is c a whitespace character?
i is s. p pu ut tb ba ac ck k( c c) ; / / put c back into the input buffer
b br re ea ak k;

}
}
r re et tu ur rn n i is s;

}

The calli is s. p pu ut tb ba ac ck k( c c) makesc c be the next character read from the streami is s (§21.6.4).

21.3.5 Input of User-Defined Types [io.in.udt]

An input operation can be defined for a user-defined type exactly as an output operation was. How-
ever, for an input operation, it is essential that the second argument be of a non-c co on ns st t reference
type. For example:

i is st tr re ea am m& o op pe er ra at to or r>>( i is st tr re ea am m& s s, c co om mp pl le ex x& a a)
/*

input formats for a complex ("f" indicates a floating-point number):
f
( f )
( f , f )

*/
{

d do ou ub bl le e r re e = 0 0, i im m = 0 0;
c ch ha ar r c c = 0 0;

s s >> c c;
i if f ( c c == ´(´) {

s s >> r re e >> c c;
i if f ( c c == ´,´) s s >> i im m >> c c;
i if f ( c c != ´)´) s s. c cl le ea ar r( i io os s_ _b ba as se e: : b ba ad db bi it t) ; / / set state

}
e el ls se e {

s s. p pu ut tb ba ac ck k( c c) ;
s s >> r re e;

}

i if f ( s s) a a = c co om mp pl le ex x( r re e, i im m) ;
r re et tu ur rn n s s;

}

Despite the scarcity of error-handling code, this will actually handle most kinds of errors. The local
variablec c is initialized to avoid having its value accidentally be´(´ after a failed first>> opera-
tion. The final check of the stream state ensures that the value of the argumenta a is changed only if
everything went well.
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The operation for setting a stream state is calledc cl le ea ar r() because its most common use is to
reset the state of a stream tog go oo od d() ; i io os s_ _b ba as se e: : g go oo od db bi it t is the default argument value for
i io os s_ _b ba as se e: : c cl le ea ar r() (§21.3.3).

21.3.6 Exceptions [io.except]

It is not convenient to test for errors after each I/O operation, so a common cause of error is failing
to do so where it matters. In particular, output operations are typically unchecked, but they do
occasionally fail.

The only function that directly changes the state of a stream isc cl le ea ar r() . Thus, an obvious way
of getting notified by a state change is to askc cl le ea ar r() to throw an exception. Thei io os s_ _b ba as se e mem-
bere ex xc ce ep pt ti io on ns s() does just that:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _i io os s : p pu ub bl li ic c i io os s_ _b ba as se e {
p pu ub bl li ic c:

/ / ...

c cl la as ss s f fa ai il lu ur re e; / / exception class (see §14.10)

i io os st ta at te e e ex xc ce ep pt ti io on ns s() c co on ns st t; / / get exception state
v vo oi id d e ex xc ce ep pt ti io on ns s( i io os st ta at te e e ex xc ce ep pt t) ; / / set exception state

/ / ...
};

For example,

c co ou ut t. e ex xc ce ep pt ti io on ns s( i io os s_ _b ba as se e: : b ba ad db bi it t| i io os s_ _b ba as se e: : f fa ai il lb bi it t| i io os s_ _b ba as se e: : e eo of fb bi it t) ;

requests thatc cl le ea ar r() should throw ani io os s_ _b ba as se e: : f fa ai il lu ur re e exception ifc co ou ut t goes into statesb ba ad d,
f fa ai il l, ore eo of f – in other words, if any output operation onc co ou ut t doesn’t perform flawlessly. Similarly,

c ci in n. e ex xc ce ep pt ti io on ns s( i io os s_ _b ba as se e: : b ba ad db bi it t| i io os s_ _b ba as se e: : f fa ai il lb bi it t) ;

allows us to catch the not-too-uncommon case in which the input is not in the format we expected,
so an input operation didn’t return a value from the stream.

A call of e ex xc ce ep pt ti io on ns s() with no arguments returns the set of I/O state flags that triggers an
exception. For example:

v vo oi id d p pr ri in nt t_ _e ex xc ce ep pt ti io on ns s( i io os s_ _b ba as se e& i io os s)
{

i io os s_ _b ba as se e: : i io os st ta at te e s s = i io os s. e ex xc ce ep pt ti io on ns s() ;
i if f ( s s&i io os s_ _b ba as se e: : b ba ad db bi it t) c co ou ut t << " t th hr ro ow ws s f fo or r b ba ad d";
i if f ( s s&i io os s_ _b ba as se e: : f fa ai il lb bi it t) c co ou ut t << " t th hr ro ow ws s f fo or r f fa ai il l";
i if f ( s s&i io os s_ _b ba as se e: : e eo of fb bi it t) c co ou ut t << " t th hr ro ow ws s f fo or r e eo of f";
i if f ( s s == 0 0) c co ou ut t << " d do oe es sn n´ t t t th hr ro ow w";

}

The primary use of I/O exceptions is to catch unlikely– and therefore often forgotten– errors.
Another is to control I/O. For example:
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v vo oi id d r re ea ad di in nt ts s( v ve ec ct to or r<i in nt t>& s s) / / not my favorite style!
{

i io os s_ _b ba as se e: : i io os st ta at te e o ol ld d_ _s st ta at te e = c ci in n. e ex xc ce ep pt ti io on ns s() ; / / save exception state
c ci in n. e ex xc ce ep pt ti io on ns s( i io os s_ _b ba as se e: : e eo of fb bi it t) ; / / throw for eof

f fo or r (;;)
t tr ry y {

i in nt t i i;
c ci in n>>i i;
s s. p pu us sh h_ _b ba ac ck k( i i) ;

}
c ca at tc ch h( i io os s_ _b ba as se e: : e eo of f) {

/ / ok: end of file reached
}

c ci in n. e ex xc ce ep pt ti io on ns s( o ol ld d_ _s st ta at te e) ; / / reset exception state
}

The question to ask about this use of exceptions is, ‘‘Is that an error?’’ or ‘‘Is that really excep-
tional?’’ (§14.5). Usually, I find that the answer to either question is no. Consequently, I prefer to
deal with the stream state directly. What can be handled with local control structures within a func-
tion is rarely improved by the use of exceptions.

21.3.7 Tying of Streams [io.tie]

The b ba as si ic c_ _i io os s function t ti ie e() is used to set up and break connections between ani is st tr re ea am m and an
o os st tr re ea am m:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s s st td d: : b ba as si ic c_ _i io os s : p pu ub bl li ic c i io os s_ _b ba as se e {

/ / ...

b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>* t ti ie e() c co on ns st t; / / get pointer to tied stream
b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>* t ti ie e( b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>* s s) ; / / tie *this to s

/ / ...
};

Consider:

s st tr ri in ng g g ge et t_ _p pa as ss sw wd d()
{

s st tr ri in ng g s s;
c co ou ut t << " P Pa as ss sw wo or rd d: ";
c ci in n >> s s;
/ / ...

}

How can we be sure thatP Pa as ss sw wo or rd d: appears on the screen before the read operation is executed?
The output onc co ou ut t is buffered, so ifc ci in n and c co ou ut t had been independentP Pa as ss sw wo or rd d: would not
have appeared on the screen until the output buffer was full. The answer is thatc co ou ut t is tied toc ci in n
by the operationc ci in n. t ti ie e(& c co ou ut t) .
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When ano os st tr re ea am m is tied to ani is st tr re ea am m, theo os st tr re ea am m is flushed whenever an input operation on
the i is st tr re ea am m causes underflow; that is, whenever new characters are needed from the ultimate input
source to complete the input operation. Thus,

c co ou ut t << " P Pa as ss sw wo or rd d: ";
c ci in n >> s s;

is equivalent to:

c co ou ut t << " P Pa as ss sw wo or rd d: ";
c co ou ut t. f fl lu us sh h() ;
c ci in n >> s s;

A stream can have at most oneo os st tr re ea am m at a time tied to it. A calls s. t ti ie e( 0 0) unties the streams s
from the stream it was tied to, if any. Like most other stream functions that set a value,t ti ie e( s s)
returns the previous value; that is, it returns the previously tied stream or0 0. A call without an argu-
ment,t ti ie e() , returns the current value without changing it.

Of the standard streams,c co ou ut t is tied toc ci in n andw wc co ou ut t is tied tow wc ci in n. Thec ce er rr r streams need
not be tied because they are unbuffered, while thec cl lo og g streams are not meant for user interaction.

21.3.8 Sentries [io.sentry]

When I wrote operators<< and>> for c co om mp pl le ex x, I did not worry about tied streams (§21.3.7) or
whether changing stream state would cause exceptions (§21.3.6). I assumed– correctly– that the
library-provided functions would take care of that for me. But how? There are a couple of dozen
such functions. If we had to write intricate code to handle tied streams,l lo oc ca al le es (§21.7), exceptions,
etc., in each, then the code could get rather messy.

The approach taken is to provide the common code through as se en nt tr ry y class. Code that needs to
be executed first (the ‘‘prefix code’’)– such as flushing a tied stream– is provided as thes se en nt tr ry y’s
constructor. Code that needs to be executed last (the ‘‘suffix code’’)– such as throwing exceptions
caused by state changes– is provided as thes se en nt tr ry y’s destructor:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _o os st tr re ea am m : v vi ir rt tu ua al l p pu ub bl li ic c b ba as si ic c_ _i io os s<C Ch h, T Tr r> {

/ / ...
c cl la as ss s s se en nt tr ry y;
/ / ...

};

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>: : s se en nt tr ry y {
p pu ub bl li ic c:

e ex xp pl li ic ci it t s se en nt tr ry y( b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>& s s) ;
~s se en nt tr ry y() ;
o op pe er ra at to or r b bo oo ol l() ;

/ / ...
};

Thus, common code is factored out and an individual function can be written like this:
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t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>& b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>: : o op pe er ra at to or r<<( i in nt t i i)
{

s se en nt tr ry y s s(* t th hi is s) ;
i if f (! s s) { / / check whether all is well for output to start

s se et ts st ta at te e( f fa ai il lb bi it t) ;
r re et tu ur rn n * t th hi is s;

}

/ / output the int
r re et tu ur rn n * t th hi is s;

}

This technique of using constructors and destructors to provide common prefix and suffix code
through a class is useful in many contexts.

Naturally,b ba as si ic c_ _i is st tr re ea am m has a similars se en nt tr ry y member class.

21.4 Formatting[io.format]

The examples in §21.2 were all of what is commonly calledunformatted output. That is, an object
was turned into a sequence of characters according to default rules. Often, the programmer needs
more detailed control. For example, we need to be able to control the amount of space used for an
output operation and the format used for output of numbers. Similarly, some aspects of input can
be explicitly controlled.

Control of I/O formatting resides in classb ba as si ic c_ _i io os s and its basei io os s_ _b ba as se e. For example, class
b ba as si ic c_ _i io os s holds the information about the base (octal, decimal, or hexadecimal) to be used when
integers are written or read, the precision of floating-point numbers written or read, etc. It also
holds the functions to set and examine these per-stream control variables.

Classb ba as si ic c_ _i io os s is a base ofb ba as si ic c_ _i is st tr re ea am m andb ba as si ic c_ _o os st tr re ea am m, so format control is on a per-
stream basis.

21.4.1 Format State [io.format.state]

Formatting of I/O is controlled by a set of flags and integer values in the stream’si io os s_ _b ba as se e:

c cl la as ss s i io os s_ _b ba as se e {
p pu ub bl li ic c:

/ / ...
/ / names of format flags:

t ty yp pe ed de ef f implementation_defined1 f fm mt tf fl la ag gs s;
s st ta at ti ic c c co on ns st t f fm mt tf fl la ag gs s

s sk ki ip pw ws s, / / skip whitespace on input

l le ef ft t, / / field adjustment: pad after value
r ri ig gh ht t, / / pad before value
i in nt te er rn na al l, / / pad between sign and value
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b bo oo ol la al lp ph ha a, / / use symbolic representation of true and false

d de ec c, / / integer base: base 10 output (decimal)
h he ex x, / / base 16 output (hexadecimal)
o oc ct t, / / base 8 output (octal)

s sc ci ie en nt ti if fi ic c, / / floating-point notation: d.ddddddEdd
f fi ix xe ed d, / / dddd.dd

s sh ho ow wb ba as se e, / / on output prefix oct by 0 and hex by 0x
s sh ho ow wp po oi in nt t, / / print trailing zeros
s sh ho ow wp po os s, / / explicit ’+’ for positive ints
u up pp pe er rc ca as se e, / / ’E’, ’X’ rather than ’e’, ’x’

a ad dj ju us st tf fi ie el ld d, / / flags related to field adjustment (§21.4.5)
b ba as se ef fi ie el ld d, / / flags related to integer base (§21.4.2)
f fl lo oa at tf fi ie el ld d; / / flags related to floating-point output (§21.4.3)

f fm mt tf fl la ag gs s u un ni it tb bu uf f; / / flush output after each output operation

f fm mt tf fl la ag gs s f fl la ag gs s() c co on ns st t; / / read flags
f fm mt tf fl la ag gs s f fl la ag gs s( f fm mt tf fl la ag gs s f f) ; / / set flags

f fm mt tf fl la ag gs s s se et tf f( f fm mt tf fl la ag gs s f f) { r re et tu ur rn n f fl la ag gs s( f fl la ag gs s()| f f) ; } / / add flag
f fm mt tf fl la ag gs s s se et tf f( f fm mt tf fl la ag gs s f f, f fm mt tf fl la ag gs s m ma as sk k) { r re et tu ur rn n f fl la ag gs s( f fl la ag gs s()|( f f&m ma as sk k)) ; }/ / add flag
v vo oi id d u un ns se et tf f( f fm mt tf fl la ag gs s m ma as sk k) { f fl la ag gs s( f fl la ag gs s()&~ m ma as sk k) ; } / / clear flags

/ / ...
};

The values of the flags are implementation-defined. Use the symbolic names exclusively, rather
than specific numeric values, even if those values happen to be correct on your implementation
today.

Defining an interface as a set of flags, and providing operations for setting and clearing those
flags is a time-honored if somewhat old-fashioned technique. Its main virtue is that a user can
compose a set of options. For example:

c co on ns st t i io os s_ _b ba as se e: : f fm mt tf fl la ag gs s m my y_ _o op pt t = i io os s_ _b ba as se e: : l le ef ft t| i io os s_ _b ba as se e: : o oc ct t| i io os s_ _b ba as se e: : f fi ix xe ed d;

This allows us to pass options around and install them where needed. For example:

v vo oi id d y yo ou ur r_ _f fu un nc ct ti io on n( i io os s_ _b ba as se e: : f fm mt tf fl la ag gs s o op pt t)
{

i io os s_ _b ba as se e: : f fm mt tf fl la ag gs s o ol ld d_ _o op pt ti io on ns s = c co ou ut t. f fl la ag gs s( o op pt t) ; / / save old_options and set new ones
/ / ...
c co ou ut t. f fl la ag gs s( o ol ld d_ _o op pt ti io on ns s) ; / / reset options

}

v vo oi id d m my y_ _f fu un nc ct ti io on n()
{

y yo ou ur r_ _f fu un nc ct ti io on n( m my y_ _o op pt t) ;
/ / ...

}

Thef fl la ag gs s() function returns the old option set.

The C++ Programming Language, Third Editionby Bjarne Stroustrup. Copyright ©1997 by AT&T.
Published by Addison Wesley Longman, Inc. ISBN 0-201-88954-4. All rights reserved.



Section 21.4.1 Format State 627

Being able to read and set all options allows us to set an individual flag. For example:

m my yo os st tr re ea am m. f fl la ag gs s( m my yo os st tr re ea am m. f fl la ag gs s()| i io os s_ _b ba as se e: : s sh ho ow wp po os s) ;

This makesm my ys st tr re ea am m display an explicit+ in front of positive numbers without affecting other
options. The old options are read, ands sh ho ow wp po os s is set by or-ing it into the set. The functions se et tf f()
does exactly that, so the example could equivalently have been written:

m my yo os st tr re ea am m. s se et tf f( i io os s_ _b ba as se e: : s sh ho ow wp po os s) ;

Once set, a flag retains its value until it is unset.
Controlling I/O options by explicitly setting and clearing flags is crude and error-prone. For

simple cases, manipulators (§21.4.6) provide a cleaner interface. Using flags to control stream state
is a better study in implementation technique than in interface design.

21.4.1.1 Copying Format State [io.copyfmt]

The complete format state of a stream can be copied byc co op py yf fm mt t() :

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _i io os s : p pu ub bl li ic c i io os s_ _b ba as se e {
p pu ub bl li ic c:

/ / ...
b ba as si ic c_ _i io os s& c co op py yf fm mt t( c co on ns st t b ba as si ic c_ _i io os s& f f) ;
/ / ...

};

The stream’s buffer (§21.6) and the state of that buffer isn’t copied byc co op py yf fm mt t() . However, all of
the rest of the state is, including the requested exceptions (§21.3.6) and any user-supplied additions
to that state (§21.7.1).

21.4.2 Integer Output [io.out.int]

The technique of or-ing in a new option withf fl la ag gs s() or s se et tf f() works only when a single bit con-
trols a feature. This is not the case for options such as the base used for printing integers and the
style of floating-point output. For such options, the value that specifies a style is not necessarily
represented by a single bit or as a set of independent single bits.

The solution adopted in<i io os st tr re ea am m> is to provide a version ofs se et tf f() that takes a second
‘‘pseudo argument’’ that indicates which kind of option we want to set in addition to the new value.
For example,

c co ou ut t. s se et tf f( i io os s_ _b ba as se e: : o oc ct t, i io os s_ _b ba as se e: : b ba as se ef fi ie el ld d) ; / / octal
c co ou ut t. s se et tf f( i io os s_ _b ba as se e: : d de ec c, i io os s_ _b ba as se e: : b ba as se ef fi ie el ld d) ; / / decimal
c co ou ut t. s se et tf f( i io os s_ _b ba as se e: : h he ex x, i io os s_ _b ba as se e: : b ba as se ef fi ie el ld d) ; / / hexadecimal

sets the base of integers without side effects on other parts of the stream state. Once set, a base is
used until reset. For example,

c co ou ut t << 1 12 23 34 4 << ´ ´ << 1 12 23 34 4 << ´ ´; / / default: decimal
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c co ou ut t. s se et tf f( i io os s_ _b ba as se e: : o oc ct t, i io os s_ _b ba as se e: : b ba as se ef fi ie el ld d) ; / / octal
c co ou ut t << 1 12 23 34 4 << ´ ´ << 1 12 23 34 4 << ´ ´;

c co ou ut t. s se et tf f( i io os s_ _b ba as se e: : h he ex x, i io os s_ _b ba as se e: : b ba as se ef fi ie el ld d) ; / / hexadecimal
c co ou ut t << 1 12 23 34 4 << ´ ´ << 1 12 23 34 4 << ´ ´;

produces1 12 23 34 4 1 12 23 34 4 2 23 32 22 2 2 23 32 22 2 4 4d d2 2 4 4d d2 2.
If we need to be able to tell which base was used for each number, we can sets sh ho ow wb ba as se e. Thus,

adding

c co ou ut t. s se et tf f( i io os s_ _b ba as se e: : s sh ho ow wb ba as se e) ;

before the previous operations, we get1 12 23 34 4 1 12 23 34 4 0 02 23 32 22 2 0 02 23 32 22 2 0 0x x4 4d d2 2 0 0x x4 4d d2 2. The standard
manipulators (§21.4.6.2) provide a more elegant way of specifying the base of integer output.

21.4.3 Floating-Point Output [io.out.float]

Floating-point output is controlled by aformatand aprecision:
– Thegeneralformat lets the implementation choose a format that presents a value in the style

that best preserves the value in the space available. The precision specifies the maximum
number of digits. It corresponds top pr ri in nt tf f() ’s %g g (§21.8).

– Thescientificformat presents a value with one digit before a decimal point and an exponent.
The precision specifies the maximum number of digits after the decimal point. It corre-
sponds top pr ri in nt tf f() ’s %e e.

– The fixed format presents a value as an integer part followed by a decimal point and a frac-
tional part. The precision specifies the maximum number of digits after the decimal point.
It corresponds top pr ri in nt tf f() ’s %f f.

We control the floating-point output format through the state manipulation functions. In particular,
we can set the notation used for printing floating-point values without side effects on other parts of
the stream state. For example,

c co ou ut t << " d de ef fa au ul lt t: \ \t t" << 1 12 23 34 4. 5 56 67 78 89 9 << ´ \ \n n´;

c co ou ut t. s se et tf f( i io os s_ _b ba as se e: : s sc ci ie en nt ti if fi ic c, i io os s_ _b ba as se e: : f fl lo oa at tf fi ie el ld d) ; / / use scientific format
c co ou ut t << " s sc ci ie en nt ti if fi ic c: \ \t t" << 1 12 23 34 4. 5 56 67 78 89 9 << ´ \ \n n´;

c co ou ut t. s se et tf f( i io os s_ _b ba as se e: : f fi ix xe ed d, i io os s_ _b ba as se e: : f fl lo oa at tf fi ie el ld d) ; / / use fixed-point format
c co ou ut t << " f fi ix xe ed d: \ \t t" << 1 12 23 34 4. 5 56 67 78 89 9 << ´ \ \n n´;

c co ou ut t. s se et tf f( 0 0, i io os s_ _b ba as se e: : f fl lo oa at tf fi ie el ld d) ; / / reset to default (that is, general format)
c co ou ut t << " d de ef fa au ul lt t: \ \t t" << 1 12 23 34 4. 5 56 67 78 89 9 << ´ \ \n n´;

produces

d de ef fa au ul lt t: 1 12 23 34 4. 5 57 7
s sc ci ie en nt ti if fi ic c: 1 1. 2 23 34 45 56 68 8e e+0 03 3
f fi ix xe ed d: 1 12 23 34 4. 5 56 67 78 89 90 0
d de ef fa au ul lt t: 1 12 23 34 4. 5 57 7

The default precision (for all formats) is6 6. The precision is controlled by ani io os s_ _b ba as se e member
function:
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c cl la as ss s i io os s_ _b ba as se e {
p pu ub bl li ic c:

/ / ...
s st tr re ea am ms si iz ze e p pr re ec ci is si io on n() c co on ns st t; / / get precision
s st tr re ea am ms si iz ze e p pr re ec ci is si io on n( s st tr re ea am ms si iz ze e n n) ; / / set precision (and get old precision)
/ / ...

};

A call of p pr re ec ci is si io on n() affects all floating-point I/O operations for a stream up until the next call of
p pr re ec ci is si io on n() . Thus,

c co ou ut t. p pr re ec ci is si io on n( 8 8) ;
c co ou ut t << 1 12 23 34 4. 5 56 67 78 89 9 << ´ ´ << 1 12 23 34 4. 5 56 67 78 89 9 << ´ ´ << 1 12 23 34 45 56 6 << ´ \ \n n´;

c co ou ut t. p pr re ec ci is si io on n( 4 4) ;
c co ou ut t << 1 12 23 34 4. 5 56 67 78 89 9 << ´ ´ << 1 12 23 34 4. 5 56 67 78 89 9 << ´ ´ << 1 12 23 34 45 56 6 << ´ \ \n n´;

produces

1 12 23 34 4. 5 56 67 79 9 1 12 23 34 4. 5 56 67 79 9 1 12 23 34 45 56 6
1 12 23 35 5 1 12 23 35 5 1 12 23 34 45 56 6

Note that floating-point values are rounded rather than just truncated and thatp pr re ec ci is si io on n() doesn’t
affect integer output.

Theu up pp pe er rc ca as se e flag (§21.4.1) determines whethere e or E E is used to indicate the exponents in the
scientific format.

Manipulators provide a more elegant way of specifying output format for floating-point output
(§21.4.6.2).

21.4.4 Output Fields [io.fields]

Often, we want to fill a specific space on an output line with text. We want to use exactlyn n charac-
ters and not fewer (and more only if the text does not fit). To do this, we specify a field width and a
character to be used if padding is needed:

c cl la as ss s i io os s_ _b ba as se e {
p pu ub bl li ic c:

/ / ...
s st tr re ea am ms si iz ze e w wi id dt th h() c co on ns st t; / / get field width
s st tr re ea am ms si iz ze e w wi id dt th h( s st tr re ea am ms si iz ze e w wi id de e) ; / / set field width
/ / ...

};

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _i io os s : p pu ub bl li ic c i io os s_ _b ba as se e {
p pu ub bl li ic c:

/ / ...
C Ch h f fi il ll l() c co on ns st t; / / get filler character
C Ch h f fi il ll l( C Ch h c ch h) ; / / set filler character
/ / ...

};
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Thew wi id dt th h() function specifies the minimum number of characters to be used for the next standard
library << output operation of a numeric value,b bo oo ol l, C-style string, character, pointer (§21.2.1),
s st tr ri in ng g (§20.3.15), andb bi it tf fi ie el ld d (§17.5.3.3). For example,

c co ou ut t. w wi id dt th h( 4 4) ;
c co ou ut t << 1 12 2;

will print 1 12 2 preceded by two spaces.
The ‘‘padding’’ or ‘‘filler’’ character can be specified by thef fi il ll l() function. For example,

c co ou ut t. w wi id dt th h( 4 4) ;
c co ou ut t. f fi il ll l(´#´) ;
c co ou ut t << " a ab b";

gives the output##a ab b.
The default fill character is the space character and the default field size is0 0, meaning ‘‘as many

characters as needed.’’ The field size can be reset to its default value like this:

c co ou ut t. w wi id dt th h( 0 0) ; / / ‘‘as many characters as needed’’

A call w wi id dt th h( n n) function sets the minimum number of characters ton n. If more characters are pro-
vided, they will all be printed. For example,

c co ou ut t. w wi id dt th h( 4 4) ;
c co ou ut t << " a ab bc cd de ef f";

producesa ab bc cd de ef f rather than justa ab bc cd d. It is usually better to get the right output looking ugly than
to get the wrong output looking just fine (see also §21.10[21]).

A w wi id dt th h( n n) call affects only the immediately following<< output operation:

c co ou ut t. w wi id dt th h( 4 4) ;
c co ou ut t. f fi il ll l(´#´) ;
c co ou ut t << 1 12 2 << ´:´ << 1 13 3;

This produces##1 12 2: 1 13 3, rather than##1 12 2###:## 1 13 3, as would have been the case hadw wi id dt th h( 4 4)
applied to subsequent operations. Had all subsequent output operations been affected byw wi id dt th h() ,
we would have had to explicitly specifyw wi id dt th h() for essentially all values.

The standard manipulators (§21.4.6.2) provide a more elegant way of specifying the width of an
output field.

21.4.5 Field Adjustment [io.field.adjust]

The adjustment of characters within a field can be controlled bys se et tf f() calls:

c co ou ut t. s se et tf f( i io os s_ _b ba as se e: : l le ef ft t, i io os s_ _b ba as se e: : a ad dj ju us st tf fi ie el ld d) ; / / left
c co ou ut t. s se et tf f( i io os s_ _b ba as se e: : r ri ig gh ht t, i io os s_ _b ba as se e: : a ad dj ju us st tf fi ie el ld d) ; / / right
c co ou ut t. s se et tf f( i io os s_ _b ba as se e: : i in nt te er rn na al l, i io os s_ _b ba as se e: : a ad dj ju us st tf fi ie el ld d) ; / / internal

This sets the adjustment of output within an output field defined byi io os s_ _b ba as se e: : w wi id dt th h() without
side effects on other parts of the stream state.
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Adjustment can be specified like this:

c co ou ut t. f fi il ll l(´#´) ;

c co ou ut t << ´(´;
c co ou ut t. w wi id dt th h( 4 4) ;
c co ou ut t << - 1 12 2 << ") ,(";

c co ou ut t. w wi id dt th h( 4 4) ;
c co ou ut t. s se et tf f( i io os s_ _b ba as se e: : l le ef ft t, i io os s_ _b ba as se e: : a ad dj ju us st tf fi ie el ld d) ;
c co ou ut t << - 1 12 2 << ") ,(";

c co ou ut t. w wi id dt th h( 4 4) ;
c co ou ut t. s se et tf f( i io os s_ _b ba as se e: : i in nt te er rn na al l, i io os s_ _b ba as se e: : a ad dj ju us st tf fi ie el ld d) ;
c co ou ut t << - 1 12 2 << ")";

This produces:(#- 1 12 2) , (- 1 12 2#) , (-# 1 12 2) . Internal adjustment places fill characters between the
sign and the value. As shown, right adjustment is the default.

21.4.6 Manipulators [io.manipulators]

To save the programmer from having to deal with the state of a stream in terms of flags, the stan-
dard library provides a set of functions for manipulating that state. The key idea is to insert an
operation that modifies the state in between the objects being read or written. For example, we can
explicitly request that an output buffer be flushed:

c co ou ut t << x x << f fl lu us sh h << y y << f fl lu us sh h;

Here,c co ou ut t. f fl lu us sh h() is called at the appropriate times. This is done by a version of<< that takes a
pointer to function argument and invokes it:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _o os st tr re ea am m : v vi ir rt tu ua al l p pu ub bl li ic c b ba as si ic c_ _i io os s<C Ch h, T Tr r> {
p pu ub bl li ic c:

/ / ...

b ba as si ic c_ _o os st tr re ea am m& o op pe er ra at to or r<<( b ba as si ic c_ _o os st tr re ea am m& (* f f)( b ba as si ic c_ _o os st tr re ea am m&)) { r re et tu ur rn n f f(* t th hi is s) ; }
b ba as si ic c_ _o os st tr re ea am m& o op pe er ra at to or r<<( i io os s_ _b ba as se e& (* f f)( i io os s_ _b ba as se e&)) ;
b ba as si ic c_ _o os st tr re ea am m& o op pe er ra at to or r<<( b ba as si ic c_ _i io os s<C Ch h, T Tr r>& (* f f)( b ba as si ic c_ _i io os s<C Ch h, T Tr r>&)) ;

/ / ...
};

For this to work, a function must be a nonmember or static-member function with the right type. In
particular,f fl lu us sh h() is defined like this:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>& f fl lu us sh h( b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>& s s)
{

r re et tu ur rn n s s. f fl lu us sh h() ; / / call ostream’s member flush()
}
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These declarations ensure that

c co ou ut t << f fl lu us sh h;

is resolved as

c co ou ut t. o op pe er ra at to or r<<( f fl lu us sh h) ;

which calls

f fl lu us sh h( c co ou ut t) ;

which then invokes

c co ou ut t. f fl lu us sh h() ;

The whole rigmarole is done (at compile time) to allowb ba as si ic c_ _o os st tr re ea am m: : f fl lu us sh h() to be called
using thec co ou ut t<<f fl lu us sh h notation.

There is a wide variety of operations we might like to perform just before or just after an input
or output operation. For example:

c co ou ut t << x x;
c co ou ut t. f fl lu us sh h() ;
c co ou ut t << y y;

c ci in n. n no os sk ki ip pw ws s() ; / / don’t skip whitespace
c ci in n >> x x;

When the operations are written as separate statements, the logical connections between the opera-
tions are not obvious. Once the logical connection is lost, the code gets harder to understand. The
notion of manipulators allows operations such asf fl lu us sh h() andn no os sk ki ip pw ws s() to be inserted directly
in the list of input or output operations. For example:

c co ou ut t << x x << f fl lu us sh h << y y << f fl lu us sh h;
c ci in n >> n no os sk ki ip pw ws s >> x x;

Naturally, classb ba as si ic c_ _i is st tr re ea am m provides>> operators for invoking manipulators in a way similar to
classb ba as si ic c_ _o os st tr re ea am m:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _i is st tr re ea am m : v vi ir rt tu ua al l p pu ub bl li ic c b ba as si ic c_ _i io os s<C Ch h, T Tr r> {
p pu ub bl li ic c:

/ / ...

b ba as si ic c_ _i is st tr re ea am m& o op pe er ra at to or r>>( b ba as si ic c_ _i is st tr re ea am m& (* p pf f)( b ba as si ic c_ _i is st tr re ea am m&)) ;
b ba as si ic c_ _i is st tr re ea am m& o op pe er ra at to or r>>( b ba as si ic c_ _i io os s<C Ch h, T Tr r>& (* p pf f)( b ba as si ic c_ _i io os s<C Ch h, T Tr r>&)) ;
b ba as si ic c_ _i is st tr re ea am m& o op pe er ra at to or r>>( i io os s_ _b ba as se e& (* p pf f)( i io os s_ _b ba as se e&)) ;

/ / ...
};
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21.4.6.1 Manipulators Taking Arguments [io.manip.arg]

Manipulators that take arguments can also be useful. For example, we might want to write

c co ou ut t << s se et tp pr re ec ci is si io on n( 4 4) << a an ng gl le e;

to print the value of the floating-point variablea an ng gl le ewith four digits.
To do this, s se et tp pr re ec ci is si io on n must return an object that is initialized by4 4 and that calls

c co ou ut t: : s se et tp pr re ec ci is si io on n( 4 4) when invoked. Such a manipulator is a function object that is invoked by
<< rather than by() . The exact type of that function object is implementation-defined, but it
might be defined like this:

s st tr ru uc ct t s sm ma an ni ip p {
i io os s_ _b ba as se e& (* f f)( i io os s_ _b ba as se e&, i in nt t) ; / / function to be called
i in nt t i i;

s sm ma an ni ip p( i io os s_ _b ba as se e& (* f ff f)( i io os s_ _b ba as se e&, i in nt t) , i in nt t i ii i) : f f( f ff f) , i i( i ii i) { }
};

t te em mp pl la at te e<c cl la ad dd d C Ch h, c cl la as ss s T Tr r>
o os st tr re ea am m<C Ch h, T Tr r>& o op pe er ra at to or r<<( o os st tr re ea am m<C Ch h, T Tr r>& o os s, s sm ma an ni ip p& m m)
{

r re et tu ur rn n m m. f f( o os s, m m. i i) ;
}

The s sm ma an ni ip p constructor stores its arguments inf f and i i, ando op pe er ra at to or r<< calls f f( i i) . We can now
defines se et tp pr re ec ci is si io on n() like this:

i io os s_ _b ba as se e& s se et t_ _p pr re ec ci is si io on n( i io os s_ _b ba as se e& s s, i in nt t n n) / / helper
{

r re et tu ur rn n s s. s se et tp pr re ec ci is si io on n( n n) ; / / call the member function
}

i in nl li in ne e s sm ma an ni ip p s se et tp pr re ec ci is si io on n( i in nt t n n)
{

r re et tu ur rn n s sm ma an ni ip p( s se et t_ _p pr re ec ci is si io on n, n n) ; / / make the function object
}

We can now write:

c co ou ut t << s se et tp pr re ec ci is si io on n( 4 4) << a an ng gl le e ;

A programmer can define new manipulators in the style ofs sm ma an ni ip p as needed (§21.10[22]). Doing
this does not require modification of the definitions of standard library templates and classes such
asb ba as si ic c_ _i is st tr re ea am m, b ba as si ic c_ _o os st tr re ea am m, b ba as si ic c_ _i io os s, andi io os s_ _b ba as se e.

21.4.6.2 Standard I/O Manipulators [io.std.manipulators]

The standard library provides manipulators corresponding to the various format states and state
changes. The standard manipulators are defined in namespaces st td d. Manipulators takingi io o_ _b ba as se e,
i is st tr re ea am m, ando os st tr re ea am marguments are presented in<i io os s>, <o os st tr re ea am m>, and<i io os st tr re ea am m>, respectively.
The rest of the standard manipulators are presented in<i io om ma an ni ip p>.
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i io os s_ _b ba as se e& b bo oo ol la al lp ph ha a( i io os s_ _b ba as se e&) ; / / symbolic representation of true and false (input and output)
i io os s_ _b ba as se e& n no ob bo oo ol la al lp ph ha a( i io os s_ _b ba as se e& s s) ; / / s.unsetf(ios_base::boolalpha)

i io os s_ _b ba as se e& s sh ho ow wb ba as se e( i io os s_ _b ba as se e&) ; / / on output prefix oct by 0 and hex by 0x
i io os s_ _b ba as se e& n no os sh ho ow wb ba as se e( i io os s_ _b ba as se e& s s) ; / / s.unsetf(ios_base::showbase)

i io os s_ _b ba as se e& s sh ho ow wp po oi in nt t( i io os s_ _b ba as se e&) ;
i io os s_ _b ba as se e& n no os sh ho ow wp po oi in nt t( i io os s_ _b ba as se e& s s) ; / / s.unsetf(ios_base::showpoint)

i io os s_ _b ba as se e& s sh ho ow wp po os s( i io os s_ _b ba as se e&) ;
i io os s_ _b ba as se e& n no os sh ho ow wp po os s( i io os s_ _b ba as se e& s s) ; / / s.unsetf(ios_base::showpos)

i io os s_ _b ba as se e& s sk ki ip pw ws s( i io os s_ _b ba as se e&) ; / / skip whitespace
i io os s_ _b ba as se e& n no os sk ki ip pw ws s( i io os s_ _b ba as se e& s s) ; / / s.unsetf(ios_base::skipws)

i io os s_ _b ba as se e& u up pp pe er rc ca as se e( i io os s_ _b ba as se e&) ; / / X and E rather than x and e
i io os s_ _b ba as se e& n no ou up pp pe er rc ca as se e( i io os s_ _b ba as se e&) ; / / x and e rather than X and E

i io os s_ _b ba as se e& i in nt te er rn na al l( i io os s_ _b ba as se e&) ; / / adjust §21.4.5
i io os s_ _b ba as se e& l le ef ft t( i io os s_ _b ba as se e&) ; / / pad after value
i io os s_ _b ba as se e& r ri ig gh ht t( i io os s_ _b ba as se e&) ; / / pad before value

i io os s_ _b ba as se e& d de ec c( i io os s_ _b ba as se e&) ; / / integer base is 10 (§21.4.2)
i io os s_ _b ba as se e& h he ex x( i io os s_ _b ba as se e&) ; / / integer base is 16
i io os s_ _b ba as se e& o oc ct t( i io os s_ _b ba as se e&) ; / / integer base is 8

i io os s_ _b ba as se e& f fi ix xe ed d( i io os s_ _b ba as se e&) ; / / floating-point format dddd.dd (§21.4.3)
i io os s_ _b ba as se e& s sc ci ie en nt ti if fi ic c( i io os s_ _b ba as se e&) ; / / scientific format d.ddddEdd

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r>
b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>& e en nd dl l( b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>&) ; / / put ’\n’ and flush

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r>
b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>& e en nd ds s( b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>&) ; / / put ’\0’ and flush

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r>
b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>& f fl lu us sh h( b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r>&) ; / / flush stream

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r>
b ba as si ic c_ _i is st tr re ea am m<C Ch h, T Tr r>& w ws s( b ba as si ic c_ _i is st tr re ea am m<C Ch h, T Tr r>&) ; / / eat whitespace

s sm ma an ni ip p r re es se et ti io os sf fl la ag gs s( i io os s_ _b ba as se e: : f fm mt tf fl la ag gs s f f) ; / / clear flags (§21.4)
s sm ma an ni ip p s se et ti io os sf fl la ag gs s( i io os s_ _b ba as se e: : f fm mt tf fl la ag gs s f f) ; / / set flags (§21.4)
s sm ma an ni ip p s se et tb ba as se e( i in nt t b b) ; / / output integers in base b
s sm ma an ni ip p s se et tf fi il ll l( i in nt t c c) ; / / make c the fill character
s sm ma an ni ip p s se et tp pr re ec ci is si io on n( i in nt t n n) ; / / n digits after decimal point
s sm ma an ni ip p s se et tw w( i in nt t n n) ; / / next field is n char

For example,

c co ou ut t << 1 12 23 34 4 << ´,´ << h he ex x << 1 12 23 34 4 << ´,´ << o oc ct t << 1 12 23 34 4 << e en nd dl l;

produces1 12 23 34 4, 4 4d d2 2, 2 23 32 22 2 and

c co ou ut t << ´(´ << s se et tw w( 4 4) << s se et tf fi il ll l(´#´) << 1 12 2 << ") (" << 1 12 2 << ") \ \n n";

produces(## 1 12 2) ( 1 12 2) .
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When using manipulators that do not take arguments,do notadd parentheses. When using stan-
dard manipulators that take arguments, remember to#i in nc cl lu ud de e<i io om ma an ni ip p>. For example:

#i in nc cl lu ud de e <i io os st tr re ea am m>

i in nt t m ma ai in n()
{

s st td d: : c co ou ut t << s se et tp pr re ec ci is si io on n( 4 4) / / error: setprecision undefined (forgot<iomanip>)
<< s sc ci ie en nt ti if fi ic c() / / error: ostream<<ostream& (spurious parentheses)
<< d d << e en nd dl l;

}

21.4.6.3 User-Defined Manipulators [io.ud.manipulators]

A programmer can add manipulators in the style of the standard ones. Here, I present an additional
style that I have found useful for formatting floating-point numbers.

The p pr re ec ci is si io on n used persists for all output operations, but aw wi id dt th h() operation applies to the
next numeric output operation only. What I want is something that makes it simple to output a
floating-point number in a predefined format without affecting future output operations on the
stream. The basic idea is to define a class that represents formats, another that represents a format
plus a value to be formatted, and then an operator<< that outputs the value to ano os st tr re ea am m accord-
ing to the format. For example:

F Fo or rm m g ge en n4 4( 4 4) ; / / general format, precision is 4

v vo oi id d f f( d do ou ub bl le e d d)
{

F Fo or rm m s sc ci i8 8 = g ge en n4 4;
s sc ci i8 8. s sc ci ie en nt ti if fi ic c(). p pr re ec ci is si io on n( 8 8) ; / / scientific format, precision 8

c co ou ut t << d d << ´ ´ << g ge en n4 4( d d) << ´ ´ << s sc ci i8 8( d d) << ´ ´ << d d << ´ \ \n n´;
}

A call f f( 1 12 23 34 4. 5 56 67 78 89 9) writes

1 12 23 34 4. 5 57 7 1 12 23 35 5 1 1. 2 23 34 45 56 67 78 89 9e e+0 03 3 1 12 23 34 4. 5 57 7

Note how the use of aF Fo or rm m doesn’t affect the state of the stream so that the last output ofd d has the
same default format as the first.

Here is a simplified implementation:

c cl la as ss s B Bo ou un nd d_ _f fo or rm m; / / Form plus value

c cl la as ss s F Fo or rm m {
f fr ri ie en nd d o os st tr re ea am m& o op pe er ra at to or r<<( o os st tr re ea am m&, c co on ns st t B Bo ou un nd d_ _f fo or rm m&) ;

i in nt t p pr rc c; / / precision
i in nt t w wd dt t; / / width, 0 means as wide as necessary
i in nt t f fm mt t; / / general, scientific, or fixed (§21.4.3)
/ / ...
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p pu ub bl li ic c:
e ex xp pl li ic ci it t F Fo or rm m( i in nt t p p = 6 6) : p pr rc c( p p) / / default precision is 6
{

f fm mt t = 0 0; / / general format (§21.4.3)
w wd dt t = 0 0; / / as wide as necessary

}

B Bo ou un nd d_ _f fo or rm m o op pe er ra at to or r()( d do ou ub bl le e d d) c co on ns st t; / / make a Bound_form for *this and d

F Fo or rm m& s sc ci ie en nt ti if fi ic c() { f fm mt t = i io os s_ _b ba as se e: : s sc ci ie en nt ti if fi ic c; r re et tu ur rn n * t th hi is s; }
F Fo or rm m& f fi ix xe ed d() { f fm mt t = i io os s_ _b ba as se e: : f fi ix xe ed d; r re et tu ur rn n * t th hi is s; }
F Fo or rm m& g ge en ne er ra al l() { f fm mt t = 0 0; r re et tu ur rn n * t th hi is s; }

F Fo or rm m& u up pp pe er rc ca as se e() ;
F Fo or rm m& l lo ow we er rc ca as se e() ;
F Fo or rm m& p pr re ec ci is si io on n( i in nt t p p) { p pr rc c = p p; r re et tu ur rn n * t th hi is s; }

F Fo or rm m& w wi id dt th h( i in nt t w w) { w wd dt t = w w; r re et tu ur rn n * t th hi is s; } / / applies to all types
F Fo or rm m& f fi il ll l( c ch ha ar r) ;

F Fo or rm m& p pl lu us s( b bo oo ol l b b = t tr ru ue e) ; / / explicit plus
F Fo or rm m& t tr ra ai il li in ng g_ _z ze er ro os s( b bo oo ol l b b = t tr ru ue e) ; / / print trailing zeros
/ / ...

};

The idea is that aF Fo or rm m holds all the information needed to format one data item. The default is
chosen to be reasonable for many uses, and the various member functions can be used to reset indi-
vidual aspects of formatting. The() operator is used to bind a value with the format to be used to
output it. AB Bo ou un nd d_ _f fo or rm m can then be output to a given stream by a suitable<< function:

s st tr ru uc ct t B Bo ou un nd d_ _f fo or rm m {
c co on ns st t F Fo or rm m& f f;
d do ou ub bl le e v va al l;

B Bo ou un nd d_ _f fo or rm m( c co on ns st t F Fo or rm m& f ff f, d do ou ub bl le e v v) : f f( f ff f) , v va al l( v v) { }
};

B Bo ou un nd d_ _f fo or rm m F Fo or rm m: : o op pe er ra at to or r()( d do ou ub bl le e d d) { r re et tu ur rn n B Bo ou un nd d_ _f fo or rm m(* t th hi is s, d d) ; }

o os st tr re ea am m& o op pe er ra at to or r<<( o os st tr re ea am m& o os s, c co on ns st t B Bo ou un nd d_ _f fo or rm m& b bf f)
{

o os st tr ri in ng gs st tr re ea am m s s; / / string streams are described in §21.5.3
s s. p pr re ec ci is si io on n( b bf f. f f. p pr rc c) ;
s s. s se et tf f( b bf f. f f. f fm mt t, i io os s_ _b ba as se e: : f fl lo oa at tf fi ie el ld d) ;
s s << b bf f. v va al l; / / compose string in s
r re et tu ur rn n o os s << s s. s st tr r() ; / / output s to os

}

Writing a less simplistic implementation of<< is left as an exercise (§21.10[21]). TheF Fo or rm m and
B Bo ou un nd d_ _f fo or rm m classes are easily extended for formatting integers, strings, etc. (see §21.10[20]).

Note that these declarations make the combination of<< and () into a ternary operator;
c co ou ut t<<s sc ci i4 4( d d) collects theo os st tr re ea am m, the format, and the value into a single function before doing
any real computation.
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21.5 File Streams and String Streams[io.files]

When a C++ program starts,c co ou ut t, c ce er rr r, c cl lo og g, c ci in n, and their wide-character equivalents (§21.2.1) are
available for use. These streams are set up by default and their correspondence with I/O devices or
files is determined by ‘‘the system.’’ In addition, you can create your own streams. In this case,
you must specify to what the streams are attached. Attaching a stream to a file or to as st tr ri in ng g is
common enough so as to be supported directly by the standard library. Here is the hierarchy of
standard stream classes:

i io os s_ _b ba as se e

i io os s<>

i is st tr re ea am m<> o os st tr re ea am m<>

i io os st tr re ea am m<>i if fs st tr re ea am m<>i is st tr ri in ng gs st tr re ea am m<> o of fs st tr re ea am m<> o os st tr ri in ng gs st tr re ea am m<>

f fs st tr re ea am m<> s st tr ri in ng gs st tr re ea am m<>

. . . . . . . . . .

..........

The classes suffixed by<> are templates parameterized on the character type, and their names have
ab ba as si ic c_ _ prefix. A dotted line indicates a virtual base class (§15.2.4).

Files and strings are examples of containers that you can both read from and write to. Conse-
quently, you can have a stream that supports both<< and>>. Such a stream is called ani io os st tr re ea am m,
which is defined in namespaces st td d and presented in<i io os st tr re ea am m>:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _i io os st tr re ea am m : p pu ub bl li ic c b ba as si ic c_ _i is st tr re ea am m<C Ch h, T Tr r>, p pu ub bl li ic c b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r> {
p pu ub bl li ic c:

e ex xp pl li ic ci it t b ba as si ic c_ _i io os st tr re ea am m( b ba as si ic c_ _s st tr re ea am mb bu uf f<C Ch h, T Tr r>* s sb b) ;
v vi ir rt tu ua al l ~b ba as si ic c_ _i io os st tr re ea am m() ;

};

t ty yp pe ed de ef f b ba as si ic c_ _i io os st tr re ea am m<c ch ha ar r> i io os st tr re ea am m;
t ty yp pe ed de ef f b ba as si ic c_ _i io os st tr re ea am m<w wc ch ha ar r_ _t t> w wi io os st tr re ea am m;

Reading and writing from ani io os st tr re ea am m is controlled through the put-buffer and get-buffer opera-
tions on thei io os st tr re ea am m’s s st tr re ea am mb bu uf f (§21.6.4).

21.5.1 File Streams [io.filestream]

Here is a complete program that copies one file to another. The file names are taken as command-
line arguments:

#i in nc cl lu ud de e <f fs st tr re ea am m>
#i in nc cl lu ud de e <c cs st td dl li ib b>
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v vo oi id d e er rr ro or r( c co on ns st t c ch ha ar r* p p, c co on ns st t c ch ha ar r* p p2 2 = "")
{

c ce er rr r << p p << ´ ´ << p p2 2 << ´ \ \n n´;
s st td d: : e ex xi it t( 1 1) ;

}

i in nt t m ma ai in n( i in nt t a ar rg gc c, c ch ha ar r* a ar rg gv v[])
{

i if f ( a ar rg gc c != 3 3) e er rr ro or r(" w wr ro on ng g n nu um mb be er r o of f a ar rg gu um me en nt ts s") ;

s st td d: : i if fs st tr re ea am m f fr ro om m( a ar rg gv v[ 1 1]) ; / / open input file stream
i if f (! f fr ro om m) e er rr ro or r(" c ca an nn no ot t o op pe en n i in np pu ut t f fi il le e", a ar rg gv v[ 1 1]) ;

s st td d: : o of fs st tr re ea am m t to o( a ar rg gv v[ 2 2]) ; / / open output file stream
i if f (! t to o) e er rr ro or r(" c ca an nn no ot t o op pe en n o ou ut tp pu ut t f fi il le e", a ar rg gv v[ 2 2]) ;

c ch ha ar r c ch h;
w wh hi il le e ( f fr ro om m. g ge et t( c ch h)) t to o. p pu ut t( c ch h) ;

i if f (! f fr ro om m. e eo of f() || ! t to o) e er rr ro or r(" s so om me et th hi in ng g s st tr ra an ng ge e h ha ap pp pe en ne ed d") ;
}

A file is opened for input by creating an object of classi if fs st tr re ea am m (input file stream) with the file
name as the argument. Similarly, a file is opened for output by creating an object of classo of fs st tr re ea am m
(output file stream) with the file name as the argument. In both cases, we test the state of the cre-
ated object to see if the file was successfully opened.

A b ba as si ic c_ _o of fs st tr re ea am m is declared like this in<f fs st tr re ea am m>:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _o of fs st tr re ea am m : p pu ub bl li ic c b ba as si ic c_ _o os st tr re ea am m<C Ch h, T Tr r> {
p pu ub bl li ic c:

b ba as si ic c_ _o of fs st tr re ea am m() ;
e ex xp pl li ic ci it t b ba as si ic c_ _o of fs st tr re ea am m( c co on ns st t c ch ha ar r* p p, o op pe en nm mo od de e m m = o ou ut t) ;

b ba as si ic c_ _f fi il le eb bu uf f<C Ch h, T Tr r>* r rd db bu uf f() c co on ns st t;

b bo oo ol l i is s_ _o op pe en n() c co on ns st t;
v vo oi id d o op pe en n( c co on ns st t c ch ha ar r* p p, o op pe en nm mo od de e m m = o ou ut t) ;
v vo oi id d c cl lo os se e() ;

};

As usual,t ty yp pe ed de ef fs are available for the most common types:

t ty yp pe ed de ef f b ba as si ic c_ _i if fs st tr re ea am m<c ch ha ar r> i if fs st tr re ea am m;
t ty yp pe ed de ef f b ba as si ic c_ _o of fs st tr re ea am m<c ch ha ar r> o of fs st tr re ea am m;
t ty yp pe ed de ef f b ba as si ic c_ _f fs st tr re ea am m<c ch ha ar r> f fs st tr re ea am m;

t ty yp pe ed de ef f b ba as si ic c_ _i if fs st tr re ea am m<w wc ch ha ar r_ _t t> w wi if fs st tr re ea am m;
t ty yp pe ed de ef f b ba as si ic c_ _o of fs st tr re ea am m<w wc ch ha ar r_ _t t> w wo of fs st tr re ea am m;
t ty yp pe ed de ef f b ba as si ic c_ _f fs st tr re ea am m<w wc ch ha ar r_ _t t> w wf fs st tr re ea am m;

An i if fs st tr re ea am m is like ano of fs st tr re ea am m, except that it is derived fromi is st tr re ea am m and is by default opened for
reading. In addition, the standard library offers anf fs st tr re ea am m, which is like ano of fs st tr re ea am m, except that it
is derived fromi io os st tr re ea am m and by default can be both read from and written to.
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File stream constructors take a second argument specifying alternative modes of opening:

c cl la as ss s i io os s_ _b ba as se e {
p pu ub bl li ic c:

/ / ...

t ty yp pe ed de ef f implementation_defined3 o op pe en nm mo od de e;
s st ta at ti ic c o op pe en nm mo od de e a ap pp p, / / append

a at te e, / / open and seek to end of file (pronounced ‘‘at end’’)
b bi in na ar ry y, / / I/O to be done in binary mode (rather than text mode)
i in n, / / open for reading
o ou ut t, / / open for writing
t tr ru un nc c; / / truncate file to 0-length

/ / ...
};

The actual values ofo op pe en nm mo od de es and their meanings are implementation-defined. Please consult
your systems and library manual for details– and do experiment. The comments should give some
idea of the intended meaning of the modes. For example, we can open a file so that anything writ-
ten to it is appended to the end:

o of fs st tr re ea am m m my ys st tr re ea am m( n na am me e. c c_ _s st tr r() , i io os s_ _b ba as se e: : a ap pp p) ;

It is also possible to open a file for both input and output. For example:

f fs st tr re ea am m d di ic ct ti io on na ar ry y(" c co on nc co or rd da an nc ce e", i io os s_ _b ba as se e: : i in n| i io os s_ _b ba as se e: : o ou ut t) ;

21.5.2 Closing of Streams [io.close]

A file can be explicitly closed by callingc cl lo os se e() on its stream:

v vo oi id d f f( o os st tr re ea am m& m my ys st tr re ea am m)
{

/ / ...

m my ys st tr re ea am m. c cl lo os se e() ;
}

However, this is implicitly done by the stream’s destructor. So an explicit call ofc cl lo os se e() is
needed only if the file must be closed before reaching the end of the scope in which its stream was
declared.

This raises the question of how an implementation can ensure that the predefined streamsc co ou ut t,
c ci in n, c ce er rr r, andc cl lo og g are created before their first use and closed (only) after their last use. Naturally,
different implementations of the<i io os st tr re ea am m> stream library can use different techniques to achieve
this. After all, exactly how it is done is an implementation detail that should not be visible to the
user. Here, I present just one technique that is general enough to be used to ensure proper order of
construction and destruction of global objects of a variety of types. An implementation may be
able to do better by taking advantage of special features of a compiler or linker.

The fundamental idea is to define a helper class that is a counter that keeps track of how many
times<i io os st tr re ea am m> has been included in a separately compiled source file:
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c cl la as ss s i io os s_ _b ba as se e: : I In ni it t {
s st ta at ti ic c i in nt t c co ou un nt t;

p pu ub bl li ic c:
I In ni it t() ;
~I In ni it t() ;

};

n na am me es sp pa ac ce e { / / in <iostream>, one copy in each file #including<iostream>
i io os s_ _b ba as se e: : I In ni it t _ __ _i io oi in ni it t;

}

i in nt t i io os s_ _b ba as se e: : I In ni it t: : c co ou un nt t = 0 0; / / in some .c file

Each translation unit (§9.1) declares its own object called_ __ _i io oi in ni it t. The constructor for the_ __ _i io oi in ni it t
objects usesi io os s_ _b ba as se e: : I In ni it t: : c co ou un nt t as a first-time switch to ensure that actual initialization of the
global objects of the stream I/O library is done exactly once:

i io os s_ _b ba as se e: : I In ni it t: : I In ni it t()
{

i if f ( c co ou un nt t++ == 0 0) { /* initialize cout, cerr, cin, etc.*/ }
}

Conversely, the destructor for the_ __ _i io oi in ni it t objects usesi io os s_ _b ba as se e: : I In ni it t: : c co ou un nt t as a last-time
switch to ensure that the streams are closed:

i io os s_ _b ba as se e: : I In ni it t: :~ I In ni it t()
{

i if f (-- c co ou un nt t == 0 0) { /* clean up cout (flush, etc.), cerr, cin, etc.*/ }
}

This is a general technique for dealing with libraries that require initialization and cleanup of global
objects. In a system in which all code resides in main memory during execution, the technique is
almost free. When that is not the case, the overhead of bringing each object file into main memory
to execute its initialization function can be noticeable. When possible, it is better to avoid global
objects. For a class in which each operation performs significant work, it can be reasonable to test
a first-time switch (likei io os s_ _b ba as se e: : I In ni it t: : c co ou un nt t) in each operation to ensure initialization. How-
ever, that approach would have been prohibitively expensive for streams. The overhead of a first-
time switch in the functions that read and write single characters would have been quite noticeable.

21.5.3 String Streams [io.stringstream]

A stream can be attached to as st tr ri in ng g. That is, we can read from as st tr ri in ng g and write to as st tr ri in ng g using
the formatting facilities provided by streams. Such streams are called as st tr ri in ng gs st tr re ea am ms. They are
defined in<s ss st tr re ea am m>:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r=c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _s st tr ri in ng gs st tr re ea am m : p pu ub bl li ic c b ba as si ic c_ _i io os st tr re ea am m<C Ch h, T Tr r> {
p pu ub bl li ic c:

e ex xp pl li ic ci it t b ba as si ic c_ _s st tr ri in ng gs st tr re ea am m( i io os s_ _b ba as se e: : o op pe en nm mo od de e m m = o ou ut t| i in n) ;
e ex xp pl li ic ci it t b ba as si ic c_ _s st tr ri in ng gs st tr re ea am m( c co on ns st t b ba as si ic c_ _s st tr ri in ng g<C Ch h>& s s, o op pe en nm mo od de e m m = o ou ut t| i in n) ;
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b ba as si ic c_ _s st tr ri in ng g<C Ch h> s st tr r() c co on ns st t; / / get copy of string
v vo oi id d s st tr r( c co on ns st t b ba as si ic c_ _s st tr ri in ng g<C Ch h>& s s) ; / / set value to copy of s

b ba as si ic c_ _s st tr ri in ng gb bu uf f<C Ch h, T Tr r>* r rd db bu uf f() c co on ns st t;
};

t ty yp pe ed de ef f b ba as si ic c_ _i is st tr ri in ng gs st tr re ea am m<c ch ha ar r> i is st tr ri in ng gs st tr re ea am m;
t ty yp pe ed de ef f b ba as si ic c_ _o os st tr ri in ng gs st tr re ea am m<c ch ha ar r> o os st tr ri in ng gs st tr re ea am m;
t ty yp pe ed de ef f b ba as si ic c_ _s st tr ri in ng gs st tr re ea am m<c ch ha ar r> s st tr ri in ng gs st tr re ea am m;

t ty yp pe ed de ef f b ba as si ic c_ _i is st tr ri in ng gs st tr re ea am m<w wc ch ha ar r_ _t t> w wi is st tr ri in ng gs st tr re ea am m;
t ty yp pe ed de ef f b ba as si ic c_ _o os st tr ri in ng gs st tr re ea am m<w wc ch ha ar r_ _t t> w wo os st tr ri in ng gs st tr re ea am m;
t ty yp pe ed de ef f b ba as si ic c_ _s st tr ri in ng gs st tr re ea am m<w wc ch ha ar r_ _t t> w ws st tr ri in ng gs st tr re ea am m;

For example, ano os st tr ri in ng gs st tr re ea am m can be used to format messages st tr ri in ng gs s:

e ex xt te er rn n c co on ns st t c ch ha ar r* s st td d_ _m me es ss sa ag ge e[] ;

s st tr ri in ng g c co om mp po os se e( i in nt t n n, c co on ns st t s st tr ri in ng g& c cs s)
{

o os st tr ri in ng gs st tr re ea am m o os st t;
o os st t << " e er rr ro or r(" << n n << ") " << s st td d_ _m me es ss sa ag ge e[ n n] << " ( u us se er r c co om mm me en nt t: " << c cs s << ´)´;
r re et tu ur rn n o os st t. s st tr r() ;

}

There is no need to check for overflow becauseo os st t is expanded as needed. This technique can be
most useful for coping with cases in which the formatting required is more complicated than what
is common for a line-oriented output device.

An initial value can be provided for ano os st tr ri in ng gs st tr re ea am m, so we could equivalently have written:

s st tr ri in ng g c co om mp po os se e2 2( i in nt t n n, c co on ns st t s st tr ri in ng g& c cs s)
{

o os st tr ri in ng gs st tr re ea am m o os st t(" e er rr ro or r(") ;
o os st t << n n << ") " << s st td d_ _m me es ss sa ag ge e[ n n] << " ( u us se er r c co om mm me en nt t: " << c cs s << ´)´;
r re et tu ur rn n o os st t. s st tr r() ;

}

An i is st tr ri in ng gs st tr re ea am m is an input stream reading from as st tr ri in ng g:

#i in nc cl lu ud de e <s ss st tr re ea am m>

v vo oi id d w wo or rd d_ _p pe er r_ _l li in ne e( c co on ns st t s st tr ri in ng g& s s) / / prints one word per line
{

i is st tr ri in ng gs st tr re ea am m i is st t( s s) ;
s st tr ri in ng g w w;
w wh hi il le e ( i is st t>>w w) c co ou ut t << w w << ´ \ \n n´;

}

i in nt t m ma ai in n()
{

w wo or rd d_ _p pe er r_ _l li in ne e(" I If f y yo ou u t th hi in nk k C C++ i is s d di if ff fi ic cu ul lt t, t tr ry y E En ng gl li is sh h") ;
}

The initializers st tr ri in ng g is copied into thei is st tr ri in ng gs st tr re ea am m. The end of the string terminates input.
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It is possible to define streams that directly read from and write to arrays of characters
(§21.10[26]). This is often useful when dealing with older code, especially since theo os st tr rs st tr re ea am m
andi is st tr rs st tr re ea am m classes doing that were part of the original streams library.

21.6 Buffering[io.buf]

Conceptually, an output stream puts characters into a buffer. Some time later, the characters are
then written to wherever they are supposed to go. Such a buffer is called as st tr re ea am mb bu uf f (§21.6.4). Its
definition is found in<s st tr re ea am mb bu uf f>. Different types ofs st tr re ea am mb bu uf fs implement different buffering
strategies. Typically, thes st tr re ea am mb bu uf f stores characters in an array until an overflow forces it to write
the characters to their real destination. Thus, ano os st tr re ea am m can be represented graphically like this:

ostream:

tellp()
begin

current
end

streambuf:

real destination

character buffer
. . . . . ..

..

. . . . . . .....

The set of template arguments for ano os st tr re ea am m and itss st tr re ea am mb bu uf f must be the same and determines
the type of character used in the character buffer.

An i is st tr re ea am m is similar, except that the characters flow the other way.
Unbuffered I/O is simply I/O where the streambuf immediately transfers each character, rather

than holding on to characters until enough have been gathered for efficient transfer.

21.6.1 Output Streams and Buffers [io.ostreambuf]

An o os st tr re ea am m provides operations for converting values of various types into character sequences
according to conventions (§21.2.1) and explicit formatting directives (§21.4). In addition, an
o os st tr re ea am m provides operations that deal directly with itss st tr re ea am mb bu uf f:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _o os st tr re ea am m : v vi ir rt tu ua al l p pu ub bl li ic c b ba as si ic c_ _i io os s<C Ch h, T Tr r> {
p pu ub bl li ic c:

/ / ...
e ex xp pl li ic ci it t b ba as si ic c_ _o os st tr re ea am m( b ba as si ic c_ _s st tr re ea am mb bu uf f<C Ch h, T Tr r>* b b) ;

p po os s_ _t ty yp pe e t te el ll lp p() ; / / get current position
b ba as si ic c_ _o os st tr re ea am m& s se ee ek kp p( p po os s_ _t ty yp pe e) ; / / set current position
b ba as si ic c_ _o os st tr re ea am m& s se ee ek kp p( o of ff f_ _t ty yp pe e, i io os s_ _b ba as se e: : s se ee ek kd di ir r) ; / / set current position

b ba as si ic c_ _o os st tr re ea am m& f fl lu us sh h() ; / / empty buffer (to real destination)
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b ba as si ic c_ _o os st tr re ea am m& o op pe er ra at to or r<<( b ba as si ic c_ _s st tr re ea am mb bu uf f<C Ch h, T Tr r>* b b) ; / / write from b
};

An o os st tr re ea am m is constructed with as st tr re ea am mb bu uf f argument, which determines how the characters writ-
ten are handled and where they eventually go. For example, ano os st tr ri in ng gs st tr re ea am m (§21.5.3) or an
o of fs st tr re ea am m (§21.5.1) are created by initializing ano os st tr re ea am m with a suitables st tr re ea am mb bu uf f (§21.6.4).

Thes se ee ek kp p() functions are used to position ano os st tr re ea am m for writing. Thep p suffix indicates that
it is the position used forputting characters into the stream. These functions have no effect unless
the stream is attached to something for which positioning is meaningful, such as a file. The
p po os s_ _t ty yp pe e represents a character position in a file, and theo of ff f_ _t ty yp pe e represents an offset from a point
indicated by ani io os s_ _b ba as se e: : s se ee ek kd di ir r:

c cl la as ss s i io os s_ _b ba as se e {
/ / ...

t ty yp pe ed de ef f implementation_defined4 s se ee ek kd di ir r;
s st ta at ti ic c c co on ns st t s se ee ek kd di ir r b be eg g, / / seek from beginning of current file

c cu ur r, / / seek from current position
e en nd d; / / seek backwards from end of current file

/ / ...
};

Stream positions start at0 0, so we can think of a file as an array ofn n characters. For example:

i in nt t f f( o of fs st tr re ea am m& f fo ou ut t)
{

f fo ou ut t. s se ee ek kp p( 1 10 0) ;
f fo ou ut t << ´#´;
f fo ou ut t. s se ee ek kp p(- 2 2, i io os s_ _b ba as se e: : c cu ur r) ;
f fo ou ut t << ´*´;

}

This places a# into f fi il le e[ 1 10 0] and a* in f fi il le e[ 8 8] . There is no similar way to do random access on
elements of a plaini is st tr re ea am m or o os st tr re ea am m (see §21.10[13]).

Thef fl lu us sh h() operation allows the user to empty the buffer without waiting for an overflow.
It is possible to use<< to write as st tr re ea am mb bu uf f directly into ano os st tr re ea am m. This is primarily handy

for implementers of I/O mechanisms.

21.6.2 Input Streams and Buffers [io.istreambuf]

An i is st tr re ea am m provides operations for reading characters and converting them into values of various
types (§21.3.1). In addition, ani is st tr re ea am m provides operations that deal directly with itss st tr re ea am mb bu uf f:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _i is st tr re ea am m : v vi ir rt tu ua al l p pu ub bl li ic c b ba as si ic c_ _i io os s<C Ch h, T Tr r> {
p pu ub bl li ic c:

/ / ...

e ex xp pl li ic ci it t b ba as si ic c_ _i is st tr re ea am m( b ba as si ic c_ _s st tr re ea am mb bu uf f<C Ch h, T Tr r>* b b) ;
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p po os s_ _t ty yp pe e t te el ll lg g() ; / / get current position
b ba as si ic c_ _i is st tr re ea am m& s se ee ek kg g( p po os s_ _t ty yp pe e) ; / / set current position
b ba as si ic c_ _i is st tr re ea am m& s se ee ek kg g( o of ff f_ _t ty yp pe e, i io os s_ _b ba as se e: : s se ee ek kd di ir r) ; / / set current position

b ba as si ic c_ _i is st tr re ea am m& p pu ut tb ba ac ck k( C Ch h c c) ; / / put c back into the buffer
b ba as si ic c_ _i is st tr re ea am m& u un ng ge et t() ; / / putback most recent char read
i in nt t_ _t ty yp pe e p pe ee ek k() ; / / look at next character to be read

i in nt t s sy yn nc c() ; / / clear buffer (flush input)

b ba as si ic c_ _i is st tr re ea am m& o op pe er ra at to or r>>( b ba as si ic c_ _s st tr re ea am mb bu uf f<C Ch h, T Tr r>* b b) ; / / read into b
b ba as si ic c_ _i is st tr re ea am m& g ge et t( b ba as si ic c_ _s st tr re ea am mb bu uf f<C Ch h, T Tr r>& b b, C Ch h t t = T Tr r: : n ne ew wl li in ne e()) ;

s st tr re ea am ms si iz ze e r re ea ad ds so om me e( C Ch h* p p, s st tr re ea am ms si iz ze e n n) ; / / read at most n char
};

The positioning functions work like theiro os st tr re ea am m counterparts (§21.6.1). Theg g suffix indicates
that it is the position used forgettingcharacters from the stream. Thep p andg g suffixes are needed
because we can create ani io os st tr re ea am m derived from bothi is st tr re ea am m ando os st tr re ea am m and such a stream needs
to keep track of both a get position and a put position.

Thep pu ut tb ba ac ck k() function allows a program to put an unwanted character back to be read some
other time, as shown in §21.3.5. Theu un ng ge et t() function puts the most recently read character back.
Unfortunately, backing up an input stream is not always possible. For example, trying to back up
past the first character read will seti io os s_ _b ba as se e: : f fa ai il lb bi it t. What is guaranteed is that you can back up
one character after a successful read. Thep pe ee ek k() reads the next character but leaves it in the
s st tr re ea am mb bu uf f so that it can be read again. Thus,c c=p pe ee ek k() is equivalent to( c c=g ge et t() , u un ng ge et t() , c c)
and to( p pu ut tb ba ac ck k( c c=g ge et t()) , c c) . Note that settingf fa ai il lb bi it t might trigger an exception (§21.3.6).

Flushing ani is st tr re ea am m is done usings sy yn nc c() . This cannot always be done right. For some kinds
of streams, we would have to reread characters from the real source– and that is not always possi-
ble or desirable. Consequently,s sy yn nc c() returns 0 0 if it succeeded. If it failed, it sets
i io os s_ _b ba as se e: : b ba ad db bi it t (§21.3.3) and returns- 1 1. Again, settingb ba ad db bi it t might trigger an exception
(§21.3.6).

The >> andg ge et t() operations that target as st tr re ea am mb bu uf f are primarily useful for implementers of
I/O facilities. Only such implementers should manipulates st tr re ea am mb bu uf fs directly.

The r re ea ad ds so om me e() function is a low-level operation that allows a user to peek at a stream to see
if there are any characters available to read. This can be most useful when it is undesirable to wait
for input, say, from a keyboard. See alsoi in n_ _a av va ai il l() (§21.6.4).

21.6.3 Streams and Buffers [io.rdbuf]

The connection between a stream and its buffer is maintained in the stream’sb ba as si ic c_ _i io os s:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _i io os s : p pu ub bl li ic c i io os s_ _b ba as se e {
p pu ub bl li ic c:

/ / ...

b ba as si ic c_ _s st tr re ea am mb bu uf f<c ch ha ar rT T, t tr ra ai it ts s>* r rd db bu uf f() c co on ns st t; / / get buffer
b ba as si ic c_ _s st tr re ea am mb bu uf f<c ch ha ar rT T, t tr ra ai it ts s>* r rd db bu uf f( b ba as si ic c_ _s st tr re ea am mb bu uf f<C Ch h, T Tr r>* b b) ; / / set buffer
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l lo oc ca al le e i im mb bu ue e( c co on ns st t l lo oc ca al le e& l lo oc c) ; / / set locale (and get old locale)

c ch ha ar r n na ar rr ro ow w( c ch ha ar r_ _t ty yp pe e c c, c ch ha ar r d d) c co on ns st t; / / make char value from char_type c
c ch ha ar r_ _t ty yp pe e w wi id de en n( c ch ha ar r c c) c co on ns st t; / / make char_type value from char c

/ / ...

p pr ro ot te ec ct te ed d:
b ba as si ic c_ _i io os s() ;
v vo oi id d i in ni it t( b ba as si ic c_ _s st tr re ea am mb bu uf f<C Ch h, T Tr r>* b b) ; / / set initial buffer

};

In addition to reading and setting the stream’ss st tr re ea am mb bu uf f (§21.6.4),b ba as si ic c_ _i io os s providesi im mb bu ue e() to
read and re-set the stream’s locale (§21.7) by callingi im mb bu ue e() on its i io os s_ _b ba as se e (§21.7.1) and
p pu ub bi im mb bu ue e() on its buffer (§21.6.4).

The n na ar rr ro ow w() and w wi id de en n() functions are used to convertc ch ha ar rs to and from a buffer’s
c ch ha ar r_ _t ty yp pe e. The second argument ofn na ar rr ro ow w( c c, d d) is thec ch ha ar r returned if there isn’t ac ch ha ar r corre-
sponding to thec ch ha ar r_ _t ty yp pe evaluec c.

21.6.4 Stream Buffers [io.streambuf]

The I/O operations are specified without any mention of file types, but not all devices can be
treated identically with respect to buffering strategies. For example, ano os st tr re ea am m bound to as st tr ri in ng g
(§21.5.3) needs a different kind of buffer than does ano os st tr re ea am m bound to a file (§21.5.1). These
problems are handled by providing different buffer types for different streams at the time of initial-
ization. There is only one set of operations on these buffer types, so theo os st tr re ea am m functions do not
contain code distinguishing them. The different types of buffers are derived from classs st tr re ea am mb bu uf f.
Classs st tr re ea am mb bu uf f provides virtual functions for operations where buffering strategies differ, such as
the functions that handle overflow and underflow.

Theb ba as si ic c_ _s st tr re ea am mb bu uf f class provides two interfaces. The public interface is aimed primarily at
implementers of stream classes such asi is st tr re ea am m, o os st tr re ea am m, f fs st tr re ea am m, s st tr ri in ng gs st tr re ea am m, etc. In addition,
a protected interface is provided for implementers of new buffering strategies and ofs st tr re ea am mb bu uf fs for
new input sources and output destinations.

To understand as st tr re ea am mb bu uf f, it is useful first to consider the underlying model of a buffer area
provided by the protected interface. Assume that thes st tr re ea am mb bu uf f has aput area into which <<
writes, and aget areafrom which>> reads. Each area is described by a beginning pointer, current
pointer, and one-past-the-end pointer. These pointers are made available through functions:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _s st tr re ea am mb bu uf f {
p pr ro ot te ec ct te ed d:

C Ch h* e eb ba ac ck k() c co on ns st t; / / start of get-buffer
C Ch h* g gp pt tr r() c co on ns st t; / / next filled character (next char read comes from here)
C Ch h* e eg gp pt tr r() c co on ns st t; / / one-past-end of get-buffer

v vo oi id d g gb bu um mp p( i in nt t n n) ; / / add n to gptr()
v vo oi id d s se et tg g( C Ch h* b be eg gi in n, C Ch h* n ne ex xt t, C Ch h* e en nd d) ; / / set eback(), gptr(), and egptr()
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C Ch h* p pb ba as se e() c co on ns st t; / / start of put-buffer
C Ch h* p pp pt tr r() c co on ns st t; / / next free char (next char written goes here)
C Ch h* e ep pp pt tr r() c co on ns st t; / / one-past-end of put-buffer
v vo oi id d p pb bu um mp p( i in nt t n n) ; / / add n to pptr()
v vo oi id d s se et tp p( C Ch h* b be eg gi in n, C Ch h* e en nd d) ; / / set pbase() and pptr() to begin, and epptr() to end
/ / ...

};

Given an array of characters,s se et tg g() ands se et tp p() can set up the pointers appropriately. An imple-
mentation might access its get area like this:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
b ba as si ic c_ _s st tr re ea am mb bu uf f<C Ch h, T Tr r>: : i in nt t_ _t ty yp pe e b ba as si ic c_ _s st tr re ea am mb bu uf f<C Ch h, T Tr r>: : s sn ne ex xt tc c() / / read next character
{

i if f ( g gp pt tr r()== 0 0) r re et tu ur rn n u uf fl lo ow w() ; / / no input buffering
g gb bu um mp p( 1 1) ; / / move to next character
i if f ( g gp pt tr r()>= e eg gp pt tr r()) r re et tu ur rn n u un nd de er rf fl lo ow w() ; / / re-fill buffer
r re et tu ur rn n * g gp pt tr r() ; / / return the now current character

}

The public interface of as st tr re ea am mb bu uf f looks like this:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _s st tr re ea am mb bu uf f {
p pu ub bl li ic c:

/ / usual typedefs (§21.2.1)

b ba as si ic c_ _s st tr re ea am mb bu uf f() ;
v vi ir rt tu ua al l ~b ba as si ic c_ _s st tr re ea am mb bu uf f() ;

l lo oc ca al le e p pu ub bi im mb bu ue e( c co on ns st t l lo oc ca al le e &l lo oc c) ; / / set locale (and get old locale)
l lo oc ca al le e g ge et tl lo oc c() c co on ns st t; / / get locale

b ba as si ic c_ _s st tr re ea am mb bu uf f* p pu ub bs se et tb bu uf f( C Ch h* p p, s st tr re ea am ms si iz ze e n n) ; / / set buffer space

/ / position (§21.6.1):
p po os s_ _t ty yp pe e p pu ub bs se ee ek ko of ff f( o of ff f_ _t ty yp pe e o of ff f, i io os s_ _b ba as se e: : s se ee ek kd di ir r w wa ay y,

i io os s_ _b ba as se e: : o op pe en nm mo od de e m m = i io os s_ _b ba as se e: : i in n| i io os s_ _b ba as se e: : o ou ut t) ;
p po os s_ _t ty yp pe e p pu ub bs se ee ek kp po os s( p po os s_ _t ty yp pe e p p, i io os s_ _b ba as se e: : o op pe en nm mo od de e m m = i io os s_ _b ba as se e: : i in n| i io os s_ _b ba as se e: : o ou ut t) ;

i in nt t p pu ub bs sy yn nc c() ; / / sync() input (§21.6.2)

i in nt t_ _t ty yp pe e s sn ne ex xt tc c() ; / / get next character
i in nt t_ _t ty yp pe e s sb bu um mp pc c() ; / / advance gptr() by 1
i in nt t_ _t ty yp pe e s sg ge et tc c() ; / / get current char
s st tr re ea am ms si iz ze e s sg ge et tn n( C Ch h* p p, s st tr re ea am ms si iz ze e n n) ; / / get into p[0]..p[n-1]

i in nt t_ _t ty yp pe e s sp pu ut tb ba ac ck kc c( C Ch h c c) ; / / put c back into buffer (§21.6.2)
i in nt t_ _t ty yp pe e s su un ng ge et tc c() ; / / unget last char

i in nt t_ _t ty yp pe e s sp pu ut tc c( C Ch h c c) ; / / put c
s st tr re ea am ms si iz ze e s sp pu ut tn n( c co on ns st t C Ch h* p p, s st tr re ea am ms si iz ze e n n) ; / / put p[0]..p[n-1]

s st tr re ea am ms si iz ze e i in n_ _a av va ai il l() ; / / is input ready?
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/ / ...
};

The public interface contains functions for inserting characters into the buffer and extracting char-
acters from the buffer. These functions are simple and easily inlined. This is crucial for efficiency.

Functions that implement parts of a specific buffering strategy invoke corresponding functions
in the protected interface. For example,p pu ub bs se et tb bu uf f() calls s se et tb bu uf f() , which is overridden by a
derived class to implement that class’ notion of getting memory for the buffered characters. Using
two functions to implement an operation such ass se et tb bu uf f() allows ani io os st tr re ea am m implementer to do
some ‘‘housekeeping’’ before and after the user’s code. For example, an implementer might wrap
a try-block around the call of the virtual function and catch exceptions thrown by the user code.
This use of a pair of public and protected functions is yet another general technique that just hap-
pens to be useful in the context of I/O.

By default,s se et tb bu uf f( 0 0, 0 0) means ‘‘unbuffered’’ ands se et tb bu uf f( p p, n n) means usep p[ 0 0].. p p[ n n- 1 1]
to hold buffered characters.

A call to i in n_ _a av va ai il l() is used to see how many characters are available in the buffer. This can be
used to avoid waiting for input. When reading from a stream connected to a keyboard,c ci in n. g ge et t( c c)
might wait until the user comes back from lunch. On some systems and for some applications, it
can be worthwhile taking that into account when reading. For example:

i if f ( c ci in n. r rd db bu uf f(). i in n_ _a av va ai il l()) { / / get() will not block
c ci in n. g ge et t( c c) ;
/ / do something

}
e el ls se e { / / get() might block

/ / do something else
}

In addition to the public interface used byb ba as si ic c_ _i is st tr re ea am m and b ba as si ic c_ _o os st tr re ea am m, b ba as si ic c_ _s st tr re ea am mb bu uf f
offers a protected interface to implementers ofs st tr re ea am mb bu uf fs. This is where the virtual functions that
determine policy are declared:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _s st tr re ea am mb bu uf f {
p pr ro ot te ec ct te ed d:

/ / ...

v vi ir rt tu ua al l v vo oi id d i im mb bu ue e( c co on ns st t l lo oc ca al le e &l lo oc c) ; / / set locale

v vi ir rt tu ua al l b ba as si ic c_ _s st tr re ea am mb bu uf f* s se et tb bu uf f( C Ch h* p p, s st tr re ea am ms si iz ze e n n) ;

v vi ir rt tu ua al l p po os s_ _t ty yp pe e s se ee ek ko of ff f( o of ff f_ _t ty yp pe e o of ff f, i io os s_ _b ba as se e: : s se ee ek kd di ir r w wa ay y,
i io os s_ _b ba as se e: : o op pe en nm mo od de e m m = i io os s_ _b ba as se e: : i in n| i io os s_ _b ba as se e: : o ou ut t) ;

v vi ir rt tu ua al l p po os s_ _t ty yp pe e s se ee ek kp po os s( p po os s_ _t ty yp pe e p p,
i io os s_ _b ba as se e: : o op pe en nm mo od de e m m = i io os s_ _b ba as se e: : i in n| i io os s_ _b ba as se e: : o ou ut t) ;

v vi ir rt tu ua al l i in nt t s sy yn nc c() ; / / sync() input (§21.6.2)

The C++ Programming Language, Third Editionby Bjarne Stroustrup. Copyright ©1997 by AT&T.
Published by Addison Wesley Longman, Inc. ISBN 0-201-88954-4. All rights reserved.



648 Streams Chapter 21

v vi ir rt tu ua al l i in nt t s sh ho ow wm ma an ny yc c() ;
v vi ir rt tu ua al l s st tr re ea am ms si iz ze e x xs sg ge et tn n( C Ch h* p p, s st tr re ea am ms si iz ze e n n) ; / / get n chars
v vi ir rt tu ua al l i in nt t_ _t ty yp pe e u un nd de er rf fl lo ow w() ; / / get area empty
v vi ir rt tu ua al l i in nt t_ _t ty yp pe e u uf fl lo ow w() ;

v vi ir rt tu ua al l i in nt t_ _t ty yp pe e p pb ba ac ck kf fa ai il l( i in nt t_ _t ty yp pe e c c = T Tr r: : e eo of f()) ; / / putback failed

v vi ir rt tu ua al l s st tr re ea am ms si iz ze e x xs sp pu ut tn n( c co on ns st t C Ch h* p p, s st tr re ea am ms si iz ze e n n) ; / / put n chars
v vi ir rt tu ua al l i in nt t_ _t ty yp pe e o ov ve er rf fl lo ow w( i in nt t_ _t ty yp pe e c c = T Tr r: : e eo of f()) ; / / put area full

};

The u un nd de er rf fl lo ow w() andu uf fl lo ow w() functions are called to get the next character from the real input
source when the buffer is empty. If no more input is available from that source, the stream is set
into e eo of f state (§21.3.3). If doing that doesn’t cause an exception,t tr ra ai it ts s_ _t ty yp pe e: : e eo of f() is returned.
Unbuffered input usesu uf fl lo ow w() ; buffered input usesu un nd de er rf fl lo ow w() . Remember that there typically
are more buffers in your system than the ones introduced by thei io os st tr re ea am m library, so you can suffer
buffering delays even when using unbuffered stream I/O.

Theo ov ve er rf fl lo ow w() function is called to transfer characters to the real output destination when the
buffer is full. A call o ov ve er rf fl lo ow w( c c) outputs the contents of the buffer plus the characterc c. If no
more output can be written to that target, the stream is put intoe eo of f state (§21.3.3). If doing that
doesn’t cause an exception,t tr ra ai it ts s_ _t ty yp pe e: : e eo of f() is returned.

Thes sh ho ow wm ma an ny yc c() – ‘‘show how many characters’’– function is an odd function intended to
allow a user to learn something about the state of a machine’s input system. It returns an estimate
of how many characters can be read ‘‘soon,’’ say, by emptying the operating system’s buffers
rather than waiting for a disc read. A call tos sh ho ow wm ma an ny yc c() returns- 1 1 if it cannot promise that any
character can be read without encountering end-of-file. This is (necessarily) rather low-level and
highly implementation-dependent. Don’t uses sh ho ow wm ma an ny yc c() without a careful reading of your sys-
tem documentation and a few experiments.

By default, every stream gets the global locale (§21.7). Ap pu ub bi im mb bu ue e( l lo oc c) or i im mb bu ue e( l lo oc c) call
makes a stream usel lo oc c as its locale.

A s st tr re ea am mb bu uf f for a particular kind of stream is derived fromb ba as si ic c_ _s st tr re ea am mb bu uf f. It provides the
constructors and initialization functions that connect thes st tr re ea am mb bu uf f to a real source of (target for)
characters and overrides the virtual functions that determine the buffering strategy. For example:

t te em mp pl la at te e <c cl la as ss s C Ch h, c cl la as ss s T Tr r = c ch ha ar r_ _t tr ra ai it ts s<C Ch h> >
c cl la as ss s b ba as si ic c_ _f fi il le eb bu uf f : p pu ub bl li ic c b ba as si ic c_ _s st tr re ea am mb bu uf f<C Ch h, T Tr r> {
p pu ub bl li ic c:

b ba as si ic c_ _f fi il le eb bu uf f() ;
v vi ir rt tu ua al l ~b ba as si ic c_ _f fi il le eb bu uf f() ;

b bo oo ol l i is s_ _o op pe en n() c co on ns st t;
b ba as si ic c_ _f fi il le eb bu uf f* o op pe en n( c co on ns st t c ch ha ar r* p p, i io os s_ _b ba as se e: : o op pe en nm mo od de e m mo od de e) ;
b ba as si ic c_ _f fi il le eb bu uf f* c cl lo os se e() ;

p pr ro ot te ec ct te ed d:
v vi ir rt tu ua al l i in nt t s sh ho ow wm ma an ny yc c() ;
v vi ir rt tu ua al l i in nt t_ _t ty yp pe e u un nd de er rf fl lo ow w() ;
v vi ir rt tu ua al l i in nt t_ _t ty yp pe e u uf fl lo ow w() ;
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v vi ir rt tu ua al l i in nt t_ _t ty yp pe e p pb ba ac ck kf fa ai il l( i in nt t_ _t ty yp pe e c c = T Tr r: : e eo of f()) ;
v vi ir rt tu ua al l i in nt t_ _t ty yp pe e o ov ve er rf fl lo ow w( i in nt t_ _t ty yp pe e c c = T Tr r: : e eo of f()) ;

v vi ir rt tu ua al l b ba as si ic c_ _s st tr re ea am mb bu uf f<C Ch h, T Tr r>* s se et tb bu uf f( C Ch h* p p, s st tr re ea am ms si iz ze e n n) ;
v vi ir rt tu ua al l p po os s_ _t ty yp pe e s se ee ek ko of ff f( o of ff f_ _t ty yp pe e o of ff f, i io os s_ _b ba as se e: : s se ee ek kd di ir r w wa ay y,

i io os s_ _b ba as se e: : o op pe en nm mo od de e m m = i io os s_ _b ba as se e: : i in n| i io os s_ _b ba as se e: : o ou ut t) ;
v vi ir rt tu ua al l p po os s_ _t ty yp pe e s se ee ek kp po os s( p po os s_ _t ty yp pe e p p,

i io os s_ _b ba as se e: : o op pe en nm mo od de e m m = i io os s_ _b ba as se e: : i in n| i io os s_ _b ba as se e: : o ou ut t) ;
v vi ir rt tu ua al l i in nt t s sy yn nc c() ;
v vi ir rt tu ua al l v vo oi id d i im mb bu ue e( c co on ns st t l lo oc ca al le e& l lo oc c) ;

};

The functions for manipulating buffers, etc., are inherited unchanged fromb ba as si ic c_ _s st tr re ea am mb bu uf f. Only
functions that affect initialization and buffering policy need to be separately provided.

As usual, the obvioust ty yp pe ed de ef fs and their wide stream counterparts are provided:

t ty yp pe ed de ef f b ba as si ic c_ _s st tr re ea am mb bu uf f<c ch ha ar r> s st tr re ea am mb bu uf f;
t ty yp pe ed de ef f b ba as si ic c_ _s st tr ri in ng gb bu uf f<c ch ha ar r> s st tr ri in ng gb bu uf f;
t ty yp pe ed de ef f b ba as si ic c_ _f fi il le eb bu uf f<c ch ha ar r> f fi il le eb bu uf f;

t ty yp pe ed de ef f b ba as si ic c_ _s st tr re ea am mb bu uf f<w wc ch ha ar r_ _t t> w ws st tr re ea am mb bu uf f;
t ty yp pe ed de ef f b ba as si ic c_ _s st tr ri in ng gb bu uf f<w wc ch ha ar r_ _t t> w ws st tr ri in ng gb bu uf f;
t ty yp pe ed de ef f b ba as si ic c_ _f fi il le eb bu uf f<w wc ch ha ar r_ _t t> w wf fi il le eb bu uf f;

21.7 Locale[io.locale]

A l lo oc ca al le e is an object that controls the classification of characters into letters, digits, etc.; the colla-
tion order of strings; and the appearance of numeric values on input and output. Most commonly a
l lo oc ca al le e is used implicitly by thei io os st tr re ea am ms library to ensure that the usual conventions for some nat-
ural language or culture is adhered to. In such cases, a programmer never sees al lo oc ca al le e object.
However, by changing as st tr re ea am m’s l lo oc ca al le e, a programmer can change the way the stream behaves to
suit a different set of conventions

A locale is an object of classl lo oc ca al le edefined in namespaces st td d presented in<l lo oc ca al le e>:

c cl la as ss s l lo oc ca al le e {
p pu ub bl li ic c:

/ / ...

l lo oc ca al le e() t th hr ro ow w() ; / / copy of current global locale
e ex xp pl li ic ci it t l lo oc ca al le e( c co on ns st t c ch ha ar r* n na am me e) ; / / construct locale using C locale name
b ba as si ic c_ _s st tr ri in ng g<c ch ha ar r> n na am me e() c co on ns st t; / / give name of this locale

l lo oc ca al le e( c co on ns st t l lo oc ca al le e&) t th hr ro ow w() ; / / copy locale
c co on ns st t l lo oc ca al le e& o op pe er ra at to or r=( c co on ns st t l lo oc ca al le e& ) t th hr ro ow w() ; / / copy locale

s st ta at ti ic c l lo oc ca al le e g gl lo ob ba al l( c co on ns st t l lo oc ca al le e&) ; / / set the global locale (get the previous locale)
s st ta at ti ic c c co on ns st t l lo oc ca al le e& c cl la as ss si ic c() ; / / get the locale that C defines

};

Here, I omitted all of the interesting pieces and left only what is needed to switch from one existing
locale to another. For example:
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v vo oi id d f f()
{

s st td d: : l lo oc ca al le e l lo oc c(" P PO OS SI IX X") ; / / standard locale for POSIX

c ci in n. i im mb bu ue e( l lo oc c) ; / / let cin use loc
/ / ...
c ci in n. i im mb bu ue e( s st td d: : l lo oc ca al le e: : g gl lo ob ba al l()) ; / / reset cin to use the default locale

}

The i im mb bu ue e() function is a member ofb ba as si ic c_ _i io os s (§21.7.1).
As shown, some fairly standard locales have character string names. These tend to be shared

with C.
It is possible to set thel lo oc ca al le e that is used by all newly constructed streams:

v vo oi id d g g( c co on ns st t l lo oc ca al le e& l lo oc c = l lo oc ca al le e()) / / use current global locale by default
{

l lo oc ca al le e o ol ld d_ _g gl lo ob ba al l = l lo oc ca al le e: : g gl lo ob ba al l( l lo oc c) ; / / make loc the default locale
/ / ...

}

Setting the globall lo oc ca al le e does not change the behavior of existing streams that are using the previ-
ous value of the globall lo oc ca al le e. In particular,c ci in n, c co ou ut t, etc., are not affected. If they should be
changed, they must be explicitlyi im mb bu ue e() d.

Imbuing a stream with al lo oc ca al le e changes facets of its behavior. It is possible to use members of
a l lo oc ca al le e directly, to define newl lo oc ca al le es, and to extendl lo oc ca al le es with new facets. For example, a
l lo oc ca al le e can also be used explicitly to control the appearance of monetary units, dates, etc., on input
and output (§21.10[25]) and conversion between codesets. However, discussion of that is beyond
the scope of this book. Please consult your implementation’s documentation.

The C-style locale is presented in<c cl lo oc ca al le e> and<l lo oc ca al le e. h h>.

21.7.1 Stream Callbacks [io.callbacks]

Sometimes, people want to add to the state of a stream. For example, one might want a stream to
‘‘know’’ whether a c co om mp pl le ex x should be output in polar or Cartesian coordinates. Classi io os s_ _b ba as se e
provides a functionx xa al ll lo oc c() to allocate space for such simple state information. The value
returned byx xa al ll lo oc c() identifies a pair of locations that can be accessed byi iw wo or rd d() andp pw wo or rd d() :

c cl la as ss s i io os s_ _b ba as se e {
p pu ub bl li ic c:

/ / ...

~i io os s_ _b ba as se e() ;

l lo oc ca al le e i im mb bu ue e( c co on ns st t l lo oc ca al le e& l lo oc c) ; / / get and set locale
l lo oc ca al le e g ge et tl lo oc c() c co on ns st t; / / get locale

s st ta at ti ic c i in nt t x xa al ll lo oc c() ; / / get an integer and a pointer (both initialized to 0)
l lo on ng g& i iw wo or rd d( i in nt t i i) ; / / access the integer iword(i)
v vo oi id d*& p pw wo or rd d( i in nt t i i) ; / / access the pointer pword(i)
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/ / callbacks:

e en nu um m e ev ve en nt t { e er ra as se e_ _e ev ve en nt t, i im mb bu ue e_ _e ev ve en nt t, c co op py yf fm mt t_ _e ev ve en nt t }; / / event type

t ty yp pe ed de ef f v vo oi id d (* e ev ve en nt t_ _c ca al ll lb ba ac ck k)( e ev ve en nt t, i io os s_ _b ba as se e&, i in nt t i i) ;
v vo oi id d r re eg gi is st te er r_ _c ca al ll lb ba ac ck k( e ev ve en nt t_ _c ca al ll lb ba ac ck k f f, i in nt t i i) ; / / attach f to word(i)

};

Sometimes, an implementer or a user needs to be notified about a change in a stream’s state. The
r re eg gi is st te er r_ _c ca al ll lb ba ac ck k() function ‘‘registers’’ a function to be called when its ‘‘event’’ occurs. Thus,
a call of i im mb bu ue e() , c co op py yf fm mt t() , or ~i io os s_ _b ba as se e() will call a function ‘‘registered’’ for an
i im mb bu ue e_ _e ev ve en nt t, c co op py yf fm mt t_ _e ev ve en nt t, or e er ra as se e_ _e ev ve en nt t, respectively. When the the state changes, registered
functions are called with the argumenti i supplied by theirr re eg gi is st te er r_ _c ca al ll lb ba ac ck k() .

This storage and callback mechanism is fairly obscure. Use it only when you absolutely need to
extend the low-level formatting facilities.

21.8 C Input/Output [io.c]

Because C++ and C code are often intermixed, C++ stream I/O is sometimes mixed with the C
p pr ri in nt tf f() family of I/O functions. The C-style I/O functions are presented by<c cs st td di io o> and
<s st td di io o. h h>. Also, because C functions can be called from C++ some programmers may prefer to
use the more familiar C I/O functions. Even if you prefer stream I/O, you will undoubtedly
encounter C-style I/O at some time.

C and C++ I/O can be mixed on a per-character basis. A call ofs sy yn nc c_ _w wi it th h_ _s st td di io o() before the
first stream I/O operation in the execution of a program guarantees that the C-style and C++-style
I/O operations share buffers. A call ofs sy yn nc c_ _w wi it th h_ _s st td di io o( f fa al ls se e) before the first stream I/O opera-
tion prevents buffer sharing and can improve I/O performance on some implementations.

c cl la as ss s i io os s_ _b ba as se e {
/ / ...
s st ta at ti ic c b bo oo ol l s sy yn nc c_ _w wi it th h_ _s st td di io o( b bo oo ol l s sy yn nc c = t tr ru ue e) ; / / get and set

};

The general advantage of the stream output functions over the C standard library functionp pr ri in nt tf f()
is that the stream functions are type safe and have a common style for specifying output of objects
of built-in and user-defined types.

The general C output functions

i in nt t p pr ri in nt tf f( c co on ns st t c ch ha ar r* f fo or rm ma at t ...) ; / / write to stdout
i in nt t f fp pr ri in nt tf f( F FI IL LE E*, c co on ns st t c ch ha ar r* f fo or rm ma at t ...) ; / / write to ‘‘file’’ (stdout, stderr)
i in nt t s sp pr ri in nt tf f( c ch ha ar r* p p, c co on ns st t c ch ha ar r* f fo or rm ma at t ...) ; / / write to p[0]..

produce formatted output of an arbitrary sequence of arguments under control of the format string
f fo or rm ma at t. The format string contains two types of objects: plain characters, which are simply copied
to the output stream, and conversion specifications, each of which causes conversion and printing
of the next argument. Each conversion specification is introduced by the character%. For example:

p pr ri in nt tf f(" t th he er re e w we er re e %d d m me em mb be er rs s p pr re es se en nt t.", n no o_ _o of f_ _m me em mb be er rs s) ;
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Here %d d specifies thatn no o_ _o of f_ _m me em mb be er rs s is to be treated as ani in nt t and printed as the appropriate
sequence of decimal digits. Withn no o_ _o of f_ _m me em mb be er rs s==1 12 27 7, the output is

t th he er re e w we er re e 1 12 27 7 m me em mb be er rs s p pr re es se en nt t.

The set of conversion specifications is quite large and provides a great degree of flexibility. Fol-
lowing the%, there may be:

- an optional minus sign that specifies left-adjustment of the converted value in the field;
+ an optional plus sign that specifies that a value of a signed type will always begin with a+

or - sign;
# an optional# that specifies that floating-point values will be printed with a decimal point

even if no nonzero digits follow, that trailing zeroes will be printed, that octal values will
be printed with an initial0 0, and that hexadecimal values will be printed with an initial0 0x x
or 0 0X X;

d an optional digit string specifying a field width; if the converted value has fewer characters
than the field width, it will be blank-padded on the left (or right, if the left-adjustment indi-
cator has been given) to make up the field width; if the field width begins with a zero,
zero-padding will be done instead of blank-padding;

. an optional period that serves to separate the field width from the next digit string;
d an optional digit string specifying a precision that specifies the number of digits to appear

after the decimal point, for e- and f-conversion, or the maximum number of characters to
be printed from a string;

* a field width or precision may be* instead of a digit string. In this case an integer argu-
ment supplies the field width or precision;

h an optional characterh h, specifying that a followingd d, o o, x x, or u u corresponds to a short inte-
ger argument;

l an optional characterl l, specifying that a followingd d, o o, x x, or u u corresponds to a long inte-
ger argument;

% indicating that the character%is to be printed; no argument is used;
c a character that indicates the type of conversion to be applied. The conversion characters

and their meanings are:
d The integer argument is converted to decimal notation;
o The integer argument is converted to octal notation;
x The integer argument is converted to hexadecimal notation with an initial0 0x x;
X The integer argument is converted to hexadecimal notation with an initial0 0X X;
f Thef fl lo oa at t or d do ou ub bl le eargument is converted to decimal notation in the style[-]ddd.ddd.

The number ofd’s after the decimal point is equal to the precision for the argument.
If necessary, the number is rounded. If the precision is missing, six digits are given;
if the precision is explicitly0 0 and# isn’t specified, no decimal point is printed;

e Thef fl lo oa at t or d do ou ub bl le eargument is converted to decimal notation in the scientific style
[-]d.ddde+dd or [-]d.ddde-dd, where there is one digit before the decimal point and
the number of digits after the decimal point is equal to the precision specification for
the argument. If necessary, the number is rounded. If the precision is missing, six
digits are given; if the precision is explicitly0 0 and# isn’t specified, no digits and no
decimal point are printed;
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E As e e, but with an uppercaseE E used to identify the exponent;
g The f fl lo oa at t or d do ou ub bl le e argument is printed in style d, in style f, or in style e, whichever

gives the greatest precision in minimum space;
G As g g, but with an uppercaseE E used to identify the exponent.
c The character argument is printed. Null characters are ignored;
s The argument is taken to be a string (character pointer), and characters from the string

are printed until a null character or until the number of characters indicated by the
precision specification is reached; however, if the precision is 0 or missing, all charac-
ters up to a null are printed.

p The argument is taken to be a pointer. The representation printed is implementation-
dependent.

u The unsigned integer argument is converted to decimal notation;
In no case does a nonexistent or small field width cause truncation of a field; padding takes
place only if the specified field width exceeds the actual width.

Here is a more elaborate example:

c ch ha ar r* l li in ne e_ _f fo or rm ma at t = " \ \n n#l li in ne e %d d \ \"%s s\ \" \ \n n";

i in nt t m ma ai in n()
{

i in nt t l li in ne e = 1 13 3;
c ch ha ar r* f fi il le e_ _n na am me e = " C C++/ m ma ai in n. c c";

p pr ri in nt tf f(" i in nt t a a; \ \n n") ;
p pr ri in nt tf f( l li in ne e_ _f fo or rm ma at t, l li in ne e, f fi il le e_ _n na am me e) ;
p pr ri in nt tf f(" i in nt t b b; \ \n n") ;

}

which produces:

i in nt t a a;

#l li in ne e 1 13 3 " C C++/ m ma ai in n. c c"
i in nt t b b;

Usingp pr ri in nt tf f() is unsafe in the sense that type checking is not done. For example, here is a well-
known way of getting unpredictable output, a core dump, or worse:

c ch ha ar r x x;
/ / ...
p pr ri in nt tf f(" b ba ad d i in np pu ut t c ch ha ar r: %s s", x x) ; / / %s should have been %c

Thep pr ri in nt tf f() does, however, provide great flexibility in a form that is familiar to C programmers.
Similarly, g ge et tc ch ha ar r() provides a familiar way of reading characters from input:

i in nt t i i;
w wh hi il le e (( i i=g ge et tc ch ha ar r())!= E EO OF F) { / / C character input

/ / use i
}

Note that to be able to test for end-of-file against thei in nt t valueE EO OF F, the value ofg ge et tc ch ha ar r() must
be put into ani in nt t rather than into ac ch ha ar r.
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For further details of C I/O, see your C reference manual or Kernighan and Ritchie:The C Pro-
gramming Language [Kernighan,1988].

21.9 Advice[io.advice]

[1] Define<< and>> for user-defined types with values that have meaningful textural representa-
tions; §21.2.3, §21.3.5.

[2] Use parentheses when printing expressions containing operators of low precedence; §21.2.
[3] You don’t need to modifyi is st tr re ea am m or o os st tr re ea am m to add new<< and>> operators; §21.2.3.
[4] You can define a function so that it behaves as av vi ir rt tu ua al l function based on itssecond(or sub-

sequent) argument; §21.2.3.1.
[5] Remember that by default>> skips whitespace; §21.3.2.
[6] Use lower-level input functions such asg ge et t() andr re ea ad d() primarily in the implementation of

higher-lever input functions; §21.3.4.
[7] Be careful with the termination criteria when usingg ge et t() , g ge et tl li in ne e() , andr re ea ad d() ; §21.3.4.
[8] Prefer manipulators to state flags for controlling I/O; §21.3.3, §21.4, §21.4.6.
[9] Use exceptions to catch rare I/O errors (only); §21.3.6.
[10] Tie streams used for interactive I/O; §21.3.7.
[11] Use sentries to concentrate entry and exit code for many functions in one place; §21.3.8.
[12] Don’t use parentheses after a no-argument manipulator; §21.4.6.2.
[13] Remember to#i in nc cl lu ud de e<i io om ma an ni ip p> when using standard manipulators; §21.4.6.2.
[14] You can achieve the effect (and efficiency) of a ternary operator by defining a simple function

object; §21.4.6.3.
[15] Remember thatw wi id dt th h specifications apply to the following I/O operation only; §21.4.4.
[16] Remember thatp pr re ec ci is si io on n specifications apply to all following floating-point output opera-

tions; §21.4.3.
[17] Use string streams for in-memory formatting; §21.5.3.
[18] You can specify a mode for a file stream ; §21.5.1.
[19] Distinguish sharply between formatting (i io os st tr re ea am ms) and buffering (s st tr re ea am mb bu uf fs) when extend-

ing the I/O system; §21.1, §21.6.
[20] Implement nonstandard ways of transmitting values as stream buffers; §21.6.4.
[21] Implement nonstandard ways of formatting values as stream operations; §21.2.3, §21.3.5.
[22] You can isolate and encapsulate calls of user-defined code by using a pair of functions;

§21.6.4.
[23] You can usei in n_ _a av va ai il l() to determine whether an input operation will block before reading;

§21.6.4.
[24] Distinguish between simple operations that need to be efficient and operations that implement

policy (make the formeri in nl li in ne eand the latterv vi ir rt tu ua al l); §21.6.4.
[25] Usel lo oc ca al le e to localize ‘‘cultural differences;’’ §21.7.
[26] Uses sy yn nc c_ _w wi it th h_ _s st td di io o( x x) to mix C-style and C++-style I/O and to disassociate C-style and

C++-style I/O; §21.8.
[27] Beware of type errors in C-style I/O; §21.8.
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21.10 Exercises[io.exercises]

1. (∗1.5) Read a file of floating-point numbers, make complex numbers out of pairs of numbers
read, and write out the complex numbers.

2. (∗1.5) Define a typeN Na am me e_ _a an nd d_ _a ad dd dr re es ss s. Define << and >> for it. Copy a stream of
N Na am me e_ _a an nd d_ _a ad dd dr re es ss s objects.

3. (∗2.5) Copy a stream ofN Na am me e_ _a an nd d_ _a ad dd dr re es ss s objects in which you have inserted as many errors
as you can think of (e.g., format errors and premature end of string). Handle these errors in a
way that ensures that the copy function reads most of the correctly formatted
N Na am me e_ _a an nd d_ _a ad dd dr re es ss ses, even when the input is completely messed up.

4. (∗2.5) Redefine the I/O formatN Na am me e_ _a an nd d_ _a ad dd dr re es ss s to make it more robust in the presence of
format errors.

5. (∗2.5) Design some functions for requesting and reading information of various types. Ideas:
integer, floating-point number, file name, mail address, date, personal information, etc. Try to
make them foolproof.

6. (∗1.5) Write a program that prints (a) all lowercase letters, (b) all letters, (c) all letters and dig-
its, (d) all characters that may appear in a C++ identifier on your system, (e) all punctuation
characters, (f) the integer value of all control characters, (g) all whitespace characters, (h) the
integer value of all whitespace characters, and finally (i) all printing characters.

7. (∗2) Read a sequence of lines of text into a fixed-sized character buffer. Remove all whitespace
characters and replace each alphanumeric character with the next character in the alphabet
(replacez z by a a and9 9 by 0 0). Write out the resulting line.

8. (∗3) Write a ‘‘miniature’’ stream I/O system that provides classesi is st tr re ea am m, o os st tr re ea am m, i if fs st tr re ea am m,
o of fs st tr re ea am m providing functions such aso op pe er ra at to or r<<() ando op pe er ra at to or r>>() for integers and oper-
ations such aso op pe en n() andc cl lo os se e() for files.

9. (∗4) Implement the C standard I/O library (<s st td di io o. h h>) using the C++ standard I/O library
(<i io os st tr re ea am m>).

10. (∗4) Implement the C++ standard I/O library (<i io os st tr re ea am m>) using the C standard I/O library
(<s st td di io o. h h>).

11. (∗4) Implement the C and C++ libraries so that they can be used simultaneously.
12. (∗2) Implement a class for which[] is overloaded to implement random reading of characters

from a file.
13. (∗3) Repeat §21.10[12] but make[] useful for both reading and writing. Hint: Make[] return

an object of a ‘‘descriptor type’’ for which assignment means ‘‘assign through descriptor to
file’’ and implicit conversion toc ch ha ar r ‘‘means read from file through descriptor.’’

14. (∗2) Repeat §21.10[13] but let[] index objects of arbitrary types, not just characters.
15. (∗3.5) Implement versions ofi is st tr re ea am m ando os st tr re ea am m that read and write numbers in their binary

form rather than converting them into a character representation. Discuss the advantages and
disadvantages of this approach compared to the character-based approach.

16. (∗3.5) Design and implement a pattern-matching input operation. Usep pr ri in nt tf f-style format
strings to specify a pattern. It should be possible to try out several patterns against some input
to find the actual format. One might derive a pattern-matching input class fromi is st tr re ea am m.

17. (∗4) Invent (and implement) a much better kind of pattern for pattern matching. Be specific
about what is better about it.

The C++ Programming Language, Third Editionby Bjarne Stroustrup. Copyright ©1997 by AT&T.
Published by Addison Wesley Longman, Inc. ISBN 0-201-88954-4. All rights reserved.



656 Streams Chapter 21

18. (∗2) Define an output manipulatorb ba as se ed d that takes two arguments– a base and ani in nt t value–
and outputs the integer in the representation specified by the base. For example,b ba as se ed d( 2 2, 9 9)
should print1 10 00 01 1.

19. (∗2) Write manipulators that turn character echoing on and off.
20. (∗2) ImplementB Bo ou un nd d_ _f fo or rm m from §21.4.6.3 for the usual set of built-in types.
21. (∗2) Re-implementB Bo ou un nd d_ _f fo or rm m from §21.4.6.3 so that an output operation never overflows its

w wi id dt th h() . It should be possible for a programmer to ensure that output is never quietly trun-
cated beyond its specified precision.

22. (∗3) Implement ane en nc cr ry yp pt t( k k) manipulator that ensures that output on itso os st tr re ea am m is encrypted
using the keyk k. Provide a similard de ec cr ry yp pt t( k k) manipulator for ani is st tr re ea am m. Provide the means
for turning the encryption off for a stream so that further I/O is cleartext.

23. (∗2) Trace a character’s route through your system from the keyboard to the screen for a simple:

c ch ha ar r c c;
c ci in n >> c c;
c co ou ut t << c c << e en nd dl l;

24. (∗2) Modify r re ea ad di in nt ts s() (§21.3.6) to handle all exceptions. Hint: Resource acquisition is
initialization.

25. (∗2.5) There is a standard way of reading, writing, and representing dates under control of a
l lo oc ca al le e. Find it in the documentation of your implementation and write a small program that
reads and writes dates using this mechanism. Hint:s st tr ru uc ct t t tm m.

26. (∗2.5) Define ano os st tr re ea am m calledo os st tr rs st tr re ea am m that can be attached to an array of characters (a C-
style string) in a way similar to the wayo os st tr ri in ng gs st tr re ea am m is attached to as st tr ri in ng g. However, do not
copy the array into or out of theo os st tr rs st tr re ea am m. Theo os st tr rs st tr re ea am m should simply provide a way of
writing to its array argument. It might be used for in-memory formatting like this:

c ch ha ar r b bu uf f[ m me es ss sa ag ge e_ _s si iz ze e] ;
o os st tr rs st tr re ea am m o os st t( b bu uf f, m me es ss sa ag ge e_ _s si iz ze e) ;
d do o_ _s so om me et th hi in ng g( a ar rg gu um me en nt ts s, o os st t) ; / / output to buf through ost
c co ou ut t << b bu uf f; / / ost adds terminating 0

An operation such asd do o_ _s so om me et th hi in ng g() can write to the streamo os st t, passo os st t on to its subopera-
tions, etc., using the standard output operations. There is no need to check for overflow because
o os st t knows its size and will go intof fa ai il l() state when it is full. Finally, ad di is sp pl la ay y() operation
can write the message to a ‘‘real’’ output stream. This technique can be most useful for coping
with cases in which the final display operation involves writing to something more complicated
than a traditional line-oriented output device. For example, the text fromo os st t could be placed in
a fixed-sized area somewhere on a screen. Similarly, define classi is st tr rs st tr re ea am m as an input string
stream reading from a zero-terminated string of characters. Interpret the terminating zero char-
acter as end-of-file. Theses st tr rs st tr re ea am ms were part of the original streams library and can often be
found in<s st tr rs st tr re ea am m. h h>.

27. (∗2.5) Implement a manipulatorg ge en ne er ra al l() that resets a stream to its original (general) format
in the same way as sc ci ie en nt ti if fi ic c() (§21.4.6.2) sets a stream to use scientific format.
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