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Chapter 1

General [tr.intro]

This technical report describes extensions to theC++ standard librarythat is described in the International
Standard for the C++ programming language [16].

This technical report is non-normative. Some of the library components in this technical report may be
considered for standardization in a future version of C++, but they are not currently part of any C++
standard. Some of the components in this technical report may never be standardized, and others may be
standardized in a substantially changed form.

The goal of this technical report it to build more widespread existing practice for an expanded C++ standard
library. It gives advice on extensions to those vendors who wish to provide them.

1.1 Method of description [tr.description]

The structure of clauses in this technical report, the elements that make up the subclauses, and the editorial
conventions used to describe library components, are the same as described in clause 17.3 of the C++
standard.

1.2 Categories of extensions [tr.intro.ext]

This technical report describes four general categories of library extensions:

1. New requirement tables, such as the regular expression traits requirements in clause 7.2. These are
not directly expressed as software; they specify the circumstances under which user-written compo-
nents will interoperate with the components described in this technical report.

2. New library components (types and functions) that are declared in entirely new headers, such as the
class templates in the<unordered_set> header 6.3.4.1.

3. New library components declared as additions to existing standard headers, such as the mathematical
special functions added to the headers<cmath> and<math.h> in clauses 5.2.1 and 5.2.2
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4. Additions to standard library components, such as the extensions to classstd::pair in sec-
tion 6.1.3.

The first three categories are collectively calledpureextensions, and the last is called animpureextension.
All extensions are assumed to be pure unless otherwise specified.

New headers are distinguished from extensions to existing headers by the title of thesynopsisclause. In
the first case the title is of the form “Header<foo> synopsis”, and the synopsis includes all namespace
scope declarations contained in the header. In the second case the title is of the form “Additions to header
<foo> synopsis” and the synopsis includes only the extensions,i.e. those namespace scope declarations
that are not present in the C++ standard [16].

1.3 Namespaces and headers [tr.intro.namespaces]

Since the extensions described in this technical report are not part of the C++ standard library, they should
not be declared directly within namespacestd . Unless otherwise specifed, all components described in
this technical report are declared in namespacestd::tr1 . [Note: Some components are declared in
subnamespaces of namespacestd::tr1 . —end note]

Unless otherwise specified, reference to other entities described in this technical report are assumed to be
qualified withstd::tr:: , and references to entities described in the standard are assumed to be qualified
with std:: .

Even when an extension is specified as additions to standard headers (the third category in section 1.2),
vendors should not simply add declarations to standard headers in a way that would be visible to users
by default. [Note: That would fail to be standard conforming, because the new names, even within a
namespace, could conflict with user macros.—end note] Users should be required to take explicit action to
have access to library extensions.

It is recommended either that additional declarations in standard headers be protected with a macro that is
not defined by default, or else that all extended headers, including both new headers and parallel versions
of standard headers with nonstandard declarations, be placed in a separate directory that is not part of the
default search path.

1.4 Caveat [tr.intro.caveat]

This is an early draft. It’s known to be incomplet and incorrekt, and it has lots of bad formatting.
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Chapter 2

General Utilities [tr.util]

2.1 Reference wrappers [tr.util.refwrap]

2.1.1 Additions to header<utility> synopsis [tr.util.refwrp.synopsis]

namespace tr1 {
template <typename T> class reference_wrapper;
template <typename T> ref(T&);
template <typename T> cref(const T&);

}

2.1.2 Class templatereference_wrapper [tr.util.refwrp.refwrp]

template <typename T> class reference_wrapper {
public :

// types
typedef T type;

// construct/copy/destruct
explicit reference_wrapper(T&) ;

// access
operator () const ;
get() const ;

// invocation
template <typename T1, typename T2, ..., typename TN>
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typename result_of<T(T1, T2, ..., TN)>::type
operator () (T1, T2, ..., TN) const ;

};

reference_wrapper<T> is a CopyConstructible and Assignable wrapper around a reference to an
object of typeT.

referencewrapper defines the member typeresult_type in the following cases:

1. T is a function pointer, thenresult_type is the return type ofT.

2. T is a pointer to member function, thenresult_type is the return type ofT.

3. T is a class type with a member typeresult_type , thenresult_type is T::result_type .

2.1.2.1 reference_wrapper construct/copy/destruct [tr.util.refwrp.const]

explicit reference_wrapper(T& t);

Effects: Constructs a referencewrapper object that stores a reference to t.

Throws: Does not throw.

2.1.2.2 reference_wrapper access [tr.util.refwrp.access]

operator () const;

Returns: The stored reference.

Throws: Does not throw.

get() const;

Returns: The stored reference.

Throws: Does not throw.

2.1.2.3 referencewrapper invocation [tr.util.refwrp.invoke]

template <typename T1, typename T2, ..., typename TN>
typename result_of<T(T1, T2, ..., TN)>::type
operator ()(T1 a1, T2 a1, ..., TN aN) const ;

Effects: f.get()(a1, a2, ..., aN) Returns: The result of the expressionf.get()(a1, a2,
..., aN)

2.1.2.4 referencewrapper helper functions [tr.util.refwrp.helpers]

template <typename T> ref(T& t);
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Returns: reference_wrapper <T>(t) Throws: Does not throw.

template <typename T> cref( const T& t);

Returns: reference_wrapper <const T>(t) Throws: Does not throw.

2.1.2.5 implementation quantities [tr.util.refwrp.lim]

The maximum number of arguments that can be forwarded byreference_wrapper is implementation
defined. This limit should be at least 10.

2.2 Smart pointers [tr.util.smartptr]

2.2.1 Additions to header<memory> synopsis [tr.util.smartptr.synopsis]

namespace tr1 {
class bad_weak_ptr;

template<class T> class shared_ptr;

template<class T, class U>
bool
operator==(shared_ptr<T> const& a, shared_ptr<U> const& b);

template<class T, class U>
bool
operator!=(shared_ptr<T> const& a, shared_ptr<U> const& b);

template<class T, class U>
bool
operator<(shared_ptr<T> const& a, shared_ptr<U> const& b);

template<class T>
void swap(shared_ptr<T>& a, shared_ptr<T>& b);

template<class T, class U>
shared_ptr<T> static_pointer_cast(shared_ptr<U> const& r);

template<class T, class U>
shared_ptr<T> dynamic_pointer_cast(shared_ptr<U> const& r);

template<class E, class T, class Y>
basic_ostream<E, T>&
operator<< (basic_ostream<E, T>& os, shared_ptr<Y> const& p);
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template<class D, class T>
D * get_deleter(shared_ptr<T> const& p);

template<class T> class weak_ptr;

template<class T, class U>
bool operator<(weak_ptr<T> const& a, weak_ptr<U> const& b);

template<class T>
void swap(weak_ptr<T>& a, weak_ptr<T>& b);

template<class T> class enable_shared_from_this;
}

2.2.2 Classbad_weak_ptr [tr.util.smartptr.weakptr]

namespace tr1 {
class bad_weak_ptr: public exception
{
public:

bad_weak_ptr();
};

}

An exception of typebad_weak_ptr is thrown by theshared_ptr constructor taking aweak_ptr .

bad_weak_ptr();

Postconditions:what() returns"tr1::bad_weak_ptr" .

Throws: nothing.

2.2.3 Class templateshared_ptr [tr.util.smartptr.shared]

Theshared_ptr class template stores a pointer, usually obtained vianew. shared_ptr implements
semantics of shared ownership; the last remaining owner of the pointer is responsible for destroying the
object, or otherwise releasing the resources associated with the stored pointer.

namespace tr1 {
template<class T> class shared_ptr {
public:

typedef T element_type;

// constructors
shared_ptr();
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template<class Y> explicit shared_ptr(Y * p);
template<class Y, class D> shared_ptr(Y * p, D d);
shared_ptr(shared_ptr const& r);
template<class Y> shared_ptr(shared_ptr<Y> const& r);
template<class Y> explicit shared_ptr(weak_ptr<Y> const& r);
template<class Y> explicit shared_ptr(auto_ptr<Y>& r);

// destructor
˜shared_ptr();

// assignment
shared_ptr& operator=(shared_ptr const& r);
template<class Y> shared_ptr& operator=(shared_ptr<Y> const& r);
template<class Y> shared_ptr& operator=(auto_ptr<Y>& r);

// modifiers
void swap(shared_ptr& r);
void reset();
template<class Y> void reset(Y * p);
template<class Y, class D> void reset(Y * p, D d);

// observers
T* get() const;
T& operator*() const;
T* operator->() const;
long use_count() const;
bool unique() const;
operator @/unspecified-bool-type/() const;

};

// comparison
template<class T, class U>

bool
operator==(shared_ptr<T> const& a, shared_ptr<U> const& b);

template<class T, class U>
bool
operator!=(shared_ptr<T> const& a, shared_ptr<U> const& b);

template<class T, class U>
bool
operator<(shared_ptr<T> const& a, shared_ptr<U> const& b);

// other operators
template<class E, class T, class Y>

basic_ostream<E, T>&
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operator<< (basic_ostream<E, T>& os, shared_ptr<Y> const& p);

// specialized algorithms
template<class T>

void swap(shared_ptr<T>& a, shared_ptr<T>& b);

// casts
template<class T, class U>

shared_ptr<T> static_pointer_cast(shared_ptr<U> const& r);

template<class T, class U>
shared_ptr<T> dynamic_pointer_cast(shared_ptr<U> const& r);

// get_deleter
template<class D, class T>

D * get_deleter(shared_ptr<T> const& p);
}

shared_ptr is CopyConstructible , Assignable , andLessThanComparable , allowing its
use in standard containers.shared_ptr is convertible tobool , allowing its use in boolean expressions
and declarations in conditions.

[Example:

if(shared_ptr<X> px = dynamic_pointer_cast<X>(py))
{

// do something with px
}

—end example.]

2.2.3.1 shared_ptr constructors [tr.util.smartptr.shared.const]

shared_ptr();

Effects: Constructs anemptyshared_ptr .

Postconditions:use_count() == 0 && get() == 0 .

Throws: nothing.

template<class Y> explicit shared_ptr(Y * p);

Requires: p is convertible toT * . Y is a complete type. The expressiondelete p is well-formed, does
not invoke undefined behavior, and does not throw exceptions.

Effects: Constructs ashared_ptr thatownsthe pointerp.

Postconditions:use_count() == 1 && get() == p .

Throws: bad_alloc or an implementation-defined exception when a resource other than memory could
not be obtained.
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Exception safety:If an exception is thrown,delete p is called.

template<class Y, class D> shared_ptr(Y * p, D d);

Requires: p is convertible toT * . D is CopyConstructible . The copy constructor and destructor of
D do not throw. The expressiond(p) is well-formed, does not invoke undefined behavior, and does not
throw exceptions.

Effects: Constructs ashared_ptr thatownsthe pointerp and the deleterd.

Postconditions:use_count() == 1 && get() == p .

Throws: bad_alloc or an implementation-defined exception when a resource other than memory could
not be obtained.

Exception safety:If an exception is thrown,d(p) is called.

shared_ptr(shared_ptr const& r);
template<class Y> shared_ptr(shared_ptr<Y> const& r);

Effects: If r is empty, constructs anemptyshared_ptr ; otherwise, constructs ashared_ptr that
shares ownershipwith r .

Postconditions:get() == r.get() && use_count() == r.use_count() .

Throws: nothing.

template<class Y> explicit shared_ptr(weak_ptr<Y> const& r);

Effects: Constructs ashared_ptr thatshares ownershipwith r and stores a copy of the pointer stored
in r .

Postconditions:use_count() == r.use_count() .

Throws: bad_weak_ptr whenr.expired() .

Exception safety:If an exception is thrown, the constructor has no effect.

template<class Y> shared_ptr(auto_ptr<Y>& r);

Requires: r.release() is convertible toT * . Y is a complete type. The expressiondelete r.release()
is well-formed, does not invoke undefined behavior, and does not throw exceptions.

Effects: Constructs ashared_ptr that stores andownsr.release() .

Postconditions:use_count() == 1 && r.get() == 0 .

Throws: bad_alloc or an implementation-defined exception when a resource other than memory could
not be obtained.

Exception safety:If an exception is thrown, the constructor has no effect.

2.2.3.2 shared_ptr destructor [tr.util.smartptr.shared.dest]

˜shared_ptr();

Effects:

• If *this is empty, or shares ownershipwith anothershared_ptr instance (use_count() >
1), there are no side effects.
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• Otherwise, if*this ownsa pointerp and a deleterd, d(p) is called.

• Otherwise,*this ownsa pointerp, anddelete p is called.

Throws: nothing.

2.2.3.3 shared_ptr assignment [tr.util.smartptr.shared.assign]

shared_ptr& operator=(shared_ptr const& r);
template<class Y> shared_ptr& operator=(shared_ptr<Y> const& r);
template<class Y> shared_ptr& operator=(auto_ptr<Y>& r);

Effects: Equivalent toshared_ptr(r).swap(*this) .

Returns: *this .

Notes: The use count updates caused by the temporary object construction and destruction are not consid-
ered observable side effects, and the implementation is free to meet the effects (and the implied guarantees)
via different means, without creating a temporary. In particular, in the example:

shared_ptr<int> p(new int);
shared_ptr<void> q(p);
p = p;
q = p;

both assignments may be no-ops.

2.2.3.4 shared_ptr modifiers [tr.util.smartptr.shared.mod]

void swap(shared_ptr& r);

Effects: Exchanges the contents of*this andr .

Throws: nothing.

void reset();

Effects: Equivalent toshared_ptr().swap(*this) .

template<class Y> void reset(Y * p);

Effects: Equivalent toshared_ptr(p).swap(*this) .

template<class Y, class D> void reset(Y * p, D d);

Effects: Equivalent toshared_ptr(p, d).swap(*this) .

2.2.3.5 shared_ptr observers [tr.util.smartptr.shared.obs]

T * get() const;
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Returns: the stored pointer.

Throws: nothing.

T& operator*() const;

Requires: get() != 0 .

Returns: *get() .

Throws: nothing.

Notes: WhenT is void , the return type of this member function is unspecified, and an attempt to instan-
tiate it renders the program ill-formed.

T * operator->() const;

Requires: get() != 0 .

Returns: get() .

Throws: nothing.

long use_count() const;

Returns: the number ofshared_ptr objects,*this included, thatshare ownershipwith *this , or 0
when*this is empty.

Throws: nothing.

Notes: use_count() is not necessarily efficient. Use only for debugging and testing purposes, not for
production code.

bool unique() const;

Returns: use_count() == 1 .

Throws: nothing.

Notes: unique() may be faster thanuse_count() . If you are usingunique() to implement copy
on write, do not rely on a specific value whenget() == 0 .

operator @/unspecified-bool-type/ () const;

Returns: an unspecified value that, when used in boolean contexts, is equivalent toget() != 0 .

Throws: nothing.

Notes:This conversion operator allowssharedptr objects to be used in boolean contexts, likeif (p &&
p->valid()) . The actual target type is typically a pointer to a member function, avoiding many of the
implicit conversion pitfalls.

2.2.3.6 shared_ptr comparison [tr.util.smartptr.shared.cmp]

template<class T, class U>
bool operator==(shared_ptr<T> const& a,

shared_ptr<U> const& b);
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Returns: a.get() == b.get() .

Throws: nothing.

template<class T, class U>
bool operator!=(shared_ptr<T> const& a, shared_ptr<U> const& b);

Returns: a.get() != b.get() .

Throws: nothing.

template<class T, class U>
bool operator<(shared_ptr<T> const& a, shared_ptr<U> const& b);

Returns: an unspecified value such that

• operator< is a strict weak ordering as described in section 25.3[lib.alg.sorting] ;

• under the equivalence relation defined byoperator< , !(a < b) && !(b < a) , twoshared_-
ptr instances are equivalent if and only if theyshare ownership.

Throws: nothing.

Notes: Allows shared_ptr objects to be used as keys in associative containers.

2.2.3.7 shared_ptr operators [tr.util.smartptr.shared.op]

template<class E, class T, class Y>
basic_ostream<E, T>&
operator<< (basic_ostream<E, T>& os, shared_ptr<Y> const& p);

Effects: os << p.get(); .

Returns: os .

2.2.3.8 shared_ptr specialized algorithms [tr.util.smartptr.shared.spec]

template<class T>
void swap(shared_ptr<T>& a, shared_ptr<T>& b);

Effects: Equivalent toa.swap(b) .

Throws: nothing.

2.2.3.9 shared_ptr casts [tr.util.smartptr.shared.cast]

template<class T, class U>
shared_ptr<T> static_pointer_cast(shared_ptr<U> const& r);
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Requires: The expressionstatic_cast<T*>(r.get()) is well-formed.

Returns: If r is empty, anemptyshared_ptr<T> ; otherwise, ashared_ptr<T> object that stores
static_cast<T*>(r.get()) andshares ownershipwith r .

Throws: nothing.

Notes: the seemingly equivalent expressionshared_ptr<T>(static_cast<T*>(r.get())) will
eventually result in undefined behavior, attempting to delete the same object twice.

template<class T, class U>
shared_ptr<T> dynamic_pointer_cast(shared_ptr<U> const& r);

Requires: The expressiondynamic_cast<T*>(r.get()) is well-formed and does not invoke unde-
fined behavior.

Returns:

• When dynamic_cast<T*>(r.get()) returns a nonzero value, ashared_ptr<T> object
that stores a copy of it andshares ownershipwith r ;

• Otherwise, anemptyshared_ptr<T> object.

Throws: nothing.

Notes: the seemingly equivalent expressionshared_ptr<T>(dynamic_cast<T*>(r.get()))
will eventually result in undefined behavior, attempting to delete the same object twice.

2.2.3.10 getdeleter [tr.util.smartptr.getdeleter]

template<class D, class T>
D * get_deleter(shared_ptr<T> const& p);

Returns: If *this ownsa deleterd of type cv-unqualifiedD, returns&d; otherwise returns0.

Throws: nothing.

2.2.4 Class templateweak_ptr [tr.util.smartptr.weak]

Theweak_ptr class template stores a ”weak reference” to an object that’s already managed by ashared_-
ptr . To access the object, aweak_ptr can be converted to ashared_ptr using the member function
lock .

namespace tr1 {
template<class T> class weak_ptr {

public:
typedef T element_type;

// constructors
weak_ptr();
template<class Y> weak_ptr(shared_ptr<Y> const& r);

23



weak_ptr(weak_ptr const& r);
template<class Y> weak_ptr(weak_ptr<Y> const& r);

// destructor
˜weak_ptr();

// assignment
weak_ptr& operator=(weak_ptr const& r);
template<class Y>

weak_ptr& operator=(weak_ptr<Y> const& r);
template<class Y>

weak_ptr& operator=(shared_ptr<Y> const& r);

// modifiers
void swap(weak_ptr& r);
void reset();

// observers
long use_count() const;
bool expired() const;
shared_ptr<T> lock() const;

};

// comparison
template<class T, class U>

bool operator<(weak_ptr<T> const& a, weak_ptr<U> const& b);

// specialized algorithms
template<class T>

void swap(weak_ptr<T>& a, weak_ptr<T>& b);
}

weak_ptr is CopyConstructible , Assignable , andLessThanComparable , allowing its use
in standard containers.

2.2.4.1 weak_ptr constructors [tr.util.smartptr.weak.const]

weak_ptr();

Effects: Constructs anemptyweak_ptr .

Postconditions:use_count() == 0 .

Throws: nothing.

template<class Y> weak_ptr(shared_ptr<Y> const& r);
weak_ptr(weak_ptr const& r);
template<class Y> weak_ptr(weak_ptr<Y> const& r);
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Effects: If r is empty, constructs anemptyweak_ptr ; otherwise, constructs aweak_ptr that shares
ownershipwith r and stores a copy of the pointer stored inr .

Postconditions:use_count() == r.use_count() .

Throws: nothing.

2.2.4.2 weak_ptr destructor [tr.util.smartptr.weak.dest]

˜weak_ptr();

Effects: Destroys thisweak_ptr but has no effect on the object its stored pointer points to.

Throws: nothing.

2.2.4.3 weak_ptr assignment [tr.util.smartptr.weak.assign]

weak_ptr& operator=(weak_ptr const& r);
template<class Y> weak_ptr& operator=(weak_ptr<Y> const& r);
template<class Y> weak_ptr& operator=(shared_ptr<Y> const& r);

Effects: Equivalent toweak_ptr(r).swap(*this) .

Throws: nothing.

Notes: The implementation is free to meet the effects (and the implied guarantees) via different means,
without creating a temporary.

2.2.4.4 weak_ptr modifiers [tr.util.smartptr.weak.mod]

void swap(weak_ptr& r);

Effects: Exchanges the contents of*this andr .

Throws: nothing.

void reset();

Effects: Equivalent toweak_ptr().swap(*this) .

2.2.4.5 weak_ptr observers [tr.util.smartptr.weak.obs]

long use_count() const;

Returns: 0 if *this is empty; otherwise, the number ofshared_ptr instances thatshare ownership
with *this .

Throws: nothing.

Notes: use_count() is not necessarily efficient. Use only for debugging and testing purposes, not for
production code.
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bool expired() const;

Returns: use_count() == 0 .

Throws: nothing.

Notes: expired() may be faster thanuse_count() .

shared_ptr<T> lock() const;

Returns: expired()? shared_ptr<T>(): shared_ptr<T>(*this) .

Throws: nothing.

2.2.4.6 weak_ptr comparison [tr.util.smartptr.weak.cmp]

template<class T, class U>
bool operator<(weak_ptr<T> const& a, weak_ptr<U> const& b);

Returns: an unspecified value such that

• operator< is a strict weak ordering as described in section 25.3[lib.alg.sorting] ;

• under the equivalence relation defined byoperator< , !(a < b) && !(b < a) , twoweak_-
ptr instances are equivalent if and only if theyshare ownership.

Throws: nothing.

Notes: Allows weak_ptr objects to be used as keys in associative containers.

2.2.4.7 weak_ptr specialized algorithms [tr.util.smartptr.weak.spec]

template<class T>
void swap(weak_ptr<T>& a, weak_ptr<T>& b)

Effects: Equivalent toa.swap(b) .

Throws: nothing.

2.2.5 Class templateenable_shared_from_this [tr.util.smartptr.enab]

A class can derive from theenable_shared_from_this class template, passing itself as a template
parameter, to inherit theshared_from_this member functions that obtain asharedptr instance point-
ing to this .

[Example:

struct X: public enable_shared_from_this<X>
{
};

int main()
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{
shared_ptr<X> p(new X);
shared_ptr<X> q = p->shared_from_this();
assert(p == q);
assert(!(p < q ) \&\& !(q < p)); // p and q share ownership

}

—end example.]

namespace tr1 {
template<class T> class enable_shared_from_this {
protected:

enable_shared_from_this();
enable_shared_from_this(enable_shared_from_this const&);
enable_shared_from_this&
operator=(enable_shared_from_this const&);
˜enable_shared_from_this();

public:
shared_ptr<T> shared_from_this();
shared_ptr<T const> shared_from_this() const;

};
}

enable_shared_from_this<T>::enable_shared_from_this();
enable_shared_from_this<T>::enable_shared_from_this(

enable_shared_from_this<T> const&);

Effects: Constructs anenable_shared_from_this<T> instance.

Throws: nothing.

enable_shared_from_this<T>&
enable_shared_from_this<T>

::operator=(enable_shared_from_this<T> const&);

Returns: *this .

Throws: nothing.

enable_shared_from_this<T>::˜enable_shared_from_this();

Effects: Destroys*this .

Throws: nothing.

template<class T> shared_ptr<T>
enable_shared_from_this<T>::shared_from_this();

template<class T> shared_ptr<T const>
enable_shared_from_this<T>::shared_from_this() const;
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Requires: enable_shared_from_this<T> is an accessible base class ofT. *this is a subobject
of an instancet of typeT. There is at least oneshared_ptr instancep thatowns&t .

Returns: A shared_ptr<T> instancer thatshares ownership withp.

Postconditions:r.get() == this .

[Note: a typical implementation is shown below:

template<class T> class enable_shared_from_this
{
private:

weak_ptr<T> __weak_this;

protected:

enable_shared_from_this() {}
enable_shared_from_this(enable_shared_from_this const &) {}
enable_shared_from_this &
operator=(enable_shared_from_this const &) { return *this; }
˜enable_shared_from_this() {}

public:

shared_ptr<T> shared_from_this()
{ return shared_ptr<T>(__weak_this); }

shared_ptr<T const> shared_from_this() const
{ return shared_ptr<T const>(__weak_this); }

};

The threesharedptr constructors that create unique pointers should detect the presence of anenable-
sharedfrom thisbase and assign the newly createdsharedptr to its weakthismember.—end note.]
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Chapter 3

Function objects and higher-order
programming [tr.func]

3.1 Function return types [tr.func.ret]

3.1.1 Additions to<functional> synopsis [tr.func.ret.synopsis]

namespace tr1 {
template <typename FunctionCallTypes> class result_of;

}

3.1.2 Class templateresult_of [tr.func.ret.ret]

template <typename FunctionCallTypes>
class result_of {
public :

// types
typedef unspecified type;

};

Given an lvaluef of type F and lvaluest1 , t2 , ..., tN of typesT1, T2, ..., TN, respectively, thetype
member type defines the result type of the expressionf(t1, t2, ...,tN) .

The implementation may determine the member typetype via any means that produces the exact type of
the expressionf(t1, t2, ..., tN) for the given types. [Note: The intent is that implementations
are permitted to use special compiler hooks—end note]
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If the implementation cannot determine the type of the expressionf(t1, t2, ..., tN) , or if the
expression is ill-formed, the implementation shall use the following process to determine the member type
type :

1. If F is a function type,type is the return type of the function typeF.

2. If F is a member function type,type is the return type of the member function typeF.

3. If F is a function object defined by the standard library, the method of determiningtype is unspeci-
fied.

4. If F is a class type with a member typeresult_type , type is F::result_type .

5. If F is a class type with no member namedresult_type or if F::result_type is not a type:

(a) If N=0 (no arguments),type is void .

(b) If N>0, type is F::result<F(T1, T2,..., TN)>::type .

6. Otherwise, the program is ill-formed.

3.2 Member pointer adaptors [tr.func.memfn]

3.2.1 Additions to header<functional synopsis [tr.func.memfn.synopsis]

namespace tr1 {
template<class R, class T>

unspecified mem_fn(R T::* pm);
}

3.2.2 Function templatemem_fn [tr.func.memfn.memfn]

mem_fn(&X::f) , wheref is a member function ofX, returns an object through which&X::f can be
called given a pointer, a smart pointer, an iterator, or a reference toX followed by the argument list required
for X::f , if any. The returned object isCopyConstructible andAssignable , its copy constructor
and assignment operator do not throw exceptions, and it has a nested typedefresult_type defined as
the return type off .

mem_fn(&X::m) , wheremis a data member ofX, returns an object through which a reference to&X::m
can be obtained given a pointer, a smart pointer, an iterator, or a reference toX. The returned object is
CopyConstructible andAssignable , its copy constructor and assignment operator do not throw
exceptions, and it has a nested typedefresult_type defined as eitherMor M const & , whereMis the
type ofm.

template<class R, class T>
unspecified mem_fn(R T::* pm);
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Returns:

• Whenpm is a pointer to a member function takingn arguments, a function objectf such that the
expressionf(t, a 1, ..., a n) is equivalent to(t.*pm)(a 1, ..., a n) when t is an
lvalue of typeT or derived fromT, ((*t).*pm)(a 1, ..., a n) otherwise.

• Whenpmis a pointer to a data member, a function objectf such that the expressionf(t) is equiv-
alent tot.*pm whent is an lvalue of typeT or derived fromT, (*t).*pm otherwise.

Throws: nothing.

Notes: Implementations are allowed to implement memfn as a set of overloaded function templates.

3.2.3 implementation quantities [tr.func.memfn.lim]

The maximum value forn is implementation defined.

3.3 Function object binders [tr.func.bind]

3.3.1 Additions to header<functional> synopsis [tr.func.bind.synopsis]

template<class T> struct is_bind_expression;
template<class T> struct is_placeholder;

template<class F>
unspecified bind(F f);

template<class R, class F>
unspecified bind(F f);

template<class F, class A1>
unspecified bind(F f, A1 a1);

template<class R, class T, class A1>
unspecified bind(R T::* pm, A1 a1);

template<class R, class F, class A1>
unspecified bind(F f, A1 a1);

// for all positive integers n in [2, N)

template<class F, class A1, ..., class A n>
unspecified bind(F f, A1 a1, ..., A n an);

template<class R, class T, class A1, ..., class A n>
unspecified bind(R T::* pmf, A1 a1, ..., A n an);

template<class R, class F, class A1, ..., class A n>
unspecified bind(F f, A1 a1, ..., A n an);
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namespace placeholders {
// M is the implementation-defined number of placeholders
extern unspecified _1;
extern unspecified _2;

.

.

.
extern unspecified _M;

}

3.3.2 Class templateis_bind_expression [tr.func.bind.isbind]

namespace tr1 {
template<class T> struct is_bind_expression {

static const bool value = unspecified ;
};

}

is_bind_expression can be used to detect function objects generated bybind . bind usesis_-
bind_expression to detect subexpressions. The template can be specialized by users to indicate that
a type should be treated as a subexpression in abind call.

static const bool value;

true if T is a type returned frombind , false otherwise.

3.3.3 Class templateis_placeholder [tr.func.bind.isplace]

namespace tr1 {
template<class T> struct is_placeholder {

static const int value = unspecified ;
};

}

is_placeholder can be used to detect the standard placeholders_1 , _2 , and so on.bind usesis_-
placeholder to detect placeholders. The template can be specialized by users to indicate a placeholder
type.

static const int value;

value is N if T is the type oftr1::placeholders::_ N, 0 otherwise.

3.3.4 Function templatebind [tr.func.bind.bind]

The functionλ(x) is defined asx.get() whenx is of typereference_wrapper<F> for someF, x
otherwise.
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The functionµ(x, v 1, ..., v mx is of typeX, andk is is_placeholder<X>::value , is de-
fined as:

• x.get() , whenX is areference_wrapper<T> for someT;

• vk , whenk != 0 ;

• x(v 1, ..., v m) , whenis_bind_expression<X>::value is true ;

• x otherwise.

A function object f of type F is called simple, if f is a pointer to a function with C++ linkage or
F::result_type is a type.

The maximum number of supported arguments (N in the synopsis) is implementation defined. Implemen-
tations are allowed to define additional, more specialized,bind overloads, or to fold the pointer to member
overload into the general function template, as long as the behavior of thebind calls is unchanged.

Given a list of argumentsa1 , a2 , ..., an, a function objecth as returned from a call tobind , and the
definition:

struct forward {
template<typename T1, typename T2, ..., typename T n>

void operator()(T1&, T2&, ...,T n&);
};

If the expressionforward()(a1, a2, ..., a n) is well-formed, then the expressionh(a1, a2,
..., a n) must be well-formed and must have the same argument passing semantics asforward()(a1,
a2, ..., a n) . [ Note - Implementations are encouraged to support argument forwarding for non-const
temporaries - end note]

template<class F> unspecified bind(F f);

Requires: F must beCopyConstructible . λ(f)() must be a valid expression. Iff is not asimple
function object, the behavior is implementation defined.

Returns: A function objectg of an unspecifiedCopyConstructible type G such that the expres-
sion g(v 1, ..., v m) is equivalent toλ(f)() . The type of the expressiong(v 1, ..., v m) is
result_of<R()>::type whereR is the type ofλ(f) . If the function application is made via a cv-
qualified reference to, or copy of,g, the same cv-qualifiers are applied tof before the evaluation. When
f is a pointer to a function with C++ linkage,G::result_type is defined as the return type of thef .
WhenF::result_type is defined,G::result_type is defined as the same type.

Throws: nothing unless the copy constructor off throws an exception.

Notes: Implementations are allowed to impose an upper limit onm (typically one more than the number of
supported placeholders). It is implementation defined whetherGisAssignable orDefaultConstructible .

template<class R, class F> unspecified bind(F f);

Requires: F must beCopyConstructible . λ(f)() must be a valid expression convertible toR.

Returns: A function objectg of an unspecifiedCopyConstructible typeGsuch that the expression
g(v 1, ..., v m) is equivalent toλ(f)() , implicitly converted toR. If the function application is
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made via a cv-qualified reference to, or copy of,g, the same cv-qualifiers are applied tof before the
evaluation.G::result_type is defined asR.

Throws: nothing unless the copy constructor off throws an exception.

Notes: Implementations are allowed to impose an upper limit onm. It is implementation defined whether
G is Assignable or DefaultConstructible .

template<class F, class A1> unspecified bind(F f, A1 a1);

Requires: F andA1 must beCopyConstructible . λ(f)(w1) must be a valid expression for some
valuew1. If f is not asimplefunction object, the behavior is implementation defined.

Returns: A function objectg of an unspecifiedCopyConstructible type G such that the expres-
siong(v 1, ..., v m) is equivalent toλ(f)( µ(a1, v 1, ..., v m)) . The type of the expression
g(v 1, ..., v m) is result_of<R(T)>::type whereR is the type ofλ(f) andT is the type of
µ(a1, v 1, ..., v m) . If the function application is made via a cv-qualified reference to, or copy of,
g, the same cv-qualifiers are applied tof anda1 before the evaluation. Whenf is a pointer to a function
with C++ linkage,G::result_type is defined as the return type of thef . WhenF::result_type
is defined,G::result_type is defined as the same type.

Throws: nothing unless the copy constructors off or a1 throw an exception.

Notes: Implementations are allowed to impose an upper limit onm. It is implementation defined whether
G is Assignable or DefaultConstructible .

template<class R, class T, class A1>
unspecified bind(R T::* pm, A1 a1);

Requires: pmmust be a pointer to data member or pointer to a member function taking no arguments.

Returns: bind(mem_fn(pm), a1) .

template<class R, class F, class A1>
unspecified bind(F f, A1 a1);

Requires: F andA1 must beCopyConstructible . λ(f)(w1) , for some valuew1, must be a valid
expression convertible toR.

Returns: A function objectg of an unspecifiedCopyConstructible typeGsuch that the expression
g(v 1, ..., v m) is equivalent toλ(f)( µ(a1, v 1, ..., v m)) , implicitly converted toR. If the
function application is made via a cv-qualified reference to, or copy of,g, the same cv-qualifiers are applied
to f anda1 before the evaluation.G::result_type is defined asR.

Throws: nothing unless the copy constructors off or a1 throw an exception.

Notes: Implementations are allowed to impose an upper limit onm. It is implementation defined whether
G is Assignable or DefaultConstructible .

template<class F, class A1, ..., class A n>
unspecified bind(F f, A1 a1, ..., A n an);

Requires: F andAi must beCopyConstructible . λ(f)(w1, ..., w n) must be a valid expres-
sion for some valueswi . If f is not asimplefunction object, the behavior is implementation defined.

Returns: A function objectg of an unspecifiedCopyConstructible typeGsuch that the expression
g(v 1, ..., v m) is equivalent toλ(f)( µ(a1, v 1, ..., v m), ..., µ(a n, v 1, ..., v m)) .
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The type of the expressiong(v 1, ..., v m) is result_of<R(T1, T2, ..., T n)>::type
whereR is the type ofλ(f) and eachTi is the type ofµ(a i , v 1, ..., v m) .

If the function application is made via a cv-qualified reference to, or copy of,g, the same cv-qualifiers
are applied tof and ai before the evaluation. Whenf is a pointer to a function with C++ linkage,
G::result_type is defined as the return type of thef . WhenF::result_type is defined,G::result_-
type is defined as the same type.

Throws: nothing unless the copy constructors off or ai throw an exception.

Notes: Implementations are allowed to impose an upper limit onm. It is implementation defined whether
G is Assignable or DefaultConstructible .

template<class R, class T, class A1, ..., class A n>
unspecified bind(R T::* pmf, A1 a1, ..., A n an);

Requires: pmf must be a pointer to a member function takingn-1 arguments.

Returns: bind(mem_fn(pmf), a1, ..., a n) .

template<class R, class F, class A1, ..., class A n>
unspecified bind(F f, A1 a1, ..., A n an);

Requires: F andAi must beCopyConstructible . λ(f)(w1, ..., w n) , for some valueswi ,
must be a valid expression convertible toR.

Returns: A function objectg of an unspecifiedCopyConstructible typeGsuch that the expression
g(v 1, ..., v m) is equivalent toλ(f)( µ(a1, v 1, ..., v m), ..., µ(a n, v 1, ..., v m)) ,
implicitly converted toR. If the function application is made via a cv-qualified reference to, or copy of,g,
the same cv-qualifiers are applied tof andai before the evaluation.G::result_type is defined asR.

Throws: nothing unless the copy constructors off or ai throw an exception.

Notes: Implementations are allowed to impose an upper limit onm. It is implementation defined whether
G is Assignable or DefaultConstructible .

3.3.5 Placeholders [tr.func.bind.place]

namespace tr1 {
namespace placeholders {

extern unspecified _1;
extern unspecified _2;
extern unspecified _3;
// implementation defined number of additional placeholders

}
}

All placeholder types areDefaultConstructible andCopyConstructible , and their default
constructors and copy constructors do not throw. It is implementation defined whether placeholder types
areAssignable . Assignable placeholders’ copy assignment operators do not throw exceptions.
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3.3.6 Implementation quantities [tr.func.bind.limits]

The number of placeholder types in namespacetr1::placeholders , and the number of arguments
that can be passed to abind function object, are implementation defined. Recommended minimum values
are:

• Number of placeholder types in namespacetr1::placeholders — 9.

• Number of arguments that can be passed to abind function object — 10.

3.4 Polymorphic function wrappers [tr.func.wrap]

3.4.1 Additions to<functional> synopsis [tr.func.wrap.synopsis]

class bad_function_call;

template<typename Function,
typename Allocator = std::allocator<void> >

class function;

template<typename Function, typename Allocator>
void swap(function<Function, Allocator>&,

function<Function, Allocator>&);

template<typename Function1, typename Allocator1,
typename Function2, typename Allocator2>

void operator==(const function<Function1, Allocator1>&,
const function<Function2, Allocator2>&);

template<typename Function1, typename Allocator1,
typename Function2, typename Allocator2>

void operator!=(const function<Function1, Allocator1>&,
const function<Function2, Allocator2>&);

3.4.2 Classbad_function_call [tr.func.wrap.badcall]

Thebad_function_call exception class is thrown primarily when a polymorphic adaptor is invoked
but is empty (see 20.3.10).

namespace tr1 {
class bad_function_call : public std::runtime_error
{
public:

// [tr.func.wrap.badcall.const] constructor
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bad_function_call();
};

}

3.4.2.1 bad_function_call constructor [tr.func.wrap.badcall.const]

bad_function_call();

Effects: constructs abad_function_call object.

3.4.3 Class templatefunction [tr.func.wrap.func]

The library provides polymorphic wrappers that generalize the notion of a function pointer. Wrappers can
store, copy, and call arbitrary function objects given a function signature (denoted by a set of argument
types and a return type), allowing functions to be first-class objects.

A function objectf of typeF is Callablegiven a set of argument typesT1, T2, ...,TN and a return typeR,
if the appropriate following function definition is well-formed:

// If F is not a pointer to member function
R callable(F& f, T1 t1, T2 t2, ..., T N t N)
{

return static_cast<R>(f(t1, t2, ..., t N));
}

// If F is a pointer to member function
R callable(F f, T1 t1, T2 t2, ..., T N t N)
{

return static_cast<R>(((*t1).*f)(t2, t3, ..., t N));
}

Thefunction class template is a function object type whose call signature is defined by its first template
argument (a function type).

namespace tr1 {
// Function type R (T1, T2, ..., TN), 0 ≤ N ≤ Nmax
template<typename Function,

typename Allocator = std::allocator<void> >
class function

: public unary_function<R, T1> // iff N == 1
: public binary_function<R, T1, T2> // iff N == 2

{
public:

typedef R result_type;
typedef Allocator allocator_type;

// [tr.func.wrap.func.con] construct/copy/destroy
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explicit function(const Allocator& = Allocator());
function(const function&);
template<typename F>

function(F, const Allocator& = Allocator());
template<typename F>

function(reference_wrapper<F>,
const Allocator& = Allocator());

function& operator=(const function&);
template<typename F>

function& operator=(F);
template<typename F>

function& operator=(reference_wrapper<F>);
˜function();

// [tr.func.wrap.func.mod] function modifiers
void swap(function&);
void clear();

// [tr.func.wrap.func.cap] function capacity
bool empty() const;
operator implementation-defined () const;

// [tr.func.wrap.func.inv] function invocation
R operator()(T1, T2, ..., T N) const;

};

// [tr.func.wrap.func.alg] specialized algorithms
template<typename Function1, typename Allocator1,

typename Function2, typename Allocator2>
void swap(function<Function1, Allocator1>&,

function<Function2, Allocator2>&);

// [tr.func.wrap.func.undef] undefined operators
template<typename Function1, typename Allocator1,

typename Function2, typename Allocator2>
void operator==(const function<Function1, Allocator1>&,

const function<Function2, Allocator2>&);
template<typename Function1, typename Allocator1,

typename Function2, typename Allocator2>
void operator!=(const function<Function1, Allocator1>&,

const function<Function2, Allocator2>&);
}

3.4.3.1 function construct/copy/destroy [tr.func.wrap.func.con]
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explicit function(const Allocator& = Allocator());

Postconditions: this->empty() .

Throws: will not throw.

function(const function& f);

Postconditions: this->empty() if f.empty() ; otherwise,*this targets a copy off .

Throws: will not throw if the target off is a function pointer or a function object passed viareference_-
wrapper . Otherwise, may throwbad_alloc or any exception thrown by the copy constructor of the
stored function object.

template<typename F>
function(F f, const Allocator& = Allocator());

Requires: f is a callable function object for argument typesT1, T2, ...,TN and return typeR.

Postconditions: this->empty() if any of the following hold:

• f is a NULL function pointer.

• f is a NULL member function pointer.

• f is an instance of thefunction class template andf.empty()

Otherwise,*this targets a copy off if f is not a pointer to member function, and targets a copy of
mem_fun(f) if f is a pointer to member function.

Throws: will not throw whenf is a function pointer. Otherwise, may throwbad_alloc or any exception
thrown byF’s copy constructor.

template<typename F> function(reference_wrapper<F> f,
const Allocator& = Allocator());

Requires: f.get() is a callable function object for argument typesT1, T2, ...,TN and return typeR.

Postconditions: !this->empty() and*this targetsf.get() .

Throws: will not throw.

Rationale: a potential alternative would be to replace thereference_wrapper argument with an
argument taking a function object pointer. This route was not taken becausereference_wrapper is a
general solution stating the user’s intention to pass a reference to an object instead of a copy.

function& operator=(const function& f);

Effects: function(f).swap(*this);

Returns: *this

template<typename F>
function& operator=(F f);

Effects: function(f).swap(*this);

Returns: *this
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template<typename F>
function& operator=(reference_wrapper<F> f);

Effects: function(f).swap(*this);

Returns: *this

Throws: will not throw.

˜function();

Effects: if !this->empty() , destroys the target ofthis .

3.4.3.2 function modifiers [tr.func.wrap.func.mod]

void swap(function& other);

Effects: interchanges the targets of*this andother and the allocators of*this andother .

Throws: will not throw.

void clear();

Effects: If !this->empty() , deallocates current target.

Postconditions: this->empty() .

3.4.3.3 function capacity [tr.func.wrap.func.cap]

bool empty() const

Returns: true if the function object has a target,false otherwise.

Throws: will not throw.

operator @\textit{implementation-defined}@() const

Returns: if !this->empty() , returns a value that will evaluate true in a boolean context; otherwise,
returns a value that will evaluate false in a boolean context. The value type returned shall not be convertible
to int .

Throws: will not throw.

Notes: This conversion can be used in contexts where abool is expected (e.g., anif condition); however,
implicit conversions (e.g., toint ) that can occur withbool are not allowed, eliminating some sources of
user error. The suggested implementation technique is to use a member function pointer whose class type
is private to thefunction instantiation.

3.4.3.4 function invocation [tr.func.wrap.func.inv]

R operator()(T1 t1, T2 t2, ..., T N t N) const
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Effects: f(t1, t2, ..., t N) , wheref is the target of*this .

Returns: nothing, ifR is void ; otherwise, the return value of the call tof .

Throws: bad_function_call if this->empty() ; otherwise, any exception thrown by the wrapped
function object.

3.4.3.5 specialized algorithms [tr.func.wrap.func.alg]

template<typename Function, typename Allocator>
void swap(function<Function, Allocator>& f1,

function<Function, Allocator>& f2);

Effects: f1.swap(f2);

3.4.3.6 undefined operators [tr.func.wrap.func.undef]

template<typename Function1, typename Allocator1,
typename Function2, typename Allocator2>

void operator==(const function<Function1, Allocator1>&,
const function<Function2, Allocator2>&);

This function shall be left undefined.

Rationale: the boolean-like conversion opens a loophole whereby twofunction instances can be com-
pared via==. This undefinedvoid operator== closes the loophole and ensures a compile-time or link-
time error.

template<typename Function1, typename Allocator1,
typename Function2, typename Allocator2>

void operator!=(const function<Function1, Allocator1>&,
const function<Function2, Allocator2>&);

This function shall be left undefined.

Rationale: the boolean-like conversion opens a loophole whereby twofunction instances can be com-
pared via!= . This undefinedvoid operator!= closes the loophole and ensures a compile-time or link-
time error.

3.4.4 Implementation quantities [tr.func.wrap.limits]

Nmax, the maximum number of function call arguments supported by class templatefunction is imple-
mentation defined. Implementations are encouraged to support at least 10 arguments.
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Chapter 4

Metaprogramming and type traits
[tr.meta]

This clause describes components used by C++ programs, particularly in templates, to: support the widest
possible range of types, optimise template code usage, detect type related user errors, and perform type
inference and transformation at compile time.

4.1 Requirements [tr.meta.rqmts]

4.1.1 Unary type traits [tr.meta.rqmts.unary]

In table 4.1,X is a class template that is a unary type trait andT is any arbitrary type.

Table 4.1: UnaryTypeTrait requirements

Expression Return Type Requirement
X<T>::value_type An integral type The type ofX<T>::value .
X<T>::value value_type An integral constant expression

that is true if T has the specified
trait, and false otherwise.

X<T>::type integral_-
constant<value_type,
value>

A type for use in situations where
a typename is more appropriate
than a value. The class tem-
plate integral_constant is
declared in<type_traits> .
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continued from previous page

X<T>::type t = X<T>() Both lvalues of type X<T>
const& and rvalues of type
X<T> are implicitly convertible to
X<T>::type .

4.1.2 Binary type traits [tr.meta.rqmts.binary]

In table 4.2,X is a class template that is a binary type trait andT andUare any arbitrary types.

Table 4.2: BinaryTypeTrait requirements

Expression Return Type Requirement
X<T,U>::value bool An integral constant expression that

is true if T is related toU by the rela-
tion specified, and false otherwise.

X<T,U>::value_type bool A type that is the type of
X<T,U>::value , this is always
bool for BinaryTypeTraits.

X<T,U>::type integral_-
constant<bool, value>

A type for use in situations where
a typename is more appropriate
than a value. The class template
integral_constant is declared
in <type_traits> .

X<T,U>::type t = X<T,U>() Both lvalues of type X<T,U>
const& and rvalues of type
X<T,U> are implicitly convertible to
X<T,U>::type .

4.1.3 Transformation type traits [tr.meta.rqmts.trans]

In table 4.3,X is a class template that is a transformation trait andT is any arbitrary type.

Table 4.3: TransformationTrait requirements

Expression Requirement
X<T>::type The result is a type that is the result of applying

transformationX to typeT.

4.2 Header<type_traits> synopsis [tr.meta.type.synop]

namespace tr1{
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// helper class:
template <class T, T v> struct integral_constant;
typedef integral_constant<bool, true> true_type;
typedef integral_constant<bool, false> false_type;

// Primary type categories:
template <class T> struct is_void;
template <class T> struct is_integral;
template <class T> struct is_floating_point;
template <class T> struct is_array;
template <class T> struct is_pointer;
template <class T> struct is_reference;
template <class T> struct is_member_object_pointer;
template <class T> struct is_member_function_pointer;
template <class T> struct is_enum;
template <class T> struct is_union;
template <class T> struct is_class;
template <class T> struct is_function;

// composite type categories:
template <class T> struct is_arithmetic;
template <class T> struct is_fundamental;
template <class T> struct is_object;
template <class T> struct is_scalar;
template <class T> struct is_compound;
template <class T> struct is_member_pointer;

// type properties:
template <class T> struct is_const;
template <class T> struct is_volatile;
template <class T> struct is_pod;
template <class T> struct is_empty;
template <class T> struct is_polymorphic;
template <class T> struct is_abstract;
template <class T> struct has_trivial_constructor;
template <class T> struct has_trivial_copy;
template <class T> struct has_trivial_assign;
template <class T> struct has_trivial_destructor;
template <class T> struct has_nothrow_constructor;
template <class T> struct has_nothrow_copy;
template <class T> struct has_nothrow_assign;
template <class T> struct is_signed;
template <class T> struct is_unsigned;
template <class T> struct alignment_of;
template <class T> struct has_virtual_destructor;
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// type relations:
template <class T, class U> struct is_same;
template <class From, class To> struct is_convertible;
template <class Base, class Derived> struct is_base_of;

// const-volatile modifications:
template <class T> struct remove_const;
template <class T> struct remove_volatile;
template <class T> struct remove_cv;
template <class T> struct add_const;
template <class T> struct add_volatile;
template <class T> struct add_cv;

// reference modifications:
template <class T> struct remove_reference;
template <class T> struct add_reference;

// array modifications:
template <class T> struct remove_dimension;
template <class T> struct remove_all_dimensions;

// pointer modifications:
template <class T> struct remove_pointer;
template <class T> struct add_pointer;

// Other transformations
template <class T> struct aligned_storage;

} // namespace tr1

4.3 Unary Type Traits [tr.meta.unary]

This sub-clause contains templates that may be used to query the properties of a type at compile time.

All of the class templates defined in this header satisfy the UnaryTypeTrait requirements.

For all of the class templates declared in this clause, all members declaredstatic const shall be
defined in such a way that they are usable as integral constant expressions.

For all of the class templatesX declared in this clause, both rvalues of typeX const and lvalues of type
X const& shall be implicitly convertible toX::type . Whether this is accomplished by inheritance or
by a member operator is unspecified. For exposition only the class templates in this clause are shown with
a member conversion operator:operator type() const , which shall returntype() in all cases.

For all of the class templatesX declared in this clause, instantiating that template with a template-argument
that is a class template specialization, may result in the implicit instantiation of the template argument if
and only if the semantics ofX require that the argument must be a complete type.
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4.3.1 Helper classes [tr.meta.unary.help]

template <class T, T v>
struct integral_constant
{

static const T value = v;
typedef T value_type;
typedef integral_constant<T,v> type;

};
typedef integral_constant<bool, true> true_type;
typedef integral_constant<bool, false> false_type;

The class templateintegral_constant and its associated typedefstrue_type andfalse_type
are for use in situations where a type rather than a value is required.

4.3.2 Primary Type Categories [tr.meta.unary.cat]

The primary type categories correspond to the descriptions given in section 3.9 of the C++ standard.

For any given typeT, exactly one of the primary type categories shall have its membervalue evaluate to
true .

For any given typeT, the result of applying one of these templates toT, and tocv-qualifiedT shall yield
the same result.

Undefined behaviour results if any C++ program adds specializations for any of the class templates defined
in this clause.

template <class T> struct is_void {
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is void or acv-qualifiedvoid . Otherwise defined to befalse .

template <class T> struct is_integral {
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is an integral type (3.9.1). Otherwise defined to befalse .

template <class T> struct is_floating_point {
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
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operator type() const;
};

value : defined to betrue if T is a floating point type (3.9.1). Otherwise defined to befalse .

template <class T> struct is_array {
static const bool value = implementation_defined ;
typedef bool value_type;

| typedef| integral_constant<value_type,value> type;operator type() const;;

template <class T> struct is_pointer {
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is a pointer type (3.9.2), this includes all function pointer types, but not
pointers to members or member functions. Otherwise defined to befalse .

template <class T> struct is_reference {
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is a reference type (3.9.2), this includes all reference to function types.
Otherwise defined to befalse .

template <class T> struct is_member_object_pointer {
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is a pointer to a data member. Otherwise defined to befalse .

template <class T> struct is_member_function_pointer {
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is a pointer to a member function. Otherwise defined to befalse .

template <class T> struct is_enum {
static const bool value = implementation_defined ;
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typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is an enumeration type (3.9.2). Otherwise defined to befalse .

template <class T> struct is_union {
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is a union type (3.9.2). Otherwise defined to befalse .

template <class T> struct is_class {
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is a class type (3.9.2), in this context unions are not considered to be
class types. Otherwise defined to befalse .

template <class T> struct is_function {
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is a function type (3.9.2). Otherwise defined to befalse .

4.3.3 Composite type traits [tr.meta.unary.comp]

These templates provide convenient compositions of the primary type categories, corresponding to the
descriptions given in section 3.9.

For any given typeT, the result of applying one of these templates toT, and tocv-qualifiedT shall yield
the same result.

Undefined behaviour results if any C++ program adds specializations for any of the class templates defined
in this clause.

template <class T> struct is_arithmetic {
static const bool value =

is_integral<T>::value || is_floating_point<T>::value;
typedef bool value_type;

48



typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is an arithmetic type (3.9.1). Otherwise defined to befalse .

template <class T> struct is_fundamental{
static const bool value =

is_integral<T>::value
|| is_floating_point<T>::value
|| is_void<T>::value;

typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is a fundamental type (3.9.1). Otherwise defined to befalse .

template <class T> struct is_object{
static const bool value =

!(is_function<T>::value
|| is_reference<T>::value
|| is_void<T>::value);

typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is an object type (3.9). Otherwise defined to befalse .

template <class T> struct is_scalar{
static const bool value =

is_arithmetic<T>::value
|| is_enum<T>::value
|| is_pointer<T>::value
|| is_member_pointer<T>::value;

typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is a scalar type (3.9). Otherwise defined to befalse .

template <class T> struct is_compound{
static const bool value = !is_fundamental<T>::value;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};
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value : defined to betrue if T is a compound type (3.9.2). Otherwise defined to befalse .

template <class T> struct is_member_pointer {
static const bool value =

is_member_object_pointer<T>::value
|| is_member_function_pointer<T>::value;

typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is a pointer to a member or member function. Otherwise defined to be
false .

4.3.4 Type properties [tr.meta.unary.prop]

These templates provide access to some of the more important properties of types; they reveal information
which is available to the compiler, but which would not otherwise be detectable in C++ code.

Except where specified, it is undefined whether any of these templates have any full or partial speciali-
sations defined. It is permitted for the user to specialise any of these templates on a user-defined type,
provided the semantics of the specialisation match those given for the template in its description.

template <class T> struct is_const{
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is const-qualified (3.9.3). Otherwise defined to befalse .

template <class T> struct is_volatile{
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is volatile-qualified (3.9.3). Otherwise defined to befalse .

template <class T> struct is_pod{
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

Preconditions: template argumentT shall be a complete type.

value : defined to betrue if T is a POD type (3.9). Otherwise defined to befalse .
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template <class T> struct is_empty{
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

Preconditions: template argumentT shall be a complete type.

value : defined to betrue if T is an empty class (10). Otherwise defined to befalse .

template <class T> struct is_polymorphic{
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

Preconditions: template argumentT shall be a complete type.

value : defined to betrue if T is a polymorphic class (10.3). Otherwise defined to befalse .

template <class T> struct is_abstract{
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

Preconditions: template argumentT shall be a complete type.

value : defined to betrue if T is a abstract class (10.4). Otherwise defined to befalse .

template <class T> struct has_trivial_constructor{
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

Preconditions: template argumentT shall be a complete type.

value : defined to betrue if the default constructor forT is trivial(12.1). Otherwise defined to be
false .

template <class T> struct has_trivial_copy{
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};
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Preconditions: template argumentT shall be a complete type.

value : defined to betrue if the copy constructor forT is trivial (12.8). Otherwise defined to befalse .

template <class T> struct has_trivial_assign{
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

Preconditions: template argumentT shall be a complete type.

value : defined to betrue if the assignment operator forT is trivial (12.8). Otherwise defined to be
false .

template <class T> struct has_trivial_destructor{
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

Preconditions: template argumentT shall be a complete type.

value : defined to betrue if the destructor forT is trivial (12.4). Otherwise defined to befalse .

template <class T> struct has_nothrow_constructor{
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

Preconditions: template argumentT shall be a complete type.

value : defined to betrue if the default constructor forT has an empty exception specification, or can
otherwise be deduced never to throw an exception. Otherwise defined to befalse .

template <class T> struct has_nothrow_copy{
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

Preconditions: template argumentT shall be a complete type.

value : defined to betrue if the copy constructor forT has an empty exception specification, or can
otherwise be deduced never to throw an exception. Otherwise defined to befalse .

template <class T> struct has_nothrow_assign{
static const bool value = implementation_defined ;
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typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

Preconditions: template argumentT shall be a complete type.

value : defined to betrue if the assignment operator forT has an empty exception specification, or can
otherwise be deduced never to throw an exception. Otherwise defined to befalse .

template <class T> struct is_signed{
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is a signed integral type (3.9.1). Otherwise defined to befalse .

template <class T> struct is_unsigned{
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;

};

value : defined to betrue if T is an unsigned integral type (3.9.1). Otherwise defined to befalse .

template <class T> struct alignment_of {
static const std::size_t value = implementation_defined ;
typedef std::size_t value_type;
typedef integral_constant<value_type,value> type;
operator type()const;

};

value : An implementation-defined integer value representing the number of bytes of the alignment of
objects of typeT; an object of typeT may be allocated at an address that is a multiple of its alignment (3.9).

template <class T> struct has_virtual_destructor {
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<bool,value> type;
operator type()const;

};

value : true if typeT has a virtual destructor (12.4) otherwisefalse . [Note:An implementation that can-
not determine whether a type has a virtual destructor,e.g.a pure library implementation with no compiler
support, should returnfalse . —end note]
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4.4 Relationships between types [tr.meta.rel]

All of the templates in this header satisfy the BinaryTypeTrait requirements.

For all of the class templates declared in this clause, all members declared static const shall be defined in
such a way that they are usable as integral constant expressions.

For all of the class templatesX declared in this clause, both rvalues of typeX const and lvalues of type
X const& shall be implicitly convertible toX::type . Whether this is accomplished by inheritance or
by a member operator is unspecified. For exposition only the class templates in this clause are shown with
a member conversion operator,operator type() const , which shall return —type()— in all cases.

4.4.1 Type relationships [tr.meta.rel.rel]

template <class T, class U> struct is_same{
static const bool value = false;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type()const;

};

template <class T> struct is_same<T,T>{
static const bool value = true;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type()const;

};

value : defined to betrue if T andUare the same type. Otherwise defined to befalse .

template <class From, class To> struct is_convertible {
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type()const;

};

value : defined to be true only if an imaginary lvalue of typeFrom is implicitly-convertible to type
To (4.0). Otherwise defined to befalse . Special conversions involving string-literals and null-pointer
constants are not considered (4.2, 4.10 and 4.11). No function-parameter adjustments (8.3.5) are made to
type To when determining whetherFrom is convertible toTo: this implies that if typeTo is a function
type or an array type, then value must necessarily evaluate tofalse .

The expressionis_convertible<From,To>::value is ill-formed if:

• TypeFrom, is a void or incomplete type (3.9).

• TypeTo, is an incomplete, void or abstract type (3.9).

• The conversion is ambiguous, for example if typeFrom has multiple base classes of typeTo (10.2).
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• TypeTo is of class type and the conversion would invoke a non-public constructor ofTo (11.0 and
12.3.1).

• Type From is of class type and the conversion would invoke a non-public conversion operator of
From (11.0 and 12.3.2).

template < class Base, class Derived> struct is_base_of {
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type()const;

};

Preconditions: template argumentsBase andDerived shall both be complete types.

value : defined to betrue only if type Base is a base class of typeDerived (10). Otherwise defined
to befalse .

4.5 Transformations between types [tr.meta.trans]

This sub-clause contains templates that may be used to transform one type to another following some
predefined rule.

All of the templates in this header satisfy the TransformationTrait requirements.

4.5.1 Const-volatile modifications [tr.meta.trans.cv]

template <class T> struct remove_const{
typedef T type;

};
template <class T> struct remove_const<T const>{

typedef T type;
};

type : defined to be a type that is the same asT, except that any top level const-qualifier has been
removed. For example:remove_const<const volatile int>::type evaluates tovolatile
int , whereasremove_const<const int*> is const int* .

template <class T> struct remove_volatile{
typedef T type;

};
template <class T> struct remove_volatile<T volatile>{

typedef T type;
};

type : defined to be a type that is the same asT, except that any top level volatile-qualifier has been
removed. For example:remove_const<const volatile int>::type evaluates to const int,
whereasremove_const<volatile int*> is volatile int* .
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template <class T> struct remove_cv{
typedef typename remove_const<

typename remove_volatile<T>::type
>::type

type;
};

type : defined to be a type that is the same asT, except that any top level cv-qualifiers have been removed.
For example:remove_cv<const volatile int>::type evaluates toint , where asremove_-
cv<const volatile int*> is const volatile int* .

template <class T> struct add_const{
typedef T const type;

};

type : if T is a reference, function, or top level const-qualified type, then the same type asT, otherwiseT
const .

template <class T> struct add_volatile{
typedef T volatile type;

};

type: if T is a reference, function, or top level const-qualified type, then the same type asT, otherwiseT
volatile .

template <class T> struct add_cv{
typedef typename add_const<

typename add_volatile<T>::type
>::type type;

};

type : the same type asadd_const< add_volatile<T>::type >::type .

4.5.2 Reference modifications [tr.meta.trans.ref]

template <class T> struct remove_reference{
typedef T type;

};
template <class T> struct remove_reference<T&>{

typedef T type;
};

type : defined to be a type that is the same asT, except any reference qualifier has been removed.

template <class T> struct add_reference{
typedef T& type;

};
template <class T> struct add_reference<T&>{

56



typedef T& type;
};

type : if T is a reference type, thenT, otherwiseT& .

4.5.3 Array modifications [tr.meta.trans.arr]

template <class T> struct remove_dimension{
typedef T type;

};
template <class T, std::size_t N> struct remove_dimension<T[N]>{

typedef T type;
};
template <class T> struct remove_dimension<T[]>{

typedefs T type;
};

type : for a type ‘array ofU’, the resulting type isU; for any other typeV, the resulting type isV.

Note: for multidimensional arrays, only the first array dimension is removed. For a type ‘array ofconst
U’, the resulting type isconst U . —end note]

[example

// the following assertions should all hold:
assert((is_same<remove_dimension<int>::type, int>::value));
assert((is_same<remove_dimension<int[2]>::type, int>::value));
assert((is_same<remove_dimension<int[2][3]>::type, int[3]>::value));
assert((is_same<remove_dimension<int[][3]>::type, int[3]>::value));

—end example]

template <class T> struct remove_all_dimensions{
typedef T type;

};
template <class T, std::size_t N> struct remove_all_dimensions<T[N]>{

typedef typename remove_all_dimensions<T>::type type;
};
template <class T> struct remove_all_dimensions<T[]>{

typedef typename remove_all_dimensions<T>::type type;
};

type : for a type ‘multi-dimensional array ofU’, the resulting type isU; for any other typeV, the resulting
type isV.

[example

// the following assertions should all hold:
assert((is_same<remove_all_dimensions<int>::type, int>::value));
assert((is_same<remove_all_dimensions<int[2]>::type, int>::value));
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assert((is_same<remove_all_dimensions<int[2][3]>::type, int>::value));
assert((is_same<remove_all_dimensions<int[][3]>::type, int>::value));

—end example]

4.5.4 Pointer modifications [tr.meta.trans.ptr]

template <class T> struct remove_pointer{
typedef T type;

};
template <class T> struct remove_pointer<T*>{

typedef T type;
};
template <class T> struct remove_pointer<T* const>{

typedef T type;
};
template <class T> struct remove_pointer<T* volatile>{

typedef T type;
};
template <class T> struct remove_pointer<T* const volatile>{

typedef T type;
};

type : defined to be a type that is the same asT, except any top level indirection has been removed. Note:
pointers to members are left unchanged byremove_pointer .

template <class T> struct add_pointer{
typedef typename remove_dimension<

typename remove_reference<T>::type
>::type*

type;
};

type : defined to be a type that is the same asremove_reference<T>::type* if T is a reference
type, otherwiseT* .

4.5.5 Other transformations [tr.meta.trans.other]

template <std::size_t Len, std::size_t Align> struct aligned_storage{
typedef unspecified type;

};

type : an implementation defined POD type with sizeLen and alignmentAlign, and suitable for use as
uninitialized storage for any object of a type whose size isLenand whose alignment isAlign.
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4.6 Implementation requirements [tr.meta.req]

The behaviour of all the class templates defined in<type_traits> shall conform to the specifications
given, except where noted below.

[Note: The latitude granted to implementers in this clause is temporary, and is expected to be removed in
future revisions of this document.—end note]

If there is no means by which the implementation can differentiate between class and union types, then the
class templatesis_class andis_union need not be provided.

If there is no means by which the implementation can detect polymorphic types, then the class template
is_polymorphic need not be provided.

If there is no means by which the implementation can detect abstract types, then the class templateis_-
abstract need not be provided.

It is unspecified under what circumstances, if any,is_empty<T>::value evaluates totrue .

It is unspecified under what circumstances, if any,is_pod<T>::value evaluates totrue , except that,
for all typesT:

is_pod<T>::value == is_pod<remove_dimension<T>::type>::value
is_pod<T>::value == is_pod<T const volatile>::value
is_pod<T>::value >= (is_scalar<T>::value || is_void<T>::value)

It is unspecified under what circumstances, if any,has_trivial_*<T>::value evaluates totrue ,
except that:

has_trivial_*<T>::value ==
has_trivial_*<remove_dimension<T>::type>::value

has_trivial_*<T>::value >=
is_pod<T>::value

It is unspecified under what circumstances, if any,has_nothrow_*<T>::value evaluates totrue .

There are trait templates whose semantics do not require their argument(s) to be completely defined, nor
does such completeness in any way affect the exact definition of the traits class template specializations.
However, in the absence of compiler support these traits cannot be implemented without causing implicit
instantiation of their arguments; in particular:is_class , is_enum , andis_scalar . For these tem-
plates, it is unspecified whether their template argument(s) are implicitly instantiated when the traits class
is itself instantiated.
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Chapter 5

Numerical facilities [tr.num]

5.1 Random number generation [tr.rand]

This subclause defines a facility for generating random numbers.

5.1.1 Requirements [tr.rand.req]

In table 5.1,X denotes a uniform random number generator class returning objects of typeT, u is a value
of X, andv is a (possibly const ) value ofX.

Table 5.1: Uniform random number generator requirements

expression Return Type pre/post-condition complexity
X::result_type T T is an arithmetic type [basic.fundamental] compile-time
u() T — amortized constant
v.min() T Returns a value that is less than or equal to all

values potentially returned byoperator() .
The return value of this function shall not
change during the lifetime ofv .

constant

v.max() T If std::numeric_limits<T>::is_-
integer , returns a value that is greater than
or equal to all values potentially returned by
operator() , otherwise, returns a value that
is strictly greater than all values potentially
returned byoperator() . In any case, the
return value of this function shall not change
during the lifetime ofv .

constant
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In table 5.2,X denotes a pseudo-random number engine class returning objects of typeT, t is a value ofT,
u is a value ofX, v is an lvalue ofX, it1 is an lvalue andit2 is a (possibly const ) value of an input iterator
type It having an unsigned integral value type,x , y are (possibly const ) values ofX, os is convertible to
an lvalue of typestd::ostream , andis is convertible to an lvalue of typestd::istream .

A pseudo-random number enginex has a statex(i) at any given time. The specification of each pseudo-
random number engines defines the size of its state in multiples of the size of itsresult_type , given as
an integral constant expression.

Table 5.2: Pseudo-random number engine requirements (in addition
to uniform random number generator,CopyConstructible , and
Assignable )

expression Return Type pre/post-condition complexity
X() — creates an engine with the same

initial state as all other default-
constructed engines of typeX in the
program.

O(size of state)

X(it1, it2) — creates an engine with the ini-
tial state given by the range
[it1,it2) . it1 is advanced by
the size of state. If the size of the
range[it1,it2) is insufficient,
leaves it1 == it2 and throws
std::invalid_argument .

O(size of state)

u.seed() void post:u == X() O(size of state)
u.seed(it1,it2) void post: If there are sufficiently

many values in [it1, it2)
to initialize the state ofu, then
u == X(it1,it2) . Other-
wise, it1 == it2 , throws
std::invalid_argument ,
and further use of u (except
destruction) is undefined until a
seed member function has been
executed without throwing an
exception.

O(size of state)

u() T given the stateu(i) of the engine,
computesu(i+1) , sets the state to
u(i+1) , and returns some output
dependent onu(i+1)

amortized constant

x == y bool == is an equivalence relation. The
current statex(i) of x is equal to
the current statey(j) of y .

O(size of state)

x != y bool !(x == y) O(size of state)
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continued from previous page

os << x std::ostream& writes the textual representa-
tion of the state x(i) of x
to os , with os. fmtflags set
to ios_base::dec|ios_-
base::fixed|ios_-
base::left and the fill charac-
ter set to the space character. In
the output, adjacent numbers are
separated by one or more space
characters. post: Theos. fmtflags
and fill character are unchanged.

O(size of state)

is >> v std::istream& sets the statev(i) of v as deter-
mined by reading its textual rep-
resentation fromis . post: The
is. fmtflagsare unchanged.

O(size of state)

Additional requirements: The complexity of both copy construction and assignment isO(size of state).

In table 5.3,X denotes a random distribution class returning objects of typeT, u is a value ofX, x is a
(possibly const) value ofX, ande is an lvalue of an arbitrary type that meets the requirements of a uniform
random number generator, returning values of typeU.

Table 5.3: Random distribution requirements (in addition to
CopyConstructible , andAssignable )

expression Return Type pre/post-condition complexity
X::input_type U — compile-time
u.reset() void subsequent uses ofu do not depend

on values produced bye prior to in-
voking reset .

constant

u(e) T the sequence of numbers returned
by successive invocations with the
same objecte is randomly dis-
tributed with some probability den-
sity functionp(x)

amortized con-
stant number of
invocations ofe

os << x std::ostream& writes a textual representation for
the parameters and additional in-
ternal data of the distributionx to
os . post: Theos. fmtflagsand fill
character are unchanged.

O(size of state)
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continued from previous page

is >> u std::istream& restores the parameters and addi-
tional internal data of the distribu-
tion u. pre: is provides a textual
representation that was previously
written by operator<< . post:
The is. fmtflagsare unchanged.

O(size of state)

Additional requirements: The sequence of numbers produced by repeated invocations ofx(e) does not
change whether or notos << x is invoked between any of the invocationsx(e) . If a textual represen-
tation is written usingos << x and that representation is restored into the same or a different objecty
of the same type usingis >> y , repeated invocations ofy(e) produce the same sequence of random
numbers as would repeated invocations ofx(e) .

In the following subclauses, a template parameter namedUniformRandomNumberGenerator shall
denote a type that satisfies all the requirements of a uniform random number generator. Moreover, a tem-
plate parameter namedDistribution shall denote a type that satisfies all the requirements of a random
distribution.

The effect of instantiating a template that has a template type parameter namedRealType is undefined
unless that type is one offloat , double , or long double .

The effect of instantiating a template that has a template type parameter namedIntType is undefined
unless that type is one ofshort , int , long , or their unsigned variants.

The effect of instantiating a template that has a template type parameter namedUIntType is undefined
unless that type is one ofunsigned short , unsigned int , or unsigned long .

5.1.2 Header<random> synopsis [tr.rand.synopsis]

namespace tr1 {
template<class UniformRandomNumberGenerator,

class Distribution>
class variate_generator;

template<class IntType, IntType a, IntType c, IntType m>
class linear_congruential;

template<class UIntType, int w, int n, int m, int r,
UIntType a, int u, int s,
UIntType b, int t, UIntType c, int l>

class mersenne_twister;

template<class IntType, IntType m, int s, int r>
class subtract_with_carry;

template<class RealType, int w, int s, int r>
class subtract_with_carry_01;
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template<class UniformRandomNumberGenerator, int p, int r>
class discard_block;

template<class UniformRandomNumberGenerator1, int s1,
class UniformRandomNumberGenerator2, int s2>

class xor_combine;

class random_device;

template<class IntType = int>
class uniform_int;

class bernoulli_distribution;

template<class IntType = int, class RealType = double>
class geometric_distribution;

template<class IntType = int, class RealType = double>
class poisson_distribution;

template<class IntType = int, class RealType = double>
class binomial_distribution;

template<class RealType = double>
class uniform_real;

template<class RealType = double>
class exponential_distribution;

template<class RealType = double>
class normal_distribution;

template<class RealType = double>
class gamma_distribution;

} // namespace tr1

5.1.3 Class templatevariate_generator [tr.rand.var]

A variate_generator produces random numbers, drawing randomness from an underlying uniform
random number generator and shaping the distribution of the numbers corresponding to a distribution func-
tion.

template<class Engine, class Distribution>
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class variate_generator
{
public:

typedef Engine engine_type;
typedef implementation defined engine_value_type;
typedef Distribution distribution_type;
typedef typename Distribution::result_type result_type;

variate_generator(engine_type eng, distribution_type d);

result_type operator()();
template<class T> result_type operator()(T value);

engine_value_type& engine();
const engine_value_type& engine() const;

distribution_type& distribution();
const distribution_type& distribution() const;

result_type min() const;
result_type max() const;

};

The template argument for the parameterEngine shall be of the formU, U&, or U* , whereU denotes a
class that satisfies all the requirements of a uniform random number generator. The memberengine_-
value_type shall nameU.

Specializations ofvariate_generator satisfy the requirements of CopyConstructible and Assignable.

Except where specified otherwise, the complexity of all functions specified in this section is constant. No
function described in this section except the constructor throws an exception.

variate_generator(engine_type eng, distribution_type d)

Effects: Constructs avariate_generator object with the associated uniform random number gener-
atoreng and the associated random distributiond.

Complexity: Sum of the complexities of the copy constructors ofengine_type anddistribution_-
type .

Throws: If and what the copy constructor of Engine or Distribution throws.

result_type operator()()

Returns: distribution()(e)

Complexity: Amortized constant.

Notes: The sequence of numbers produced by the uniform random number generatore, se , is obtained
from the sequence of numbers produced by the associated uniform random number generatoreng , seng ,
as follows: Consider the values ofnumeric_limits< T>::is_integer for T bothDistribution::input_-
type andengine_value_type::result_type . If the values for both types aretrue , thense is
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identical toseng . Otherwise, if the values for both types arefalse , then the numbers inseng are di-
vided byengine().max()-engine().min() to obtain the numbers inse . Otherwise, if the value
for engine_value_type::result_type is true and the value forDistribution::input_-
type is false , then the numbers inseng are divided byengine().max()-engine().min()+1
to obtain the numbers inse . Otherwise, the mapping fromseng to se is implementation-defined. In all
cases, an implicit conversion fromengine_value_type::result_type toDistribution::input_-
type is performed. If such a conversion does not exist, the program is ill-formed.

template<class T> result_type operator()(T value)

Returns: distribution()(e, value) . For the semantics ofe, see the description ofoperator()() .

engine_value_type& engine()

Returns: A reference to the associated uniform random number generator.

const engine_value_type& engine() const

Returns: A reference to the associated uniform random number generator.

distribution_type& distribution()

Returns: A reference to the associated random distribution.

const distribution_type& distribution() const

Returns: A reference to the associated random distribution.

result_type min() const

Precondition: distribution().min() is well-formed.

Returns: distribution().min()

result_type max() const

Precondition: distribution().max() is well-formed

Returns: distribution().max()

5.1.4 Random number engine class templates [tr.rand.eng]

Except where specified otherwise, the complexity of all functions specified in the following sections is
constant. No function described in this section except the constructor and seed functions taking an iterator
range [it1,it2) throws an exception.

The class templates specified in this section satisfy all the requirements of a pseudo-random number engine
(given in table 5.2), except where specified otherwise. Descriptions are provided here only for operations
on the engines that are not described in one of these tables or for operations where there is additional
semantic information.

All members declaredstatic const in any of the following class templates shall be defined in such a
way that they are usable as integral constant expressions.
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5.1.4.1 Class templatelinear_congruential [tr.rand.eng.lcong]

A linear_congruential engine produces random numbers using a linear function x(i+1) := (a * x(i)
+ c) mod m.

namespace tr1 {
template<class UIntType, UIntType a, UIntType c, UIntType m>
class linear_congruential
{
public:

// types
typedef UIntType result_type;

// parameter values
static const UIntType multiplier = a;
static const UIntType increment = c;
static const UIntType modulus = m;

// constructors and member function
explicit linear_congruential(UIntType x0 = 1);
template<class In> linear_congruential(In& first, In last);
void seed(UIntType x0 = 1);
template<class In> void seed(In& first, In last);
result_type min() const;
result_type max() const;
result_type operator()();

};

template<class UIntType, UIntType a, UIntType c, UIntType m>
bool operator==(const linear_congruential<UIntType, a, c, m>& x,

const linear_congruential<UIntType, a, c, m>& y);
template<class UIntType, UIntType a, UIntType c, UIntType m>
bool operator!=(const linear_congruential<UIntType, a, c, m>& x,

const linear_congruential<UIntType, a, c, m>& y);

template<class CharT, class traits,
class UIntType, UIntType a, UIntType c, UIntType m>

basic_ostream<CharT, traits>&
operator<<(basic_ostream<CharT, traits>& os,

const linear_congruential<UIntType, a, c, m>& x);
template<class CharT, class traits,

class UIntType, UIntType a, UIntType c, UIntType m>
basic_istream<CharT, traits>&
operator>>(basic_istream<CharT, traits>& is,

linear_congruential<UIntType, a, c, m>& x);
}
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The template parameterUIntType shall denote an unsigned integral type large enough to store values up
to (m-1). If the template parametermis 0, the modulusmused throughout this section isstd::numeric_-
limits<UIntType>::max() plus 1. [Note:The result is not representable as a value of typeUIntType .
—end note] Otherwise, the template parametersa andc shall be less than m.

The size of the state x(i) is 1.

explicit linear_congruential(UIntType x0 = 1)

Effects: Constructs alinear_congruential engine and invokesseed(x0) .

void seed(UIntType x0 = 1)

Effects: If c mod m = 0 andx0 mod m = 0, sets the statex(i) of the engine to1 mod m, else sets the
state of the engine tox0 mod m.

template<class In> linear_congruential(In& first, In last)

Effects: If c mod m = 0 and∗first mod m = 0, sets the statex(i) of the engine to1 mod m, else sets
the state of the engine to∗first mod m.

Complexity: Exactly one dereference of*first .

template<class CharT, class traits,
class UIntType, UIntType a, UIntType c, UIntType m>

basic_ostream<CharT, traits>&
operator<<(basic_ostream<CharT, traits>& os,

const linear_congruential<UIntType, a, c, m>& x);

Effects: Writes x(i) toos .

5.1.4.2 Class templatemersenne_twister [tr.rand.eng.mers]

A mersenne_twister engine produces random numbers o(x(i)) using the following computation, per-
formed modulo2w. umis a value with only the upperw-r bits set in its binary representation.lm is a value
with only its lowerr bits set in its binary representation.rshift is a bitwise right shift with zero-valued bits
appearing in the high bits of the result.lshift is a bitwise left shift with zero-valued bits appearing in the
low bits of the result.

• y(i) = (x(i-n) bitandum) — (x(i-(n-1))bitand lm)

• If the lowest bit of the binary representation of y(i) is set, x(i) = x(i-(n-m))xor (y(i) rshift 1) xor a;
otherwise x(i) = x(i-(n-m))xor (y(i) rshift 1).

• z1(i) = x(i) xor ( x(i) rshift u )

• z2(i) = z1(i)xor ( (z1(i) lshift s)bitandb )

• z3(i) = z2(i)xor ( (z2(i) lshift t) bitandc )

• o(x(i)) = z3(i) xor ( z3(i) rshift l )
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template<class UIntType, int w, int n, int m, int r,
UIntType a, int u, int s,
UIntType b, int t, UIntType c, int l>

class mersenne_twister
{
public:

// types
typedef UIntType result_type;

// parameter values
static const int word_size = w;
static const int state_size = n;
static const int shift_size = m;
static const int mask_bits = r;
static const UIntType parameter_a = a;
static const int output_u = u;
static const int output_s = s;
static const UIntType output_b = b;
static const int output_t = t;
static const UIntType output_c = c;
static const int output_l = l;

// constructors and member function
mersenne_twister();
explicit mersenne_twister(unsigned long value);
template<class In> mersenne_twister(In& first, In last);
void seed();
void seed(unsigned long value);
template<class In> void seed(In& first, In last);
result_type min() const;
result_type max() const;
result_type operator()();

};

template<class UIntType, int w, int n, int m, int r,
UIntType a, int u, int s,
UIntType b, int t, UIntType c, int l>

bool
operator==(const mersenne_twister<UIntType,

w,n,m,r,a,u,s,b,t,c,l>& y,
const mersenne_twister<UIntType,

w,n,m,r,a,u,s,b,t,c,l>& x);
template<class UIntType, int w, int n, int m, int r,

UIntType a, int u, int s,
UIntType b, int t, UIntType c, int l>

bool
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operator!=(const mersenne_twister<UIntType,
w,n,m,r,a,u,s,b,t,c,l>& y,

const mersenne_twister<UIntType,
w,n,m,r,a,u,s,b,t,c,l>& x);

template<class CharT, class traits,
class UIntType, int w, int n, int m, int r,
UIntType a, int u, int s,
UIntType b, int t, UIntType c, int l>

basic_ostream<CharT, traits>&
operator<<(basic_ostream<CharT, traits>& os,

const mersenne_twister<UIntType,
w,n,m,r,a,u,s,b,t,c,l>& x);

template<class CharT, class traits,
class UIntType, int w, int n, int m, int r,
UIntType a, int u, int s,
UIntType b, int t, UIntType c, int l>

basic_istream<CharT, traits>&
operator>>(basic_istream<CharT, traits>& is,

mersenne_twister<UIntType,
w,n,m,r,a,u,s,b,t,c,l>& x);

The template parameterUIntType shall denote an unsigned integral type large enough to store values up
to 2w− 1. Also, the following relations shall hold:1 ≤ m ≤ n. 0 ≤ r, u, s, t, l ≤ w. 0 ≤ a, b, c ≤ 2w − 1.

The size of the state x(i) isn.

mersenne_twister()

Effects: Constructs amersenne_twister engine and invokesseed() .

explicit mersenne_twister(unsigned long value)

Effects: Constructs amersenne_twister engine and invokesseed(value) .

template<class In> mersenne_twister(In& first, In last)

Effects: Constructs amersenne_twister engine and invokesseed(first, last) .

void seed()

Effects: Invokesseed(0) .

void seed(unsigned long value)

Effects: If value == 0 , setsvalue to 4357. In any case, with a linear congruential generator lcg(i)
having parametersmlcg = 232, alcg = 69069, clcg = 0, andlcg(0) = value , sets x(-n) ... x(-1) to lcg(1)
... lcg(n), respectively.

Complexity: O(n)
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template<class In> void seed(In& first, In last)

Effects: Given the valuesz0 . . .zn−1 obtained by dereferencing [first, first+n), sets x(-n) ... x(-1) to
z0mod2w . . .zn−1mod2w.

Complexity: Exactlyn dereferences offirst .

template<class UIntType, int w, int n, int m, int r,
UIntType a, int u, int s,
UIntType b, int t, UIntType c, int l>

bool
operator==(const mersenne_twister<UIntType,

w,n,m,r,a,u,s,b,t,c,l>& y,
const mersenne_twister<UIntType,

w,n,m,r,a,u,s,b,t,c,l>& x)

Returns: x(i-n) == y(j-n) and . . . andx(i-1) == y(j-1)

Notes: Assumes the next output ofx is o(x(i)) and the next output ofy is o(y(j)).

Complexity: O(n)

template<class CharT, class traits,
class UIntType, int w, int n, int m, int r,
UIntType a, int u, int s,
UIntType b, int t, UIntType c, int l>

basic_ostream<CharT, traits>&
operator<<(basic_ostream<CharT, traits>& os,

const mersenne_twister<UIntType,
w,n,m,r,a,u,s,b,t,c,l>& x)

Effects: Writes x(i-n), ... x(i-1) toos , in that order.

Complexity: O(n)

5.1.4.3 Class templatesubtract_with_carry [tr.rand.eng.sub]

A subtract_with_carry engine produces integer random numbers usingx(i) = (x(i-s) -
x(i-r) - carry(i-1)) mod m; and settingcarry(i) = 1 if x(i-s) - x(i-r) - carry(i-1)
< 0, elsecarry(i) = 0 .

template<class IntType, IntType m, int s, int r>
class subtract_with_carry
{
public:

// types
typedef IntType result_type;

// parameter values
static const IntType modulus = m;
static const int long_lag = r;
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static const int short_lag = s;

// constructors and member function
subtract_with_carry();
explicit subtract_with_carry(unsigned long value);
template<class In> subtract_with_carry(In& first, In last);
void seed(unsigned long value = 19780503ul);
template<class In> void seed(In& first, In last);
result_type min() const;
result_type max() const;
result_type operator()();

};

template<class IntType, IntType m, int s, int r>
bool operator==(const subtract_with_carry<IntType, m, s, r> & x,

const subtract_with_carry<IntType, m, s, r> & y);

template<class IntType, IntType m, int s, int r>
bool operator!=(const subtract_with_carry<IntType, m, s, r> & x,

const subtract_with_carry<IntType, m, s, r> & y);

template<class CharT, class Traits,
class IntType, IntType m, int s, int r>

std::basic_ostream<CharT,Traits>&
operator<<(std::basic_ostream<CharT,Traits>& os,

const subtract_with_carry<IntType, m, s, r>& f);

template<class CharT, class Traits,
class IntType, IntType m, int s, int r>

std::basic_istream<CharT,Traits>&
operator>>(std::basic_istream<CharT,Traits>& is,

subtract_with_carry<IntType, m, s, r>& f);

The template parameterIntType shall denote a signed integral type large enough to store values up tom.
The following relation shall hold:0 < s < r . Let w the number of bits in the binary representation of m.

The size of the state isr .

subtract_with_carry()

Effects: Constructs asubtract_with_carry engine and invokesseed() .

explicit subtract_with_carry(unsigned long value)

Effects: Constructs asubtract_with_carry engine and invokesseed(value) .

template<class In> subtract_with_carry(In& first, In last)

Effects: Constructs asubtract_with_carry engine and invokesseed(first, last) .
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void seed(unsigned long value = 19780503)

Effects: If value == 0 , setsvalue to 19780503. In any case, with a linear congruential generator
lcg(i) having parametersmlcg = 2147483563, alcg = 40014, clcg = 0, andlcg(0) = value , sets x(-r) ...
x(-1) to lcg(1) mod m ... lcg(r) mod m, respectively. If x(-1) == 0, sets carry(-1) = 1, else sets carry(-1) = 0.

Complexity: O(r)

template<class In> void seed(In& first, In last)

Effects: With n = (w + 31)/32 (rounded downward) and given the valuesz0 . . .zn∗r−1 obtained by
dereferencing[first, first+n*r) , sets x(-r) ... x(-1) to(z0 · 2(32) + · · ·+ zn−1 · 232(n−1))modm
. . .(z(r−1)n · 232 + · · ·+ z(r− 1) · 232(n−1))modm. If x(-1) == 0, sets carry(-1) = 1, else sets carry(-1) = 0.

Complexity: Exactlyr*n dereferences offirst .

template<class IntType, IntType m, int s, int r>
bool operator==(const subtract_with_carry<IntType, m, s, r> & x,

const subtract_with_carry<IntType, m, s, r> & y)

Returns: x(i-r) == y(j-r) and . . . andx(i-1) == y(j-1) .

Notes: Assumes the next output ofx is x(i) and the next output ofy is y(j).

Complexity: O(r)

template<class CharT, class Traits,
class IntType, IntType m, int s, int r>

std::basic_ostream<CharT,Traits>&
operator<<(std::basic_ostream<CharT,Traits>& os,

const subtract_with_carry<IntType, m, s, r>& f)

Effects: Writes x(i-r) ... x(i-1), carry(i-1) toos , in that order.

Complexity: O(r)

5.1.4.4 Class templatesubtract_with_carry_01 [tr.rand.eng.sub1]

A subtract_with_carry_01 engine produces floating-point random numbers usingx(i) = (x(i-s)
- x(i-r) - carry(i-1)) mod 1; and settingcarry(i) = 2−w if x(i-s) - x(i-r) -
carry(i-1) < 0 , elsecarry(i) = 0 .

template<class RealType, int w, int s, int r>
class subtract_with_carry_01
{
public:

// types
typedef RealType result_type;

// parameter values
static const int word_size = w;
static const int long_lag = r;
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static const int short_lag = s;

// constructors and member function
subtract_with_carry_01();
explicit subtract_with_carry_01(unsigned long value);
template<class In> subtract_with_carry_01(In& first, In last);
void seed(unsigned long value = 19780503);
template<class In> void seed(In& first, In last);
result_type min() const;
result_type max() const;
result_type operator()();

};
template<class RealType, int w, int s, int r>
bool operator==(const subtract_with_carry_01<RealType, w, s, r> x,

const subtract_with_carry_01<RealType, w, s, r> y);

template<class RealType, int w, int s, int r>
bool operator!=(const subtract_with_carry_01<RealType, w, s, r> x,

const subtract_with_carry_01<RealType, w, s, r> y);

template<class CharT, class Traits,
class RealType, int w, int s, int r>

std::basic_ostream<CharT,Traits>&
operator<<(std::basic_ostream<CharT,Traits>& os,

const subtract_with_carry_01<RealType, w, s, r>& f);

template<class CharT, class Traits,
class RealType, int w, int s, int r>

std::basic_istream<CharT,Traits>&
operator>>(std::basic_istream<CharT,Traits>& is,

subtract_with_carry_01<RealType, w, s, r>& f);

The following relation shall hold:0 < s < r .

The size of the state isr .

subtract_with_carry_01()

Effects: Constructs asubtract_with_carry_01 engine and invokesseed() .

explicit subtract_with_carry_01(unsigned long value)

Effects: Constructs asubtract_with_carry_01 engine and invokesseed(value) .

template<class In> subtract_with_carry_01(In& first, In last)

Effects: Constructs asubtract_with_carry_01 engine and invokesseed(first, last) .

void seed(unsigned long value = 19780503)
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Effects: If value == 0 , setsvalue to 19780503. In any case, with a linear congruential generator lcg(i)
having parametersmlcg = 2147483563, alcg = 40014, clcg = 0, andlcg(0) = value , sets x(-r) ... x(-1)
to (lcg(1) · 2−w) mod 1 . . . (lcg(r) · 2−w mod 1, respectively. Ifx(−1) == 0, setscarry(−1) = 2−w,
else setscarry(−1) = 0.

Complexity: O(n · r).

template<class In> void seed(In& first, In last)

Effects: With n = (w +31)/32 (rounded downward) and given the valuesz0 . . .zn·r−1 obtained by deref-
erencing [first, first+n*r), sets x(-r) ... x(-1) to

(
z0 · 232 + · · ·+ zn−1 · 232(n−1)

)
· 2−wmod1 . . .(z(r−1)n ·

232 + · · ·+ zr−1 · 232(n−1)) · 2−wmod1. If x(-1) == 0, sets carry(-1) =2−w, else sets carry(-1) =0.

Complexity: O(r*n)

template<class RealType, int w, int s, int r>
bool operator==(const subtract_with_carry<RealType, w, s, r> x,

const subtract_with_carry<RealType, w, s, r> y);

Returns: true, if and only if x(i-r) == y(j-r) and ... and x(i-1) == y(j-1).

Complexity: O(r)

template<class CharT, class Traits,
class RealType, int w, int s, int r>

std::basic_ostream<CharT,Traits>&
operator<<(std::basic_ostream<CharT,Traits>& os,

const subtract_with_carry<RealType, w, s, r>& f);

Effects: Write x(i-r)*2w . . . x(i-1)*2w, carry(i-1)*2w to os , in that order.

Complexity: O(r)

5.1.4.5 Class templatediscard_block [tr.rand.eng.disc]

A discard_block engine produces random numbers from some base engine by discarding blocks of
data.

template<class UniformRandomNumberGenerator, int p, int r>
class discard_block
{
public:

// types
typedef UniformRandomNumberGenerator base_type;
typedef typename base_type::result_type result_type;

// parameter values
static const int block_size = p;
static const int used_block = r;

// constructors and member function
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discard_block();
explicit discard_block(const base_type & rng);
template<class In> discard_block(In& first, In last);
void seed();
template<class In> void seed(In& first, In last);
const base_type& base() const;
result_type min() const;
result_type max() const;
result_type operator()();

private:
base_type b; // exposition only
int n; // exposition only

};

template<class UniformRandomNumberGenerator, int p, int r>
bool
operator==(const discard_block<UniformRandomNumberGenerator,p,r> & x,

const discard_block<UniformRandomNumberGenerator,p,r> & y);

template<class UniformRandomNumberGenerator, int p, int r>
bool
operator!=(const discard_block<UniformRandomNumberGenerator,p,r> & x,

const discard_block<UniformRandomNumberGenerator,p,r> & y);

template<class CharT, class traits,
class UniformRandomNumberGenerator, int p, int r>

basic_ostream<CharT, traits>&
operator<<(basic_ostream<CharT, traits>& os,

const discard_block<UniformRandomNumberGenerator,p,r> & x);

template<class CharT, class traits,
class UniformRandomNumberGenerator, int p, int r>

basic_istream<CharT, traits>&
operator>>(basic_istream<CharT, traits>& is,

discard_block<UniformRandomNumberGenerator,p,r> & x);

The template parameterUniformRandomNumberGenerator shall denote a class that satisfies all the
requirements of a uniform random number generator, given in table 5.1 in clause 5.1.1.0 ≤ r ≤ p. The
size of the state is the size ofb plus 1.

discard_block()

Effects: Constructs adiscard_block engine. To construct the subobjectb, invokes its default con-
structor. Setsn = 0 .

explicit discard_block(const base_type & rng)

Effects: Constructs adiscard_block engine. Initializesb with a copy ofrng . Setsn = 0 .
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template<class In> discard_block(In& first, In last)

Effects: Constructs adiscard_block engine. To construct the subobjectb, invokes theb(first,
last) constructor. Setsn = 0 .

void seed()

Effects: Invokesb.seed() and setsn = 0 .

template<class In> void seed(In& first, In last)

Effects: Invokesb.seed(first, last) and setsn = 0 .

const base_type& base() const

Returns: b

result_type operator()()

Effects: If n >= r , invokesb (p-r) times, discards the values returned, and setsn = 0 . In any case, then
incrementsn and returnsb() .

template<class CharT, class traits,
class UniformRandomNumberGenerator, int p, int r>

basic_ostream<CharT, traits>&
operator<<(basic_ostream<CharT, traits>& os,

const discard_block<UniformRandomNumberGenerator,p,r> & x);

Effects: Writesb, thenn to os .

5.1.4.6 Class templatexor_combine [tr.rand.eng.xor]

A xor_combine engine produces random numbers from two integer base engines by merging their ran-
dom values with bitwise exclusive-or.

template<class UniformRandomNumberGenerator1, int s1,
class UniformRandomNumberGenerator2, int s2>

class xor_combine
{
public:

// types
typedef UniformRandomNumberGenerator1 base1_type;
typedef UniformRandomNumberGenerator2 base2_type;
typedef /* see below */ result_type;

// parameter values
static const int shift1 = s1;
static const int shift2 = s2;

// constructors and member function
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xor_combine();
xor_combine(const base1_type & rng1, const base2_type & rng2);
template<class In> xor_combine(In& first, In last);
void seed();
template<class In> void seed(In& first, In last);
const base1_type& base1() const;
const base2_type& base2() const;
result_type min() const;
result_type max() const;
result_type operator()();

private:
base1_type b1; // exposition only
base2_type b2; // exposition only

};
template<class UniformRandomNumberGenerator1, int s1,

class UniformRandomNumberGenerator2, int s2>
bool
operator==(const xor_combine<UniformRandomNumberGenerator1, s1,

UniformRandomNumberGenerator2, s2> & x,
const xor_combine<UniformRandomNumberGenerator1, s1,

UniformRandomNumberGenerator2, s2> & y);

template<class UniformRandomNumberGenerator1, int s1,
class UniformRandomNumberGenerator2, int s2>

operator!=(const xor_combine<UniformRandomNumberGenerator1, s1,
UniformRandomNumberGenerator2, s2> & x,

const xor_combine<UniformRandomNumberGenerator1, s1,
UniformRandomNumberGenerator2, s2> & y);

template<class CharT, class traits,
class UniformRandomNumberGenerator1, int s1,
class UniformRandomNumberGenerator2, int s2>

basic_ostream<CharT, traits>&
operator<<(basic_ostream<CharT, traits>& os,

const xor_combine<UniformRandomNumberGenerator1, s1,
UniformRandomNumberGenerator2, s2> & x);

template<class CharT, class traits,
class UniformRandomNumberGenerator1, int s1,
class UniformRandomNumberGenerator2, int s2>

basic_istream<CharT, traits>&
operator>>(basic_istream<CharT, traits>& is,

xor_combine<UniformRandomNumberGenerator1, s1,
UniformRandomNumberGenerator2, s2> & x);

The template parametersUniformRandomNumberGenerator1 andUniformRandomNumberGenerator2
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shall denote classes that satisfy all the requirements of a uniform random number generator, given in ta-
ble 5.1 in clause 5.1.1. BothUniformRandomNumberGenerator1::result_type andUniformRandomNumberGenerator2::result_-
type shall denote (possibly different) unsigned integral types. The following relation shall hold:0 <=
s1 and0 < s2 . The size of the state is the size of the state ofb1 plus the size of the state ofb2 .

The memberresult_type is defined to that ofUniformRandomNumberGenerator1::result_-
type andUniformRandomNumberGenerator2::result_type that provides the most storage
[basic.fundamental].

xor_combine()

Effects: Constructs axor_combine engine. To construct each of the subobjectsb1andb2, invokes their
respective default constructors.

xor_combine(const base1_type & rng1, const base2_type & rng2)

Effects: Constructs axor_combine engine. Initializesb1 with a copy ofrng1 andb2 with a copy of
rng2 .

template<class In> xor_combine(In& first, In last)

Effects: Constructs axor_combine engine. To construct the subobjectb1, invokes theb1(first,
last) constructor. Then, to construct the subobjectb2, invokes theb2(first, last) constructor.

void seed()

Effects: Invokesb1 .seed() andb2 .seed() .

template<class In> void seed(In& first, In last)

Effects: Invokesb1 .seed(first, last) , then invokesb2 .seed(first, last) .

const base1_type& base1() const

Returns: b1

const base2_type& base2() const

Returns: b2

result_type operator()()

Returns: (b1() << s1) ˆ (b2() << s2) .

template<class CharT, class traits,
class UniformRandomNumberGenerator1, int s1,
class UniformRandomNumberGenerator2, int s2>

basic_ostream<CharT, traits>&
operator<<(basic_ostream<CharT, traits>& os,

const xor_combine<UniformRandomNumberGenerator1, s1,
UniformRandomNumberGenerator2, s2> & x);
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Effects: Writesb1 , thenb2 to os .

5.1.5 Engines with predefined parameters [tr.rand.predef]

typedef linear_congruential< implementation-defined ,
16807, 0, 2147483647>

minstd_rand0;
typedef linear_congruential< implementation-defined ,

48271, 0, 2147483647>
minstd_rand;

typedef mersenne_twister< implementation-defined ,
32,624,397,31,0x9908b0df,11,7,0x9d2c5680,15,0xefc60000,18>

mt19937;

typedef subtract_with_carry_01<float, 24, 10, 24> ranlux_base_01;
typedef subtract_with_carry_01<double, 48, 10, 24> ranlux64_base_01;

typedef discard_block<subtract_with_carry< implementation-defined ,
(1<<24), 10, 24>, 223, 24>

ranlux3;
typedef discard_block<subtract_with_carry< implementation-defined ,

(1<<24), 10, 24>, 389, 24>
ranlux4;

typedef discard_block<subtract_with_carry_01<float, 24, 10, 24>, 223, 24>
ranlux3_01;

typedef discard_block<subtract_with_carry_01<float, 24, 10, 24>, 389, 24>
ranlux4_01;

For a default-constructedminstd_rand0 object, x(10000) =1043618065. For a default-constructed
minstd_rand object, x(10000) =399268537.

For a default-constructedmt19937 object, x(10000) =3346425566.

For a default-constructedranlux3 object, x(10000) =5957620. For a default-constructedranlux4
object, x(10000) =8587295. For a default-constructedranlux3_01 object, x(10000) =5957620 · 2−24.
For a default-constructedranlux4_01 object, x(10000) =8587295 · 2−24.

5.1.6 Classrandom_device [tr.rand.device]

A random_device produces non-deterministic random numbers. It satisfies all the requirements of a
uniform random number generator (given in table 5.1 in clause 5.1.1). Descriptions are provided here only
for operations on the engines that are not described in one of these tables or for operations where there is
additional semantic information.
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If implementation limitations prevent generating non-deterministic random numbers, the implementation
can employ a pseudo-random number engine.

class random_device
{
public:

// types
typedef unsigned int result_type;

// constructors, destructors and member functions
explicit random_device(const std::string& token = implementation-defined );
result_type min() const;
result_type max() const;
double entropy() const;
result_type operator()();

private:
random_device(const random_device& );
void operator=(const random_device& );

};

explicit random_device(const std::string& token = implementation-defined );

Effects: Constructs arandom_device non-deterministic random number engine. The semantics and
default value of thetoken parameter are implementation-defined.1

Throws: A value of some type derived fromexception if the random_device could not be initial-
ized.

result_type min() const

Returns: numeric_limits<result_type>::min()

result_type max() const

Returns: numeric_limits<result_type>::max()

double entropy() const

Returns: An entropy estimate for the random numbers returned by operator(), in the rangemin() to
log2(max() + 1). A deterministic random number generator (e.g. a pseudo-random number engine) has
entropy 0.

Throws: Nothing.

result_type operator()()

Returns: A non-deterministic random value, uniformly distributed betweenmin() andmax() , inclusive.
It is implementation-defined how these values are generated.

1 The parameter is intended to allow an implementation to differentiate between different sources of randomness.
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Throws: A value of some type derived fromexception if a random number could not be obtained.

5.1.7 Random distribution class templates [tr.rand.dist]

The class templates specified in this section satisfy all the requirements of a random distribution (given in
tables in clause 5.1.1). Descriptions are provided here only for operations on the distributions that are not
described in one of these tables or for operations where there is additional semantic information.

Given an object whose type is specified in this subclause, if the lifetime of the uniform random number
generator referred to in the constructor invocation for that object has ended, any use of that object is
undefined.

The algorithms for producing each of the specified distributions are implementation-defined.

5.1.7.1 Class templateuniform_int [tr.rand.dist.iunif]

A uniform_int random distribution produces integer random numbersx in the rangemin ≤ x ≤ max,
with equal probability.min andmax are the parameters of the distribution.

A uniform_int random distribution satisfies all the requirements of a uniform random number generator
(given in table 5.1 in clause 5.1.1).

template<class IntType = int>
class uniform_int
{
public:

// types
typedef IntType input_type;
typedef IntType result_type;

// constructors and member function
explicit uniform_int(IntType min = 0, IntType max = 9);
result_type min() const;
result_type max() const;
void reset();

template<class UniformRandomNumberGenerator>
result_type
operator()(UniformRandomNumberGenerator& urng);

template<class UniformRandomNumberGenerator>
result_type
operator()(UniformRandomNumberGenerator& urng, result_type n);

};

uniform_int(IntType min = 0, IntType max = 9)

Requires: min ≤ max

Effects: Constructs auniform_int object.min andmax are the parameters of the distribution.
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result_type min() const

Returns: The “min” parameter of the distribution.

result_type max() const

Returns: The “max” parameter of the distribution.

result_type
operator()(UniformRandomNumberGenerator& urng, result_type n)

Returns: A uniform random number x in the range 0 ¡= x ¡ n. [Note: This allows avariate_-
generator object with auniform_int distribution to be used with std::randomshuffle, see [lib.alg.random.shuffle].
—end note]

5.1.7.2 Classbernoulli_distribution [tr.rand.dist.bern]

A bernoulli_distribution random distribution producesbool values distributed with probabili-
ties p(true ) = p and p(false ) = 1-p. p is the parameter of the distribution.

class bernoulli_distribution
{
public:

// types
typedef int input_type;
typedef bool result_type;

// constructors and member function
explicit bernoulli_distribution(double p = 0.5);
RealType p() const;
void reset();
template<class UniformRandomNumberGenerator>
result_type operator()(UniformRandomNumberGenerator& urng);

};

bernoulli_distribution(double p = 0.5)

Requires: 0 ≤ p ≤ 1
Effects: Constructs abernoulli_distribution object.p is the parameter of the distribution.

RealType p() const

Returns: The “p” parameter of the distribution.

5.1.7.3 Class templategeometric_distribution [tr.rand.dist.geom]

A geometric_distribution random distribution produces integer valuesi > 1 with p(i) = (1 −
p) · pi−1. p is the parameter of the distribution.
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template<class IntType = int, class RealType = double>
class geometric_distribution
{
public:

// types
typedef RealType input_type;
typedef IntType result_type;

// constructors and member function
explicit geometric_distribution(const RealType& p = RealType(0.5));
RealType p() const;
void reset();
template<class UniformRandomNumberGenerator>
result_type operator()(UniformRandomNumberGenerator& urng);
};

geometric_distribution(const RealType& p = RealType(0.5))

Requires: 0 < p < 1
Effects: Constructs ageometric_distribution object;p is the parameter of the distribution.

RealType p() const

Returns: The “p” parameter of the distribution.

5.1.7.4 Class templatepoisson_distribution [tr.rand.dist.pois]

A poisson_distribution random distribution produces integer valuesi > 0 with probability distri-
butionp(i) = e−mean·meani/i!, wheremeanis the parameter of the distribution.

template<class IntType = int, class RealType = double>
class poisson_distribution
{
public:

// types
typedef RealType input_type;
typedef IntType result_type;

// constructors and member function
explicit poisson_distribution(const RealType& mean = RealType(1));
RealType mean() const;
void reset();
template<class UniformRandomNumberGenerator>
result_type operator()(UniformRandomNumberGenerator& urng);

};

poisson_distribution(const RealType& mean = RealType(1))
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Requires: mean> 0
Effects: Constructs apoisson_distribution object;mean is the parameter of the distribution.

RealType mean() const

Returns: Themeanparameter of the distribution.

5.1.7.5 Class templatebinomial_distribution [tr.rand.dist.bin]

A binomial_distribution random distribution produces integer valuesi > 0 with p(i) =
(
n
i

)
· pi ·

(1− p)t−i. t andp are the parameters of the distribution.

template<class IntType = int, class RealType = double>
class binomial_distribution
{
public:

// types
typedef implementation-defined input_type;
typedef IntType result_type;

// constructors and member function
explicit binomial_distribution(IntType t = 1,

const RealType& p = RealType(0.5));
IntType t() const;
RealType p() const;
void reset();
template<class UniformRandomNumberGenerator>
result_type operator()(UniformRandomNumberGenerator& urng);

};

binomial_distribution(IntType t = 1,
const RealType& p = RealType(0.5))

Requires: 0 ≤ p ≤ 1 andt ≥ 0.

Effects: Constructs abinomial_distribution object;t andp are the parameters of the distribution.

IntType t() const

Returns: The “t” parameter of the distribution.

RealType p() const

Returns: The “p” parameter of the distribution.

5.1.7.6 Class templateuniform_real [tr.rand.dist.runif]

A uniform_real random distribution produces floating-point random numbers x in the rangemin ≤
x < max, with equal probability. min and max are the parameters of the distribution.

85



A uniform_real random distribution satisfies all the requirements of a uniform random number gener-
ator (given in table 5.1 in clause 5.1.1).

template<class RealType = double>
class uniform_real
{
public:

// types
typedef RealType input_type;
typedef RealType result_type;

// constructors and member function
explicit uniform_real(RealType min = RealType(0),

RealType max = RealType(1));
result_type min() const;
result_type max() const;
void reset();
template<class UniformRandomNumberGenerator>
result_type operator()(UniformRandomNumberGenerator& urng);

};

uniform_real(RealType min = RealType(0), RealType max = RealType(1))

Requires: min ≤ |max|.
Effects: Constructs auniform_real object;min andmax are the parameters of the distribution.

result_type min() const

Returns: The “min” parameter of the distribution.

result_type max() const

Returns: The “max” parameter of the distribution.

5.1.7.7 Class templateexponential_distribution [tr.rand.dist.exp]

An exponential_distribution random distribution produces random numbersx > 0 distributed
with probability density functionp(x) = λe−λx, whereλ is the parameter of the distribution.

template<class RealType = double>
class exponential_distribution
{
public:

// types
typedef RealType input_type;
typedef RealType result_type;

// constructors and member function
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explicit exponential_distribution(
const result_type& lambda = result_type(1));

RealType lambda() const;
void reset();
template<class UniformRandomNumberGenerator>
result_type operator()(UniformRandomNumberGenerator& urng);

};

exponential_distribution(
const result_type& lambda = result_type(1))

Requires: lambda> 0.

Effects: Constructs anexponential_distribution object withrng as the reference to the under-
lying source of random numbers.lambda is the parameter for the distribution.

RealType lambda() const

Returns: The “λ” parameter of the distribution.

5.1.7.8 Class templatenormal_distribution [tr.rand.dist.norm]

A normal_distribution random distribution produces random numbers x distributed with probabil-
ity density function(1/

√
2π)σe−(x−mean)2/(2σ2), wheremeanandσ are the parameters of the distribution.

template<class RealType = double>
class normal_distribution
{
public:

// types
typedef RealType input_type;
typedef RealType result_type;

// constructors and member function
explicit normal_distribution(const result_type& mean = 0,

const result_type& sigma = 1);
RealType mean() const;
RealType sigma() const;
void reset();
template<class UniformRandomNumberGenerator>
result_type operator()(UniformRandomNumberGenerator& urng);

};

explicit normal_distribution(const result_type& mean = 0,
const result_type& sigma = 1);

Requires: sigma> 0.

Effects: Constructs anormal_distribution object; mean andsigma are the parameters for the
distribution.
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RealType mean() const

Returns: The “mean” parameter of the distribution.

RealType sigma() const

Returns: The “σ” parameter of the distribution.

5.1.7.9 Class templategamma_distribution [tr.rand.dist.gamma]

A gamma_distribution random distribution produces random numbers x distributed with probability
density functionp(x) = 1/Γ(α)xα−1e−x, whereα is the parameter of the distribution.

template<class RealType = double>
class gamma_distribution
{
public:

// types
typedef RealType input_type;
typedef RealType result_type;

// constructors and member function
explicit gamma_distribution(

const result_type& alpha = result_type(1));
RealType alpha() const;
void reset();
template<class UniformRandomNumberGenerator>
result_type operator()(UniformRandomNumberGenerator& urng);

};

explicit gamma_distribution(
const result_type& alpha = result_type(1));

Requires: alpha> 0.

Effects: Constructs agamma_distribution object;alpha is the parameter for the distribution.

RealType alpha() const

Returns: The “α” parameter of the distribution.

5.2 Mathematical special functions [tr.num.sf]

5.2.1 Additions to header<cmath> synopsis [tr.math.sf.cmath]

The Table 5.4 summarizes the functions that are added to header<cmath> . The detailed signatures are
given in the synopsis.
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Table 5.4: Summary of additions to header<cmath>

Type Name(s)
Functions:
assoc_laguerre conf_hyperg ellint_2 legendre
assoc_legendre cyl_bessel_i ellint_3 riemann_zeta
beta cyl_bessel_j expint sph_bessel
comp_ellint_1 cyl_bessel_k hermite sph_legendre
comp_ellint_2 cyl_neumann hyperg sph_neumann
comp_ellint_3 ellint_1 laguerre

Each of these functions is provided for arguments of typefloat , double , and long double . The
signatures added to header<cmath> are:

namespace std {
namespace tr1 {

// associated Laguerre polynomials:
double assoc_laguerre(unsigned n, unsigned m, double x);
float assoc_laguerref(unsigned n, unsigned m, float x);
long double assoc_laguerrel(unsigned n, unsigned m, long double x);

// associated Legendre functions:
double assoc_legendre(unsigned l, unsigned m, double x)
float assoc_legendref(unsigned l, unsigned m, float x)
long double assoc_legendrel(unsigned l, unsigned m, long double x)

// beta function:
double beta(double x, double y);
float betaf(float x, float y);
long double betal(long double x, long double y);

// (complete) elliptic integral of the first kind:
double comp_ellint_1(double k);
float comp_ellint_1f(float k);
long double comp_ellint_1l(long double k);

// (complete) elliptic integral of the second kind:
double comp_ellint_2(double k);
float comp_ellint_2f(float k);
long double comp_ellint_2l(long double k);

// (complete) elliptic integral of the third kind:
double comp_ellint_3(double k, double nu);
float comp_ellint_3f(float k, float nu);
long double comp_ellint_3l(long double k, long double nu);
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// confluent hypergeometric functions:
double conf_hyperg(double a, double c, double x);
float conf_hypergf(float a, float c, float x);
long double conf_hypergl(long double a, long double c, long double x);

// regular modified cylindrical Bessel functions:
double cyl_bessel_i(double nu, double x);
float cyl_bessel_if(float nu, float x);
long double cyl_bessel_il(long double nu, long double x);

// cylindrical Bessel functions (of the first kind):
double cyl_bessel_j(double nu, double x);
float cyl_bessel_jf(float nu, float x);
long double cyl_bessel_jl(long double nu, long double x);

// irregular modified cylindrical Bessel functions:
double cyl_bessel_k(double nu, double x);
float cyl_bessel_kf(float nu, float x);
long double cyl_bessel_kl(long double nu, long double x);

// cylindrical Neumann functions;
// cylindrical Bessel functions (of the second kind):
double cyl_neumann(double nu, double x);
float cyl_neumannf(float nu, float x);
long double cyl_neumannl(long double nu, long double x);

// (incomplete) elliptic integral of the first kind:
double ellint_1(double k, double phi);
float ellint_1f(float k, float phi);
long double ellint_1l(long double k, long double phi);

// (incomplete) elliptic integral of the second kind:
double ellint_2(double k, double phi);
float ellint_2f(float k, float phi);
long double ellint_2l(long double k, long double phi);

// (incomplete) elliptic integral of the third kind:
double ellint_3(double k, double nu, double phi);
float ellint_3f(float k, float nu, float phi);
long double ellint_3l(long double k, long double nu, long double phi);

// exponential integral:
double expint(double x);
float expintf(float x);
long double expintl(long double x);
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// Hermite polynomials:
double hermite(unsigned n, double x);
float hermitef(unsigned n, float x);
long double hermitel(unsigned n, long double x);

// hypergeometric functions:
double hyperg(double a, double b, double c, double x);
float hypergf(float a, float b, float c, float x);
long double hypergl(long double a, long double b, long double c,

long double x);

// Laguerre polynomials:
double laguerre(unsigned n, double x);
float laguerref(unsigned n, float x);
long double laguerrel(unsigned n, long double x);

// Legendre polynomials:
double legendre(unsigned l, double x)
float legendref(unsigned l, float x)
long double legendrel(unsigned l, long double x)

// Riemann zeta function:
double riemann_zeta(double);
float riemann_zetaf(float);
long double riemann_zetal(long double);

// spherical Bessel functions (of the first kind):
double sph_bessel(unsigned n, double x);
float sph_besself(unsigned n, float x);
long double sph_bessell(unsigned n, long double x);

// spherical associated Legendre functions:
double sph_legendre(unsigned l, unsigned m, double theta)
float sph_legendref(unsigned l, unsigned m, float theta)
long double sph_legendrel(unsigned l, unsigned m, long double theta)

// spherical Neumann functions;
// spherical Bessel functions (of the second kind):
double sph_neumann(unsigned n, double x);
float sph_neumannf(unsigned n, float x);
long double sph_neumannl(unsigned n, long double x);

} // namespace tr1
} // namespace std

Each of the functions declared above that has one or moredouble parameters (thedouble version) shall
have two additional overloads:
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1. a version with eachdouble parameter replaced with afloat parameter (thefloat version), and

2. a version with eachdouble parameter replaced with along double parameter (thelong double
version).

The return type of each suchfloat version shall befloat , and the return type of each suchlong
double version shall belong double .

Moreover, eachdouble version shall have sufficient additional overloads to determine which of the above
three versions to actually call, by the following ordered set of rules:

1. First, if any argument corresponding to adouble parameter in thedouble version has typelong
double , thelong double version is called.

2. Otherwise, if any argument corresponding to adouble parameter in thedouble version has type
double or has an integer type, thedouble version is called.

3. Otherwise, thefloat version is called.

5.2.1.1 associated Laguerre polynomials [tr.math.sf.Lnm]

double assoc_laguerre(unsigned n, unsigned m, double x);
float assoc_laguerref(unsigned n, unsigned m, float x);
long double assoc_laguerrel(unsigned n, unsigned m, long double x);

Effects: These functions compute the associated Laguerre polynomials of their respective argumentsn, m,
andx .

Returns: Theassoc_laguerre functions return

Lm
n (x) = ex dm

dxm
Ln(x) .

5.2.1.2 associated Legendre functions [tr.math.sf.Plm]

double assoc_legendre(unsigned l, unsigned m, double x)
float assoc_legendref(unsigned l, unsigned m, float x)
long double assoc_legendrel(unsigned l, unsigned m, long double x)

Effects: These functions compute the associated Legendre functions of their respective argumentsl , m,
andx . A domain error occurs ifm is greater thanl . A domain error may occur if the magnitude ofx is
greater than one.

Returns: Theassoc_legendre functions return

Pm
l (x) = (1− x2)m/2 dm

dxm
Pl(x) .

5.2.1.3 beta function [tr.math.sf.beta]

double beta(double x, double y);
float betaf(float x, float y);
long double betal(long double x, long double y);
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Effects: These functions compute the beta function of their respective argumentsx andy . A domain error
may occur (a) if eitherx or y is a negative integer, or (b) if eitherx or y is zero.

Returns: Thebeta functions return

B(x, y) =
Γ(x) Γ(y)
Γ(x + y)

.

5.2.1.4 (complete) elliptic integral of the first kind [tr.math.sf.ellK]

double comp_ellint_1(double k);
float comp_ellint_1f(float k);
long double comp_ellint_1l(long double k);

Effects: These functions compute the complete elliptic integral of the first kind of their respective argu-
mentsk . A domain error occurs if the magnitude ofk is greater than one.

Returns: Thecomp_ellint_1 functions return

K(k) = F(k, π/2) =
∫ π/2

0

dθ√
1− k2sin2θ

.

5.2.1.5 (complete) elliptic integral of the second kind [tr.math.sf.ellEx]

double comp_ellint_2(double k);
float comp_ellint_2f(float k);
long double comp_ellint_2l(long double k);

Effects: These functions compute the complete elliptic integral of the second kind of their respective
argumentsk . A domain error occurs if the magnitude ofk is greater than one.

Returns: Thecomp_ellint_2 functions return

E(k, π/2) =
∫ π/2

0

√
1− k2 sin2 θ dθ .

5.2.1.6 (complete) elliptic integral of the third kind [tr.math.sf.ellPx]

double comp_ellint_3(double k, double nu);
float comp_ellint_3f(float k, float nu);
long double comp_ellint_3l(long double k, long double nu);

Effects: These functions compute the complete elliptic integral of the third kind of their respective argu-
mentsk andnu . A domain error occurs if the magnitude ofk is greater than one.

Returns: Thecomp_ellint_3 functions return

Π(ν, k, π/2) =
∫ π/2

0

dθ

(1− ν sin2θ)
√

1− k2sin2θ
.
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5.2.1.7 confluent hypergeometric functions [tr.math.sf.conhyp]

double conf_hyperg(double a, double c, double x) ;
float conf_hypergf(float a, float c, float x) ;
long double conf_hypergl(long double a, long double c, long double x) ;

Effects: These functions compute the confluent hypergeometric functions of their respective argumentsa,
c , andx . A domain error occurs (a) ifc is a negative integer, or (b) ifc is zero.

Returns: Theconf_hyperg functions return

F(a; c;x) =
Γ(c)
Γ(a)

∞∑
n=0

Γ(a + n)
Γ(c + n)

xn

n!
.

5.2.1.8 regular modified cylindrical Bessel functions [tr.math.sf.I]

double cyl_bessel_i(double nu, double x);
float cyl_bessel_if(float nu, float x);
long double cyl_bessel_il(long double nu, long double x);

Effects: These functions compute the regular modified cylindrical Bessel functions of their respective
argumentsnu andx . A domain error may occur ifx is less than zero.

Returns: Thecyl_bessel_i functions return

Iν(x) = i−νJν(ix) =
∞∑

k=0

(x/2)ν+2k

k! Γ(ν + k + 1)
.

5.2.1.9 cylindrical Bessel functions (of the first kind) [tr.math.sf.J]

double cyl_bessel_j(double nu, double x);
float cyl_bessel_jf(float nu, float x);
long double cyl_bessel_jl(long double nu, long double x);

Effects: These functions compute the cylindrical Bessel functions of the first kind of their respective argu-
mentsnu andx . A domain error may occur ifx is less than zero.

Returns: Thecyl_bessel_j functions return

Jν(x) =
∞∑

k=0

(−1)k(x/2)ν+2k

k! Γ(ν + k + 1)
.

5.2.1.10 irregular modified cylindrical Bessel functions [tr.math.sf.K]

double cyl_bessel_k(double nu, double x);
float cyl_bessel_kf(float nu, float x);
long double cyl_bessel_kl(long double nu, long double x);
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Effects: These functions compute the irregular modified cylindrical Bessel functions of their respective
argumentsnu andx . A domain error may occur ifx is less zero.

Returns: Thecyl_bessel_k functions return

Kν(x) = (π/2)iν+1(Jν(ix) + iNν(ix)) =


π

2
I−ν(x)− Iν(x)

sin νπ
for non-integralν

π

2
lim
µ→ν

I−µ(x)− Iµ(x)
sinµπ

for integralν

.

5.2.1.11 cylindrical Neumann functions [tr.math.sf.N]

double cyl_neumann(double nu, double x);
float cyl_neumannf(float nu, float x);
long double cyl_neumannl(long double nu, long double x);

Effects: These functions compute the cylindrical Neumann functions, also known as the cylindrical Bessel
functions of the second kind, of their respective argumentsnu andx . A domain error may occur ifx is less
than zero.

Returns: Thecyl_neumann functions return

Nν(x) =


Jν(x) cos νπ − J−ν(x)

sin νπ
for non-integralν

lim
µ→ν

Jµ(x) cos µπ − J−µ(x)
sinµπ

for integralν

.

5.2.1.12 (incomplete) elliptic integral of the first kind [tr.math.sf.ellF]

double ellint_1(double k, double phi);
float ellint_1f(float k, float phi);
long double ellint_1l(long double k, long double phi);

Effects: These functions compute the incomplete elliptic integral of the first kind of their respective argu-
mentsk andphi . A domain error may occur if the magnitude ofk is greater than one.

Returns: Theellint_1 functions return

F(k, φ) =
∫ φ

0

dθ√
1− k2sin2θ

.

5.2.1.13 (incomplete) elliptic integral of the second kind [tr.math.sf.ellE]

double ellint_2(double k, double phi);
float ellint_2f(float k, float phi);
long double ellint_2l(long double k, long double phi);
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Effects: These functions compute the incomplete elliptic integral of the second kind of their respective
argumentsk andphi . A domain error may occur if the magnitude ofk is greater than one.

Returns: Theellint_2 functions return

E(k, φ) =
∫ φ

0

√
1− k2 sin2 θ dθ .

5.2.1.14 (incomplete) elliptic integral of the third kind [tr.math.sf.ellP]

double ellint_3(double k, double nu, double phi);
float ellint_3f(float k, float nu, float phi);
long double ellint_3l(long double k, long double nu, long double phi);

Effects: These functions compute the incomplete elliptic integral of the third kind of their respective argu-
mentsk , nu , andphi . A domain error may occur if the magnitude ofk is greater than one.

Returns: Theellint_3 functions return

Π(ν, k, φ) =
∫ φ

0

dθ

(1− ν sin2θ)
√

1− k2sin2θ
.

5.2.1.15 exponential integral [tr.math.sf.ei]

double expint(double x);
float expintf(float x);
long double expintl(long double x);

Effects: These functions compute the exponential integral of their respective argumentsx .

Returns: Theexpint functions return

Ei(x) = −
∫ ∞

−x

e−t

t
dt .

5.2.1.16 Hermite polynomials [tr.math.sf.Hn]

double hermite(unsigned n, double x);
float hermitef(unsigned n, float x);
long double hermitel(unsigned n, long double x);

Effects: These functions compute the Hermite polynomials of their respective argumentsn andx .

Returns: Thehermite functions return

Hn(x) = (−1)nex2 dn

dxn
e−x2

.

5.2.1.17 hypergeometric functions [tr.math.sf.hyper]
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double hyperg(double a, double b, double c, double x);
float hypergf(float a, float b, float c, float x);
long double hypergl(long double a, long double b, long double c,

long double x);

Effects: These functions compute the hypergeometric functions of their respective argumentsa, b, c , and
x . A domain error may occur if the magnitude ofx is greater than or equal to one.

Returns: Thehyperg functions return

F(a, b; c;x) =
Γ(c)

Γ(a)Γ(b)

∞∑
n=0

Γ(a + n) Γ(b + n)
Γ(c + n)

xn

n!
.

5.2.1.18 Laguerre polynomials [tr.math.sf.Ln]

double laguerre(unsigned n, double x);
float laguerref(unsigned n, float x);
long double laguerrel(unsigned n, long double x);

Effects: These functions compute the Laguerre polynomials of their respective argumentsn andx .

Returns: The laguerre functions return

Ln(x) = ex dn

dxn
(xne−x) .

5.2.1.19 Legendre polynomials [tr.math.sf.Pl]

double legendre(unsigned l, double x)
float legendref(unsigned l, float x)
long double legendrel(unsigned l, long double x)

Effects: These functions compute the Legendre polynomials of their respective argumentsl andx . A
domain error may occur if the magnitude ofx is greater than one.

Returns: The legendre functions return

Pl(x) =
1

2l l!
dl

dxl
(x2 − 1)l .

5.2.1.20 Riemann zeta function [tr.math.sf.riemannzeta]

double riemann_zeta(double x);
float riemann_zetaf(float x);
long double riemann_zetal(long double x);

Effects: These functions compute the Riemann zeta function of their respective argumentsx . A domain
error occurs ifx is equal to one.
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Returns: Theriemann_zeta functions return

ζ(x) =



∞∑
k=1

k−x for x > 1

2xπx−1 sin(
πx

2
) Γ(1− x) ζ(1− x) for x < 1

.

5.2.1.21 spherical Bessel functions (of the first kind) [tr.math.sf.j]

double sph_bessel(unsigned n, double x);
float sph_besself(unsigned n, float x);
long double sph_bessell(unsigned n, long double x);

Effects: These functions compute the spherical Bessel functions of the first kind of their respective argu-
mentsn andx . A domain error may occur ifx is less than zero.

Returns: Thesph_bessel functions return

jn(x) = (π/2x)1/2Jn+1/2(x) .

5.2.1.22 spherical associated Legendre functions [tr.math.sf.Ylm]

double sph_legendre(unsigned l, unsigned m, double theta)
float sph_legendref(unsigned l, unsigned m, float theta)
long double sph_legendrel(unsigned l, unsigned m, long double theta)

Effects: These functions compute the spherical associated Legendre functions of their respective arguments
l , m, andtheta . A domain error occurs if the magnitude ofmis greater thanl .

Returns: Thesph_legendre functions return

Ym
l (θ, 0)

where

Ym
l (θ, φ) = (−1)m

[
(2l + 1)

4π

(l −m)!
(l + m)!

]1/2

Pm
l (cos θ)eimφ .

[Note: This formulation avoids any need to return non-real numbers. End note.]

5.2.1.23 spherical Neumann functions [tr.math.sf.n]

double sph_neumann(unsigned n, double x);
float sph_neumannf(unsigned n, float x);
long double sph_neumannl(unsigned n, long double x);
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Effects: These functions compute the spherical Neumann functions, also known as the spherical Bessel
functions of the second kind, of their respective argumentsn andx . A domain error may occur ifx is less
than zero.

Returns: Thesph_neumann functions return

nn(x) = (π/2x)1/2Nn+1/2(x) .

5.2.2 Additions to header<math.h> synopsis [tr.math.sf.mathh]

The header<math.h> shall have sufficient additional using declarations to import into the global name
space all of the function names declared in the previous section.
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Chapter 6

Containers [tr.cont]

6.1 Tuple types [tr.tuple]

This clause describes the tuple library that provides a tuple type as the class templatetuple that can
be instantiated with any number of arguments. An implementation can set an upper limit for the number
of arguments. The minimum value for this implementation quantity is defined in Annex B. Each template
argument specifies the type of an element in thetuple . Consequently, tuples are heterogeneous, fixed-size
collections of values.

6.1.1 Header<tuple> synopsis [tr.tuple.synopsis]

template <class T1 = implementation-defined,
class T2 = implementation-defined,
...,
class TM = implementation-defined> class tuple;

template<class T1, class T2, ..., class TM,
class U1, class U2, ..., class UM>

bool operator==(const tuple<T1, T2, ..., TM>&,
const tuple<U1, U2, ..., UM>&);

template<class T1, class T2, ..., class TM,
class U1, class U2, ..., class UM>

bool operator!=(const tuple<T1, T2, ..., TM>&,
const tuple<U1, U2, ..., UM>&);

template<class T1, class T2, ..., class TM,
class U1, class U2, ..., class UM>

bool operator<(const tuple<T1, T2, ..., TM>&,
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const tuple<U1, U2, ..., UM>&);

template<class T1, class T2, ..., class TM,
class U1, class U2, ..., class UM>

bool operator<=(const tuple<T1, T2, ..., TM>&,
const tuple<U1, U2, ..., UM>&);

template<class T1, class T2, ..., class TM,
class U1, class U2, ..., class UM>

bool operator>(const tuple<T1, T2, ..., TM>&,
const tuple<U1, U2, ..., UM>&);

template<class T1, class T2, ..., class TM,
class U1, class U2, ..., class UM>

bool operator>=(const tuple<T1, T2, ..., TM>&,
const tuple<U1, U2, ..., UM>&);

template <class T> class tuple_size;

template <int I, class T> class tuple_element;

template <int I, class T1, class T2, ..., class TN>
RI get(tuple<T1, T2, ..., TN>&);

template <int I, class T1, class T2, ..., class TN>
PI get(const tuple<T1, T2, ..., TN>&);

template<class T1, class T2, ..., class TN>
tuple< V1, V2, ..., VN>
make_tuple(const T1&, const T2& , ..., const TN&);

template<class T1, class T2, ..., class TN>
tuple<T1&, T2&, ..., TN&> tie(T1&, T2& , ..., TN&);

template<class CharType, class CharTrait,
class T1, class T2, ..., class TN>

basic_ostream<CharType, CharTrait>&
operator<<(basic_ostream<CharType, CharTrait>&,

const tuple<T1, T2, ..., TN>&);

template<class CharType, class CharTrait,
class T1, class T2, ..., class TN>

basic_istream<CharType, CharTrait>&
operator>>(basic_istream<CharType, CharTrait>&,

tuple<T1, T2, ..., TN>&);
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tuple manip1 tuple_open( char type c);
tuple manip2 tuple_close( char type c);
tuple manip3 tuple_delimiter( char type c);

6.1.2 Class templatetuple [tr.tuple.tuple]

M is used to denote the implementation-defined number of template type parameters to the tuple class
template, andN is used to denote the number of template arguments specified in an instantiation.

[Example:Given the instantiationtuple<int, float, char> , N is 3. —end example]

template <class T1 = implementation-defined,
class T2 = implementation-defined,
...,
class TM = implementation-defined>

class tuple
{
public:

tuple();
explicit tuple(P1, P2, ..., PN); // iff N > 0

tuple(const tuple&);

template <class U1, class U2, ..., class UN>
tuple(const tuple<U1, U2, ..., UN>&);

template <class U1, class U2>
tuple(const pair<U1, U2>&);

tuple& operator=(const tuple&);

template <class U1, class U2, ..., class UN>
tuple& operator=(const tuple<U1, U2, ..., UN>&);

template <class U1, class U2>
tuple& operator=(const pair<U1, U2>&);

};

6.1.2.1 Construction [tr.tuple.cnstr]

tuple();

Requires: Each tuple element typeTi can be default constructed.
Effects: Default initializes each element.

tuple(P1, P2, ..., PN);
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Where, ifTi is a reference type thenPi is Ti , otherwisePi is const Ti& .
Requires: Each tuple element typeTi is copy constructible.
Effects: Copy initializes each element with the value of the corresponding parameter.

tuple(const tuple& u);

Requires: all typesTi shall be copy constructible.
Effects: Copy constructs each element of*this with the corresponding element ofu.

template <class U1, class U2, ..., class UN>
tuple(const tuple<U1, U2, ..., UN>& u);

Requires: Each typeTi shall be constructible from the corresponding typeUi .
Effects: Constructs each element of*this with the corresponding element ofu.

[Note: In an implementation where one template definition serves for many different values forN, enableif
can be used to make the converting constructor and assignment operator exist only in the cases where the
source and target have the same number of elements. Another way of achieving this is adding an extra
integral template parameter which defaults toN (more precisely, a metafunction that computesN), and then
defining the converting copy constructor and assignment only for tuples where the extra parameter in the
source isN. —end note]

template <class U1, class U2> tuple(const pair<U1, U2>& u);

Requires: T1 shall be constructible fromU1, T2 shall be constructible fromU2. N == 2.
Effects: Constructs the first element withu.first and the second element withu.second .

tuple& operator=(const tuple& u);

Requires: All typesTi are assignable.
Effects: Assigns each element ofu to the corresponding element of*this .
Returns: *this

template <class U1, class U2, ..., class UN>
tuple& operator=(const tuple<U1, U2, ..., UN>& u);

Requires: Each typeTi shall be assignable from the corresponding typeUi .
Effects: Assigns each element ofu to the corresponding element of*this .
Returns: *this

template <class U1, class U2>
tuple& operator=(const pair<U1, U2>& u);

Requires: T1 shall be assignable fromU1, T2 shall be assignable fromU2. N == 2.
Effects: Assignsu.first to the first element of*this and u.second to the second element of
*this .
Returns: *this

[Note: There seem to exist (rare) conditions where the converting copy constructor is a better match than
the element-wise construction, even though the user might intend differently. An example of this is if one
is constructing a one-element tuple where the element type is another tuple typeT and if the parameter
passed to the constructor is not of typeT, but rather a tuple type that is convertible toT. The effect of the

103



converting copy construction is most likely the same as the effect of the element-wise construction would
have been. However, it it possible to compare the ’nesting depths’ of the source and target tuples and decide
to select the element-wise constructor if the source nesting depth is smaller than the target nesting-depth.
This can be accomplished using an enableif template or other tools for constrained templates.—end note]

6.1.2.2 Tuple creation functions [tr.tuple.helper]

template<class T1, class T2, ..., class TN>
tuple<V1, V2, ..., VN>
make_tuple(const T1& t1, const T2& t2, ..., const TN& tn);

whereVi is X&, if the cv-unqualified typeTi is reference_wrapper<X> , otherwiseVi is Ti .

Themake_tuple function template shall be implemented for each different number of arguments from
0 to the maximum number of allowed tuple elements.

Returns: tuple<V1, V2, ..., VN>(t1, t2, ..., tn) .

[Example:

int i; float j;
make_tuple(1, ref(i), cref(j))

creates a tuple of type

tuple<int, int&, const float&>

—end example]

template<class T1, class T2, ..., class TN>
tuple<T1&, T2&, ..., TN> tie(T1& t1, T2& t2, ..., TN& tn);

The tie function template shall be implemented for each different number of arguments from 0 to the
maximum number of allowed tuple elements.

Returns: tuple<T1&, T2&, ..., TN&>(t1, t2, ..., tn)

[Example:

tie functions allow one to create tuples that unpack tuples into variables.ignore can be used for
elements that are not needed:

int i; std::string s;
tie(i, ignore, s) = make_tuple(42, 3.14, "C++");
// i == 42, s == "C++"

—end example]

6.1.2.3 Valid expressions for tuple types [tr.tuple.expr]

tuple_size<T>::value
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Requires: T is an instantiation of class template tuple.
Type: integral constant expression.
Value: Number of elements inT.

tuple\_element<I, T>::type

Requires: 0 ≤ I < tuple_size<T>::value . The program is ill-formed ifI is out of bounds.
Value: The type of theI th element ofT, where indexing is zero-based.

6.1.2.4 Element access [tr.tuple.elem]

template <int I, class T1, class T2, ..., class TN>
RI get(tuple<T1, T2, ..., TN>& t);

Requires: 0 ≤ I < N. The program is ill-formed ifI is out of bounds.
Return type: RI . If TI is a reference type, thenRI is TI , otherwiseRI is TI& .
Returns: A reference to theI th element oft , where indexing is zero-based.

template <int I, class T1, class T2, ..., class TN>
PI get(const tuple<T1, T2, ..., TN>& t);

Requires: 0 ≤ I < N. The program is ill-formed ifI is out of bounds.
Return type: PI . If TI is a reference type, thenPI is TI , otherwisePI is const TI& .
Returns: A const reference to theI th element oft , where indexing is zero-based.

[Note: Constness is shallow. IfTI is some reference typeX&, the return type isX&, not const X& .
However, if the element type is non-reference typeT, the return type isconst T& . This is consistent with
how constness is defined to work for member variables of reference type.—end note.]

[Note: Implementingget as a member function of tuple, would require using thetemplate keyword
in invocations where the type of the tuple object is dependent on a template parameter. For example:
t.template get<1>(); —end note]

6.1.2.5 Equality and inequality comparisons [tr.tuple.eq]

template<class T1, class T2, ..., class TM,
class U1, class U2, ..., class UM>

bool operator==(const tuple<T1, T2, ..., TM>& t,
const tuple<U1, U2, ..., UM>& u);

Requires: tuple_size<tuple<T1, T2, ..., TM> >::value == tuple_size<tuple<U1,
U2, ..., UM> >::value == N . For all i , where0 <= i < N , get<i>(t) == get<i>(u)
is a valid expression returning a type that is convertible tobool .
Return type: bool
Returns: true iff get<i>(t) == get<i>(u) for all i . For any two zero-length tuplese and f ,
e == f returnstrue .
Effects: The elementary comparisons are performed in order from the zeroth index upwards. No compar-
isons or element accesses are performed after the first equality comparison that evaluates tofalse .
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template<class T1, class T2, ..., class TM,
class U1, class U2, ..., class UM>

bool operator!=(const tuple<T1, T2, ..., TM>& t,
const tuple<U1, U2, ..., UM>& u);

Requires: tuple_size<tuple<T1, T2, ..., TM> >::value == tuple_size<tuple<U1,
U2, ..., UM> >::value == N . For all i , where0 <= i < N , get<i>(t) != get<i>(u)
is a valid expression returning a type that is convertible tobool .
Return type: bool
Returns: true iff get<i>(t) != get<i>(u) for any i . For any two zero-length tuplese and f ,
e != f returnsfalse .
Effects: The elementary comparisons are performed in order from the zeroth index upwards. No compar-
isons or element accesses are performed after the first inequality comparison that evaluates totrue .

6.1.2.6 <, > comparisons [tr.tuple.lt]

template<class T1, class T2, ..., class TN,
class U1, class U2, ..., class UN>

bool operator<(const tuple<T1, T2, ..., TN>&,
const tuple<U1, U2, ..., UN>&);

template<class T1, class T2, ..., class TN,
class U1, class U2, ..., class UN>

bool operator>(const tuple<T1, T2, ..., TN>&,
const tuple<U1, U2, ..., UN>&);

Requires: tuple_size<tuple<T1, T2, ..., TM> >::value == tuple_size<tuple<U1,
U2, ..., UM> >::value == N . For all i , where0 <= i < N , get<i>(t) � get<i>(u)
is a valid expression returning a type that is convertible tobool , where� is either< or >.
Return type: bool
Returns: The result of a lexicographical comparison with� betweent andu, defined equivalently to:
(bool)(get<0>(t) � get<0>(u)) || !((bool)(get<0>(u) � get<0>(t)) && t tail

� utail,
wherer tail for some tupler is a tuple containing all but the first element ofr . For any two zero-length
tuplese andf , e � f returnsfalse .

6.1.2.7 <= and >= comparisons [tr.tuple.le]

template<class T1, class T2, ..., class TN,
class U1, class U2, ..., class UN>

bool operator<=(const tuple<T1, T2, ..., TN>&,
const tuple<U1, U2, ..., UN>&);

template<class T1, class T2, ..., class TN,
class U1, class U2, ..., class UN>
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bool operator>=(const tuple<T1, T2, ..., TN>&,
const tuple<U1, U2, ..., UN>&);

Requires: tuple_size<tuple<T1, T2, ..., TM> >::value == tuple_size<tuple<U1,
U2, ..., UM> >::value == N . For all i , where0 <= i < N , get<i>(t) � get<i>(u)
is a valid expression returning a type that is convertible tobool , where� is either<= or >=.
Returns: The result of a lexicographical comparison with� betweent and u, defined equivalently
to: (bool)(get<0>(t) � get<0>(u)) && (!((bool)(get<0>(u) � get<0>(t)) ||
t tail � utail) , wherer tail for some tupler is a tuple containing all but the first element ofr . For any
two zero-length tuplese andf , e � f returnstrue .

Notes: The above definitions for comparison operators do not impose the requirement thatt tail (or utail)
shall be constructed. It may be even impossible, ast (or u) is not required to be copy constructible. Also,
all comparison operators are short circuited to not perform element accesses beyond what is required to
determine the result of the comparison.

6.1.2.8 Input and output [tr.tuple.io]

template<class CharType, class CharTrait,
class T1, class T2, ..., class TN>

basic_ostream<CharType, CharTrait>&
operator<<(basic_ostream<CharType, CharTrait>& os,

const tuple<T1, T2, ..., TN>& t);

Requires: For all i = 0, 1,. . . , N-1 inos << get<i>(t) is a valid expression.
Effects: Insertst into os asLt 0dt 1d... dt nR, whereL is the opening,d the delimiter andR the closing
character set by tuple formatting manipulators. Each elementt i is output by invokingos << get<i>(t) .
A zero-element tuple is output asLR and a one-element tuple is output asLt 0R.
Returns: os

template<class CharType, class CharTrait,
class T1, class T2, ..., class TN>

basic_istream<CharType, CharTrait>&
operator>>(basic_istream<CharType, CharTrait>& is,

tuple<T1, T2, ..., TN>& t);

Requires: For all i = 0, 1, ..., N-1 inis >> get<i>(t) is a valid expression.
Effects: Extracts a tuple of the formLt 0dt 1d... dt nR, whereL is the opening,d the delimiter and
R the closing character set by tuple formatting manipulators. Each elementt i is extracted by invoking
is >> get<i>(t) . A zero-element tuple expects to extractLR from the stream and one-element tuple
expects to extractLt 0R. If bad input is encountered, callsis.set_state(ios::failbit) (which
may throwios::failure (27.4.4.3)).
Returns: is
Notes: It is not guaranteed that a tuple written to a stream can be extracted back to a tuple of the same type.

6.1.2.9 Tuple formatting manipulators [tr.tuple.form]

The library defines the following three stream manipulator functions. The types designatedtuple manip1,
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tuple manip2andtuple manip3are implementation-specified.

tuple manip1 tuple_open(char_type c);
tuple manip2 tuple_close(char_type c);
tuple manip3 tuple_delimiter(char_type c);

Returns: Each of these functions returns an objects of unspecified type such that ifout is an instance
of basic_ostream<charT,traits> , in is an instance ofbasic_istream<charT,traits>
andchar_type equalscharT , then the expressionout << s (respectivelyin >> s ) setsc to be the
opening, closing, or delimiter character (depending on the manipulator function called) to be used when
writing tuples intoout (respectively extracting tuples fromin ).
Notes: Implementations are not required to support these manipulators for streams withsizeof(charT)
> sizeof(long) ; out << s and in >> s are required to fail at compile time ifout and in are
such streams and the implementation does not support tuple formatting manipulators for them.

[Note: The constraint stated in the aboveNotes section allows an implementation where the delimiter
characters are stored in space allocated byxalloc , which allocates an array oflong s. A more general
alternative is to store pointers to the delimiter characters in thexalloc -allocated array, and register a call-
back function (withios_base::register_callback ) for the stream to take care of deallocating the
memory. If this approach is taken, the delimiters could be chosen to be strings instead of single characters.
This might be worthwhile, such as to allow delimiters like", " . —end note]

6.1.3 Pairs [tr.tuple.pairs]

This is animpureextension (as defined in section 1.2) to the standard library class templatestd::pair .

template<class T1, class T2>
struct tuple_size<pair<T1, T2> > {

static const int value = 2;
};

template<class T1, class T2>
struct tuple_element<0, pair<T1, T2> > {

typedef T1 type;
};

template<class T1, class T2>
struct tuple_element<1, pair<T1, T2> > {

typedef T2 type;
};

template<int I, class T1, class T2>
P& get(pair<T1, T2>&);

template<int I, class T1, class T2>
const P& get(const pair<T1, T2>&);
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Return type: If I is 0 thenP is T1, if I is 1 thenP is T2, otherwise the program is ill-formed.
Returns: If I == 0 returnsp.first , otherwise returnsp.second .

6.1.4 Implementation quantities [tr.tuple.lim]

The maximum number of elements in one tuple type is implementation defined. This limits should be at
least 10.

6.2 Fixed size array [tr.array]

6.2.1 Header<array> synopsis [tr.array.syn]

namespace tr1 {
template <class T, size_t N > struct array;
template <class T, size_t N >

bool operator==
(const array<T,N>& x, const array<T,N>& y);

template <class T, size_t N >
bool operator<

(const array<T,N>& x, const array<T,N>& y);
template <class T, size_t N >

bool operator!=
(const array<T,N>& x, const array<T,N>& y);

template <class T, size_t N >
bool operator>

(const array<T,N>& x, const array<T,N>& y);
template <class T, size_t N >

bool operator>=
(const array<T,N>& x, const array<T,N>& y);

template <class T, size_t N >
bool operator<=

(const array<T,N>& x, const array<T,N>& y);
template <class T, size_t N >

void swap(array<T,N>& x, array<T,N>& y);
}

6.2.2 Class templatearray [tr.array.array]

The header<array> defines a class template for storing fixed-size sequences of objects. Anarray
supports random access iterators. An instance ofarray<T, N> storesN elements of typeT, so that
size() == N is an invariant. The elements of anarray are stored contiguously, meaning that ifa is
anarray<T, N> then it obeys the identity&a[n] == &a[0] + n for all 0 <= n < N.
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An array is an aggregate (8.5.1) that can be initialized with the syntax

array a = { initializer-list };

whereinitializer-list is a comma separated list of up toNelements of type convertible-to-T.

Unless specified others, allarray operations are as described in 23.1 [lib.container.requirements]. De-
scriptions are provided here only for operations onarray that are not described in this clause or for
operations where there is additional semantic information.

namespace tr1 {
template <class T, size_t N >
struct array {

// types:
typedef T & reference;
typedef const T & const_reference;
typedef implementation defined iterator;
typedef implementation defined const_iterator;
typedef size_t size_type;
typedef ptrdiff_t difference_type;
typedef T value_type;
typedef std::reverse_iterator<iterator> reverse_iterator;
typedef std::reverse_iterator<const_iterator> const_reverse_iterator;

T elems[N];

// No explicit construct/copy/destroy for aggregate type

void assign(const T& u);
void swap( array<T, N> &);

// iterators:
iterator begin();
const_iterator begin() const;
iterator end();
const_iterator end() const;
reverse_iterator rbegin();
const_reverse_iterator rbegin() const;
reverse_iterator rend();
const_reverse_iterator rend() const;

// capacity:
size_type size() const;
size_type max_size() const;
bool empty() const;

// element access:
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reference operator[](size_type n);
const_reference operator[](size_type n) const;
const_reference at(size_type n) const;
reference at(size_type n);
reference front();
const_reference front() const;
reference back();
const_reference back() const;

T * data();
const T * data() const;

};

template <class T, size_t N>
bool operator==(const array<T,N>& x,

const array<T,N>& y);
template <class T, size_t N>

bool operator< (const array<T,N>& x,
const array<T,N>& y);

template <class T, size_t N>
bool operator!=(const array<T,N>& x,

const array<T,N>& y);
template <class T, size_t N>

bool operator> (const array<T,N>& x,
const array<T,N>& y);

template <class T, size_t N>
bool operator>=(const array<T,N>& x,

const array<T,N>& y);
template <class T, size_t N>

bool operator<=(const array<T,N>& x,
const array<T,N>& y);

// specialized algorithms:
template <class T, size_t N>

void swap(array<T,N>& x, array<T,N>& y);
}

6.2.2.1 array constructors, copy, and assignment [tr.array.cons]

Initialization: The conditions for an aggregate (8.5.1) must be met. Classarray relies on the implicitly-
declared special member functions (12.1, 12.4, and 12.8) to satisfy the requirements of table 65.

6.2.2.2 array specialized algorithms [tr.array.special]
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template <class T, size_t N>
void swap(array<T,N>& x, array<T,N>& y);

Effects:

swap_ranges(x.begin(), x.end(), y.begin() );

6.2.2.3 array size [tr.array.size]

template <class T, size_t N>
size_type array<T,N>::size();

Returns: N

6.2.2.4 Zero sized arrays [tr.array.zero]

array shall provide support for the special caseN == 0.

In the case thatN == 0:

• elems is not required.

• begin() == end() == unique value.

6.3 Unordered associative containers [tr.hash]

6.3.1 Unordered associative container requirements [tr.unord.req]

Unordered associative containers provide an ability for fast retrieval of data based on keys. The worst-case
complexity for most operations is linear, but the average case is much faster. The library provides four
basic kinds of hashed associative containers:unordered_set , unordered_map , unordered_-
multiset , andunordered_multimap .

Each hashed associative container is parameterized byKey, by a function objectHash that acts as a hash
function for values of typeKey, and on a binary predicatePred that induces an equivalence relation on
values of typeKey. Additionally,unordered_map andunordered_multimap associate an arbitrary
mapped typeT with theKey.

A hash function is a function object that takes a single argument of typeKey and returns a value of type
std::size_t in the range[0, std::numeric_limits<std::size_t>::max()) .

Two valuesk1 andk2 of typeKey are considered equal if the container’s equality function object returns
true when passed those values. Ifk1 andk2 are equal, the hash function shall return the same value for
both.

A hashed associative container supportsunique keysif it may contain at most one element for each key.
Otherwise, it supportsequivalent keys. unordered_set andunordered_map support unique keys.
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unordered_multiset andunordered_multimap support equivalent keys. In containers that sup-
port equivalent keys, elements with equivalent keys are adjacent to each other.

For unordered_set andunordered_multiset the value type is the same as the key type. For
unordered_map andunordered_multimap it is equal tostd::pair<const Key, T> .

The elements of a hashed associative container are organized intobuckets. Keys with the same hash code
appear in the same bucket. The number of buckets is automatically increased as elements are added to a
hashed associative container, so that the average number of elements per bucket is kept below a bound.
Rehashing invalidates iterators, changes ordering between elements, and changes which buckets elements
appear in, but does not invalidate pointers or references to elements.

In table 6.1:

X is a hashed associative container class,a is an object of typeX, b is a possibly const object of typeX,
a_uniq is an object of typeX whenX supports unique keys,a_eq is an object of typeX whenX supports
equivalent keys,i and j are input iterators that refer tovalue_type , [i, j) is a valid range,p and
q2 are valid iterators toa, q andq1 are valid dereferenceable iterators toa, [q1, q2) is a valid range
in a, r andr1 are valid dereferenceable const iterators toa, r2 is a valid const iterator toa, [r1, r2)
is a valid range ina, t is a value of typeX::value_type , k is a value of typekey_type , hf is a
possibly const value of typehasher , eq is a possibly const value of typekey_equal , n is a value of
typesize_type , andz is a value of typefloat .

Table 6.1: Unordered associative container requirements (in addition to
container)

expression Return Type assertion/note/pre/post-
condition

complexity

X::key_type Key Key is Assignable and
CopyConstructible

compile time

X::hasher Hash Hash is a unary function object
that take an argument of type
Key and returns a value of type
std::size_t .

compile time

X::key_equal Pred Pred is a binary predicate that
takes two arguments of type
Key. Pred is an equivalence
relation.

compile time

X::local_iterator An iterator type whose cat-
egory, value type, difference
type, and pointer and refer-
ence types are the same as
X::iterator ’s.

A local_iterator object
may be used to iterate through
a single bucket, but may not be
used to iterate across buckets.

compile time

X::const_local_-
iterator

An iterator type whose cat-
egory, value type, difference
type, and pointer and refer-
ence types are the same as
X::const_iterator ’s.

A const_local_-
iterator object may be
used to iterate through a single
bucket, but may not be used to
iterated across buckets.

compile time
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continued from previous page

X(n, hf, eq)
X a(n, hf, eq)

X Constructs an empty container
with at leastn buckets, usinghf
as the hash function andeq as
the key equality predicate.

O(n)

X(n, hf)
X a(n, hf)

X Constructs an empty container
with at leastn buckets, usinghf
as the hash function andkey_-
equal() as the key equality
predicate.

O(n)

X(n)
X a(n)

X Constructs an empty container
with at leastn buckets, using
hasher() as the hash func-
tion andkey_equal() as the
key equality predicate.

O(n)

X()
X a

X Constructs an empty container
with an unspecified number of
buckets, usinghasher() as
the hash function andkey_-
equal as the key equality
predicate.

constant

X(i, j, n, hf,
eq)
X a(i, j, n, hf,
eq)

X Constructs an empty container
with at leastn buckets, usinghf
as the hash function andeq as
the key equality predicate, and
inserts elements from[i, j)
into it.

Average case
O(N) (N is
distance(i,
j) ), worst case
O(N2)

X(i, j, n, hf)
X a(i, j, n, hf)

X Constructs an empty container
with at leastn buckets, usinghf
as the hash function andkey_-
equal() as the key equality
predicate, and inserts elements
from [i, j) into it.

Average case
O(N) (N is
distance(i,
j) ), worst case
O(N2)

X(i, j, n)
X a(i, j, n)

X Constructs an empty container
with at leastn buckets, using
hasher() as the hash func-
tion andkey_equal() as the
key equality predicate, and in-
serts elements from[i, j)
into it.

Average case
O(N) (N is
distance(i,
j) ), worst case
O(N2)
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continued from previous page

X(i, j)
X a(i, j)

X Constructs an empty container
with an unspecified number of
buckets, usinghasher() as
the hash function andkey_-
equal as the key equality
predicate, and inserts elements
from [i, j) into it.

Average case
O(N) (N is
distance(i,
j) ), worst case
O(N2)

X(b)
X a(b)

X Copy constructor. In addition to
the contained elements, the hash
function, predicate, and maxi-
mum load factor are copied.

Average case lin-
ear inb.size() ,
worst case
quadratic.

a = b X Copy assignment operator. In
addition to the contained ele-
ments, the hash function, pred-
icate, and maximum load factor
are copied.

Average case lin-
ear inb.size() ,
worst case
quadratic.

b.hash_function() hasher Returns the hash function out of
whichb was constructed.

constant

b.key_eq() key_equal Returns the key equality func-
tion out of which b was con-
structed.

constant

a_uniq.insert(t) pair<iterator,
bool>

Inserts t if and only if there
is no element in the container
with key equivalent to the key
of t . The bool compo-
nent of the returned pair indi-
cates whether the insertion takes
place, and theiterator com-
ponent points to the element
with key equivalent to the key of
t .

Average caseO(1),
worst caseO(a_-
uniq.size() ).

a_eq.insert(t) iterator Insertst , and returns an iterator
pointing to the newly inserted
element.

Average caseO(1),
worst caseO(a_-
uniq.size() ).

a.insert(r, t) iterator Equivalent to a.insert(t). Return
value is an iterator pointing to
the element with the key equiva-
lent to that oft . The const itera-
tor r is a hint pointing to where
the search should start. Imple-
mentations are permitted to ig-
nore the hint.

Average caseO(1),
worst caseO(a_-
uniq.size() ).
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continued from previous page

a.insert(i, j) void Pre: i and j are not it-
erators in a. Equivalent to
a.insert(t) for each ele-
ment in[i,j) .

Average case
O(N), where N
is distance(i,
j) . Worst
case O(N *
a.size() ).

a.erase(k) size_type Erases all elements with key
equivalent tok . Returns the
number of elements erased.

Average case
O(a.count(k) ).
Worst case
O(a.size()) .

a.erase(r) void Erases the element pointed to by
r .

Average case
O(1), worst case
O(a.size() ).

a.erase(r1, r2) void Erases all elements in the range
[r1, r2) .

Average case
O(N ), whereN is
distance(r1,
r2) ), worst case
O(a.size() ).

a.clear() void Erases all elements in the con-
tainer. Post: a.size() ==
0

Linear.

b.find(k) iterator ;
const_iterator for
constb.

Returns an iterator pointing to
an element with key equivalent
to k , or b.end() if no such el-
ement exists.

Average case
O(1), worst case
O(b.size() ).

b.count(k) size_type Returns the number of elements
with key equivalent tok .

Average case
O(1), worst case
O(b.size() ).

b.equal_range(k) pair<iterator,
iterator> ;
pair<const_-
iterator, const_-
iterator> for const
b.

Returns a range contain-
ing all elements with keys
equivalent to k . Returns
make_pair(b.end(),
b.end()) if no such elements
exist.

Average case
O(b.count(k) ).
Worst case
O(b.size()) .

b.bucket_count() size_type Returns the number of buckets
thatb contains.¿

Constant

b.max_bucket_-
count()

size_type Returns an upper bound on the
number of buckets thatb might
ever contain.

Constant
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continued from previous page

b.bucket(k) size_type Returns the index of the bucket
in which elements with keys
equivalent tok would be found,
if any such element existed.
Post: the return value is in
the range[0, b.bucket_-
count()) .

Constant

b.bucket_size(n) size_type Pre: n is in the range[0,
b.bucket_count()) . Re-
turns the number of elements in
thenth bucket.

O(b.bucket_-
size(n) )

b.begin(n) local_iterator ;
const_local_-
iterator for const
b.

Pre: n is in the range[0,
b.bucket_count()) .
Note: [b.begin(n),
b.end(n)) is a valid range
containing all of the elements
in thenth bucket.

Constant

b.end(n) local_iterator ;
const_local_-
iterator for const
b.

Pre: n is in the range[0,
b.bucket_count()) .

Constant

b.load_factor() float Returns the average number of
elements per bucket.¿

Constant

b.max_load_-
factor()

float Returns a number that the con-
tainer attempts to keep the load
factor less than or equal to.
The container automatically in-
creases the number of buckets
as necessary to keep the load
factor below this number. Post:
return value is positive.

Constant

a.max_load_-
factor(z)

void Pre: z is positive. Changes the
container’s maximum load load
factor, usingz as a hint.

Constant

a.rehash(n) void Pre: n > a.size() /
a.max_load_factor() .
Changes the number of buckets
so that it is at leastn.

Average case lin-
ear ina.size() ,
worst case
quadratic.

Unordered associative containers are not required to support the expressionsa == b or a != b . [Note:
This is because the container requirements define operator equality in terms of equality of ranges. Since the
elements of an unordered associative container appear in an arbitrary order, range equality is not a useful
operation.—end note]

The iterator typesiterator andconst_iterator of an unordered associative container are of at
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least the forward iterator category. For unordered associative containers where the key type and value type
are the same, bothiterator andconst_iterator are const iterators.

The insert members shall not affect the validity of references to container elements, but may invalidate all
iterators to the container. The erase members shall invalidate only iterators and references to the erased
elements.

6.3.1.1 Exception safety guarantees [tr.unord.req.except]

• For unordered associative containers, noclear() function throws an exception. Noerase()
function throws an exception unless that exception is thrown by the container’s Hash or Pred object
(if any).

• For unordered associative containers, if an exception is thrown by an insert() function while inserting
a single element other than by the container’s hash function, the insert() function has no effects.

• For unordered associative containers, noswap function throws an exception unless that exception is
thrown by the copy constructor or copy assignment operator of the container’s Hash or Pred object
(if any).

6.3.2 Additions to header<functional> synopsis [tr.unord.fun.syn]

namespace tr1 {
// Hash function base template
template <class T> struct hash;

// Hash function specializations

template <> struct hash<bool>;
template <> struct hash<char>;
template <> struct hash<signed char>;
template <> struct hash<unsigned char>;
template <> struct hash<wchar_t>;
template <> struct hash<short>;
template <> struct hash<int>;
template <> struct hash<long>;
template <> struct hash<unsigned short>;
template <> struct hash<unsigned int>;
template <> struct hash<unsigned long>;

template <> struct hash<float>;
template <> struct hash<double>;
template <> struct hash<long double>;

template<class T>
struct hash<T*>
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template <class charT, class traits, class Allocator>
struct hash<std::basic_string<charT, traits, Allocator> >;

}

6.3.3 Class templatehash [tr.unord.hash]

The function objecthash is used as the default hash function by theunordered associative containers. This
class template is only required to be instantiable for integer types (3.9.1), floating point types (3.9.1), pointer
types (8.3.1), and (for any valid set ofcharT , traits , andAlloc ) std::basic_string<charT,
traits, Alloc> .

template <class T>
struct hash : public std::unary_function<T, std::size_t>
{

std::size_t operator()(T val) const;
};

The return value ofoperator() is unspecified, except that equal arguments yield the same result.
operator() shall not throw exceptions.

6.3.4 Unordered associative container classes [tr.unord.unord]

6.3.4.1 Header<unordered_set> synopsis [tr.unord.syn.set]

namespace tr1 {
template <class Value,

class Hash = hash<Value>,
class Pred = std::equal_to<Value>,
class Alloc = std::allocator<Value> >

class unordered_set;

template <class Value,
class Hash = hash<Value>,
class Pred = std::equal_to<Value>,
class Alloc = std::allocator<Value> >

class unordered_multiset;
}

6.3.4.2 Header<unordered_map> synopsis [tr.unord.syn.map]
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namespace tr1 {
template <class Key,

class T,
class Hash = hash<Key>,
class Pred = std::equal_to<Key>,
class Alloc = std::allocator<std::pair<const Key, T> > >

class unordered_map;

template <class Key,
class T,
class Hash = hash<Key>,
class Pred = std::equal_to<Key>,
class Alloc = std::allocator<std::pair<const Key, T> > >

class unordered_multimap;
}

6.3.4.3 Class templateunordered_set [tr.unord.set]

An unordered_set is a kind of unordered associative container that supports unique keys (anunordered_-
set contains at most one of each key value) and in which the elements’ keys are the elements themselves.

An unordered_set satisfies all of the requirements of a container and of a unordered associative con-
tainer. It provides the operations described in the preceding requirements table for unique keys; that is,
an unordered_set supports thea_uniq operations in that table, not thea_eq operations. For a
unordered_set<Value> the key type and the value type are bothValue . The iterator and
const_iterator types are both const iterator types. It is unspecified whether or not they are the same
type.

This section only describes operations onunordered_set that are not described in one of the require-
ment tables, or for which there is additional semantic information.

template <class Value,
class Hash = hash<Value>,
class Pred = std::equal_to<Value>,
class Alloc = std::allocator<Value> >

class unordered_set
{
public:

// types
typedef Value key_type;
typedef Value value_type;
typedef Hash hasher;
typedef Pred key_equal;
typedef Alloc allocator_type;
typedef typename allocator_type::pointer pointer;
typedef typename allocator_type::const_pointer const_pointer;
typedef typename allocator_type::reference reference;
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typedef typename allocator_type::const_reference const_reference;
typedef implementation-defined size_type;
typedef implementation-defined difference_type;

typedef implementation-defined iterator;
typedef implementation-defined const_iterator;
typedef implementation-defined local_iterator;
typedef implementation-defined const_local_iterator;

// construct/destroy/copy
explicit unordered_set(size_type n = implementation-defined ,

const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

template <class InputIterator>
unordered_set(InputIterator f, InputIterator l,

size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

unordered_set(const unordered_set&);
˜unordered_set();
unordered_set& operator=(const unordered_set&);
allocator_type get_allocator() const;

// size and capacity
bool empty() const;
size_type size() const;
size_type max_size() const;

// iterators
iterator begin();
const_iterator begin() const;
iterator end();
const_iterator end() const;

// modifiers
std::pair<iterator, bool> insert(const value_type& obj);
iterator insert(const_iterator hint, const value_type& obj);
template <class InputIterator>

void insert(InputIterator first, InputIterator last);

void erase(const_iterator position);
size_type erase(const key_type& k);
void erase(const_iterator first, const_iterator last);
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void clear();

void swap(unordered_set&);

// observers
hasher hash_function() const;
key_equal key_eq() const;

// lookup
iterator find(const key_type& k);
const_iterator find(const key_type& k) const;
size_type count(const key_type& k) const;
std::pair<iterator, iterator>

equal_range(const key_type& k);
std::pair<const_iterator, const_iterator>

equal_range(const key_type& k) const;

// bucket interface
size_type bucket_count() const;
size_type max_bucket_count() const;
size_type bucket_size(size_type n) const;
size_type bucket(const key_type& k) const;
local_iterator begin(size_type n);
const_local_iterator begin(size_type n) const;
local_iterator end(size_type n);
const_local_iterator end(size_type n) const;

// hash policy
float load_factor() const;
float max_load_factor() const;
void max_load_factor(float z);
void rehash(size_type n);

};

template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_set<Value, Hash, Pred, Alloc>& x,

unordered_set<Value, Hash, Pred, Alloc>& y);

6.3.4.3.1 unordered_set constructors [tr.unord.set.cnstr]

explicit unordered_set(size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());
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Effects: Constructs an emptyunordered_set using the specified hash function, key equality function,
and allocator, and using at leastn buckets. Ifn is not provided, the number of buckets is implementation
defined.max_load_factor() is 1.0.

Complexity: Constant.

template <class InputIterator>
unordered_set(InputIterator f, InputIterator l,

size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

Effects: Constructs an emptyunordered_set using the specified hash function, key equality function,
and allocator, and using at leastn buckets. (Ifn is not provided, the number of buckets is implementation
defined.) Then inserts elements from the range[ first , last ) . max_load_factor() is 1.0.

Complexity: Average case linear, worst case quadratic.

6.3.4.3.2 unordered_set swap [tr.unord.set.swap]

template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_set<Value, Hash, Pred, Alloc>& x,

unordered_set<Value, Hash, Pred, Alloc>& y);

Effects: x.swap(y) .

6.3.4.4 Class templateunordered_map [tr.unord.map]

An unordered_map is a kind of unordered associative container that supports unique keys (anunordered_-
map contains at most one of each key value) and that associates values of another typemapped_type
with the keys.

An unordered_map satisfies all of the requirements of a container and of a unordered associative con-
tainer. It provides the operations described in the preceding requirements table for unique keys; that
is, anunordered_map supports thea_uniq operations in that table, not thea_eq operations. For
a unordered_map<Key, T> the key type is Key, the mapped type isT, and the value type is
std::pair<const Key, T> .

This section only describes operations onunordered_map that are not described in one of the require-
ment tables, or for which there is additional semantic information.

template <class Key,
class T,
class Hash = hash<Key>,
class Pred = std::equal_to<Key>,
class Alloc = std::allocator<std::pair<const Key, T> > >

class unordered_map
{
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public:
// types
typedef Key key_type;
typedef std::pair<const Key, T> value_type;
typedef T mapped_type;
typedef Hash hasher;
typedef Pred key_equal;
typedef Alloc allocator_type;
typedef typename allocator_type::pointer pointer;
typedef typename allocator_type::const_pointer const_pointer;
typedef typename allocator_type::reference reference;
typedef typename allocator_type::const_reference const_reference;
typedef implementation-defined size_type;
typedef implementation-defined difference_type;

typedef implementation-defined iterator;
typedef implementation-defined const_iterator;
typedef implementation-defined local_iterator;
typedef implementation-defined const_local_iterator;

// construct/destroy/copy
explicit unordered_map(size_type n = implementation-defined ,

const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

template <class InputIterator>
unordered_map(InputIterator f, InputIterator l,

size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

unordered_map(const unordered_map&);
˜unordered_map();
unordered_map& operator=(const unordered_map&);
allocator_type get_allocator() const;

// size and capacity
bool empty() const;
size_type size() const;
size_type max_size() const;

// iterators
iterator begin();
const_iterator begin() const;
iterator end();
const_iterator end() const;
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// modifiers
std::pair<iterator, bool> insert(const value_type& obj);
iterator insert(const_iterator hint, const value_type& obj);
template <class InputIterator>

void insert(InputIterator first, InputIterator last);

void erase(const_iterator position);
size_type erase(const key_type& k);
void erase(const_iterator first, const_iterator last);
void clear();

void swap(unordered_map&);

// observers
hasher hash_function() const;
key_equal key_eq() const;

// lookup
iterator find(const key_type& k);
const_iterator find(const key_type& k) const;
size_type count(const key_type& k) const;
std::pair<iterator, iterator>

equal_range(const key_type& k);
std::pair<const_iterator, const_iterator>

equal_range(const key_type& k) const;

mapped_type& operator[](const key_type& k);

// bucket interface
size_type bucket_count() const;
size_type max_bucket_count() const;
size_type bucket_size(size_type n);
size_type bucket(const key_type& k) const;
local_iterator begin(size_type n) const;
const_local_iterator begin(size_type n) const;
local_iterator end(size_type n);
const_local_iterator end(size_type n) const;

// hash policy
float load_factor() const;
float max_load_factor() const;
void max_load_factor(float z);
void rehash(size_type n);

};
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template <class Key, class T, class Hash, class Pred, class Alloc>
void swap(unordered_map<Key, T, Hash, Pred, Alloc>& x,

unordered_map<Key, T, Hash, Pred, Alloc>& y);

6.3.4.4.1 unordered_map constructors [tr.unord.map.cnstr]

explicit unordered_map(size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

Effects: Constructs an emptyunordered_map using the specified hash function, key equality function,
and allocator, and using at leastn buckets. Ifn is not provided, the number of buckets is implementation
defined.max_load_factor() is 1.0.

Complexity: Constant.

template <class InputIterator>
unordered_map(InputIterator f, InputIterator l,

size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

Effects: Constructs an emptyunordered_map using the specified hash function, key equality function,
and allocator, and using at leastn buckets. (Ifn is not provided, the number of buckets is implementation
defined.) Then inserts elements from the range[ first , last ) . max_load_factor() is 1.0.

Complexity: Average case linear, worst case quadratic.

6.3.4.4.2 unordered_map element access [tr.unord.map.elem]

mapped_type& operator[](const key_type& k);

Effects: If the unordered_map does not already contain an element whose key is equivalent tok , inserts
std::pair<const key_type, mapped_type>(k, mapped_type()) .

Returns: A reference tox.second , wherex is the (unique) element whose key is equivalent tok .

6.3.4.4.3 unordered_map swap [tr.unord.map.swap]

template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_map<Value, Hash, Pred, Alloc>& x,

unordered_map<Value, Hash, Pred, Alloc>& y);

Effects: x.swap(y) .
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6.3.4.5 Class templateunordered_multiset [tr.unord.multiset]

An unordered_multiset is a kind of unordered associative container that supports equivalent keys (an
unordered_multiset may contain multiple copies of the same key value) and in which the elements’
keys are the elements themselves.

An unordered_multiset satisfies all of the requirements of a container and of a unordered associa-
tive container. It provides the operations described in the preceding requirements table for equivalent keys;
that is, anunordered_multiset supports thea_eq operations in that table, not thea_uniq opera-
tions. For aunordered_multiset<Value> thekey type and the value type are bothValue . The
iterator andconst_iterator types are both const iterator types. It is unspecified whether or not
they are the same type.

This section only describes operations onunordered_multiset that are not described in one of the
requirement tables, or for which there is additional semantic information.

template <class Value,
class Hash = hash<Value>,
class Pred = std::equal_to<Value>,
class Alloc = std::allocator<Value> >

class unordered_multiset
{
public:

// types
typedef Value key_type;
typedef Value value_type;
typedef Hash hasher;
typedef Pred key_equal;
typedef Alloc allocator_type;
typedef typename allocator_type::pointer pointer;
typedef typename allocator_type::const_pointer const_pointer;
typedef typename allocator_type::reference reference;
typedef typename allocator_type::const_reference const_reference;
typedef implementation-defined size_type;
typedef implementation-defined difference_type;

typedef implementation-defined iterator;
typedef implementation-defined const_iterator;
typedef implementation-defined local_iterator;
typedef implementation-defined const_local_iterator;

// construct/destroy/copy
explicit unordered_multiset(size_type n = implementation-defined ,

const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

template <class InputIterator>
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unordered_multiset(InputIterator f, InputIterator l,
size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

unordered_multiset(const unordered_multiset&);
˜unordered_multiset();
unordered_multiset& operator=(const unordered_multiset&);
allocator_type get_allocator() const;

// size and capacity
bool empty() const;
size_type size() const;
size_type max_size() const;

// iterators
iterator begin();
const_iterator begin() const;
iterator end();
const_iterator end() const;

// modifiers
iterator insert(const value_type& obj);
iterator insert(const_iterator hint, const value_type& obj);
template <class InputIterator>

void insert(InputIterator first, InputIterator last);

void erase(const_iterator position);
size_type erase(const key_type& k);
void erase(const_iterator first, const_iterator last);
void clear();

void swap(unordered_multiset&);

// observers
hasher hash_function() const;
key_equal key_eq() const;

// lookup
iterator find(const key_type& k);
const_iterator find(const key_type& k) const;
size_type count(const key_type& k) const;
std::pair<iterator, iterator>

equal_range(const key_type& k);
std::pair<const_iterator, const_iterator>

equal_range(const key_type& k) const;
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// bucket interface
size_type bucket_count() const;
size_type max_bucket_count() const;
size_type bucket_size(size_type n);
size_type bucket(const key_type& k) const;
local_iterator begin(size_type n) const;
const_local_iterator begin(size_type n) const;
local_iterator end(size_type n);
const_local_iterator end(size_type n) const;

// hash policy
float load_factor() const;
float max_load_factor() const;
void max_load_factor(float z);
void rehash(size_type n);

};

template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_multiset<Value, Hash, Pred, Alloc>& x,

unordered_multiset<Value, Hash, Pred, Alloc>& y);
}

6.3.4.5.1 unordered_multiset constructors [tr.unord.multiset.cnstr]

explicit unordered_multiset(size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

Effects: Constructs an emptyunordered_multiset using the specified hash function, key equality
function, and allocator, and using at leastn buckets. Ifn is not provided, the number of buckets is imple-
mentation defined.max_load_factor() is 1.0.

Complexity: Constant.

template <class InputIterator>
unordered_multiset(InputIterator f, InputIterator l,

size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

Effects: Constructs an emptyunordered_multiset using the specified hash function, key equality
function, and allocator, and using at leastn buckets. (Ifn is not provided, the number of buckets is imple-
mentation defined.) Then inserts elements from the range[ first , last ) . max_load_factor() is
1.0.
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Complexity: Average case linear, worst case quadratic.

6.3.4.5.2 unordered_multiset swap [tr.unord.multiset.swap]

template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_multiset<Value, Hash, Pred, Alloc>& x,

unordered_multiset<Value, Hash, Pred, Alloc>& y);

Effects: x.swap(y);

6.3.4.6 Class templateunordered_multimap [tr.unord.multimap]

An unordered_multimap is a kind of unordered associative container that supports equivalent keys
(anunordered_multimap may contain multiple copies of each key value) and that associates values
of another typemapped_type with the keys.

An unordered_multimap satisfies all of the requirements of a container and of a unordered associative
container. It provides the operations described in the preceding requirements table for equivalent keys; that
is, anunordered_multimap supports thea_eq operations in that table, not thea_uniq operations.
For anunordered_multimap<Key, T> thekey type is Key, the mapped type isT, and the value
type isstd::pair<const Key, T> .

This section only describes operations onunordered_multimap that are not described in one of the
requirement tables, or for which there is additional semantic information.

template <class Key,
class T,
class Hash = hash<Key>,
class Pred = std::equal_to<Key>,
class Alloc = std::allocator<std::pair<const Key, T> > >

class unordered_multimap
{
public:

// types
typedef Key key_type;
typedef std::pair<const Key, T> value_type;
typedef T mapped_type;
typedef Hash hasher;
typedef Pred key_equal;
typedef Alloc allocator_type;
typedef typename allocator_type::pointer pointer;
typedef typename allocator_type::const_pointer const_pointer;
typedef typename allocator_type::reference reference;
typedef typename allocator_type::const_reference const_reference;
typedef implementation-defined size_type;
typedef implementation-defined difference_type;

130



typedef implementation-defined iterator;
typedef implementation-defined const_iterator;
typedef implementation-defined local_iterator;
typedef implementation-defined const_local_iterator;

// construct/destroy/copy
explicit unordered_multimap(size_type n = implementation-defined ,

const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

template <class InputIterator>
unordered_multimap(InputIterator f, InputIterator l,

size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

unordered_multimap(const unordered_multimap&);
˜unordered_multimap();
unordered_multimap& operator=(const unordered_multimap&);
allocator_type get_allocator() const;

// size and capacity
bool empty() const;
size_type size() const;
size_type max_size() const;

// iterators
iterator begin();
const_iterator begin() const;
iterator end();
const_iterator end() const;

// modifiers
iterator insert(const value_type& obj);
iterator insert(const_iterator hint, const value_type& obj);
template <class InputIterator>

void insert(InputIterator first, InputIterator last);

void erase(const_iterator position);
size_type erase(const key_type& k);
void erase(const_iterator first, const_iterator last);
void clear();

void swap(unordered_multimap&);

// observers
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hasher hash_function() const;
key_equal key_eq() const;

// lookup
iterator find(const key_type& k);
const_iterator find(const key_type& k) const;
size_type count(const key_type& k) const;
std::pair<iterator, iterator>

equal_range(const key_type& k);
std::pair<const_iterator, const_iterator>

equal_range(const key_type& k) const;

mapped_type& operator[](const key_type& k);

// bucket interface
size_type bucket_count() const;
size_type max_bucket_count() const;
size_type bucket_size(size_type n);
size_type bucket(const key_type& k) const;
local_iterator begin(size_type n) const;
const_local_iterator begin(size_type n) const;
local_iterator end(size_type n);
const_local_iterator end(size_type n) const;

// hash policy
float load_factor() const;
float max_load_factor() const;
void max_load_factor(float z);
void rehash(size_type n);

};

template <class Key, class T, class Hash, class Pred, class Alloc>
void swap(unordered_multimap<Key, T, Hash, Pred, Alloc>& x,

unordered_multimap<Key, T, Hash, Pred, Alloc>& y);

6.3.4.6.1 unordered_multimap constructors [tr.unord.multimap.cnstr]

explicit unordered_multimap(size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

Effects: Constructs an emptyunordered_multimap using the specified hash function, key equality
function, and allocator, and using at leastn buckets. Ifn is not provided, the number of buckets is imple-
mentation defined.max_load_factor() is 1.0.
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Complexity: Constant.

template <class InputIterator>
unordered_multimap(InputIterator f, InputIterator l,

size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

Effects: Constructs an emptyunordered_multimap using the specified hash function, key equality
function, and allocator, and using at leastn buckets. (Ifn is not provided, the number of buckets is imple-
mentation defined.) Then inserts elements from the range[ first , last ) . max_load_factor() is
1.0.

Complexity: Average case linear, worst case quadratic.

6.3.4.6.2 unordered_multimap swap [tr.unord.multimap.swap]

template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_multimap<Value, Hash, Pred, Alloc>& x,

unordered_multimap<Value, Hash, Pred, Alloc>& y);

Effects: x.swap(y) .
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Chapter 7

Regular expressions [tr.re]

7.1 Definitions [tr.re.def]

The following definitions shall apply to this clause:

Collating element: A sequence of one or more characters within the current locale that collate as if they
were a single character.

Finite state machine: An unspecified data structure that is used to represent a regular expression, and
which permits efficient matches against the regular expression to be obtained.

Format specifier: A sequence of one or more characters that is to be replaced with some part of a regular
expression match.

Matched: A sequence of zero or more characters shall be said to be matched by a regular expression when
the characters in the sequence correspond to a sequence of characters defined by the pattern.

Partial match: A match that is obtained by matching one or more characters at the end of a character-
container sequence, but only a prefix of the regular expression.

Primary equivalence class:A set of one or more characters which share the same primary sort key: that is
the sort key weighting that depends only upon character shape, and not accentation, case, or locale specific
tailorings.

Regular expression:A pattern that selects specific strings from a set of character strings.

Sub-expression:A subset of a regular expression that has been marked by parenthesis.

7.2 Requirements [tr.re.req]

This subclause defines requirements on classes representing regular expression traits. [Note: The class
templateregex_traits<charT> , defined in clause 7.7, satisfies these requirements.—end note]

The class templatebasic_regex , defined in clause 7.8, needs a set of related types and functions to
complete the definition of its semantics. These types and functions are provided as a set of member type-
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defs and functions in the template parametertraits used by thebasic_regex class template. This
subclause defines the semantics guaranteed by these members.

To specialize thebasic_regex template to generate a regular expression class to handle a particular
character container typeCharT , that and its related regular expression traits classTraits is passed as a
pair of parameters to thebasic_regex template as formal parameterscharT andTraits .

In Table 7.1X denotes a traits class defining types and functions for the character container typecharT ; u
is an object of typeX; v is an object of typeconst X ; p is a value of typeconst charT* ; I1 andI2
are Input Iterators;c is a value of typeconst charT ; s is an object of typeX::string_type ; cs is
an object of typeconst X::string_type ; b is a value of typebool ; I is a value of typeint ; and
loc is an object of typeX::locale_type .

Table 7.1: regular expression traits class requirements

Expression Return Type Assertion / Note / Pre / Post condition

X::char_type charT The character container type used in
the implementation of class template
basic_regex .

X::size_type An unsigned integer type, capable of
holding the length of a null-terminated
string ofcharT s.

X::string_type std::basic_-
string<charT>

X::locale_type Implementation defined A copy constructible type that repre-
sents the locale used by the traits class.

X::char_class_type Implementation defined A bitmask type representing a partic-
ular character classification. Multiple
values of this type can be bitwise-or’ed
together to obtain a new valid value.

X::version_tag Either regex_traits_-
version_1_tag or a
class that publicly inherits
from regex_traits_-
version_1_tag .

A type that signifies the interface to
which this traits class conforms.

X::sentry Implementation defined A type used to force initialization of
an instance of this traits class. An in-
stance of this type must be copy con-
structed from a traits class instance,
and verified that it does not compare
equal to a null pointer constant, be-
fore any member function of that traits
class instance may be called other than
length , imbue , andgetloc .
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X::sentry s(u); void An object of typeX::sentry shall be
copy constructible from an instance of
X.

X::sentry(u) Convertible tobool . Conversion of the sentry class tobool ,
is used to verify that the traits class has
been correctly initialized.

X::length(p) X::size_type Yields the smallesti such thatp[i]
== 0. Complexity is linear ini .

v.syntax_type(c) regex_-
constants::syntax_-
type

Returns a symbolic value of type
regex_constants::syntax_-
type that signifies the meaning
of character c within the regular
expression grammar.

v.escape_syntax_-
type(c)

regex_-
constants::escape_-
syntax_type

Returns a symbolic value of type
regex_constants::escape_-
syntax_type , that signifies the
meaning of characterc within the reg-
ular expression grammar, when chas
been preceded by an escape character.
Precondition: if b is the character
precedingc in the expression being
parsed then: v.syntax_type(b)
== syntax_escape .

v.translate(c, b) X::char_type Returns a characterd such that:
for any characterd that is to be
considered equivalent toc then
v.translate(c, false) ==
v.translate(d, false) . Like-
wise for all charactersC that are
to be considered equivalent toc
when comparisons are to be per-
formed without regard to case, then
v.translate(c, true) ==
v.translate(C, true) .

v.transform(cs) X::string_type Returns a sort key for stringcs
such that: if stringcs sorts before
string ct then: v.transform(cs)
< v.transform(ct) .

v.transform_-
primary(cs)

X::string_type Returns a primary sort key for string
cs , such that ifcs sorts before string
ct , when character case is not con-
sidered, thenv.transform(cs) <
v.transform(ct) . Returns an
empty string on error.
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v.lookup_-
classname(cs)

X::char_class_type Converts the stringcs into a bit-
mask type that can subsequently be
passed tois_class . Values re-
turned from lookup_classname
can be safely bitwise or’ed together.
Returns an empty string ifcs is not
the name of a character class recog-
nized by X. At least the names"d" ,
"w" , "s" , "alnum" , "alpha" ,
"blank" , "cntrl" , "digit" ,
"graph" , "lower" , "print" ,
"punct" , "space" , "upper" and
"xdigit" , shall be recognized. The
value returned shall be independent of
the case of the characters incs .

v.lookup_-
collatename(cs)

X::string_type Returns a string containing the collat-
ing element named bycs , or an empty
string if cs is not a recognized name.

v.is_class(c,
v.lookup_classname
(cs))

bool Returnstrue if characterc is a mem-
ber of the character classcs , false
otherwise.

v.toi(I1, I2, i) int Behaves as follows: ifp==q or
v.is_class(*p, v.lookup_-
classname("d")) == false
then returns -1. Otherwise performs
formatted numeric input on the se-
quence[p,q) and returns the result
as an int . Postcondition: either
p == q or v.is_class(*p,
v.lookup_classname("d"))
== false .

u.imbue(loc) X::locale_type imbuesu with the localeloc , returns
the previous locale used byu if any.

v.getloc() X::locale_type Returns the current locale used byv , if
any.

v.error_string(i) std::string Returns a human readable error string
for the error conditioni , where i is
one of the values enumerated by type
regex_constants::error_-
type . If the valuei is not recognized
then returns the string"Unknown
error" or a localized equivalent.

The header<regex> defines the class templateregex_traits which shall be capable of being special-
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ized for character container typeschar andwchar_t , and which satisfies the requirements for a regular
expression traits class. Class templateregex_traits is described in clause 7.7.

7.3 Regular expressions summary [tr.re.sym]

The header<regex> defines a basic regular expression class template and its traits that can handle all
char-like (lib.strings) template arguments.

The header<regex> defines a class template that holds the result of a regular expression match.

The header<regex> defines a series of algorithms that allow an iterator sequence to be operated upon by
a regular expression.

The header<regex> defines two specific template classes, regex and wregex and their special traits.

The header<regex> also defines two iterator types for enumerating regular expression matches.

7.4 Header<regex> synopsis [tr.re.syn]

namespace tr1 {

namespace regex_constants {
typedef bitmask_type syntax_option_type;
typedef bitmask_type match_flag_type;
typedef implementation-defined syntax_type;
typedef implementation-defined escape_syntax_type;
typedef implementation-defined error_type;

} // namespace regex_constants

class bad_expression;

template <class charT>
struct regex_traits;

template <class charT,
class traits = regex_traits<charT> >

class basic_regex;

template <class charT, class traits>
void swap(basic_regex<charT, traits>& e1,

basic_regex<charT, traits& e2);

typedef basic_regex<char> regex;
typedef basic_regex<wchar_t> wregex;

template <class BidirectionalIterator>
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class sub_match;

template <class BidirectionalIterator>
bool operator == (const sub_match<BidirectionalIterator>& lhs,

const sub_match<BidirectionalIterator>& rhs);
template <class BidirectionalIterator>
bool operator != (const sub_match<BidirectionalIterator>& lhs,

const sub_match<BidirectionalIterator>& rhs);
template <class BidirectionalIterator>
bool operator < (const sub_match<BidirectionalIterator>& lhs,

const sub_match<BidirectionalIterator>& rhs);
template <class BidirectionalIterator>
bool operator <= (const sub_match<BidirectionalIterator>& lhs,

const sub_match<BidirectionalIterator>& rhs);
template <class BidirectionalIterator>
bool operator >= (const sub_match<BidirectionalIterator>& lhs,

const sub_match<BidirectionalIterator>& rhs);
template <class BidirectionalIterator>
bool operator > (const sub_match<BidirectionalIterator>& lhs,

const sub_match<BidirectionalIterator>& rhs);

template <class BidirectionalIterator, class traits, class Allocator>
bool operator == (const std::basic_string<

iterator_traits<BidirectionalIterator>::value_type,
traits,
Allocator>& lhs,

const sub_match<BidirectionalIterator>& rhs);
template <class BidirectionalIterator, class traits, class Allocator>
bool operator != (const std::basic_string<

iterator_traits<BidirectionalIterator>::value_type,
traits,
Allocator>& lhs,

const sub_match<BidirectionalIterator>& rhs);
template <class BidirectionalIterator, class traits, class Allocator>
bool operator < (const std::basic_string<

iterator_traits<BidirectionalIterator>::value_type,
traits,
Allocator>& lhs,

const sub_match<BidirectionalIterator>& rhs);
template <class BidirectionalIterator, class traits, class Allocator>
bool operator > (const std::basic_string<

iterator_traits<BidirectionalIterator>::value_type,
traits,
Allocator>& lhs,

const sub_match<BidirectionalIterator>& rhs);
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template <class BidirectionalIterator, class traits, class Allocator>
bool operator >= (const std::basic_string<

iterator_traits<BidirectionalIterator>::value_type,
traits,
Allocator>& lhs,

const sub_match<BidirectionalIterator>& rhs);
template <class BidirectionalIterator, class traits, class Allocator>
bool operator <= (const std::basic_string<

iterator_traits<BidirectionalIterator>::value_type,
traits,
Allocator>& lhs,

const sub_match<BidirectionalIterator>& rhs);

template <class BidirectionalIterator, class traits, class Allocator>
bool operator == (const sub_match<BidirectionalIterator>& lhs,

const std::basic_string<
iterator_traits<BidirectionalIterator>::value_type,
traits,
Allocator>& rhs);

template <class BidirectionalIterator, class traits, class Allocator>
bool operator != (const sub_match<BidirectionalIterator>& lhs,

const std::basic_string<
iterator_traits<BidirectionalIterator>::value_type,
traits,
Allocator>& rhs);

template <class BidirectionalIterator, class traits, class Allocator>
bool operator < (const sub_match<BidirectionalIterator>& lhs,

const std::basic_string<
iterator_traits<BidirectionalIterator>::value_type,
traits,
Allocator>& rhs);

template <class BidirectionalIterator, class traits, class Allocator>
bool operator > (const sub_match<BidirectionalIterator>& lhs,

const std::basic_string<
iterator_traits<BidirectionalIterator>::value_type,
traits,
Allocator>& rhs);

template <class BidirectionalIterator, class traits, class Allocator>
bool operator >= (const sub_match<BidirectionalIterator>& lhs,

const std::basic_string<
iterator_traits<BidirectionalIterator>::value_type,
traits,
Allocator>& rhs);

template <class BidirectionalIterator, class traits, class Allocator>
bool operator <= (const sub_match<BidirectionalIterator>& lhs,

const std::basic_string<
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iterator_traits<BidirectionalIterator>::value_type,
traits,
Allocator>& rhs);

template <class BidirectionalIterator>
bool operator == (typename iterator_traits<BidirectionalIterator>

::value_type const* lhs,
const sub_match<BidirectionalIterator>& rhs);

template <class BidirectionalIterator>
bool operator != (typename iterator_traits<BidirectionalIterator>

::value_type const* lhs,
const sub_match<BidirectionalIterator>& rhs);

template <class BidirectionalIterator>
bool operator < (typename iterator_traits<BidirectionalIterator>

::value_type const* lhs,
const sub_match<BidirectionalIterator>& rhs);

template <class BidirectionalIterator>
bool operator > (typename iterator_traits<BidirectionalIterator>

::value_type const* lhs,
const sub_match<BidirectionalIterator>& rhs);

template <class BidirectionalIterator>
bool operator >= (typename iterator_traits<BidirectionalIterator>

::value_type const* lhs,
const sub_match<BidirectionalIterator>& rhs);

template <class BidirectionalIterator>
bool operator <= (typename iterator_traits<BidirectionalIterator>

::value_type const* lhs,
const sub_match<BidirectionalIterator>& rhs);

template <class BidirectionalIterator>
bool operator == (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>
::value_type const* rhs);

template <class BidirectionalIterator>
bool operator != (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>
::value_type const* rhs);

template <class BidirectionalIterator>
bool operator < (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>
::value_type const* rhs);

template <class BidirectionalIterator>
bool operator > (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>
::value_type const* rhs);

template <class BidirectionalIterator>
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bool operator >= (const sub_match<BidirectionalIterator>& lhs,
typename iterator_traits<BidirectionalIterator>

::value_type const* rhs);
template <class BidirectionalIterator>
bool operator <= (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>
::value_type const* rhs);

template <class BidirectionalIterator>
bool operator == (typename iterator_traits<BidirectionalIterator>

::value_type const& lhs,
const sub_match<BidirectionalIterator>& rhs);

template <class BidirectionalIterator>
bool operator != (typename iterator_traits<BidirectionalIterator>

::value_type const& lhs,
const sub_match<BidirectionalIterator>& rhs);

template <class BidirectionalIterator>
bool operator < (typename iterator_traits<BidirectionalIterator>

::value_type const& lhs,
const sub_match<BidirectionalIterator>& rhs);

template <class BidirectionalIterator>
bool operator > (typename iterator_traits<BidirectionalIterator>

::value_type const& lhs,
const sub_match<BidirectionalIterator>& rhs);

template <class BidirectionalIterator>
bool operator >= (typename iterator_traits<BidirectionalIterator>

::value_type const& lhs,
const sub_match<BidirectionalIterator>& rhs);

template <class BidirectionalIterator>
bool operator <= (typename iterator_traits<BidirectionalIterator>

::value_type const& lhs,
const sub_match<BidirectionalIterator>& rhs);

template <class BidirectionalIterator>
bool operator == (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>
::value_type const& rhs);

template <class BidirectionalIterator>
bool operator != (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>
::value_type const& rhs);

template <class BidirectionalIterator>
bool operator < (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>
::value_type const& rhs);

template <class BidirectionalIterator>
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bool operator > (const sub_match<BidirectionalIterator>& lhs,
typename iterator_traits<BidirectionalIterator>

::value_type const& rhs);
template <class BidirectionalIterator>
bool operator >= (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>
::value_type const& rhs);

template <class BidirectionalIterator>
bool operator <= (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>
::value_type const& rhs);

template <class charT, class traits, class BidirectionalIterator>
basic_ostream<charT, traits>&

operator << (basic_ostream<charT, traits>& os,
const sub_match<BidirectionalIterator>& m);

template <class BidirectionalIterator,
class Allocator = allocator<

typename iterator_traits<BidirectionalIterator>::value_type > >
class match_results;

template <class BidirectionalIterator, class Allocator>
bool operator == (const match_results<BidirectionalIterator, Allocator>& m1,

const match_results<BidirectionalIterator, Allocator>& m2);
template <class BidirectionalIterator, class Allocator>
bool operator != (const match_results<BidirectionalIterator, Allocator>& m1,

const match_results<BidirectionalIterator, Allocator>& m2);

template <class charT, class traits,
class BidirectionalIterator, class Allocator>

basic_ostream<charT, traits>&
operator << (basic_ostream<charT, traits>& os,

const match_results<BidirectionalIterator, Allocator>& m);

template <class BidirectionalIterator, class Allocator>
void swap(match_results<BidirectionalIterator, Allocator>& m1,

match_results<BidirectionalIterator, Allocator>& m2);

typedef match_results<const char*> cmatch;
typedef match_results<const wchar_t*> wcmatch;
typedef match_results<string::const_iterator> smatch;
typedef match_results<wstring::const_iterator> wsmatch;

template <class BidirectionalIterator, class Allocator,
class charT, class traits>
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bool regex_match(BidirectionalIterator first, BidirectionalIterator last,
match_results<BidirectionalIterator, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);
template <class BidirectionalIterator,

class charT, class traits>
bool regex_match(BidirectionalIterator first, BidirectionalIterator last,

const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);
template <class charT, class Allocator, class traits>
bool regex_match(const charT* str, match_results<const charT*, Allocator>& m,

const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);
template <class ST, class SA, class Allocator,

class charT, class traits>
bool regex_match(const basic_string<charT, ST, SA>& s,

match_results<typename basic_string<charT, ST, SA>
::const_iterator,

Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);
template <class charT, class traits>
bool regex_match(const charT* str,

const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);
template <class ST, class SA, class charT, class traits>
bool regex_match(const basic_string<charT, ST, SA>& s,

const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);

template <class BidirectionalIterator, class Allocator,
class charT, class traits>

bool regex_search(BidirectionalIterator first, BidirectionalIterator last,
match_results<BidirectionalIterator, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);
template <class charT, class Allocator, class traits>
bool regex_search(const charT* str,

match_results<const charT*, Allocator>& m,
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const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);
template <class BidirectionalIterator,

class charT, class traits>
bool regex_search(BidirectionalIterator first, BidirectionalIterator last,

const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);
template <class charT, class traits>
bool regex_search(const charT* str

const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);
template <class ST, class SA,

class charT, class traits>
bool regex_search(const basic_string<charT, ST, SA>& s,

const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);
template <class ST, class SA, class Allocator,

class charT, class traits>
bool regex_search(const basic_string<charT, ST, SA>& s,

match_results<typename basic_string<charT, ST, SA>
::const_iterator,

Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);

template <class OutputIterator, class BidirectionalIterator,
class traits, class charT>

OutputIterator regex_replace(OutputIterator out,
BidirectionalIterator first,
BidirectionalIterator last,
const basic_regex<charT, traits>& e,
const basic_string<charT>& fmt,
regex_constants::match_flag_type flags

= regex_constants::match_default);
template <class traits, class charT>
basic_string<charT> regex_replace(const basic_string<charT>& s,

const basic_regex<charT, traits>& e,
const basic_string<charT>& fmt,
regex_constants::match_flag_type flags

= regex_constants::match_default);
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// regular expression iterators:
template <class BidirectionalIterator,

class charT = iterator_traits<BidirectionalIterator>::value_type,
class traits = regex_traits<charT> >

class regex_iterator;
template <class BidirectionalIterator,

class charT = iterator_traits<BidirectionalIterator>::value_type,
class traits = regex_traits<charT> >

class regex_token_iterator;

} // namespace tr1

7.5 Namespacestd::regex_constants [tr.re.const]

The namespacestd::regex_constants acts as a repository for the symbolic constants used by the
regular expression library.

The namespacestd::regex_constants defines five types:syntax_option_type , regex_-
constants::match_flag_type , syntax_type , escape_syntax_type anderror_type ,
along with a series of constants of these types.

7.5.1 Bitmask Typesyntax_option_type [tr.re.synopt]

namespace tr1 { namespace regex_constants {

typedef bitmask_type syntax_option_type;
// these flags are required:
static const syntax_option_type normal;
static const syntax_option_type icase;
static const syntax_option_type nosubs;
static const syntax_option_type optimize;
static const syntax_option_type collate;
static const syntax_option_type ECMAScript = normal;
static const syntax_option_type JavaScript = normal;
static const syntax_option_type JScript = normal;
// these flags are optional, if the functionality is supported
// then the flags shall take these names.
static const syntax_option_type basic;
static const syntax_option_type extended;
static const syntax_option_type awk;
static const syntax_option_type grep;
static const syntax_option_type egrep;
static const syntax_option_type sed = basic;
static const syntax_option_type perl;
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} // namespace regex_constants
} // namespace tr1

The type syntaxoption type is an implementation defined bitmask type (§17.3.2.1.2). Setting its elements
has the effects listed in table 7.2, a valid value of typesyntax_option_type will always have exactly
one of the elementsnormal , basic , extended , awk, grep , egrep , sed or perl set.

Table 7.2:syntax_option_type effects

Element Effect if set
normal Specifies that the grammar recognized by the regular expression

engine uses its normal semantics: that is the same as that given
in the ECMA-262 [9].

icase Specifies that matching of regular expressions against a char-
acter container sequence shall be performed without regard to
case.

nosubs Specifies that when a regular expression is matched against a
character container sequence, then no sub-expression matches
are to be stored in the supplied matchresults structure.

optimize Specifies that the regular expression engine should pay more at-
tention to the speed with which regular expressions are matched,
and less to the speed with which regular expression objects are
constructed. Otherwise it has no detectable effect on the pro-
gram output.

collate Specifies that character ranges of the form “[a-b]” should be lo-
cale sensitive.

ECMAScript The same as normal.
JavaScript The same as normal.
JScript The same as normal.
basic Specifies that the grammar recognized by the regular expression

engine is the same as that used by POSIX basic regular expres-
sions [13] in IEEE Std 1003.1-2001, Portable Operating System
Interface (POSIX ), Base Definitions and Headers, Section 9,
Regular Expressions .

extended Specifies that the grammar recognized by the regular expres-
sion engine is the same as that used by POSIX extended regular
expressions [13] in IEEE Std 1003.1-2001, Portable Operating
System Interface (POSIX ), Base Definitions and Headers, Sec-
tion 9, Regular Expressions .

awk Specifies that the grammar recognized by the regular expression
engine is the same as that used by POSIX utility awk in IEEE
Std 1003.1-2001 [13].

grep Specifies that the grammar recognized by the regular expression
engine is the same as that used by POSIX utility grep in IEEE
Std 1003.1-2001 [13].
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egrep Specifies that the grammar recognized by the regular expression
engine is the same as that used by POSIX utility grep when given
the -E option in IEEE Std 1003.1-2001 [13].

sed The same as basic.
perl Specifies that the grammar recognized by the regular expression

is an implementation defined extension of the normal syntax.

7.5.2 Bitmask Typeregex_constants::match_flag_type [tr.re.matchflag]

namespace tr1 { namespace regex_constants{

typedef bitmask_type regex_constants::match_flag_type;

static const regex_constants::match_flag_type match_default = 0;
static const regex_constants::match_flag_type match_not_bol;
static const regex_constants::match_flag_type match_not_eol;
static const regex_constants::match_flag_type match_not_bow;
static const regex_constants::match_flag_type match_not_eow;
static const regex_constants::match_flag_type match_any;
static const regex_constants::match_flag_type match_not_null;
static const regex_constants::match_flag_type match_continuous;
static const regex_constants::match_flag_type match_partial;
static const regex_constants::match_flag_type match_prev_avail;
static const regex_constants::match_flag_type format_default = 0;
static const regex_constants::match_flag_type format_sed;
static const regex_constants::match_flag_type format_perl;
static const regex_constants::match_flag_type format_no_copy;
static const regex_constants::match_flag_type format_first_only;

} // namespace regex_constants
} // namespace tr1

The type regexconstants::matchflag type is an implementation defined bitmask type (§17.3.2.1.2). Match-
ing a regular expression against a sequence of characters[first, last) proceeds according to the nor-
mal rules of ECMA-262 [9], modified according to the effects listed in table 7.3 for any bitmask elements
set.

Table 7.3: regex_constants::match_flag_type effects
when obtaining a match against a character container sequence
[first,last) .

Element Effect if set
matchdefault No effect.
matchnot bol The expression"ˆ" is not matched against the sub-sequence

[first,first).
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matchnot eol The expression"$" is not matched against the sub-sequence
[last,last).

matchnot bow The expression"\b" is not matched against the sub-sequence
[first,first).

matchnot eow The expression"\b" should not be matched against the sub-
sequence [last,last).

matchany If more than one match is possible then any match is an accept-
able result.

matchnot null The expression does not match an empty sequence.
matchcontinuous The expression only matchs a sub-sequence that begins at first .
matchpartial If no match is found, then it is acceptable to return a match

[from, last) where from!=last, if there exists some sequence of
characters [from,to) of which [from,last) is a prefix, and which
would result in a full match.

matchprev avail –first is a valid iterator position. When this flag is set then the
flags matchnot bol and matchnot bow are ignored by the reg-
ular expression algorithms 7.11 and iterators 7.12.

format default When a regular expression match is to be replaced by a new
string, the new string is constructed using the rules used by
the ECMAScript replace function in ECMA-262 [9], part 5.4.11
String.prototype.replace. In addition, during search and replace
operations all non-overlapping occurrences of the regular ex-
pression are located and replaced, and sections of the input that
did not match the expression, are copied unchanged to the output
string.

format sed When a regular expression match is to be replaced by a new
string, the new string is constructed using the rules used by the
POSIX sed utility in IEEE Std 1003.1-2001 [13].

format perl When a regular expression match is to be replaced by a new
string, the new string is constructed using an implementation
defined superset of the rules used by the ECMAScript replace
function in ECMA-262 [9], part 5.4.11 String.prototype.replace.

format no copy During a search and replace operation, sections of the charac-
ter container sequence being searched that do match the regular
expression are not copied to the output string.

format first only When specified during a search and replace operation, only the
first occurrence of the regular expression is replaced.

7.5.3 Implementation defined syntaxtype [tr.re.syntype]

namespace tr1 { namespace regex_constants{

typedef implementation-defined syntax_type;
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static const syntax_type syntax_char;
static const syntax_type syntax_open_mark;
static const syntax_type syntax_close_mark;
static const syntax_type syntax_dollar;
static const syntax_type syntax_caret;
static const syntax_type syntax_dot;
static const syntax_type syntax_star;
static const syntax_type syntax_plus;
static const syntax_type syntax_question;
static const syntax_type syntax_open_set;
static const syntax_type syntax_close_set;
static const syntax_type syntax_or;
static const syntax_type syntax_escape;
static const syntax_type syntax_dash;
static const syntax_type syntax_open_brace;
static const syntax_type syntax_close_brace;
static const syntax_type syntax_digit;
static const syntax_type syntax_comma;
static const syntax_type syntax_equal;
static const syntax_type syntax_colon;
static const syntax_type syntax_not;

} // namespace regex_constants
} // namespace tr1

The type syntaxtype is an implementation defined enumeration type (§17.3.2.1.2). Values of type syn-
tax type represent how individual characters should be interpreted within a localized regular expression
grammar, table 7.4 shows which special characters defined in ECMA-262 [9], are equivalent to which
syntaxtype values in the C locale:

Table 7.4:syntax_type values in the C locale

Value Equivalent character(s) in the syntax specified
by ECMA-262 [9].

syntax_char Any character not listed below.
syntax_open_mark (
syntax_close_mark )
syntax_dollar $
syntax_caret ˆ
syntax_dot .
syntax_star *
syntax_plus +
syntax_question ?
syntax_open_set [
syntax_close_set ]
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syntax_or |
syntax_escape \
syntax_dash -
syntax_open_brace {
syntax_close_brace }
syntax_digit 0123456789
syntax_comma ,
syntax_equal =
syntax_colon :
syntax_not !

7.5.4 Implementation definedescape_syntax_type [tr.re.escsyn]

namespace tr1 { namespace regex_constants {

typedef implementation-defined escape_syntax_type;

static const escape_syntax_type escape_type_word_assert;
static const escape_syntax_type escape_type_not_word_assert;
static const escape_syntax_type escape_type_f;
static const escape_syntax_type escape_type_n;
static const escape_syntax_type escape_type_r;
static const escape_syntax_type escape_type_t;
static const escape_syntax_type escape_type_v;
static const escape_syntax_type escape_type_control;
static const escape_syntax_type escape_type_hex;
static const escape_syntax_type escape_type_unicode;
static const escape_syntax_type escape_type_identity;
static const escape_syntax_type escape_type_backref;
static const escape_syntax_type escape_type_decimal;
static const escape_syntax_type escape_type_class;
static const escape_syntax_type escape_type_not_class;

} // namespace regex_constants
} // namespace tr1

The typeescape_syntax_type is an implementation defined enumeration type (§17.3.2.1.2). Val-
ues of typeescape_syntax_type represent how individual escaped characters should be interpreted
within a localized regular expression grammar, table 7.5 shows which special characters defined in ECMA-
262 [9], are equivalent to whichescape_syntax_type values in the C locale:
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Table 7.5:escape_syntax_type values in the C locale

Value Equivalent character(s) in syntax specified in ECMA-
262 [9].

escape_type_word_assert b
escape_type_not_word_assert B
escape_type_f f
escape_type_n n
escape_type_r r
escape_type_t t
escape_type_v v
escape_type_control c
escape_type_hex x
escape_type_unicode u
escape_type_identity \ |ˆ$*+?{}.()[]
escape_type_backref 123456789
escape_type_decimal 0
escape_type_not_class Any upper case character not listed above.
escape_type_class Any non-upper case character not listed above.

7.5.5 Implementation definederror_type [tr.re.err]

namespace tr1 { namespace regex_constants {

typedef implementation defined error_type;

static const error_type error_collate;
static const error_type error_ctype;
static const error_type error_escape;
static const error_type error_subreg;
static const error_type error_brack;
static const error_type error_paren;
static const error_type error_brace;
static const error_type error_badbrace;
static const error_type error_range;
static const error_type error_space;
static const error_type error_badrepeat;
static const error_type error_complexity;
static const error_type error_stack;

} // namespace regex_constants
} // namespace tr1

The typeerror_type is an implementation defined enumeration type (§17.3.2.1.2). Values of type
error_type represent the error conditions as described in table 7.6:
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Table 7.6:error_type values in the C locale

Value Error condition
error_collate The expression contained an invalid collating element name.
error_ctype The expression contained an invalid character class name.
error_escape The expression contained an invalid escaped character, or a trail-

ing escape.
error_subreg The expression contained an invalid backreference.
error_brack The expression contained mismatched[ and] .
error_paren The expression contained mismatched( and) .
error_brace The expression contained mismatched{ and}
error_badbrace The expression contained an invalid range in a{} expression.
error_range The expression contained an invalid character range, for exam-

ple [b-a] .
error_space There was insufficient memory to convert the expression into a

finite state machine.
error_badrepeat One of*?+{ was not preceded by a valid regular expression.
error_complexity The complexity of an attempted match against a regular expres-

sion exceeded a pre-set level.
error_stack There was insufficient memory to determine whether the regular

expression could match the specified character sequence.

7.6 Classbad_expression [tr.re.badexp]

class bad_expression : public std::runtime_error
{
public:

explicit bad_expression(const std::string& what_arg);
};

The classbad_expression defines the type of objects thrown as exceptions to report errors during the
conversion from a string representing a regular expression to a finite state machine.

bad_expression(const string& what_arg );

Effects: Constructs an object of classbad_expression .

Postcondition: strcmp(what(), what_arg.c_str()) == 0 .

7.7 Class templateregex_traits [tr.re.traits]

template <class charT>
struct regex_traits
{

153



public:
typedef charT char_type;
typedef std::size_t size_type;
typedef std::basic_string<char_type> string_type;
typedef std::locale locale_type;
typedef bitmask_type char_class_type;

struct sentry
{

sentry(regex_traits<charT>&);
operator void*();

};

regex_traits();
static size_type length(const char_type* p);
regex_constants::syntax_type syntax_type(charT c)const;
regex_constants::escape_syntax_type

escape_syntax_type(charT c) const;
charT translate(charT c, bool icase) const;
string_type transform(const string_type& in) const;
string_type transform_primary(const string_type& in) const;
char_class_type lookup_classname(const string_type& name) const;
string_type lookup_collatename(const string_type& name) const;
bool is_class(charT c, char_class_type f) const;
template<class InputIterator>
int toi(InputIterator& first,

InputIterator last, int radix) const;
locale_type imbue(locale_type l);
locale_type getloc()const;
std::string error_string(regex_constants::error_type) const;

};

The class templateregex_traits is capable of being specialized for the typeschar andwchar_t
and satisfies the requirements for a regular expression traits class (7.2).

typedef bitmask_type char_class_type;

The typechar_class_type is used to represent a character classification and is capable of holding an
implementation specific set returned bylookup_classname .

struct sentry
{

sentry(regex_traits<charT>&);
operator void*();

};

An object of typeregex_traits<charT>::sentry shall be constructed from aregex_traits
object, and tested to be not equal to null, before any of the member functions of that object other than
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length , getloc , andimbue shall be called. Typesentry performs implementation specific initial-
ization of the traits class object, and represents an opportunity for the traits class to cache data obtained
from the locale object.

static size_type length(const char_type* p);

Effects: Returnschar_traits<charT>::length(p);

regex_constants::syntax_type syntax_type(charT c) const;

Effects: For a characterc in the right hand column of table 7.4, returns the correspondingregex_-
constants::syntax_type value.

regex_constants::escape_syntax_type
escape_syntax_type(charT c) const;

Effects: For a characterc in the right hand column of table 7.5, returns the correspondingregex_-
constants::escape_syntax_type value.

charT translate(charT c, bool icase) const;

Returns: (icase ?
use_facet<ctype<charT> >(getloc()).tolower(c) : c)

string_type transform(const string_type& in) const;

Returns: use_facet<collate<charT> >(getloc()).transform(
in.begin(), in.end())

string_type transform_primary(const string_type& in) const;

Effects: if typeid(use_facet<collate<charT> >)
== typeid(collate_byname<charT>) and the form of the sort key returned bycollate_-
byname<charT>::transform is known and can be converted into a primary sort key, then returns
that key, otherwise returns a empty string.

char_class_type lookup_classname(const string_type& name) const;

Effects: returns an unspecified value that represents the character classificationname. If name is not
recognized then returns a value that compares equal to 0. At least the names"d" , "w" , "s" , "alnum" ,
"alpha" , "blank" , "cntrl" , "digit" , "graph" , "lower" , "print" , "punct" , "space" ,
"upper" and"xdigit" , shall be recognized. The value returned shall be independent of the case of the
characters inname.

string_type lookup_collatename(const string_type& name) const;

Effects: returns the sequence of one or more characters that represents the collating elementname. Returns
an empty string if name is not recognized. At least the names specified in IEEE Std 1003.1-2001 [13], Base
Definitions and Headers, Section 6.1, Portable Character Set shall be recognized.

bool is_class(charT c, char_class_type f) const;
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Effects: Determines if the characterc is a member of the character classification represented byf .

Returns: Convertsf into a valuem of type std::ctype_base::mask in an unspecified manner,
and returnstrue if use_facet<ctype<charT> >(getloc()).is(c, m) is true . Otherwise
returns true if f & lookup_classname("w") == lookup_classname("w") and c ==
’_’ , otherwise returnsfalse .

template <class InputIterator>
int toi(InputIterator& first, InputIterator last, int radix) const;

Precondition: Argumentradix shall take one of the values 8, 10 or 16.

Effects: If first == last or if is_class(*first, lookup_classname("d")) == false
returns 0. Otherwise constructs an objectresult of type int and abasic_istream<charT> ob-
ject which uses an unspecified stream buffer type to represent the character sequence[first,last) ,
and sets the format flags on that stream object as appropriate for argumentradix . Performs unsigned
integer formatted input on thebasic_istream<charT> object setting the valueresult to the value
obtained, and updatesfirst to point to the first non-digit character in the sequence[first,last) .
Returnsresult .

Postcondition: is_class(*first, lookup_classname("d")) == false .

locale_type imbue(locale_type loc);

Effects: Imbuesthis with a copy of the localeloc . The effect of callingimbue is to invalidate all
cached data held bythis . No member functions other thanlength , getloc , and imbue may be
called until an object of typesentry has been copy-constructed from*this .

Returns: if no locale has been previously imbued then a copy of the global locale in effect at the time of
construction ofthis , otherwise a copy of the last argument passed toimbue .

Postcondition: getloc() == loc .

locale_type getloc()const;

Returns: if no locale has been imbued then a copy of the global locale in effect at the time of construction
of this , otherwise a copy of the last argument passed toimbue .

std::string error_string(regex_constants::error_type e) const;

Returns: A human readable error string for error conditione.

7.8 Class templatebasic_regex [tr.re.regex]

For a char-like typecharT , the template classbasic_regex describes objects that represent a regular
expression constructed from a sequence ofcharT s. In the rest of this clause,charT denotes such a
given char-like type. Storage for the regular expression is allocated and freed as necessary by the member
functions of classbasic_regex .

Objects of type specialization ofbasic_regex are responsible for converting the sequence ofcharT
objects to an internal representation. It is not specified what form this representation takes, nor how it is
accessed by algorithms that operate on regular expressions. [Note: implementations will typically declare
some function template as friends ofbasic_regex to achieve this—end note]
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The regular expression grammar recognized by class templatebasic_regex is described in clause 7.13.

The functions described in this clause report errors by throwing exceptions of typebad_expression .

template <class charT,
class traits = regex_traits<charT> >

class basic_regex
{
public:

// types:
typedef charT value_type;
typedef regex_constants::syntax_option_type flag_type;
typedef typename traits::locale_type locale_type;

// constants:
static const regex_constants::syntax_option_type normal

= regex_constants::normal;
static const regex_constants::syntax_option_type icase

= regex_constants::icase;
static const regex_constants::syntax_option_type nosubs

= regex_constants::nosubs;
static const regex_constants::syntax_option_type optimize

= regex_constants::optimize;
static const regex_constants::syntax_option_type collate

= regex_constants::collate;
static const regex_constants::syntax_option_type ECMAScript

= normal;
static const regex_constants::syntax_option_type JavaScript

= normal;
static const regex_constants::syntax_option_type JScript

= normal;
// these flags are optional, if the functionality is supported
// then the flags shall take these names.
static const regex_constants::syntax_option_type basic

= regex_constants::basic;
static const regex_constants::syntax_option_type extended

= regex_constants::extended;
static const regex_constants::syntax_option_type awk

= regex_constants::awk;
static const regex_constants::syntax_option_type grep

= regex_constants::grep;
static const regex_constants::syntax_option_type egrep

= regex_constants::egrep;
static const regex_constants::syntax_option_type sed

= basic = regex_constants::sed;
static const regex_constants::syntax_option_type perl

= regex_constants::perl;

157



// construct/copy/destroy:
basic_regex();
explicit basic_regex(const charT* p,

flag_type f = regex_constants::normal);
basic_regex(const charT* p, size_type len, flag_type f);
basic_regex(const basic_regex&);
template <class ST, class SA>
explicit basic_regex(const basic_string<charT, ST, SA>& p,

flag_type f = regex_constants::normal);
template <class InputIterator>
basic_regex(InputIterator first, inputIterator last,

flag_type f = regex_constants::normal);

˜basic_regex();
basic_regex& operator=(const basic_regex&);
basic_regex& operator=(const charT* ptr);
template <class ST, class SA>
basic_regex& operator=(const basic_string<charT, ST, SA>& p);

// capacity:
bool empty() const;
unsigned mark_count() const;

//
// modifiers:
basic_regex& assign(const basic_regex& that);
basic_regex& assign(const charT* ptr,

flag_type f = regex_constants::normal);
basic_regex& assign(const charT* p, size_type len, flag_type f);
template <class string_traits, class A>
basic_regex& assign(

const basic_string<charT, string_traits, A>& s,
flag_type f = regex_constants::normal);

template <class InputIterator>
basic_regex& assign(InputIterator first, InputIterator last,

flag_type f = regex_constants::normal);

// const operations:
flag_type flags() const;
// locale:
locale_type imbue(locale_type loc);
locale_type getloc() const;
// swap
void swap(basic_regex&) throw();

};
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7.8.1 basic_regex constants [tr.re.regex.const]

static const regex_constants::syntax_option_type normal
= regex_constants::normal;

static const regex_constants::syntax_option_type icase
= regex_constants::icase;

static const regex_constants::syntax_option_type nosubs
= regex_constants::nosubs;

static const regex_constants::syntax_option_type optimize
= regex_constants::optimize;

static const regex_constants::syntax_option_type collate
= regex_constants::collate;

static const regex_constants::syntax_option_type ECMAScript
= normal;

static const regex_constants::syntax_option_type JavaScript
= normal;

static const regex_constants::syntax_option_type JScript
= normal;

// these flags are optional, if the functionality is supported
// then the flags shall take these names.
static const regex_constants::syntax_option_type basic

= regex_constants::basic;
static const regex_constants::syntax_option_type extended

= regex_constants::extended;
static const regex_constants::syntax_option_type awk

= regex_constants::awk;
static const regex_constants::syntax_option_type grep

= regex_constants::grep;
static const regex_constants::syntax_option_type egrep

= regex_constants::egrep;
static const regex_constants::syntax_option_type sed

= basic = regex_constants::sed;
static const regex_constants::syntax_option_type perl

= regex_constants::perl;

The static constant members are provided as synonyms for the constants declared in namespaceregex_-
constants ; for each constant of type syntaxoption type declared in namespaceregex_constants
then a constant with the same name, type and value shall be declared within the scope ofbasic_regex .

7.8.2 basic_regex constructors [tr.re.regex.construct]

basic_regex();

Effects: Constructs an object of classbasic_regex . The postconditions of this function are indicated
in Table 7.7
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Table 7.7:basic_regex() effects

Element Value
empty() true
size() 0
str() basic_string<charT>()

basic_regex(const charT* p,
flag_type f = regex_constants::normal);

Requires: p shall not be a null pointer.

Throws: bad_expression if p is not a valid regular expression.

Effects: Constructs an object of classbasic_regex ; the object’s internal finite state machine is con-
structed from the regular expression contained in the null-terminated stringp, and interpreted according to
the flags specified inf. The postconditions of this function are indicated in Table 7.8.

Table 7.8: basic_regex(const charT* p, flag_type f)
effects

Element Value
empty() false
size() char_traits<charT>::length(p)
str() basic_string<charT>(p)
flags() f
mark_count() The number of marked sub-expressions within

the expression.

basic_regex(const charT* p, size_type len,
flag_type f);

Requires: p shall not be a null pointer.

Throws: bad_expression if p is not a valid regular expression.

Effects: Constructs an object of classbasic_regex ; the object’s internal finite state machine is con-
structed from the regular expression contained in the sequence of characters[p, p+len) , and interpreted
according the flags specified inf. The postconditions of this function are indicated in Table 7.9

Table 7.9: basic_regex(const charT* p1, size_type
len, flag_type f) effects

Element Value
empty() false
size() len
str() basic_string<charT>(p,len)
flags() f
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mark_count() The number of marked sub-expressions within
the expression.

basic_regex(const basic_regex& e);

Effects: Constructs an object of classbasic_regex as a copy of the objecte. The postconditions of this
function are indicated in Table 7.10

Table 7.10:basic_regex(const basic_regex& e) effects

Element Value
empty() e.empty
size() e.size()
str() e.str()
flags() e.flags()
mark_count() e.mark_count()

template <class ST, class SA>
basic_regex(const basic_string<charT, ST, SA>& s,

flag_type f = regex_constants::normal);

Throws: bad_expression if s is not a valid regular expression.

Effects: Constructs an object of classbasic_regex ; the object’s internal finite state machine is con-
structed from the regular expression contained in the strings , and interpreted according to the flags speci-
fied in f . The postconditions of this function are indicated in Table 7.11

Table 7.11:basic_regex(const basic_string&) effects

Element Value
empty() false
size() s.size()
str() s
flags() f
mark_count() The number of marked sub-expressions within

the expression.

template <class ForwardIterator>
basic_regex(ForwardIterator first, ForwardIterator last,

flag_type f = regex_constants::normal);

Throws: bad_expression if the sequence[first, last) is not a valid regular expression.

Effects: Constructs an object of classbasic_regex ; the object’s internal finite state machine is con-
structed from the regular expression contained in the sequence of characters[first, last) , and inter-
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preted according to the flags specified inf . The postconditions of this function are indicated in Table 7.12.

Table 7.12: basic_regex(ForwardIterator first,
ForwardIterator last, flag_type f, const
Allocator&) effects

Element Value
empty() false
size() std::distance(first, last)
str() std::basic_string<charT>(first,

last)
flags() f
mark_count() The number of marked sub-expressions within the ex-

pression.

basic_regex& operator=(const basic_regex& e);

Effects: Returns the result ofassign(e.str(), e.flags()) .

basic_regex& operator=(const charT* ptr);

Requires: ptr shall not be a null pointer.

Effects: Returns the result ofassign(ptr) .

template <class ST, class SA>
basic_regex& operator=(const basic_string<charT, ST, SA>& p);

Effects: Returns the result ofassign(p) .

7.8.3 basic_regex capacity [tr.re.regex.cap]

bool empty() const;

Effects: Returns true if the object does not contain a valid regular expression, otherwise false .

unsigned mark_count() const;

Effects: Returns the number of marked sub-expressions within the regular expresion.

7.8.4 basic_regex assign [tr.re.regex.assign]

basic_regex& assign(const basic_regex& that);

Effects: Returnsassign(that.str(), that.flags()) .

basic_regex& assign(const charT* ptr,
flag_type f = regex_constants::normal);
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Effects: Returnsassign(string_type(ptr), f) .

basic_regex& assign(const charT* ptr, size_t len,
flag_type f = regex_constants::normal);

Effects: Returnsassign(string_type(ptr, len), f) .

template <class string_traits, class A>
basic_regex& assign(const basic_string<charT, string_traits, A>& s,

flag_type f = regex_constants::normal);

Throws: bad_expression if s is not a valid regular expression.

Returns: *this .

Effects: Assigns the regular expression contained in the strings , interpreted according the flags specified
in f . The postconditions of this function are indicated in Table 7.13.

Table 7.13: basic_regex& assign(const basic_-
string<charT, string_traits, A>& s, flag_type
f) effects

Element Value
empty() false
size() s.size()
str() s
flags() f
mark_count() The number of marked sub-expressions within the ex-

pression.

template <class InputIterator>
basic_regex& assign(InputIterator first, InputIterator last,

flag_type f = regex_constants::normal);

Requires: The typeInputIterator corresponds to the Input Iterator requirements (§24.1.1).

Effects: Returnsassign(string_type(first, last), f) .

7.8.5 basic_regex constant operations [tr.re.regex.operations]

flag_type flags() const;

Effects: Returns a copy of the regular expression syntax flags that were passed to the object’s constructor,
or the last call toassign .

7.8.6 basic_regex locale [tr.re.regex.locale]

locale_type imbue(locale_type l);
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Effects: Returns the result oftraits_inst.imbue(l) wheretraits_inst is a (default initial-
ized) instance of the template parametertraits stored within the object. Calls toimbue invalidate any
currently contained regular expression.

Postcondition: empty() == true .

locale_type getloc() const;

Effects: Returns the result oftraits_inst.getloc() wheretraits_inst is a (default initialized)
instance of the template parametertraits stored within the object.

7.8.7 basic_regex swap [tr.re.regex.swap]

void swap(basic_regex& e) throw();

Effects: Swaps the contents of the two regular expressions.

Postcondition: *this contains the characters that were ine, e contains the regular expression that was
in *this .

Complexity: constant time.

7.8.8 basic_regex non-member functions [tr.re.regex.nonmemb]

7.8.8.1 basic_regex non-member swap [tr.re.regex.nmswap]

template <class charT, class traits>
void swap(basic_regex<charT, traits>& lhs,

basic_regex<charT, traits>& rhs);

Effects: Calls lhs.swap(rhs) .

7.9 Class templatesub_match [tr.re.submatch]

Class templatesub_match denotes the sequence of characters matched by a particular marked sub-
expression.

template <class BidirectionalIterator>
class sub_match

: public std::pair<BidirectionalIterator, BidirectionalIterator>
{
public:

typedef typename iterator_traits<BidirectionalIterator>::value_type
value_type;

typedef typename iterator_traits<BidirectionalIterator>::difference_type
difference_type;
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typedef BidirectionalIterator
iterator;

bool matched;

difference_type length()const;
operator basic_string<value_type>()const;
basic_string<value_type> str()const;

int compare(const sub_match& s)const;
int compare(const basic_string<value_type>& s)const;
int compare(const value_type* s)const;

};

7.9.1 sub_match members [tr.re.submatch.members]

difference_type length();

Returns: (matched ? distance(first, second) : 0) .

operator basic_string<value_type>()const;

Returns: (matched ? basic_string<value_type>(first, second) :
basic_string<value_type>()) .

basic_string<value_type> str()const;

Returns: (matched ? basic_string<value_type>(first, second) :
basic_string<value_type>()) .

int compare(const sub_match& s)const;

Returns: str().compare(s.str()) .

int compare(const basic_string<value_type>& s)const;

Returns: str().compare(s) .

int compare(const value_type* s)const;

Returns: str().compare(s) .

7.9.2 sub_match non-member operators [tr.re.submatch.op]

template <class BidirectionalIterator>
bool operator == (const sub_match<BidirectionalIterator>& lhs,

const sub_match<BidirectionalIterator>& rhs);

Returns: lhs.compare(rhs) == 0 .
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template <class BidirectionalIterator>
bool operator != (const sub_match<BidirectionalIterator>& lhs,

const sub_match<BidirectionalIterator>& rhs);

Returns: lhs.compare(rhs) != 0 .

template <class BidirectionalIterator>
bool operator < (const sub_match<BidirectionalIterator>& lhs,

const sub_match<BidirectionalIterator>& rhs);

Returns: lhs.compare(rhs) < 0 .

template <class BidirectionalIterator>
bool operator <= (const sub_match<BidirectionalIterator>& lhs,

const sub_match<BidirectionalIterator>& rhs);

Returns: lhs.compare(rhs) <= 0 .

template <class BidirectionalIterator>
bool operator >= (const sub_match<BidirectionalIterator>& lhs,

const sub_match<BidirectionalIterator>& rhs);

Returns: lhs.compare(rhs) >= 0 .

template <class BidirectionalIterator>
bool operator > (const sub_match<BidirectionalIterator>& lhs,

const sub_match<BidirectionalIterator>& rhs);

Returns: lhs.compare(rhs) > 0 .

template <class BidirectionalIterator>
bool operator == (

typename iterator_traits<BidirectionalIterator>::value_type
const* lhs,

const sub_match<BidirectionalIterator>& rhs);

Returns: lhs == rhs.str() .

template <class BidirectionalIterator>
bool operator != (

typename iterator_traits<BidirectionalIterator>::value_type
const* lhs,

const sub_match<BidirectionalIterator>& rhs);

Returns: lhs != rhs.str() .

template <class BidirectionalIterator>
bool operator < (

typename iterator_traits<BidirectionalIterator>::value_type
const* lhs,

const sub_match<BidirectionalIterator>& rhs);
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Returns: lhs < rhs.str() .

template <class BidirectionalIterator>
bool operator > (

typename iterator_traits<BidirectionalIterator>::value_type
const* lhs,

const sub_match<BidirectionalIterator>& rhs);

Returns: lhs > rhs.str() .

template <class BidirectionalIterator>
bool operator >= (

typename iterator_traits<BidirectionalIterator>::value_type
const* lhs,

const sub_match<BidirectionalIterator>& rhs);

Returns: lhs >= rhs.str() .

template <class BidirectionalIterator>
bool operator <= (

typename iterator_traits<BidirectionalIterator>::value_type
const* lhs,

const sub_match<BidirectionalIterator>& rhs);

Returns: lhs <= rhs.str() .

template <class BidirectionalIterator>
bool operator == (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>::value_type
const* rhs);

Returns: lhs.str() == rhs .

template <class BidirectionalIterator>
bool operator != (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>::value_type
const* rhs);

Returns: lhs.str() != rhs .

template <class BidirectionalIterator>
bool operator < (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>::value_type
const* rhs);

Returns: lhs.str() < rhs .

template <class BidirectionalIterator>
bool operator > (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>::value_type
const* rhs);
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Returns: lhs.str() > rhs .

template <class BidirectionalIterator>
bool operator >= (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>::value_type
const* rhs);

Returns: lhs.str() >= rhs .

template <class BidirectionalIterator>
bool operator <= (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>::value_type
const* rhs);

Returns: lhs.str() <= rhs .

template <class BidirectionalIterator>
bool operator == (

typename iterator_traits<BidirectionalIterator>::value_type
const& lhs,

const sub_match<BidirectionalIterator>& rhs);

Returns: lhs == rhs.str() .

template <class BidirectionalIterator>
bool operator != (

typename iterator_traits<BidirectionalIterator>::value_type
const& lhs,

const sub_match<BidirectionalIterator>& rhs);

Returns: lhs != rhs.str() .

template <class BidirectionalIterator>
bool operator < (

typename iterator_traits<BidirectionalIterator>::value_type
const& lhs,

const sub_match<BidirectionalIterator>& rhs);

Returns: lhs < rhs.str() .

template <class BidirectionalIterator>
bool operator > (

typename iterator_traits<BidirectionalIterator>::value_type
const& lhs,

const sub_match<BidirectionalIterator>& rhs);

Returns: lhs > rhs.str() .

template <class BidirectionalIterator>
bool operator >= (

typename iterator_traits<BidirectionalIterator>::value_type
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const& lhs,
const sub_match<BidirectionalIterator>& rhs);

Returns: lhs >= rhs.str() .

template <class BidirectionalIterator>
bool operator <= (

typename iterator_traits<BidirectionalIterator>::value_type
const& lhs,

const sub_match<BidirectionalIterator>& rhs);

Returns: lhs <= rhs.str() .

template <class BidirectionalIterator>
bool operator == (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>::value_type
const& rhs);

Returns: lhs.str() == rhs .

template <class BidirectionalIterator>
bool operator != (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>::value_type
const& rhs);

Returns: lhs.str() != rhs .

template <class BidirectionalIterator>
bool operator < (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>::value_type
const& rhs);

Returns: lhs.str() < rhs .

template <class BidirectionalIterator>
bool operator > (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>::value_type
const& rhs);

Returns: lhs.str() > rhs .

template <class BidirectionalIterator>
bool operator >= (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>::value_type
const& rhs);

Returns: lhs.str() >= rhs .

template <class BidirectionalIterator>
bool operator <= (const sub_match<BidirectionalIterator>& lhs,

typename iterator_traits<BidirectionalIterator>::value_type
const& rhs);
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Returns: lhs.str() <= rhs .

template <class charT, class traits, class BidirectionalIterator>
basic_ostream<charT, traits>&

operator << (basic_ostream<charT, traits>& os
const sub_match<BidirectionalIterator>& m);

Returns: (os << m.str()) .

7.10 Class templatematch_results [tr.re.results]

Class templatematch_results denotes a collection of character sequences representing the result of
a regular expression match. Storage for the collection is allocated and freed as necessary by the member
functions of classmatch_results .

The class templatematch_results satisfies the requirements of a Sequence, as specified in [lib.sequence.reqmts],
except that only operations defined for const-qualified Sequences are supported.

Thesub_match object stored at index 0 represents sub-expression 0; that is to say the whole match. In
this case thesub_match membermatched is always true, unless a partial match was obtained as a result
of the flagregex_constants::partial_match being passed to a regular expression algorithm, in
which case membermatched is false, and the membersfirst and second represent the character
range that formed the partial match. Thesub_match object stored at indexn denotes what matched
the marked sub-expressionn within the matched expression. If the sub-expressionn participated in a
regular expression match then thesub_match membermatched evaluates to true, and membersfirst
andsecond denote the range of characters[first, second) which formed that match. Otherwise
matched is false, and membersfirst andsecond point to the end of the sequence that was searched.
[Note:Thesub_match objects representing different sub-expressions that did not participate in a regular
expression match need not be distinct.—end note]

template <class BidirectionalIterator,
class Allocator

= allocator<sub_match<BidirectionalIterator> >
class match_results
{
public:

typedef sub_match<BidirectionalIterator>
value_type;

typedef const typename allocator::const_reference
const_reference;

typedef const_reference
reference;

typedef implementation-defined
const_iterator;

typedef const_iterator
iterator;

typedef typename iterator_traits<BidirectionalIterator>
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::difference_type difference_type;
typedef typename Allocator::size_type

size_type;
typedef Allocator

allocator_type;
typedef typename iterator_traits<BidirectionalIterator>

::value_type char_type;
typedef basic_string<char_type>

string_type;

// construct/copy/destroy:
explicit match_results(const Allocator& a = Allocator());
match_results(const match_results& m);
match_results& operator=(const match_results& m);
˜match_results();

// size:
size_type size() const;
size_type max_size() const;
bool empty() const;
// element access:
difference_type length(int sub = 0) const;
difference_type position(unsigned int sub = 0) const;
string_type str(int sub = 0) const;
const_reference operator[](int n) const;

const_reference prefix() const;

const_reference suffix() const;
const_iterator begin() const;
const_iterator end() const;
// format:
template <class OutputIterator>
OutputIterator format(OutputIterator out,

const string_type& fmt,
regex_constants::match_flag_type flags

= regex_constants::format_default) const;
string_type format(const string_type& fmt,

regex_constants::match_flag_type flags
= regex_constants::format_default) const;

allocator_type get_allocator() const;
void swap(match_results& that);

};
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7.10.1 match_results constructors [tr.re.results.const]

In all matchresults constructors, a copy of the Allocator argument is used for any memory allocation
performed by the constructor or member functions during the lifetime of the object.

match_results(const Allocator& a = Allocator());

Effects: Constructs an object of classmatch_results . The postconditions of this function are indicated
in Table 7.14

Table 7.14:match_results(const Allocator&) effects

Element Value
empty() true
size() 0
str() basic_string<charT>()

match_results(const match_results& m);

Effects: Constructs an object of classmatch_results , as a copy ofm.

match_results& operator=(const match_results& m);

Effects: Assignsmto *this . The postconditions of this function are indicated in Table 7.15

Table 7.15:match_results assignment operator effects

Element Value
empty() m.empty()
size() m.size()
str(n) m.str(n) for all integersn < m.size
prefix() m.prefix()
suffix() m.suffix()
(*this)[n] m[n] for all integersn < m.size
length(n) m.length(n) for all integersn < m.size
position(n) m.position(n) for all integersn < m.size

7.10.2 match_results size [tr.re.results.size]

size_type size() const;

Returns: One plus the number of marked sub-expressions in the regular expression that was matched.

size_type max_size()const;

Returns: The maximum number ofsub_match elements that can be stored in*this .

bool empty()const;
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Returns: size() == 0 .

7.10.3 match_results element access [tr.re.results.acc]

difference_type length(int sub = 0)const;

Returns: (*this)[sub].length() .

difference_type position(unsigned int sub = 0)const;

Returns: std::distance(prefix().first, (*this)[sub].first) .

string_type str(int sub = 0)const;

Returns: string_type((*this)[sub]) .

const_reference operator[](int n) const;

Returns: A reference to thesub_match object representing the character sequence that matched marked
sub-expressionn. If n == 0 then returns a reference to asub_match object representing the character
sequence that matched the whole regular expression. Ifn >= size() then returns asub_match object
representing an unmatched sub-expression.

const_reference prefix()const;

Returns: A reference to thesub_match object representing the character sequence from the start of the
string being matched/searched, to the start of the match found.

const_reference suffix()const;

Returns: A reference to thesub_match object representing the character sequence from the end of the
match found to the end of the string being matched/searched.

const_iterator begin()const;

Returns: A starting iterator that enumerates over all the marked sub-expression matches stored in*this .

const_iterator end()const;

Returns: A terminating iterator that enumerates over all the marked sub-expression matches stored in
*this .

7.10.4 match_results reformatting [tr.re.results.reform]

OutputIterator format(OutputIterator out,
const string_type& fmt,
regex_constants::match_flag_type flags

= regex_constants::format_default);
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Requires: The typeOutputIterator conforms to the Output Iterator requirements [24.1.2] .

Effects: Copies the character sequence[fmt.begin(), fmt.end()) to OutputIteratorout . For
each format specifier or escape sequence infmt , replace that sequence with either the character(s) it
represents, or the sequence of characters within*this to which it refers. The bitmasks specified in
flags determines what format specifiers or escape sequences are recognized, by default this is the format
used by ECMA-262 [9], part 5.4.11 String.prototype.replace.

Returns: out .

string_type format(const string_type& fmt,
regex_constants::match_flag_type flags

= regex_constants::format_default);

Effects: Returns a copy of the stringfmt . For each format specifier or escape sequence infmt , replace
that sequence with either the character(s) it represents, or the sequence of characters within*this to
which it refers. The bitmasks specified inflags determines what format specifiers or escape sequences
are recognized, by default this is the format used by ECMA-262 [9], part 5.4.11, String.prototype.replace.

7.10.5 match_results allocator [tr.re.results.all]

allocator_type get_allocator() const;

Effects: Returns a copy of the Allocator that was passed to the object’s constructor.

7.10.6 match_results swap [tr.re.results.swap]

void swap(match_results& that);

Effects: Swaps the contents of the two sequences.

Postcondition: *this contains the sequence of matched sub-expressions that were inthat , that con-
tains the sequence of matched sub-expressions that were in*this .

Complexity: constant time.

7.11 Regular expression algorithms [tr.re.alg]

7.11.1 regex_match [tr.re.alg.match]

template <class BidirectionalIterator, class Allocator,
class charT, class traits>

bool regex_match(BidirectionalIterator first, BidirectionalIterator last,
match_results<BidirectionalIterator, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);
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Requires: TypeBidirectionalIterator satisfies the requirements of a Bidirectional Iterator (§24.1.4).

Effects: Determines whether there is an exact match between the regular expressione, and all of the
character sequence[first, last) , parameterflags is used to control how the expression is matched
against the character sequence. Returnstrue if such a match exists,false otherwise.

Postconditions: If the function returnsfalse , then the effect on parameterm is unspecified, otherwise
the effects on parametermare given in table 7.16.

Table 7.16: Effects ofregex_match algorithm

Element Value
m.size() e.mark_count()
m.empty() false
m.prefix().first first
m.prefix().last first
m.prefix().matched false
m.suffix().first last
m.suffix().last last
m.suffix().matched false
m[0].first first
m[0].second last
m[0].matched true if a full match was found, andfalse if it was

a partial match (found as a result of theregex_-
constants::match_partial flag being set).

m[n].first For all integersn < m.size() , the start of the se-
quence that matched sub-expressionn. Alternatively,
if sub-expressionn did not participate in the match,
thenlast .

m[n].second For all integersn < m.size() , the end of the se-
quence that matched sub-expressionn. Alternatively,
if sub-expressionn did not participate in the match,
thenlast .

m[n].matched For all integersn < m.size() , true if sub-
expressionn participated in the match,false oth-
erwise.

template <class BidirectionalIterator,
class charT, class traits>

bool regex_match(BidirectionalIterator first, BidirectionalIterator last,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);

Effects: Behaves “as if” by constructing an instance ofmatch_results< BidirectionalIterator
> what , and then returning the result ofregex_match(first, last, what, e, flags) .
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template <class charT, class Allocator, class traits>
bool regex_match(const charT* str,

match_results<const charT*, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);

Returns: regex_match(str,
str + char_traits<charT>::length(str), m, e, flags) .

template <class ST, class SA, class Allocator,
class charT, class traits>

bool regex_match(const basic_string<charT, ST, SA>& s,
match_results<typename basic_string<charT, ST, SA>::const_iterator, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);

Returns: regex_match(s.begin(), s.end(), m, e, flags) .

template <class charT, class traits>
bool regex_match(const charT* str,

const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);

Returns: regex_match(str,
str + char_traits<charT>::length(str), e, flags)

template <class ST, class SA, class charT, class traits>
bool regex_match(const basic_string<charT, ST, SA>& s,

const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);

Returns: regex_match(s.begin(), s.end(), e, flags) .

7.11.2 regex_search [tr.re.alg.search]

template <class BidirectionalIterator, class Allocator,
class charT, class traits>

bool regex_search(BidirectionalIterator first, BidirectionalIterator last,
match_results<BidirectionalIterator, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);

Requires: TypeBidirectionalIterator meets the requirements of a Bidirectional Iterator (24.1.4).
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Effects: Determines whether there is some sub-sequence within[first,last) that matches the regular
expressione, parameterflags is used to control how the expression is matched against the character
sequence. Returnstrue if such a sequence exists,false otherwise.

Postconditions: If the function returnsfalse , then the effect on parameterm is unspecified, otherwise
the effects on parametermare given in table 7.17.

Table 7.17: Effects ofregex_search algorithm

Element Value
m.size() e.mark_count()
m.empty() false
m.prefix().first first
m.prefix().last m[0].first
m.prefix().matched m.prefix().first !=

m.prefix().second
m.suffix().first m[0].second
m.suffix().last last
m.suffix().matched m.suffix().first !=

m.suffix().second
m[0].first The start of the sequence of characters that matched

the regular expression
m[0].second The end of the sequence of characters that matched

the regular expression
m[0].matched true if a full match was found, andfalse if it was

a partial match (found as a result of theregex_-
constants::match_partial flag being set).

m[n].first For all integersn < m.size() , the start of the se-
quence that matched sub-expressionn. Alternatively,
if sub-expressionn did not participate in the match,
thenlast .

m[n].second For all integersn < m.size() , the end of the se-
quence that matched sub-expressionn. Alternatively,
if sub-expressionn did not participate in the match,
thenlast .

m[n].matched For all integersn < m.size() , true if sub-
expressionn participated in the match,false oth-
erwise.

template <class charT, class Allocator, class traits>
bool regex_search(const charT* str, match_results<const charT*, Allocator>& m,

const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);

Returns: The result ofregex_search(str,
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str + char_traits<charT>::length(str), m, e, flags) .

template <class ST, class SA, class Allocator,
class charT, class traits>

bool regex_search(const basic_string<charT, ST, SA>& s,
match_results<typename basic_string<charT, ST, SA>::const_iterator, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);

Returns: The result ofregex_search(s.begin(), s.end(), m, e, flags) .

template <class iterator, class charT, class traits>
bool regex_search(iterator first, iterator last,

const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);

Effects: Behaves “as if” by constructing an objectwhat of typematch_results<BidirectionalIterator>
and then returning the result ofregex_search(first, last, what, e, flags) .

template <class charT, class traits>
bool regex_search(const charT* str

const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);

Returns: regex_search(str, str + char_traits<charT>::length(str),
e, flags)

template <class ST, class SA,
class charT, class traits>

bool regex_search(const basic_string<charT, ST, SA>& s,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);

Returns: regex_search(s.begin(), s.end(), e, flags) .

7.11.3 regex_replace [tr.re.alg.replace]

template <class OutputIterator, class BidirectionalIterator,
class traits, class charT>

OutputIterator
regex_replace(OutputIterator out,

BidirectionalIterator first,
BidirectionalIterator last,
const basic_regex<charT, traits>& e,
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const basic_string<charT>& fmt,
regex_constants::match_flag_type flags

= regex_constants::match_default);

Effects: Constructs aregex_iterator objectregex_iterator<BidirectionalIterator,
charT, traits, Allocator> i(first, last, e, flags) , and usesi to enumerate through
all of the matchesmof typematch_results<BidirectionalIterator> that occur within the se-
quence[first, last) . If no such matches are found and!(flags & regex_constants::format_-
no_copy) then callsstd::copy(first, last, out) . Otherwise, for each match found, if!(flags
& regex_constants::format_no_copy) callsstd::copy(m.prefix().first, m.prefix().second,
out) , and then callsm.format(out, fmt, flags) . Finally, if !(flags & regex_constants::format_-
no_copy) callsstd::copy(last_m.suffix().first, last_m.suffix().second, out)
where last_m is a copy of the last match found. Ifflags & regex_constants::format_-
first_only is non-zero then only the first match found is replaced.

Returns: out .

template <class traits, class charT>
basic_string<charT>
regex_replace(const basic_string<charT>& s,

const basic_regex<charT, traits>& e,
const basic_string<charT>& fmt,
regex_constants::match_flag_type flags

= regex_constants::match_default);

Effects: Constructs an objectbasic_string<charT> result , callsregex_replace(back_-
inserter(result), s.begin(), s.end(), e, fmt, flags) , and then returnsresult .

7.12 Regular expression Iterators [tr.re.iter]

7.12.1 Class templateregex_iterator [tr.re.regiter]

The class templateregex_iterator is an iterator adapter; that is to say it represents a new view of
an existing iterator sequence, by enumerating all the occurrences of a regular expression within that se-
quence. regexiterator finds (usingregex_search ) successive regular expression matches within the
sequence from which it was constructed. After it is constructed, and every timeoperator++ is used,
the iterator finds and stores a value ofmatch_results<BidirectionalIterator> . If the end
of the sequence is reached (regex_search returnsfalse ), the iterator becomes equal to the end-of-
sequence iterator value. The constructor with no argumentsregex_iterator() always constructs an
end of sequence iterator object, which is the only legitimate iterator to be used for the end condition. The
result ofoperator* on an end of sequence is not defined. For any other iterator value a constmatch_-
results<BidirectionalIterator>& is returned. The result ofoperator-> on an end of se-
quence is not defined. For any other iterator value aconst match_results<BidirectionalIterator>*
is returned. It is impossible to store things intoregex_iterator s. Two end-of-sequence iterators are
always equal. An end-of-sequence iterator is not equal to a non-end-of-sequence iterator. Two non-end-of-
sequence iterators are equal when they are constructed from the same arguments.
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template <class BidirectionalIterator,
class charT = iterator_traits<BidirectionalIterator>::value_type,
class traits = regex_traits<charT> >

class regex_iterator
{
public:

typedef basic_regex<charT, traits>
regex_type;

typedef match_results<BidirectionalIterator>
value_type;

typedef typename iterator_traits<BidirectionalIterator>::difference_type
difference_type;

typedef const value_type*
pointer;

typedef const value_type&
reference;

typedef std::forward_iterator_tag
iterator_category;

regex_iterator();
regex_iterator(BidirectionalIterator a,

BidirectionalIterator b,
const regex_type& re,
regex_constants::match_flag_type m

= regex_constants::match_default);
regex_iterator(const regex_iterator&);
regex_iterator& operator=(const regex_iterator&);
bool operator==(const regex_iterator&);
bool operator!=(const regex_iterator&);
const value_type& operator*();
const value_type* operator->();
regex_iterator& operator++();
regex_iterator operator++(int);

private:
match_results<BidirectionalIterator> what; // exposition only
BidirectionalIterator end; // exposition only
const regex_type* pre; // exposition only
regex_constants::match_flag_type flags; // exposition only

};

7.12.1.1 regex_iterator constructors [tr.re.regiter.cnstr]

regex_iterator();

Effects: Default constructs the memberswhat , end andflags , and sets the memberpre equal to the
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null-pointer constant.

regex_iterator(BidirectionalIterator a, BidirectionalIterator b,
const regex_type& re,
regex_constants::match_flag_type m

= regex_constants::match_default);

Effects: Default constructs all data members, and then callsregex_search(a, b, what, re,
m). If this returnsfalse then sets*this equal to the end of sequence iterator, otherwise setsend equal
to b, pre equal to&re , andflags equal tom.

regex_iterator(const regex_iterator& that);

Effects: Constructs all data members as a copy ofthat .

Postconditions:*this == that .

regex_iterator& operator=(const regex_iterator& that);

Effects: Sets all data members equal to those inthat .

Postconditions:*this == that .

7.12.1.2 regex_iterator comparisons [tr.re.regiter.comp]

bool operator==(const regex_iterator& that);

Effects: If (pre == 0) && (that.pre == 0) then returnstrue , otherwise returns the result of
(pre == that.pre) && (end == that.end) && (flags == that.flags) && (what[0].first
== that.what[0].first) && (what[0].second == that.what[0].second) .

bool operator!=(const regex_iterator&);

Effects: Returns!(*this == that) .

7.12.1.3 regex_iterator dereference [tr.re.regiter.deref]

const value_type& operator*();

Returns: what .

const value_type* operator->();

Returns: &what .

7.12.1.4 regex_iterator increment [tr.re.regiter.incr]

regex_iterator& operator++();
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Effects: If what.prefix().first != what[0].second and if the elementregex_constants::match_-
prev_avail is not set inflags then sets it. Then callsregex_search(what[0].second,
end, what, *pre, ((what[0].first == what[0].second) ? flags | regex_constants::match_-
not_null : flags)) , and if this returnsfalse then sets*this equal to the end of sequence
iterator.

Returns: *this .

regex_iterator operator++(int);

Effects: Constructs a copyresult of *this , then calls++(*this) .

Returns: result .

7.12.2 Class templateregex_token_iterator [tr.re.tokiter]

The class templateregex_token_iterator is an iterator adapter; that is to say it represents a new
view of an existing iterator sequence, by enumerating all the occurrences of a regular expression within that
sequence, and presenting one or more new strings for each match found. Each position enumerated by the
iterator is a string that represents what matched a particular sub-expression within the regular expression.
When classregex_token_iterator is used to enumerate a single sub-expression with index -1, then
the iterator performs field splitting: that is to say it enumerates one string for each section of the character
container sequence that does not match the regular expression specified.

After it is constructed, the iterator finds and stores a value ofmatch_results<BidirectionalIterator>
what (by calling regex_search ) and sets the internal countN to zero. Every timeoperator++ is
used the countN is incremented; ifN exceeds or equalsthis->subs.size() , then the iterator finds
and stores the next value ofmatch_results<BidirectionalIterator> and sets countN to zero.

If the end of sequence is reached (regex_search returnsfalse ), the iterator becomes equal to the
end-of-sequenceiterator value, unless the sub-expression being enumerated has index -1: In which case the
iterator enumerates one last string that contains all the characters from the end of the last regular expression
match to the end of the input sequence being enumerated, provided that this would not be an empty string.

The constructor with no arguments,regex_iterator() , always constructs an end of sequence iterator
object, which is the only legitimate iterator to be used for the end condition. The result ofoperator*
on an end of sequence is not defined. For any other iterator value aconst basic_string<charT>&
is returned (obtained by callingthis->what[subs[N]] ). The result ofoperator-> on an end of
sequence is not defined. For any other iterator value aconst basic_string<charT>* is returned.
It is impossible to store things intoregex_iterator s. Two end-of-sequence iterators are always equal.
An end-of-sequence iterator is not equal to a non-end-of-sequence iterator. Two non-end-of-sequence
iterators are equal when they are constructed from the same arguments.

template <class BidirectionalIterator,
class charT = iterator_traits<BidirectionalIterator>::value_type,
class traits = regex_traits<charT> >

class regex_token_iterator
{
public:

typedef basic_regex<charT, traits>
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regex_type;
typedef basic_string<charT>

value_type;
typedef typename iterator_traits<BidirectionalIterator>::difference_type

difference_type;
typedef const value_type*

pointer;
typedef const value_type&

reference;
typedef std::forward_iterator_tag

iterator_category;

regex_token_iterator();
regex_token_iterator(BidirectionalIterator a, BidirectionalIterator b,

const regex_type& re,
int submatch = 0, regex_constants::match_flag_type m

= regex_constants::match_default);
regex_token_iterator(BidirectionalIterator a, BidirectionalIterator b,

const regex_type& re,
const std::vector<int>& submatches,
regex_constants::match_flag_type m

= regex_constants::match_default);
template <std::size_t N>
regex_token_iterator(BidirectionalIterator a, BidirectionalIterator b,

const regex_type& re,
const int (&submatches)[N],
regex_constants::match_flag_type m

= regex_constants::match_default);
regex_token_iterator(const regex_token_iterator&);
regex_token_iterator& operator=(const regex_token_iterator&);
bool operator==(const regex_token_iterator&);
bool operator!=(const regex_token_iterator&);
const value_type& operator*();
const value_type* operator->();
regex_token_iterator& operator++();
regex_token_iterator operator++(int);

private:
match_results<BidirectionalIterator> what; // exposition only
BidirectionalIterator end; // exposition only
const regex_type* pre; // exposition only
regex_constants::match_flag_type flags; // exposition only
basic_string<charT> result; // exposition only
std::size_t N; // exposition only
std::vector<int> subs; // exposition only

};
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7.12.2.1 regex_token_iterator constructors [tr.re.tokiter.cnstr]

regex_token_iterator();

Effects: Constructs an end of sequence iterator, by default constructing all data members.

Postconditions:pre == 0 .

regex_token_iterator(BidirectionalIterator a, BidirectionalIterator b,
const regex_type& re,
int submatch = 0, regex_constants::match_flag_type m

= regex_constants::match_default);

Preconditions: !re.empty() .

Effects: Default constructs all data members and pushes the valuesubmatch onto subs . Then if
regex_search(a, b, what, re, m) == true setsN equal to zero,flags equal tom, pre
equal to&re , end equal tob, and setsresult equal to((submatch == -1) ? value_type(what.prefix().str())
: value_type(what[submatch].str())) . Otherwise if the call toregex_search returns
false , then if (submatch == -1) && (a != b) setsresult equal tovalue_type(a, b)
andNequal to -1. Otherwise sets*this equal to the end of sequence iterator.

regex_token_iterator(BidirectionalIterator a, BidirectionalIterator b,
const regex_type& re,
const std::vector<int>& submatches,
regex_constants::match_flag_type m

= regex_constants::match_default);

Preconditions:submatches.size() && !re.empty() .

Effects: Copy constructs membersubs from submatches , and default constructs the other data mem-
bers. Then ifregex_search(a, b, what, re, m) == true setsNequal to zero,flags equal
to m, pre equal to&re , end equal tob, and setsresult equal to((submatch[N] == -1) ?
value_type(what.prefix().str()) : value_type(what[submatch[N]].str())) .
Otherwise if the call toregex_search returnsfalse , then if(submatch[0] == -1) && (a !=
b) setsresult equal tovalue_type(a, b) andN equal to -1. Otherwise sets*this equal to the
end of sequence iterator.

template <std::size_t N>
regex_token_iterator(BidirectionalIterator a, BidirectionalIterator b,

const regex_type& re,
const int (&submatches)[R],
regex_constants::match_flag_type m

= regex_constants::match_default);

Preconditions: !re.empty() .

Effects: Copy constructs membersubs from the iterator sequence[submatches, submatches+R) ,
and default constructs the other data members. Then ifregex_search(a, b, what, re, m) ==
true setsNequal to zero,flags equal tom, pre equal to&re , end equal tob, and setsresult equal to
((subs[N] == -1) ? value_type(what.prefix().str()) : value_type(what[subs[N]].str())) .
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Otherwise if the call toregex_search returnsfalse , then if (subs[0] == -1) && (a != b)
setsresult equal tovalue_type(a, b) andN equal to -1. Otherwise sets*this equal to the end
of sequence iterator.

regex_token_iterator(const regex_token_iterator& that);

Effects: Constructs all data members as a copy ofthat .

Postconditions:*this == that .

regex_token_iterator& operator=(const regex_token_iterator& that);

Effects: Sets all data members equal to those inthat .

Postconditions:*this == that .

7.12.2.2 regex_token_iterator comparisons [tr.re.tokiter.comp]

bool operator==(const regex_token_iterator&);

Effects: If (pre == 0) && (that.pre == 0) then returnstrue , otherwise returns the result
of (pre == that.pre) && (end == that.end) && (flags == that.flags) && (N
== that.N) && (what[0].first == that.what[0].first) && (what[0].second ==
that.what[0].second) .

bool operator!=(const regex_token_iterator&);

Returns: !(*this == that) .

7.12.2.3 regex_token_iterator dereference [tr.re.tokiter.deref]

const value_type& operator*();

Effects: Returnsresult .

const value_type* operator->();

Effects: Returns&result .

7.12.2.4 regex_token_iterator increment [tr.re.tokiter.incr]

regex_token_iterator& operator++();

Effects: if N == -1 then sets*this equal to the end of sequence iterator. Otherwise ifN+1 < subs.size() ,
then incrementsNand setsresult equal to((subs[N] == -1) ? value_type(what.prefix().str())
: value_type(what[subs[N]].str())) .

Otherwise ifwhat.prefix().first != what[0].second and if the elementregex_constants::match_-
prev_avail is not set inflags then sets it. Then ifregex_search(what[0].second, end,

185



what, *pre, ((what[0].first == what[0].second) ? flags regexconstants::match-
not null : flags)) == true— setsN equal to zero, and setsresult equal to((subs[N] == -1) ?
value_type(what.prefix().str()) : value_type(what[subs[N]].str())) .

Otherwise if the call toregex_search returnsfalse , then letlast_end be the value ofwhat[0].second
prior to the call toregex_search . Then if last_end != end andsubs[0] == -1 setsN equal
to -1 and setsresult equal tovalue_type(last_end, end) . Otherwise sets*this equal to the
end of sequence iterator.

Returns: *this .

regex_token_iterator& operator++(int);

Effects: Constructs a copyresult of *this , then calls++(*this) .

Returns: result .

7.13 Modified ECMAScript regular expression grammar[tr.re.grammar]

The regular expression grammar recognized by class templatebasic_regex is that specified by ECMA-
262 [9], except as specified below.

Objects of type specialization ofbasic_regex store within themselves a default-constructed instance of
their traits template parameter, henceforth referred to astraits_inst . This traits_inst object
is used to support localization of the regular expression;basic_regex object member functions shall
not call any locale dependent C or C++ API, including the formatted string input functions. Instead they
shall call the appropriate traits member function to achieve the required effect.

The transformation from a sequence of characters to a finite state machine is accomplished by first trans-
forming the sequence of characters to the sequence of tokens obtained by callingtraits_inst.syntax_-
type(c) for each input characterc . The regular expression grammar is then applied to the sequence of
tokens in order to construct the finite state machine (this is to allow the regular expression syntax to be
localized to a specific character set; for example to use Far Eastern ideographs, rather than Latin charac-
ters). Wheretraits_inst.syntax_type(c) returnssyntax_escape , then the implementation
shall call traits_inst.escape_syntax_type(c) for the character following the escape, in or-
der to determine the grammatical meaning of the escape sequence. Whentraits_inst.escape_-
syntax_type(c) returnsescape_type_class or escape_type_not_class , then the single
character following the escape is converted to a stringn, and passed totraits_inst.lookup_-
classname(n) , to determine the character classification to be matched against. Iftraits_inst.lookup_-
classname(n) returns null, then the escape is treated as an identity escape. The mapping of values re-
turned bysyntax_type andescape_syntax_type to characters within the ECMAScript grammar
is specified in table 7.4 and table 7.5.

The following productions within the ECMAScript grammar are modified as follows:

CharacterClass ::
[ [lookahead /∈ {ˆ}] ClassRanges ]
[ ˆ ClassRanges ]

ClassAtom ::
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-
ClassAtomNoDash
ClassAtomExClass
ClassAtomCollatingElement
ClassAtomEquivalence

The following new productions are then added:

ClassAtomExClass ::
[: ClassName :]

ClassAtomCollatingElement ::
[. ClassName .]

ClassAtomEquivalence ::
[= ClassName =]

ClassName ::
ClassNameCharacter
ClassNameCharacter ClassName

ClassNameCharacter ::
SourceCharacter but not one of "." "=" ":"

The productionsClassAtomExClass , ClassAtomCollatingElement andClassAtomEquivalence
provide the equivalent functionality to the same features in POSIX regular expressions [13].

The regular expression grammar may be modified by anyregex_constants::syntax_option_-
type flags specified when constructing an object of type specialization ofbasic_regex according to
the rules in table 7.2.

A ClassName production when used inClassAtomExClass is not valid if the value returned by
traits_inst.lookup_classname for that name is zero. The names recognized as validClassName s
are determined by the type of the traits class, but at least the following names shall be recognized:alnum ,
alpha , blank , cntrl , digit , graph , lower , print , punct , space , upper , xdigit , d, s , w.
In addition the following expressions shall be equivalent:

\d and [[:digit:]]

\D and [ˆ[:digit:]]

\s and [[:space:]]

\S and [ˆ[:space:]]

\w and [_[:alnum:]]

\W and [ˆ_[:alnum:]]
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The results from multiple calls totraits_inst.lookup_classname can be bitwise OR’ed together
and subsequently passed totraist_inst.is_class .

A ClassName production when used in aClassAtomCollatingElement production is not valid if
the value returned bytraits_inst.lookup_collatename for that name is an empty string.

A ClassName production when used in aClassAtomEquivalence production is not valid if the
value returned bytraits_inst.lookup_collatename for that name is an empty string or if the
value returned bytraits_inst.transform_primary for the result of the call totraits_inst.lookup_-
collatename is an empty string.

When the sequence of characters being transformed to a finite state machine contains an invalid class name
the translator shall throw an exception object of typebad_expression .

Where the regular expression grammar requires the conversion of a sequence of characters to an integral
value, this is accomplished by callingtraits_inst.toi .

The behavior of the internal finite state machine representation when used to match a sequence of characters
is as described in ECMAScript [9]. The behavior is modified according to any matchflag type flags 7.5.2
specified when using the regular expression object in one of the regular expression algorithms 7.11. The
behavior is also localized by interaction with the traits class template parameter as follows:

• During matching of a regular expression finite state machine against a sequence of characters, two
charactersc andd are compared usingtraits_inst.translate(c, flags() & icase)
== traits_inst.translate(d, flags() & icase) .

• During matching of a regular expression finite state machine against a sequence of characters, com-
parison of a collating element rangec1-c2 against a characterc is conducted as follows: ifflags()
& regex_constants::collate is false then the characterc is matched ifc1 <= c && c
<= c2 , otherwisec is matched in accordance with the following algorithm:

string_type str1 =
string_type(1, traits_inst.translate(c1,

flags() & icase);
string_type str2 =

string_type(1, traits_inst.translate(c2,
flags() & icase);

string_type str =
string_type(1, traits_inst.translate(c,

flags() & icase);
return traits_inst.transform(str1)

<= traits_inst.transform(str)
&& traits_inst.transform(str)

<= traits_inst.transform(str2);

• During matching of a regular expression finite state machine against a sequence of characters, testing
whether a collating element is a member of a primary equivalence class is conducted by first convert-
ing the collating element and the equivalence class to sort keys usingtraits::transform_-
primary , and then comparing the sort keys for equality.
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• During matching of a regular expression finite state machine against a sequence of characters, a char-
acterc is a member of character classsome_name, if traits_inst.is_class(c, traits_-
inst.lookup_classname(some_name)) .
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Chapter 8

Iterators [tr.iter]

This clause describes extensions to the iterator facilities of the C++ standard. It describes a new set of
iterator requirements, and an iterator adapter class that uses the new requirements.

8.1 New iterator requirements [tr.iter.req]

8.1.1 Iterator access requirements [tr.iter.acc]

In the tables below,X is an iterator type,a is a constant object of typeX, T isstd::iterator_traits<X>::value_type ,
andv is a constant object of typeT.

8.1.1.1 Readable iterator requirements [tr.iter.readable]

A class or built-in typeX models theReadable Iteratorconcept for the value typeT if the expressions in
table 8.1 are valid and respect the stated semantics.U is the type of any specified member of typeT.

Table 8.1: Readable Iterator Requirements (in addition to CopyCon-
structible)

Expression Return Type Note/Precondition
iterator_traits<X>::value_-
type

T Any non-reference, non-cv-
qualified type

iterator_traits<X>
::reference

Convertible to iterator_-
traits<X>::value_type

is_readable<X>::type true_type
*a iterator_traits<X>

::reference
pre: a is dereferenceable. Ifa
== b then *a is equivalent to
*b .
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continued from previous page

a->m U& pre: (*a).m is well-defined.
Equivalent to(*a).m

8.1.1.2 Writeable iterator requirements [tr.iter.writeable]

A class or built-in typeX models theWriteable Iteratorconcept if the expressions in table 8.2 are valid and
respect the stated semantics. In addition, a model ofWritable Iteratormust include in its documentation
the set ofvalue typesthat it allows for output.

Table 8.2: Writeable Iterator Requirements (in addition to CopyCon-
structible)

Expression Return Type Note/Precondition
is_writeable<X>::type true_type
*a = o pre: The type ofo is in the set

of value types ofX.

8.1.1.3 Swappable iterator requirements [tr.iter.swappable]

A class or built-in typeX models theSwappable Iteratorconcept if the expressions in table 8.3 are valid
and respect the stated semantics.

Table 8.3: Swappable Iterator Requirements (in addition to CopyCon-
structible)

Expression Return Type Note/Precondition
is_swappable<X>::type true_type
iter_swap(a,b) void the pointed to values are ex-

changed

[Note: !n iterator that is a model of theReadableandWritable Iteratorconcepts is also a model ofSwap-
pable Iterator. –end note]

8.1.1.4 Lvalue iterator requirements [tr.iter.lvalue]

The Lvalue Iteratorconcept adds the requirement that thereference type be a reference to the value
type of the iterator.
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Table 8.4: Lvalue Iterator Requirements

Expression Return Type Note/Precondition
iterator_traits<X>::reference T& T is cv iterator_-

traits<X>::value_-
type where cv is an optional
cv-qualification.

8.1.2 Iterator traversal concepts [tr.iter.traversal]

In the tables below,X is an iterator type,a andb are constant objects of typeX, r ands are mutable objects
of typeX, T is std::iterator_traits<X>::value_type , andv is a constant object of typeT.

8.1.2.1 Incrementable iterator requirements [tr.iter.incrementable]

A class or built-in typeX models theIncrementable Iteratorconcept if the expressions in table 8.5 are valid
and respect the stated semantics.

Table 8.5: Incrementable Iterator Requirements (in addition to
Assignable, CopyConstructible)

Expression Return Type Assertion/Semantics
++r X& &r == &++r
r++ X X tmp = r;

++r
return tmp;

traversal_category<X>::type Convertible to
incrementable_-
iterator_tag

8.1.2.2 Single Pass Iterators [tr.iter.singlepass]

A class or built-in typeX models theSingle Pass Iteratorconcept if the expressions in table 8.6 are valid
and respect the stated semantics.

Table 8.6: Single Pass Iterator Requirements (in addition to Incre-
mentable Iterator and Equality Comparable)

Expression Return Type Assertion/Semantics/Pre-
/Post-condition

++r X& pre: r is dereferenceable;
post: r is dereferenceable
or r is past-the-end

a == b convertible tobool == is an equivalence rela-
tion over its domain
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a != b convertible tobool !(a == b)
traversal_category<X>::type Convertible to

single_pass_iterator_tag

8.1.2.3 Forward Traversal Iterators [tr.iter.forward]

A class or built-in typeX models theForward Traversal Iteratorconcept if the expressions in table 8.7 are
valid and respect the stated semantics.

Table 8.7: Forward Traversal Iterator Requirements (in addition to Single
Pass Iterator)

Expression Return Type Assertion/Semantics/Pre-
/Post-condition

X u; X& note: u may have a singular
value.

++r X& r == s and r is dereference-
able implies++r == ++s .

iterator_traits<X>::difference_type A signed integral type repre-
senting the distance between it-
erators

traversal_category<X>::type Convertible to forwardtraver-
sal iterator tag

8.1.2.4 Bidirectional Traversal Iterators [tr.iter.bidirectional]

A class or built-in typeX models theBidirectional Traversal Iteratorconcept if the expressions in table 8.8
are valid and respect the stated semantics.

Table 8.8: Bidirectional Traversal Iterator Requirements (in addition to
Forward Traversal Iterator)

Expression Return Type Assertion/Semantics/Pre-
/Post-condition

--r X& pre: there existss such that
r == ++s . post: s is deref-
erenceable.--(++r) == r .
--r == --s implies r ==
s . &r == &--r .

r-- convertible toconst X& X tmp = r;
--r;
return tmp;

traversal_category<X>::type Convertible to bidirectional-
traversaliterator tag
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8.1.2.5 Random Access Traversal Iterators [tr.iter.random]

A class or built-in typeX models theRandom Access Traversal Iteratorconcept if the expressions in ta-
ble 8.9 are valid and respect the stated semantics. In this table,Distance is iterator_traits<X>::difference_type
andn represents a constant object of typeDistance .

Table 8.9: Random Access Traversal Iterator Requirements (in addition
to Bidirectional Traversal Iterator)

Expression Return Type Assertion/Semantics/Pre-
/Post-condition

r += n X& Distance m = n;
if (m >= 0)
while (m--)
++r;
else
while (m++)
--r;
return r;

a + n , n + a X X tmp = a; return
tmp += n;

r -= n X& return r += -n
a - n X X tmp = a; return

tmp -= n;
b - a Distance a < b ?

distance(a,b) :
-distance(b,a) . pre:
there exists a valuen of
Distance such thata + n
== b. b == a + (b -
a) .

a[n] convertible toT *(a + n) . pre: a is a read-
able iterator

a[n] = v convertible toT *(a + n) = v . pre: a is a
writable iterator

a < b convertible tobool b - a > 0 . < is a total order-
ing relation

a > b convertible tobool b < a . > is a total ordering re-
lation

a >= b convertible tobool !(a < b)
a <= b convertible tobool !(a > b)
traversal_category<X>::type Convertible to random_-

access_traversal_-
iterator_tag
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8.2 New iterator primitives [tr.iter.primitives]

8.2.1 Additions to header<iterator> synopsis [tr.iter.synopsis]

// tr.iter.traits, traits and tags
template <class Iterator> struct is_readable;
template <class Iterator> struct is_writable;
template <class Iterator> struct is_swappable;
template <class Iterator> struct traversal_category;

enum iterator_access { readable_iterator = 1, writable_iterator = 2,
swappable_iterator = 4, lvalue_iterator = 8 };

template <unsigned int access_bits, class TraversalTag>
struct iterator_tag : /* appropriate old category or categories */ {

static const iterator_access access =
(iterator_access)access_bits &

(readable_iterator | writable_iterator | swappable_iterator);
typedef TraversalTag traversal;

};

struct incrementable_iterator_tag { };
struct single_pass_iterator_tag : incrementable_iterator_tag { };
struct forward_traversal_tag : single_pass_iterator_tag { };
struct bidirectional_traversal_tag : forward_traversal_tag { };
struct random_access_traversal_tag : bidirectional_traversal_tag { };

struct null_category_tag { };
struct input_output_iterator_tag : input_iterator_tag, output_iterator_tag {};

8.2.2 New iterator traits and tags [tr.iter.traits]

The iterator_tag class template is an iterator category tag that encodes the access enum and traversal
tag in addition to being compatible with the original iterator tags. Theiterator_tag class inherits from
one of the original iterator tags according to the following pseudo-code.

inherit-category(access, traversal-tag) =
if ((access & readable_iterator) && (access & lvalue_iterator)) {

if (traversal-tag is convertible to random_access_traversal_tag)
return random_access_iterator_tag;

else if (traversal-tag is convertible to bidirectional_traversal_tag)
return bidirectional_iterator_tag;

else if (traversal-tag is convertible to forward_traversal_tag)
return forward_iterator_tag;
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else if (traversal-tag is convertible to single_pass_traversal_tag)
if (access-tag is convertible to writable_iterator_tag)

return input_output_iterator_tag;
else

return input_iterator_tag;
else

return null_category_tag;
} else if ((access & readable_iterator) and (access & writable_iterator)

and traversal-tag is convertible to single_pass_iterator_tag)
return input_output_iterator_tag;

else if (access & readable_iterator
and traversal-tag is convertible to single_pass_iterator_tag)

return input_iterator_tag;
else if (access & writable_iterator

and traversal-tag is convertible to incrementable_iterator_tag)
return output_iterator_tag;

else
return null_category_tag;

If the argument forTraversalTag is not convertible toincrementable_iterator_tag then the
program is ill-formed.

The is_readable , is_writable , is_swappable , andtraversal_category class templates
are traits classes. For iterators whoseiterator_traits<Iter>::iterator_category type is
iterator_tag , these traits obtain the access enum and traversal member type from withiniterator_-
tag . For iterators whoseiterator_traits<Iter>::iterator_category type is notiterator_-
tag and instead is a tag convertible to one of the original tags, the appropriate traversal tag and access bits
are deduced. The following pseudo-code describes the algorithm.

is-readable(Iterator) =
cat = iterator_traits<Iterator>::iterator_category;
if (cat == iterator_tag<Access,Traversal>)

return Access & readable_iterator;
else if (cat is convertible to input_iterator_tag)

return true;
else

return false;

is-writable(Iterator) =
cat = iterator_traits<Iterator>::iterator_category;
if (cat == iterator_tag<Access,Traversal>)

return Access & writable_iterator;
else if (cat is convertible to output_iterator_tag)

return true;
else if (

cat is convertible to forward_iterator_tag
and iterator_traits<Iterator>::reference is a
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mutable reference)
return true;

else
return false;

is-swappable(Iterator) =
cat = iterator_traits<Iterator>::iterator_category;
if (cat == iterator_tag<Access,Traversal>)

return Access & swappable_iterator;
else if (cat is convertible to forward_iterator_tag) {

if (iterator_traits<Iterator>::reference is a const reference)
return false;

else
return true;

} else
return false;

traversal-category(Iterator) =
cat = iterator_traits<Iterator>::iterator_category;
if (cat == iterator_tag<Access,Traversal>)

return Traversal;
else if (cat is convertible to random_access_iterator_tag)

return random_access_traversal_tag;
else if (cat is convertible to bidirectional_iterator_tag)

return bidirectional_traversal_tag;
else if (cat is convertible to forward_iterator_tag)

return forward_traversal_tag;
else if (cat is convertible to input_iterator_tag)

return single_pass_iterator_tag;
else if (cat is convertible to output_iterator_tag)

return incrementable_iterator_tag;
else

return null_category_tag;

The following specializations provide the access and traversal category tags for pointer types.

template <typename T>
struct is_readable<const T*> { typedef true_type type; };
template <typename T>
struct is_writable<const T*> { typedef false_type type; };
template <typename T>
struct is_swappable<const T*> { typedef false_type type; };

template <typename T>
struct is_readable<T*> { typedef true_type type; };
template <typename T>
struct is_writable<T*> { typedef true_type type; };
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template <typename T>
struct is_swappable<T*> { typedef true_type type; };

template <typename T>
struct traversal_category<T*>
{

typedef random_access_traversal_tag type;
};

8.3 Iterator adaptor and facade [tr.iter.helpers]

8.3.1 Header<iterator_helper> synopsis [tr.iter.helper.syn]

struct use_default;
const unsigned use_default_access = -1;

struct iterator_core_access { /* implementation detail */ };

template <
class Derived

, class Value
, unsigned AccessCategory
, class TraversalCategory
, class Reference = Value&
, class Difference = ptrdiff_t

>
class iterator_facade;

template <
class Derived

, class Base
, class Value = use_default
, unsigned Access = use_default_access
, class Traversal = use_default
, class Reference = use_default
, class Difference = use_default

>
class iterator_adaptor;

template <
class Iterator

, class Value = use_default
, unsigned Access = use_default_access
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, class Traversal = use_default
, class Reference = use_default
, class Difference = use_default

>
class indirect_iterator;

template <class Iterator>
class reverse_iterator;

template <
class UnaryFunction

, class Iterator
, class Reference = use_default
, class Value = use_default

>
class transform_iterator;

template <class Predicate, class Iterator>
class filter_iterator;

template <
class Incrementable

, unsigned Access = use_default_access
, class Traversal = use_default
, class Difference = use_default

>
class counting_iterator

template <class UnaryFunction>
class function_output_iterator;

8.3.2 Iterator facade [tr.iter.facade]

iterator_facade is a base class template that implements the interface of standard iterators in terms
of a few core functions and associated types, to be supplied by a derived iterator class.

8.3.2.1 Class templateiterator_facade [tr.iter.facade.facade]

template <
class Derived

, class Value
, unsigned AccessCategory
, class TraversalCategory
, class Reference = /* see below */
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, class Difference = ptrdiff_t
>
class iterator_facade {
public:

typedef remove_cv<Value>::type value_type;
typedef Reference reference;
typedef /* see description of operator-> */ pointer;
typedef Difference difference_type;
typedef iterator_tag<AccessCategory, TraversalCategory> iterator_category;

reference operator*() const;
/* see below */ operator->() const;
/* see below */ operator[](difference_type n) const;
Derived& operator++();
Derived operator++(int);
Derived& operator--();
Derived operator--(int);
Derived& operator+=(difference_type n);
Derived& operator-=(difference_type n);
Derived operator-(difference_type n) const;

};

// Comparison operators
template <class Dr1, class V1, class AC1, class TC1, class R1, class D1,

class Dr2, class V2, class AC2, class TC2, class R2, class D2>
typename enable_if_interoperable<Dr1, Dr2, bool>::type // exposition
operator ==(iterator_facade<Dr1, V1, AC1, TC1, R1, D1> const& lhs,

iterator_facade<Dr2, V2, AC2, TC2, R2, D2> const& rhs);

template <class Dr1, class V1, class AC1, class TC1, class R1, class D1,
class Dr2, class V2, class AC2, class TC2, class R2, class D2>

typename enable_if_interoperable<Dr1, Dr2, bool>::type
operator !=(iterator_facade<Dr1, V1, AC1, TC1, R1, D1> const& lhs,

iterator_facade<Dr2, V2, AC2, TC2, R2, D2> const& rhs);

template <class Dr1, class V1, class AC1, class TC1, class R1, class D1,
class Dr2, class V2, class AC2, class TC2, class R2, class D2>

typename enable_if_interoperable<Dr1, Dr2, bool>::type
operator <(iterator_facade<Dr1, V1, AC1, TC1, R1, D1> const& lhs,

iterator_facade<Dr2, V2, AC2, TC2, R2, D2> const& rhs);

template <class Dr1, class V1, class AC1, class TC1, class R1, class D1,
class Dr2, class V2, class AC2, class TC2, class R2, class D2>

typename enable_if_interoperable<Dr1, Dr2, bool>::type
operator <=(iterator_facade<Dr1, V1, AC1, TC1, R1, D1> const& lhs,

iterator_facade<Dr2, V2, AC2, TC2, R2, D2> const& rhs);
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template <class Dr1, class V1, class AC1, class TC1, class R1, class D1,
class Dr2, class V2, class AC2, class TC2, class R2, class D2>

typename enable_if_interoperable<Dr1, Dr2, bool>::type
operator >(iterator_facade<Dr1, V1, AC1, TC1, R1, D1> const& lhs,

iterator_facade<Dr2, V2, AC2, TC2, R2, D2> const& rhs);

template <class Dr1, class V1, class AC1, class TC1, class R1, class D1,
class Dr2, class V2, class AC2, class TC2, class R2, class D2>

typename enable_if_interoperable<Dr1, Dr2, bool>::type
operator >=(iterator_facade<Dr1, V1, AC1, TC1, R1, D1> const& lhs,

iterator_facade<Dr2, V2, AC2, TC2, R2, D2> const& rhs);

template <class Dr1, class V1, class AC1, class TC1, class R1, class D1,
class Dr2, class V2, class AC2, class TC2, class R2, class D2>

typename enable_if_interoperable<Dr1, Dr2, bool>::type
operator >=(iterator_facade<Dr1, V1, AC1, TC1, R1, D1> const& lhs,

iterator_facade<Dr2, V2, AC2, TC2, R2, D2> const& rhs);

// Iterator difference
template <class Dr1, class V1, class AC1, class TC1, class R1, class D1,

class Dr2, class V2, class AC2, class TC2, class R2, class D2>
typename enable_if_interoperable<Dr1, Dr2, bool>::type
operator -(iterator_facade<Dr1, V1, AC1, TC1, R1, D1> const& lhs,

iterator_facade<Dr2, V2, AC2, TC2, R2, D2> const& rhs);

// Iterator addition
template <class Derived, class V, class AC, class TC, class R, class D>
Derived operator+ (iterator_facade<Derived, V, AC, TC, R, D> const&,

typename Derived::difference_type n)

[Note: The enableif interoperable template used above is for exposition purposes. The member operators
should be only be in an overload set provided the derived types Dr1 and Dr2 are interoperable, by which
we mean they are convertible to each other. The enableif interoperable approach uses SFINAE to take the
operators out of the overload set when the types are not interoperable.—end note]

8.3.2.2 iterator_facade requirements [tr.iter.facade.req]

Some of the constraints on template parameters toiterator_facade are expressed in terms of resulting
nested types and should be viewed in the context of their impact oniterator_traits<Derived> .

TheDerived template parameter must be a class derived fromiterator_facade .

The nested::value_type type will be the same asremove_cv<Value>::type , so theValue
parameter must be an (optionally const-qualified) non-reference type.

AccessCategory must be an unsigned value which uses no more bits than the greatest value ofniterator_-
access .
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The nested::reference will be the same as theReference parameter; it must be a suitable reference
type for the resulting iterator. The default for theReference parameter isValue& .

Table 8.10 describes the other requirements on theDerived parameter. Depending on the resulting it-
erator’siterator_category , a subset of the expressions listed in the table are required to be valid.
The operations in the first column must be accessible to member functions of classiterator_core_-
access .

In table 8.10,X is the derived iterator type,a is an object of typeX, b andc are objects of typeconst X , n
is an object ofX::difference_type , y is a constant object of a single pass iterator type interoperable
with X, andz is a constant object of a random access traversal iterator type interoperable withX.

Table 8.10: Requirements on theDerived parameter

Expression Return Type Assertion/Note Required to implement
Iterator Concept(s)

c.dereference() X::reference Readable Iterator,
Writable Iterator

c.equal(b) convertible tobool true iff b and c are equiva-
lent.

Single Pass Iterator

c.equal(y) convertible to bool true iff c andy refer to the
same position. Implements
c == y andc != y .

Single Pass Iterator

a.advance(n) unused Random Access Traversal
Iterator

a.increment() unused Incrementable Iterator
a.decrement() unused Bidirectional Traversal It-

erator
c.distance_to(b) convertible to

X::difference_-
type

equivalent to
distance(c, b)

Random Access Traversal
Iterator

c.distance_to(z) convertible to
X::difference_-
type

equivalent to
distance(c, z) .
Implements c - z , c <
z , c <= z , c > z , andc
>= c .

Random Access Traversal
Iterator

8.3.2.3 iterator_facade operations [tr.iter.facade.ops]

The operations in this section are described in terms of operations on the core interface of Derived which
may be inaccessible (i.e. private). The implementation should access these operations through member
functions of classiterator_core_access .

reference operator*() const;

Returns: static_cast<Derived const*>(this)->dereference()

operator->() const; // see below
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Returns: If X::reference is a reference type, returns an object of typeX::pointer equal to:
&static_cast<Derived const*>(this)->dereference()

Otherwise returns an object of unspecified type such that, given an objecta of typeX, a->m is equivalent
to (w = *a, w.m) for some temporary objectwof typeX::value_type .

The typeX::pointer is Value* if is_writable_iterator<X>::value is true, andValue
const* otherwise.

unspecified operator[](difference_type n) const;

Returns: an object convertible toX::reference and holding a copyp of a+n such that, for a constant
objectv of typeX::value_type , X::reference(a[n] = v) is equivalent top = v .

Derived& operator++();

Effects:

static_cast<Derived*>(this)->increment();
return *this;

Derived operator++(int);

Effects:

Derived tmp(static_cast<Derived const*>(this));
++*this;
return tmp;

Derived& operator--();

Effects:

static_cast<Derived*>(this)->decrement();
return *this;

Derived operator--(int);

Effects:

Derived tmp(static_cast<Derived const*>(this));
--*this;
return tmp;

Derived& operator+=(difference_type n);

Effects:

static_cast<Derived*>(this)->advance(n);
return *this;

Derived& operator-=(difference_type n);
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Effects:

static_cast<Derived*>(this)->advance(-n);
return *this;

Derived operator-(difference_type n) const;

Effects:

Derived tmp(static_cast<Derived const*>(this));
return tmp -= n;

Returns: static_cast<Derived const*>(this)->advance(-n);

8.3.3 Iterator adaptor [tr.iter.adapt]

Theiterator_adaptor is a base class template derived from an instantiation ofiterator_facade .
The core interface functions expected byiterator_facade are implemented in terms of theiterator_-
adaptor ’s Base template parameter. A class derived fromiterator_adaptor typically redefines
some of the core interface functions to adapt the behavior of theBase type. Whether the derived class
models any of the standard iterator concepts depends on the operations supported by theBase type and
which core interface functions ofiterator_facade are redefined in theDerived class.

8.3.3.1 Class templateiterator_adaptor [tr.iter.adapt.adapt]

bool
template <

class Derived
, class Base
, class Value = use_default
, unsigned Access = use_default_access
, class Traversal = use_default
, class Reference = use_default
, class Difference = use_default

>
class iterator_adaptor

: public iterator_facade<Derived, /* see details ...*/ >
{

friend class iterator_core_access;
public:

iterator_adaptor();
explicit iterator_adaptor(Base iter);
Base base() const;

protected:
Base const& base_reference() const;
Base& base_reference();

204



private: // Core iterator interface for iterator_facade.
typename iterator_adaptor::reference dereference() const;

template <
class OtherDerived, class OtherIterator, class V, class C, class R, class D
>
bool equal(iterator_adaptor<OtherDerived, OtherIterator, V, C, R, D> const& x) const;

void advance(typename iterator_adaptor::difference_type n);
void increment();
void decrement();

template <
class OtherDerived, class OtherIterator, class V, class C, class R, class D

>
typename iterator_adaptor::difference_type distance_to(

iterator_adaptor<OtherDerived, OtherIterator, V, C, R, D> const& y) const;

private:
Base m_iterator;

};

8.3.3.2 iterator_adaptor requirements [tr.iter.adapt.req]

TheDerived template parameter must be a derived class ofiterator_adaptor . TheBase type must
implement the expressions involvingm_iterator in the specifications of those private member functions
of iterator_adaptor that are not redefined by theDerived class and that are needed to model
the concept corresponding toiterator_traits<Derived>::iterator_category according
to the requirements ofiterator_facade . The rest of the template parameters specify the types for
the member typedefs initerator_facade . The following pseudo-code specifies the traits types for
iterator_adaptor .

if (Value != use_default)
value_type = remove_cv<Value>::type;

else
value_type = iterator_traits<Base>::value_type;

if (Traversal != use_default)
traversal_category = Traversal

else
traversal_category = traversal_category< Base >::type

iterator_category = iterator_tag<
access_category

, traversal_category
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>

if (Access != use_default)
{

access_category = Access
}
else
{

access_category
= access_category< Base >::value

if (is_const<Value>)
access_category &= ˜writable_iterator;

}

iterator_category = iterator_tag<
access_category

, traversal_category
>

if (Reference != use_default)
reference = Reference

else if (Value != use_default)
reference = Value&

else
reference = iterator_traits<Base>::reference

8.3.3.3 iterator_adaptor public operations [tr.iter.adapt.op]

iterator_adaptor();

Requires: TheBase type must be Default Constructible.

Returns: An instance of iteratoradaptor withm_iterator default constructed.

explicit iterator_adaptor(Base iter);

Returns: An instance ofiterator_adaptor with m_iterator copy constructed fromiter .

Base base() const;

Returns: m_iterator .

8.3.3.4 iterator_adaptor protected member functions [tr.iter.adapt.prot]

Base const& base_reference() const;
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Returns: A const reference tom_iterator .

Base& base_reference();

Returns: A non-const reference tom_iterator .

8.3.3.5 iterator_adaptor private member functions [tr.iter.adapt.priv]

typename iterator_adaptor::reference dereference() const;

Returns: *m_iterator

template <
class OtherDerived, class OtherIterator, class V, class C, class R, class D
>
bool equal(iterator_adaptor<OtherDerived, OtherIterator, V, C, R, D> const& x) const;

Returns: m_iterator == x.base()

void advance(typename iterator_adaptor::difference_type n);

Effects: m_iterator += n

void increment();

Effects: ++m_iterator

void decrement();

Effects: --m_iterator

template <
class OtherDerived, class OtherIterator, class V, class C, class R, class D

>
typename iterator_adaptor::difference_type distance_to(

iterator_adaptor<OtherDerived, OtherIterator, V, C, R, D> const& y) const;

Returns: y.base() - m_iterator .

8.4 Specialized adaptors [tr.iter.spec]

[Note: The enable_if_convertible<X,Y>::type expression used in this section is for exposi-
tion purposes. The converting constructors for specialized adaptors should be only be in an overload set
provided that an object of typeX is implicitly convertible to an object of typeY. The enable_if_-
convertible approach uses SFINAE to take the constructor out of the overload set when the types are
not implicitly convertible.—end note]
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8.4.1 Indirect iterator [tr.iter.ind]

The indirect iterator adapts an iterator by applying an extra dereference inside ofoperator*() . For
example, this iterator adaptor makes it possible to view a container of pointers (e.g.list<foo*>) as if
it were a container of the pointed-to type (e.g.list<foo> ).

8.4.1.1 Class templateindirect_iterator [tr.iter.ind.ind]

template <
class Iterator

, class Value = use_default
, unsigned Access = use_default_access
, class Traversal = use_default
, class Reference = use_default
, class Difference = use_default

>
class indirect_iterator

: public iterator_adaptor< /* see discussion */ >
{

friend class iterator_core_access;
public:

indirect_iterator();
indirect_iterator(Iterator x);
template <

class Iterator2, class Value2, unsigned Access2, class Traversal2
, class Reference2, class Difference2

>
indirect_iterator(

indirect_iterator<
Iterator2, Value2, Access2, Traversal2, Reference2, Difference2

> const& y
, typename enable_if_convertible<Iterator2, Iterator>::type* = 0
// exposition

);
private: // as-if specification

typename indirect_iterator::reference dereference() const
{

return **this->base();
}

};

8.4.1.2 indirect_iterator requirements [tr.iter.ind.req]

The valuetype of theIterator template parameter should itself be dereferenceable. The return type of

208



the operator* for the value_type must be the same type as theReference template parameter.
TheValue template parameter will be thevalue_type for theindirect_iterator , unlessValue
is const. IfValue is const X , thenvalue_type will be non-constX. The default forValue is

iterator_traits< iterator_traits<Iterator>::value_type >::value_type

If the default is used forValue , then there must be a valid specialization ofiterator_traits for the
value type of the base iterator.

The Reference parameter will be the reference type of theindirect_iterator . The default is
Value& .

TheAccess andTraversal parameters are passed unchanged to the corresponding parameters of the
iterator_adaptor base class, and theIterator parameter is passed unchanged as theBase pa-
rameter to theiterator_adaptor base class.

The indirect iterator will model the most refined traversal concept that is modeled by theIterator
type. The indirect iterator will model the most refined access concept that is modeled by the value type of
Iterator .

8.4.1.3 indirect_iterator operations [tr.iter.ind.op]

indirect_iterator();

Requires: Iterator must be Default Constructible.

Returns: An instance ofindirect_iterator with a default constructed base object.

indirect_iterator(Iterator x);

Returns:

An instance ofindirect_iterator with theiterator_adaptor subobject copy constructed from
x .

template <
class Iterator2, class Value2, unsigned Access, class Traversal

, class Reference2, class Difference2
>
indirect_iterator(

indirect_iterator<
Iterator2, Value2, Access, Traversal, Reference2, Difference2

> const& y
, typename enable_if_convertible<Iterator2, Iterator>::type* = 0
// exposition

);

Requires: Iterator2 is implicitly convertible toIterator .

Returns: An instance ofindirect_iterator that is a copy ofy .
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8.4.2 Reverse iterator [tr.iter.rev]

The reverse iterator adaptor flips the direction of a base iterator’s motion. Invokingoperator++()
moves the base iterator backward and invokingoperator--() moves the base iterator forward.

8.4.2.1 Class templatereverse_iterator [tr.iter.rev.rev]

template <class Iterator>
class reverse_iterator :

public iterator_adaptor< reverse_iterator<Iterator>, Iterator >
{

friend class iterator_core_access;
public:

reverse_iterator() {}
explicit reverse_iterator(Iterator x) ;

template<class OtherIterator>
reverse_iterator(

reverse_iterator<OtherIterator> const& r
, typename enable_if_convertible<OtherIterator, Iterator>::type* = 0
// exposition

);

private: // as-if specification
typename reverse_iterator::reference dereference() const
{

return *prior(this->base());
}

void increment() { --this->base_reference(); }
void decrement() { ++this->base_reference(); }

void advance(typename reverse_iterator::difference_type n)
{

this->base_reference() += -n;
}

template <class OtherIterator>
typename reverse_iterator::difference_type
distance_to(reverse_iterator<OtherIterator> const& y) const
{

return this->base_reference() - y.base();
}

};
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8.4.2.2 reverse_iterator requirements [tr.iter.rev.req]

The baseIterator must be a model of Bidirectional Traversal Iterator. The resultingreverse_-
iterator will be a model of the most refined standard traversal and access concepts that are modeled by
Iterator.

8.4.2.3 reverse_iterator operations [tr.iter.rev.op]

reverse_iterator();

Requires: Iterator must be Default Constructible.

Returns: An instance ofreverse_iterator with a default constructed base object.

explicit reverse_iterator(Iterator x);

Returns: An instance ofreverse_iterator with a base object copy constructed fromx .

template<class OtherIterator>
reverse_iterator(

reverse_iterator<OtherIterator> const& r
, typename enable_if_convertible<OtherIterator, Iterator>::type* = 0
// exposition

);

Requires: OtherIterator is implicitly convertible toIterator .

Returns: An instance ofreverse_iterator that is a copy ofr .

8.4.3 Transform iterator [tr.iter.trans]

The transform iterator adapts an iterator by applying some function object to the result of dereferencing
the iterator. In other words, theoperator* of the transform iterator first dereferences the base iterator,
passes the result of this to the function object, and then returns the result.

8.4.3.1 Class templatetransform_iterator [tr.iter.trans.trans]

template <class UnaryFunction,
class Iterator,
class Reference = use_default,
class Value = use_default>

class transform_iterator
: public iterator_adaptor< /* see discussion */ >

{
friend class iterator_core_access;

public:
transform_iterator();
transform_iterator(Iterator const& x, UnaryFunction f);
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template<class OtherIterator, class R2, class V2>
transform_iterator(

transform_iterator<UnaryFunction, OtherIterator, R2, V2> const& t
, typename enable_if_convertible<OtherIterator, Iterator>::type* = 0
// exposition

);

UnaryFunction functor() const;
private:

typename transform_iterator::value_type dereference() const;
UnaryFunction m_f;

};

8.4.3.2 transform_iterator requirements [tr.iter.trans.req]

The typeUnaryFunction must be Assignable, Copy Constructible, and the expressionf(*i) must be
valid wheref is an object of typeUnaryFunction , i is an object of typeIterator , and where the type
of f(*i) must beresult_of<UnaryFunction(iterator_traits<Iterator>::reference)>::type .

The typeIterator must at least model Readable Iterator. The resultingtransform_iterator
models the most refined of the following options that is also modeled by Iterator.

• Writable Lvalue Iterator ifresult_of<UnaryFunction(iterator_traits<Iterator>::reference)>::type
is a non-const reference.

• Readable Lvalue Iterator ifresult_of<UnaryFunction(iterator_traits<Iterator>::reference)>::type
is a const reference.

• Readable Iterator otherwise.

The transform_iterator models the most refined standard traversal concept that is modeled by
Iterator .

The reference type oftransform_iterator is result_of<UnaryFunction(iterator_traits<Iterator>::reference)>::type .
Thevalue_type is remove_cv<remove_reference<reference> >::type .

8.4.3.3 transform_iterator public operations [tr.iter.trans.op]

transform_iterator();

Returns: An instance oftransform_iterator with m_f andm_iterator default constructed.

transform_iterator(Iterator const& x, UnaryFunction f);

Returns: An instance oftransform_iterator with m_f initialized to f andm_iterator initial-
ized tox .
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template<class OtherIterator, class R2, class V2>
transform_iterator(

transform_iterator<UnaryFunction, OtherIterator, R2, V2> const& t
, typename enable_if_convertible<OtherIterator, Iterator>::type* = 0
// exposition

);

Returns: An instance oftransform_iterator that is a copy oft .

Requires: OtherIterator is implicitly convertible toIterator .

UnaryFunction functor() const;

Returns: m_f

8.4.3.4 transform_iterator private operations [tr.iter.trans.priv]

typename transform_iterator::value_type dereference() const;

Returns: m_f(transform_iterator::dereference()) .

8.4.4 Filter iterator [tr.iter.filt]

The filter iterator adaptor creates a view of an iterator range in which some elements of the range are
skipped over. A predicate function object controls which elements are skipped. When the predicate is
applied to an element, if it returnstrue then the element is retained and if it returnsfalse then the
element is skipped over. When skipping over elements, it is necessary for the filter adaptor to know when
to stop so as to avoid going past the end of the underlying range. Therefore the constructor of the filter
iterator takes two iterator parameters: the position for the filtered iterator and the end of the range.

8.4.4.1 Class templatefilter_iterator [tr.iter.filt.filt]

template <class Predicate, class Iterator>
class filter_iterator

: public iterator_adaptor<
filter_iterator<Predicate, Iterator>, Iterator

, use_default
, /* see details */

>
{

public:
filter_iterator();
filter_iterator(Predicate f, Iterator x, Iterator end = Iterator());
filter_iterator(Iterator x, Iterator end = Iterator());
template<class OtherIterator>
filter_iterator(
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filter_iterator<Predicate, OtherIterator> const& t
, typename enable_if_convertible<OtherIterator, Iterator>::type* = 0
// exposition
);

Predicate predicate() const;
Iterator end() const;

private: // as-if specification
void increment()
{

++(this->base_reference());
satisfy_predicate();

}

void satisfy_predicate()
{

while (this->base() != this->m_end && !this->m_predicate(*this->base()))
++(this->base_reference());

}

Predicate m_predicate;
Iterator m_end;

};

8.4.4.2 filter_iterator requirements [tr.iter.filt.req]

The baseIterator parameter must be a model of Readable Iterator and Single Pass Iterator. The re-
sulting filter_iterator will be a model of Forward Traversal Iterator ifIterator is, otherwise
the filter_iterator will be a model of Single Pass Iterator. The access category of thefilter_-
iterator will be the same as the access category of Iterator .

ThePredicate must be Assignable, Copy Constructible, and the expressionp(x) must be valid wherep
is an object of typePredicate , x is an object of typeiterator_traits<Iterator>::value_-
type , and where the type ofp(x) must be convertible tobool .

8.4.4.3 filter_iterator operations [tr.iter.filt.op]

filter_iterator();

Requires: Predicate andIterator must be Default Constructible.

Returns: a filter_iterator whose predicate is a default constructedPredicate and whoseend
is a default constructedIterator .

filter_iterator(Predicate f, Iterator x, Iterator end = Iterator());

Returns: A filter_iterator at positionx that filters according to predicatef and that will not
increment pastend .
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filter_iterator(Iterator x, Iterator end = Iterator());

Requires: Predicate must be Default Constructible.

Returns: A filter_iterator at positionx that filters according to a default constructedPredicate
and that will not increment pastend .

template <class OtherIterator>
filter_iterator(

filter_iterator<Predicate, OtherIterator> const& t
, typename enable_if_convertible<OtherIterator, Iterator>::type* = 0
// exposition
);

Requires: OtherIterator is implicitly convertible toIterator .

Returns: A copy of iteratort .

Predicate predicate() const;

Returns: A copy of the predicate object used to construct*this .

Iterator end() const;

Returns: The objectend used to construct*this .

8.4.5 Counting iterator [tr.iter.count]

The counting iterator adaptor implements dereference by returning a reference to the base object. The
other operations are implemented by the basem_iterator , as per the inheritance fromiterator_-
adaptor .

8.4.5.1 Class templatecounting_iterator [tr.iter.count.count]

template <
class Incrementable

, unsigned Access = use_default_access
, class Traversal = use_default
, class Difference = use_default

>
class counting_iterator

: public iterator_adaptor<
counting_iterator<Incrementable, Access, Traversal, Difference>

, Incrementable
, Incrementable
, Access
, /* see details for traversal category */
, Incrementable const&
, Incrementable const*
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, /* distance = Difference or a signed integral type */ >
{

friend class iterator_core_access;
public:

counting_iterator();
counting_iterator(counting_iterator const& rhs);
counting_iterator(Incrementable x);

private:
typename counting_iterator::reference dereference() const
{

return this->base_reference();
}

};

[Note: implementers are encouraged to provide an implementation of distanceto and a differencetype that
avoids overflows in the cases when the Incrementable type is a numeric type.—end note]

8.4.5.2 counting_iterator requirements [tr.iter.count.req]

The Incrementable type must be Default Constructible, Copy Constructible, and Assignable. The
default distance is an implementation defined signed integral type.

The resultingcounting_iterator models Readable Lvalue Iterator.

Furthermore, if you wish to create a counting iterator that is a Forward Traversal Iterator, then the following
expressions must be valid:

Incrementable i, j;
++i // pre-increment
i == j // operator equal

If you wish to create a counting iterator that is a Bidirectional Traversal Iterator, then pre-decrement is also
required:

--i

If you wish to create a counting iterator that is a Random Access Traversal Iterator, then these additional
expressions are also required:

counting_iterator::difference_type n;
i += n
n = i - j
i < j

8.4.5.3 counting_iterator operations [tr.iter.count.op]

counting_iterator();

Returns: A default constructed instance ofcounting_iterator .
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counting_iterator(counting_iterator const& rhs);

Returns: An instance ofcounting_iterator that is a copy ofrhs .

counting_iterator(Incrementable x);

Returns: An instance ofcounting_iterator with its base object copy constructed fromx .

8.4.6 Function output iterator [tr.iter.fn]

The function output iterator adaptor makes it easier to create custom output iterators. The adaptor takes a
unary function and creates a model of Output Iterator. Each item assigned to the output iterator is passed
as an argument to the unary function. The motivation for this iterator is that creating a conforming output
iterator is non-trivial, particularly because the proper implementation usually requires a proxy object.

8.4.6.1 Class templatefunction_output_iterator [tr.iter.fn.fn]

template <class UnaryFunction>
class function_output_iterator {
public:

typedef iterator_tag<
writable_iterator

, incrementable_traversal_tag
> iterator_category;
typedef void value_type;
typedef void difference_type;
typedef void pointer;
typedef void reference;

explicit function_output_iterator(const UnaryFunction& f = UnaryFunction());

struct output_proxy {
output_proxy(UnaryFunction& f);
template <class T> output_proxy& operator=(const T& value);

};
output_proxy operator*();
function_output_iterator& operator++();
function_output_iterator& operator++(int);

};

8.4.6.2 function_output_iterator requirements [tr.iter.fn.req]

TheUnaryFunction must be Assignable, Copy Constructible, and the expressionf(x) must be valid,
wheref is an object of typeUnaryFunction andx is an object of a type accepted byf . The resulting
function_output_iterator is a model of the Writable and Incrementable Iterator concepts.
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8.4.6.3 function_output_iterator operations [tr.iter.fn.op]

explicit function_output_iterator(const UnaryFunction& f = UnaryFunction());

Returns: An instance offunction_output_iterator with f stored as a data member.

output_proxy operator*();

Returns: An instance ofoutput_proxy constructed with a copy of the unary functionf .

function_output_iterator& operator++();

Returns: *this

function_output_iterator& operator++(int);

Returns: *this

8.4.6.4 function_output_iterator::output_proxy operations [tr.iter.fn.proxy]

output_proxy(UnaryFunction& f);

Returns: An instance ofoutput_proxy with f stored as a data member.

template <class T> output_proxy& operator=(const T& value);

Effects:

m_f(value);
return *this;

218



Bibliography

[1] David Abrahams, Jeremy Siek, Thomas Witt, “Iterator Facade and Adaptor,” WG21 Document
N1530=03-0113, 2003.

[2] David Abrahams, Jeremy Siek, Thomas Witt, “New Iterator Concepts,” WG21 Document N1550=03-
0133, 2003.

[3] Milton Abramowitz and Irene A. Stegun (eds.):Handbook of Mathematical Functions with Formulas,
Graphs and Mathematical Tables, volume 55 of National Bureau of Standards Applied Mathematics
Series. U. S. Government Printing Office, Washington, DC: 1964. Reprinted with corrections, Dover
Publications: 1972.

[4] Matthew Austern, “A Proposal to Add Hash Tables to the Standard Library (revision 4),” WG21
Document N1456=03-0039, 2003.

[5] Walter Brown, “A Proposal to Add Mathematical Special Functions to the C++ Standard Library,”
WG21 Document N1422 = 03-0004, 2003.

[6] Peter Dimov, “A Proposal to Add an Enhanced Member Pointer Adaptor to the Library Technical
Report,” WG21 Document N1432=03-0014, 2003.

[7] Peter Dimov, Beman Dawes, and Greg Colvin, “A Proposal to Add General Purpose Smart Pointers
to the Library Technical Report,” WG21 Document N1450=03-0033, 2003.

[8] Peter Dimov, Douglas Gregor, Jaakko Järvi, and Gary Powell, “A Proposal to Add an Enhanced
Binder to the Library Technical Report (revision 1),” WG21 Document N1455=03-0038, 2003.

[9] Ecma International,ECMAScript Language Specification, Standard Ecma-262, third edition, 1999.

[10] Douglas Gregor, “A Proposal to add a Polymorphic Function Object Wrapper to the Standard Library,”
WG21 Document N1402=02-0060, 2002.

[11] Douglas Gregor, “A uniform method for computing function object return types (revision 1),” WG21
Document N1454=03-0037, 2003.

[12] Douglas Gregor and Peter Dimov, “A proposal to add a reference wrapper to the standard library
(revision 1),” WG21 Document N1453=03-0036, 2003.

[13] IEEE, Information Technology—Portable Operating System Interface (POSIX), IEEE Standard
1003.1-2001.

219



[14] International Standards Organization:Quantities and units, Third edition. International Standard ISO
31-11:1992. ISBN 92-67-10185-4.

[15] International Standards Organization:Programming Languages – C, Second edition. International
Standard ISO/IEC 9899:1999.

[16] International Standards Organization:Programming Languages – C++. International Standard
ISO/IEC 14882:1998.

[17] Jaakko J̈arvi, “Proposal for adding tuple types into the standard library Programming Language C++,”,
WG21 Document N1403=02-0061, 2002.

[18] John Maddock, “A Proposal to add Type Traits to the Standard Library,” WG21 Document 03-0006 =
N1424, 2003.

[19] John Maddock, “A Proposal to add Regular Expressions to the Standard Library,” WG21 Document
03-0011= N1429, 2003.

[20] Jens Maurer, “A Proposal to Add an Extensible Random Number Facility to the Standard Library
(Revision 2),” WG21 Document N1452, 2003.

220


	General
	Method of description
	Categories of extensions
	Namespaces and headers
	Caveat

	General Utilities
	Reference wrappers
	Additions to header <utility> synopsis
	Class template reference_wrapper
	reference_wrapper construct/copy/destruct
	reference_wrapper access
	reference_wrapper invocation
	reference_wrapper helper functions
	implementation quantities


	Smart pointers
	Additions to header <memory> synopsis
	Class bad_weak_ptr
	Class template shared_ptr
	shared_ptr constructors
	shared_ptr destructor
	shared_ptr assignment
	shared_ptr modifiers
	shared_ptr observers
	shared_ptr comparison
	shared_ptr operators
	shared_ptr specialized algorithms
	shared_ptr casts
	get_deleter

	Class template weak_ptr
	weak_ptr constructors
	weak_ptr destructor
	weak_ptr assignment
	weak_ptr modifiers
	weak_ptr observers
	weak_ptr comparison
	weak_ptr specialized algorithms

	Class template enable_shared_from_this


	Function objects and higher-order programming
	Function return types
	Additions to <functional> synopsis
	Class template result_of

	Member pointer adaptors
	Additions to header <functional synopsis
	Function template mem_fn
	implementation quantities

	Function object binders
	Additions to header <functional> synopsis
	Class template is_bind_expression
	Class template is_placeholder
	Function template bind
	Placeholders
	Implementation quantities

	Polymorphic function wrappers
	Additions to <functional> synopsis
	Class bad_function_call
	bad_function_call constructor

	Class template function
	function construct/copy/destroy
	function modifiers
	function capacity
	function invocation
	specialized algorithms
	undefined operators

	Implementation quantities


	Metaprogramming and type traits
	Requirements
	Unary type traits
	Binary type traits
	Transformation type traits

	Header <type_traits> synopsis
	Unary Type Traits
	Helper classes
	Primary Type Categories
	Composite type traits
	Type properties

	Relationships between types
	Type relationships

	Transformations between types
	Const-volatile modifications
	Reference modifications
	Array modifications
	Pointer modifications
	Other transformations

	Implementation requirements 

	Numerical facilities
	Random number generation
	Requirements
	Header <random> synopsis
	Class template variate_generator
	Random number engine class templates
	Class template linear_congruential
	Class template mersenne_twister
	Class template subtract_with_carry
	Class template subtract_with_carry_01
	Class template discard_block
	Class template xor_combine

	Engines with predefined parameters
	Class random_device
	Random distribution class templates
	Class template uniform_int
	Class bernoulli_distribution
	Class template geometric_distribution
	Class template poisson_distribution
	Class template binomial_distribution
	Class template uniform_real
	Class template exponential_distribution
	Class template normal_distribution
	Class template gamma_distribution


	Mathematical special functions
	Additions to header <cmath> synopsis
	associated Laguerre polynomials
	associated Legendre functions
	beta function
	(complete) elliptic integral of the first kind
	(complete) elliptic integral of the second kind
	(complete) elliptic integral of the third kind
	confluent hypergeometric functions
	regular modified cylindrical Bessel functions
	cylindrical Bessel functions (of the first kind)
	irregular modified cylindrical Bessel functions
	cylindrical Neumann functions
	(incomplete) elliptic integral of the first kind
	(incomplete) elliptic integral of the second kind
	(incomplete) elliptic integral of the third kind
	exponential integral
	Hermite polynomials
	hypergeometric functions
	Laguerre polynomials
	Legendre polynomials
	Riemann zeta function
	spherical Bessel functions (of the first kind)
	spherical associated Legendre functions
	spherical Neumann functions

	Additions to header <math.h> synopsis


	Containers
	Tuple types
	Header <tuple> synopsis
	Class template tuple
	Construction
	Tuple creation functions
	Valid expressions for tuple types
	Element access
	Equality and inequality comparisons
	<, > comparisons
	<= and >= comparisons
	Input and output
	Tuple formatting manipulators

	Pairs
	Implementation quantities

	Fixed size array
	Header <array> synopsis
	Class template array
	array constructors, copy, and assignment
	array specialized algorithms
	array size
	Zero sized arrays


	Unordered associative containers
	Unordered associative container requirements
	Exception safety guarantees

	Additions to header <functional> synopsis
	Class template hash
	Unordered associative container classes
	Header <unordered_set> synopsis
	Header <unordered_map> synopsis
	Class template unordered_set
	unordered_set constructors
	unordered_set swap

	Class template unordered_map
	unordered_map constructors
	unordered_map element access
	unordered_map swap

	Class template unordered_multiset
	unordered_multiset constructors
	unordered_multiset swap

	Class template unordered_multimap
	unordered_multimap constructors
	unordered_multimap swap




	Regular expressions
	Definitions
	Requirements
	Regular expressions summary
	Header <regex> synopsis
	Namespace std::regex_constants
	Bitmask Type syntax_option_type
	Bitmask Type regex_constants::match_flag_type
	Implementation defined syntax_type
	Implementation defined escape_syntax_type
	Implementation defined error_type

	Class bad_expression
	Class template regex_traits
	Class template basic_regex
	basic_regex constants
	basic_regex constructors
	basic_regex capacity
	basic_regex assign
	basic_regex constant operations
	basic_regex locale
	basic_regex swap
	basic_regex non-member functions
	basic_regex non-member swap


	Class template sub_match
	sub_match members
	sub_match non-member operators

	Class template match_results
	match_results constructors
	match_results size
	match_results element access
	match_results reformatting
	match_results allocator
	match_results swap

	Regular expression algorithms
	regex_match
	regex_search
	regex_replace

	Regular expression Iterators
	Class template regex_iterator
	regex_iterator constructors
	regex_iterator comparisons
	regex_iterator dereference
	regex_iterator increment

	Class template regex_token_iterator
	regex_token_iterator constructors
	regex_token_iterator comparisons
	regex_token_iterator dereference
	regex_token_iterator increment


	Modified ECMAScript regular expression grammar

	Iterators
	New iterator requirements
	Iterator access requirements
	Readable iterator requirements
	Writeable iterator requirements
	Swappable iterator requirements
	Lvalue iterator requirements

	Iterator traversal concepts
	Incrementable iterator requirements
	Single Pass Iterators
	Forward Traversal Iterators
	Bidirectional Traversal Iterators
	Random Access Traversal Iterators


	New iterator primitives
	Additions to header <iterator> synopsis
	New iterator traits and tags

	Iterator adaptor and facade
	Header <iterator_helper> synopsis
	Iterator facade
	Class template iterator_facade
	iterator_facade requirements
	iterator_facade operations

	Iterator adaptor
	Class template iterator_adaptor
	iterator_adaptor requirements
	iterator_adaptor public operations
	iterator_adaptor protected member functions
	iterator_adaptor private member functions


	Specialized adaptors
	Indirect iterator
	Class template indirect_iterator
	indirect_iterator requirements
	indirect_iterator operations

	Reverse iterator
	Class template reverse_iterator
	reverse_iterator requirements
	reverse_iterator operations

	Transform iterator
	Class template transform_iterator
	transform_iterator requirements
	transform_iterator public operations
	transform_iterator private operations

	Filter iterator
	Class template filter_iterator
	filter_iterator requirements
	filter_iterator operations

	Counting iterator
	Class template counting_iterator
	counting_iterator requirements
	counting_iterator operations

	Function output iterator
	Class template function_output_iterator
	function_output_iterator requirements
	function_output_iterator operations
	function_output_iterator::output_proxy operations




