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Chapter 1

General [tr.intro]

This technical report describes extensions to@he standard librarythat is described in the Inter-
national Standard for the C++ programming language [6].

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
components 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 thenordered_set>  header 6.2.4.1.

3. New library components declared as additions to existing standard headers, such as the mathe-
matical special functions added to the headamath> 5.2.1.

4. Additions to standard library components, such as the extensions tetdapsir in sec-
tion 6.1.3.

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



New headers are distinguished from extensions to existing headers by the titlesphtpsislause.

In the first case the title is of the form “Headdbo> synopsis”, and the synopsis includes all names-
pace scope declarations contained in the header. In the second case the title is of the form “Additions
to headekfoo> synopsis” and the synopsis includes only the extensianghose namespace scope
declarations that are not present in the C++ standard [6].

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 within namespat® . Unless otherwise specifed, all components described

in this technical report are declared in namespate. [Note: Some components are declared in
subnamespaces of namesptte . —end notg

Unless otherwise specified, reference to other entities described in this technical report are assumed to
be qualified withtr:: , 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 macresend notgUsers 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 ~ fomatting.



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

}
2.1.2 Class templateeference_wrapper [tr.util.refwrp.refwrp]

template <typename T> class reference_wrapper {
public :

Il types

typedef T type;

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

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

/I invocation
template <typename T1, typename T2, ..., typename TN>
typename result_of<T(T1, T2, ..., TN)>:type
operator () (T1, T2, ..., TN) const ;
3
reference_wrapper<T> is a CopyConstructible and Assignable wrapper around a reference to
an object of typd.

10



referencewrapper defines the member typasult_type in the following cases:
1. Tis a function pointer, theresult_type is the return type of .

2. T is a pointer to member function, theesult_type is the return type of.

3. Tis aclass type with a member typesult_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 referenograpper 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 al, T2 al, .., TN aN) const ;

Effects: f.get()(al, a2, ..., aN) Returns: The result of the expressidrget()(al,
a2, ..., aN)
2.1.2.4 referencewrapper helper functions [tr.util.refwrp.helpers]

template <typename T> ref(T& t);
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 forwardegéteyence_wrapper is implemen-
tation 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]

11



namespace trl {
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> & o0s, shared_ptr<Y> const & p);

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 Classdad_weak_ptr [tr.util.smartptr.weakptr]

namespace trl {
class bad_weak ptr: public exception

{
public:

12



bad_weak_ptr();
%
}

An exception of typdad_weak_ptr is thrown by theshared_ptr  constructor taking aveak_-
ptr .

bad_weak_ptr();

Postconditions:what() returns'trl::bad_weak_ptr"
Throws: nothing.

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

The shared_ptr  class template stores a pointer, usually obtainedneia. shared_ptr  im-
plements 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 trl {
template<class T> class shared_ptr {
public:
typedef T element_type;

/I constructors

shared_ptr();

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);

/I destructor
“shared_ptr();

/I 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);

/I 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);

/I observers

T * get() const;
T & operator*() const;

13



T * operator->() const;

long use_count() const;

bool unique() const;

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

3

/I 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);

/I other operators
template<class E, class T, class Y>
basic_ostream<E, T> & operator<< (basic_ostream<E, T> & o0s, shared_ptr<Y> const & p);

/I specialized algorithms
template<class T> void swap(shared_ptr<T> & a, shared ptr<T> & b);

/I 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);

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

}

shared_ptr  is CopyConstructible , Assignable , andLessThanComparable , allow-
ing its use in standard containeshared_ptr  is convertible tdbool , allowing its use in boolean
expressions and declarations in conditions.

[Example:

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

{
/I do something with px

}

—end examplg.
2.2.3.1 shared_ptr constructors [tr.util.smartptr.shared.const]

14



shared_ptr();

Effects: Constructs ammptyshared_ptr
Postconditions:use_count() == 0 && get() ==
Throws: nothing.

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

Requires: p must be convertible td *. Y must be a complete type. The expressilahete p

must be well-formed, must not invoke undefined behavior, and must not throw exceptions.

Effects: Constructs ahared_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.

Exception safety:If an exception is throwrdelete p is called.

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

Requires: p must be convertible t& *. D must beCopyConstructible . The copy constructor

and destructor of D must not throw. The expressia{p) must be well-formed, must not invoke
undefined behavior, and must not throw exceptions.

Effects: Constructs ahared_ptr  thatownsthe pointemp and the deleted.
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 throwrnd(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 amptyshared_ptr ; otherwise, constructs shared_ptr
thatshares ownershipith 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 ownershivith r and stores a copy of the pointer
stored inr .

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() must be convertible t& *. Y must be a complete type. The expression
delete r.release() must be well-formed, must not invoke undefined behavior, and must not
throw exceptions.

Effects: Constructs ahared_ptr  that stores andwnsr.release()

Postconditions:use_count() ==

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, the constructor has no effect.
2.2.3.2 shared_ptr destructor [tr.util.smartptr.shared.dest]

“shared_ptr();

Effects:
e If *this isempty orshares ownershiprith anothershared_ptr  instancese_count()
> 1), there are no side effects.

e Otherwise, ifthis  ownsa pointerp and a deleted, d(p) is called.
e Otherwise*this ownsa pointerp, anddelete p s 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
considered 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 =D
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 contentstthis 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]
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T * get() const;

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
instantiate it renders the program ill-formed.

T * operator->() const;

Requires: get() '= 0
Returns: get()
Throws: nothing.

long use_count() const;

Returns: the number ofhared_ptr  objects*this included, thashare ownershipvith *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() ==

Throws: nothing.

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

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

Returns: an unspecified value that, when used in boolean contexts, is equivatggt(}to!= 0
Throws: nothing.
Notes: This conversion operator alloveharedptr objects to be used in boolean contexts, Ifkép

&& 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);

Returns: a.get() == b.get()
Throws: nothing.

template<class T, class U>
bool operator!l=(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: an unspecified value such that
e operator< s a strict weak ordering as described in section b3alg.sorting] ;

e under the equivalence relation defined dyyerator< , !(a < b) && (b < a) , two
shared_ptr instances are equivalent if and only if thelyare 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);

Requires: The expressiostatic_cast<T*>(r.get()) must be well-formed.
Returns: If r is empty anemptyshared_ptr<T> ; otherwise, asshared_ptr<T>  object that
storesstatic_cast<T*>(r.get()) andshares ownershiprith r .

Throws: nothing.
Notes:the seemingly equivalent expressiimared_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 expressiodynamic_cast<T*>(r.get()) must be well-formed and its behavior
defined.
Returns:

e Whendynamic_cast<T*>(r.get()) returns a nonzero value shared_ptr<T>  ob-

ject that stores a copy of it argthares ownershipith r ;
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e Otherwise, aremptyshared_ptr<T>  object.

Throws: nothing.
Notes:the seemingly equivalent expressiirared_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-unqualified, returns&d; otherwise return§.
Throws: nothing.

2.2.4 Class templateveak ptr [tr.util.smartptr.weak]

Theweak ptr class template stores a "weak reference” to an object that’s already managed by a
shared_ptr . To access the object,veeak ptr can be converted to shared_ptr  using the
member functiodock .

namespace trl {
template<class T> class weak ptr {

public:
typedef T element_type;

/I constructors

weak_ptr();

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);

/I destructor
“weak_ptr();

/I 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);

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

/I observers

long use_count() const;
bool expired() const;
shared_ptr<T> lock() const;
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/I comparison
template<class T, class U>
bool operator<(weak ptr<T> const & a, weak_ptr<U> const & b);

/I 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 aemptyweak _ptr .
Postconditions:use_count() ==
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);

Effects: If r is empty constructs aremptyweak_ptr ; otherwise, constructs weak ptr that
shares ownershipiith r and stores a copy of the pointer stored in

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

Throws: nothing.

2.2.4.2 weak_ptr destructor [tr.util.smartptr.weak.dest]
“weak_ptr();

Effects: Destroys thisveak_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 towveak_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);
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Effects: Exchanges the contentsthis andr .
Throws: nothing.

void reset();

Effects: Equivalent toveak_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 shared_ptr  instances thathare owner-
shipwith *this

Throws: nothing.

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

bool expired() const;

Returns: use_count() ==
Throws: nothing.
Notes:expired()  may be faster thanse_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
e operator< is a strict weak ordering as described in section 2b3alg.sorting] ;

e under the equivalence relation defined dyyerator< , !(a < b) && (b < a) , two
weak _ptr instances are equivalent if and only if thelyare 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 thenable_shared_from_this class template, passing itself as a tem-
plate parameter, to inherit trehared_from_this member functions that obtainsharedptr in-
stance pointing tthis

[Example:
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struct X: public enable_shared_from_this<X>

{
h
int main()
{
shared_ptr<X> p(new X);
shared_ptr<X> g = p->shared_from_this();
assert(p == Q);
assert(l(p < g ) \&& g < p)); /I p and g must share ownership
}
—end examplg.

namespace trl {
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;
h
}

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 aenable_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> must be an accessible base clas§.dthis must
be a subobject of an instanteof type T . There must exist at least oskared_ptr  instancep that
owns&t .

Returns: A shared_ptr<T> instance thatshares ownership witp.

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); }
h

The threesharedptr constructors that create unique pointers should detect the presencenaitde-
sharedfrom_thisbase and assign the newly creagbdredptr to its__weakthismember—end not4.
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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 trl {
template <typename FunctionCallTypes> class result_of;

}
3.1.2 Class templateesult_of [tr.func.ret.ret]

template <typename FunctionCallTypes>
class result_of {
public :
Il types
typedef  unspecified type;
h
Given an Ivalud of typeF and Ivaluegl ,t2 , ...,tN of typesT1, T2, ..., TN, respectively, théype
member type defines the result type of the expredgtan t2, ...,tN)
The implementation may determine the member tiygee via any means that produces the exact
type of the expressiofftl, t2, ..., tN) for the given types.Note: The intent is that imple-
mentations are permitted to use special compiler hesksd notg
If the implementation cannot determine the type of the expre$@ibnt2, ..., tN) , orifthe
expression is ill-formed, the implementation shall use the following process to determine the member
typetype :
1. If Fis afunction typetype is the return type of the function tyge

2. If Fis a member function typgype is the return type of the member function tyipe
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3. If Fis a function object defined by the standard library, the method of determiyyiey is
unspecified.

4. If Fis a class type with a member typesult_type ,type isF:result_type

5. If Fis a class type with no member nanredult_type or if F:iresult_type is not a
type:

(a) If N=0 (no arguments)ype isvoid .
(b) If N>O, type isF: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 trl {
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 aX, returns an object through whié&X::f can

be called given a pointer, a smart pointer, an iterator, or a referenédditowed by the argument

list required forX::f , if any. The returned object iEopyConstructible andAssignable

its copy constructor and assignment operator do not throw exceptions, and it has a nested typedef
result_type defined as the return type bf

mem_fn(&X::m) , wheremis a data member of, returns an object through which a reference to
&X::m can be obtained given a pointer, a smart pointer, an iterator, or a referedcéhe returned

object isCopyConstructible andAssignable , its copy constructor and assignment operator

do not throw exceptions, and it has a nested typesiilt type defined as eithevior M const

&, whereMis the type ofm

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

Returns:
e Whenpmis a pointer to a member function takimgarguments, a function objettsuch that
the expressiof(t, a 1, ..., a n) isequivalenttqt.*pm)(a 1, ..., @ n) whent
is an Ivalue of typdl or derived fromT, ((*t).*pm)(a 1, .., @& n) otherwise.

e Whenpmis a pointer to a data member, a function objecuch that the expressid(t) is
equivalent ta.*pm whent is an Ivalue of typel’ or derived fromT, (*t).*pm  otherwise.

Throws: nothing.
Notes: Implementations are allowed to implement mémas a set of overloaded function templates.
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3.2.3 implementation quantities [tr.func.memfn.lim]

The maximum value fon is implementation defined.
3.3 Function object binders [tr.func.bind]

3.3.1 Additions to header jfunctional¢, 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 Al> unspecified bind(F f, A1 al);

template<class R, class T, class Al> unspecified bind(R T::* pm, Al al);
template<class R, class F, class Al> unspecified bind(F f, Al al);

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

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

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

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

namespace placeholders {
/I M is the implementation-defined number of placeholders

extern  unspecified 1
extern  unspecified _2;
extern  unspecified _M;
}
3.3.2 Class templates_bind_expression [tr.func.bind.isbind]

namespace trl {
template<class T> struct is_bind_expression {

static const bool value = unspecified ;
h
}
is_bind_expression can be used to detect function objects generatebiibg . bind uses
is_bind_expression to detect subexpressions. The template can be specialized by users to

indicate that a type should be treated as a subexpressidpira acall.
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static const bool value;

true if Tis atype returned frorhind , false otherwise.
3.3.3 Class templataes_placeholder [tr.func.bind.isplace]

namespace trl {
template<class T> struct is_placeholder {
static const int value = unspecified
h
}

is_placeholder can be used to detect the standard placeholdeys 2, and so onbind uses
is_placeholder to detect placeholders. The template can be specialized by users to indicate a
placeholder type.

static const int value;

value isNif Tis the type oftrl::placeholders::_ N, O otherwise.
3.3.4 Function templatebind [tr.func.bind.bind]

The function\(x) is defined ax.get() = whenx is of typereference_wrapper<F> for some
F, x otherwise.
The functionu(x, v 1, ..., v mxis of typeX, andk isis_placeholder<X>::value ,is
defined as:

e x.get() ,whenXis areference_wrapper<T> for someT,;

o v, whenk != 0 ;
e X(V 1, ... V. m,whenis_bind_expression<X>:value istrue ;

e X otherwise.

A function objectf of typeF is calledsimple if f is a pointer to a function with C++ linkage or
F::result_type is a type.

The maximum number of supported argumetsrthe synopsis) is implementation defined. Imple-
mentations are allowed to define additional, more speciallzied, overloads, or to fold the pointer
to member overload into the general function template, as long as the behaviorbifidhecalls is
unchanged.

Given a list of argumental, a2, ...,an, a function objech as returned from a call toind , and the
definition:

struct forward {

template<typename T1, typename T2, ..., typename T n>
void operator()(T1&, T2&, ...,.T n&);

h

If the expressiodorward()(al, a2, ..., a n) is well-formed, then the expressitifal,

a2, .., a n) mustbewell-formed and must have the same argument passing semaftiesad()(al,
a2, ..., a n).[Note-Implementations are encouraged to support argument forwarding for non-
const temporaries - end note]
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template<class F> unspecified bind(F f);

Requires: F must beCopyConstructible . AN()  must be a valid expression. fifis not a
simplefunction object, the behavior is implementation defined.

Returns: A function objecty of an unspecifie€opyConstructible type Gsuch that the expres-
siong(v 1, ..., v m isequivalentto\(f)() . The type of the expressi@g(v 1, ... V.= m

is result_of<R()>::type whereRis the type of\(f) . If the function application is made via
a cv-qualified reference to, or copy of, the same cv-qualifiers are applied thbefore the evaluation.
Whenf is a pointer to a function with C++ linkag&::result_type is defined as the return type
of thef . WhenF::result_type is definedG::result_type is defined as the same type.
Throws: nothing unless the copy constructorfothrows an exception.

Notes: Implementations are allowed to impose an upper limitnoiitypically one more than the
number of supported placeholders). It is implementation defined whé&li®Assignable or
DefaultConstructible

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

Requires: F must beCopyConstructible .A(M(O  must be avalid expression convertibleRo
Returns: A function objectg of an unspecifiedCopyConstructible type G such that the ex-
pressiong(v 1, ..., v m) is equivalent toA(f)() , implicitly converted toR. If the function
application is made via a cv-qualified reference to, or copg pthe same cv-qualifiers are applied to
f before the evaluatiorG::result_type is defined aRR

Throws: nothing unless the copy constructorfothrows an exception.

Notes: Implementations are allowed to impose an upper limitnenlt is implementation defined
whetherGis Assignable  or DefaultConstructible

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

Requires: F andAl must beCopyConstructible . A(H(wl)  must be a valid expression for
some valuevl. If f is not asimplefunction object, the behavior is implementation defined.
Returns: A function objectg of an unspecifiedCopyConstructible type G such that the ex-
pressiong(v 1, ..., V. m is equivalenttox()( wp(@1, V 1, ..., VvV m) . The type of the
expressiorg(v 1, ..., V. ) isresult_of<R(T)>:type whereR is the type ofA(f) and
Tisthe type ofu(al, v 1, ..., v m . Ifthe function application is made via a cv-qualified ref-
erence to, or copy ofj, the same cv-qualifiers are appliedft@ndal before the evaluation. When
f is a pointer to a function with C++ linkag6&::result_type is defined as the return type of the
f . WhenF::result_type is definedG::result_type is defined as the same type.

Throws: nothing unless the copy constructord obr al throw an exception.

Notes: Implementations are allowed to impose an upper limitnenlt is implementation defined
whetherGis Assignable  or DefaultConstructible

template<class R, class T, class Al>
unspecified bind(R T::* pm, Al al);

Requires: pmmust be a pointer to data member or pointer to a member function taking no arguments.
Returns: bind(mem_fn(pm), al)

template<class R, class F, class Al>
unspecified bind(F f, A1 al);
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Requires: F and Al must beCopyConstructible . A(f)(wl) , for some valuevl, must be a
valid expression convertible R

Returns: A function objectg of an unspecifie€€opyConstructible type Gsuch that the expres-
siong(v 1, ..., v m isequivalentto\(f)( wp(@1, V 1, ... V ) , implicitly converted
to R. If the function application is made via a cv-qualified reference to, or copy,ahe same cv-
qualifiers are applied tb andal before the evaluatiorG::result_type is defined aRR.

Throws: nothing unless the copy constructord ofr al throw an exception.

Notes: Implementations are allowed to impose an upper limitnenlt is implementation defined
whetherGis Assignable  or DefaultConstructible

template<class F, class Al, ..., class A n>
unspecified bind(F f, A1 ail, ..., A n an);
Requires: F andAi must beCopyConstructible AW, L, ow n) must be a valid

expression for some values . If f is not asimplefunction object, the behavior is implementation
defined.

Returns: A function objectg of an unspecifie€€CopyConstructible type Gsuch that the expres-
siong(v 1, .... Vv m isequivalentto\(f)( wp@L, v 1, ... V. m), .., p@n, vq,
e Vo m) .

The type of the expressi@{v 1, ..., v m isresult_of<R(T1, T2, ..., T n)>::type

whereRis the type ofA(f) and eaciii isthetypeofu(ai, v, ... V. m.

If the function application is made via a cv-qualified reference to, or copy, dfie same cv-qualifiers
are applied td andai before the evaluation. Whehis a pointer to a function with C++ linkage,
G:result_type is defined as the return type of the WhenF::result_type is defined,
G:result_type is defined as the same type.

Throws: nothing unless the copy constructord obrai throw an exception.

Notes: Implementations are allowed to impose an upper limitnenlt is implementation defined
whetherGis Assignable  or DefaultConstructible

template<class R, class T, class Al, ..., class A n>

unspecified bind(R T::* pmf, Al al, ..., A n an);
Requires: pmf must be a pointer to a member function takind arguments.
Returns: bind(mem_fn(pmf), al, ..., a n.

template<class R, class F, class Al, ..., class A n>

unspecified bind(F f, A1 al, ..., A n an);
Requires: F andAi must beCopyConstructible AW, L, ow n), for some values
W , must be a valid expression convertibleRo
Returns: A function objecty of an unspecifie€opyConstructible type Gsuch that the expres-
siong(v 1, ..., Vv m isequivalentto\(f)( wp@L, vV 1, ... V. m), .. u@n, vq,

. V. m) ,implicitly converted tcR. If the function application is made via a cv-qualified reference
to, or copy ofg, the same cv-qualifiers are applied tandai before the evaluatiorG::result_-

type is defined aR

Throws: nothing unless the copy constructord obrai throw an exception.

Notes: Implementations are allowed to impose an upper limitnenlt is implementation defined
whetherGis Assignable  or DefaultConstructible
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3.3.5 Placeholders [tr.func.bind.place]

namespace trl {
namespace placeholders {

extern  unspecified _1;
extern  unspecified _2;
extern  unspecified _3;
/I implementation defined number of additional placeholders
}
}
All placeholder types ar®efaultConstructible and CopyConstructible , and their de-

fault constructors and copy constructors do not throw. It is implementation defined whether place-
holder types arAssignable . Assignable placeholders’ copy assignment operators do not throw
exceptions.

3.3.6 Implementation quantities [tr.func.bind.limits]

The number of placeholder types in namespateplaceholders , and the number of argu-
ments that can be passed tdiad function object, are implementation defined. Recommended
minimum values are:

e Number of placeholder types in namespadeplaceholders —0.

e Number of arguments that can be passedlimd 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 Functionl, typename Allocatorl,
typename Function2, typename Allocator2>
void operator==(const function<Functionl, Allocatorl>&,
const function<Function2, Allocator2>&);

template<typename Functionl, typename Allocatorl,
typename Function2, typename Allocator2>
void operator!=(const function<Functionl, Allocatorl>&,
const function<Function2, Allocator2>&);
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3.4.2 Classad_function_call [tr.func.wrap.badcall]

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

namespace trl {
class bad_function_call : public std::runtime_error
{
public:
/I [tr.func.wrap.badcall.const] constructor
bad_function_call();
3
}

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

bad_function_call();

Effects. constructs dad_function_call object.
3.4.3 Class templatdunction [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 Callable given a set of argument typd4, T2, ..., TN and a return
typeR, if the appropriate following function definition is well-formed:

/I If F is not a pointer to member function

R callable(F& f, T1 t1, T2 t2, ..., T N tN)
{
return static_cast<R>(f(t1, t2, ..., t N));
}
/I If F is a pointer to member function
R callable(F f, T1 t1, T2 t2, ..., T N tN)
{
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 trl {
/I Function type R (T1, T2, ..., TN), 0 < N < Nmax
template<typename Function,
typename Allocator = std::allocator<void> >
class function
. public unary_function<R, T1> /l'iff N == 1
. public binary_function<R, T1, T2> /I iff N ==
{
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public:
typedef R result_type;
typedef Allocator allocator_type;

/I [tr.func.wrap.func.con] construct/copy/destroy
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();

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

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

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

h

/I tr.func.wrap.func.alg] specialized algorithms

template<typename Functionl, typename Allocatorl,
typename Function2, typename Allocator2>

void swap(function<Functionl, Allocatorl>&,
function<Function2, Allocator2>&);

/I [tr.func.wrap.func.undef] undefined operators
template<typename Functionl, typename Allocatorl,
typename Function2, typename Allocator2>
void operator==(const function<Functionl, Allocatorl1>&,
const function<Function2, Allocator2>&);
template<typename Functionl, typename Allocatorl,
typename Function2, typename Allocator2>
void operator!=(const function<Functionl, Allocator1>&,
const function<Function2, Allocator2>&);
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}

3.4.3.1 function construct/copy/destroy [tr.func.wrap.func.con]

explicit function(const Allocator& = Allocator());

Postconditions this->empty()
Throws: will not throw.

function(const function& f);

Postconditions this->empty() if fempty() ;otherwise}this targets a copy of .

Throws: will not throw if the target off is a function pointer or a function object passed via
reference_wrapper . Otherwise, may throwad_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 typek, T2, ..., TN and return typ&R.
Postconditions this->empty() if any of the following hold:
e f is a NULL function pointer.

e f is a NULL member function pointer.
e f isaninstance of thiunction class template anidempty()

Otherwisethis targets a copy of 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 thrdvad_alloc  or any
exception thrown b¥’s copy constructor.

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

Requires f.get() is a callable function object for argument typek, T2, ..., TN and return type

R

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

Throws: will not throw.

Rationale: a potential alternative would be to replace th&erence_wrapper argument with an
argument taking a function object pointer. This route was not taken bersfesence_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<rF> f);

Effects: function(f).swap(*this);
Returns: *this
Throws: will not throw.

“function();
Effects: if !this->empty() , destroys the target difiis
3.4.3.2 function modifiers [tr.func.wrap.func.mod]

void swap(function& other);

Effects: interchanges the targetstthis andother and the allocators dthis 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 targdalse 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; other-
wise, returns a value that will evaluate false in a boolean context. The value type returned shall not be
convertible tant .

Throws: will not throw.

Notes This conversion can be used in contexts whel®al is expected (e.g., aifi condition);
however, implicit conversions (e.g., tot ) that can occur witlbool 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 flnaction  instantiation.

3.4.3.4 function invocation [tr.func.wrap.func.inv]
R operator()(T1 t1, T2 t2, ..., T N tN) const

Effects. f(t1, t2, ..., t N) , wheref is the target ofthis

Returns: nothing, ifRis void ; otherwise, the return value of the callfto

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]
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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 Functionl, typename Allocatorl,
typename Function2, typename Allocator2>
void operator==(const function<Functionl, Allocatorl1>&,
const function<Function2, Allocator2>&);

Notes this function must be left undefined.

Rationale: the boolean-like conversion opens a loophole wherebyftwotion  instances can be
compared via=. This undefinedoid operator== closes the loophole and ensures a compile-time
or link-time error.

template<typename Functionl, typename Allocatorl,
typename Function2, typename Allocator2>
void operator!=(const function<Functionl, Allocatorl>&,
const function<Function2, Allocator2>&);

Notes this function must be left undefined.

Rationale: the boolean-like conversion opens a loophole wherebyftwwotion  instances can be
compared vid= . This undefinedoid operatorl= 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 tenfiptertion  is
implementation 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

4.1.1 Unary type traits

[trmeta.rgmts]

[trmeta.rgmts.unary]

In table 4.1 Xis a class template that is a unary type trait @rid any arbitrary type.

Table 4.1: UnaryTypeTrait requirements

Expression Return Type Requirement

X<T>:value bool An integral constant expression th
is true if T has the specified trait
and false otherwise.

X<T>:.value_type bool A type that is the type of

X<T>:value , this is always
bool for UnaryTypeTraits.

X<T>:type

integral_constant<bool,value>

A type for use in situations wher
a typename is more appropriaj
than a value. The class ten
plate integral_constant is
declared irctype_traits>

X<T>:type t = X<T>()

Both Ivalues of type X<T>
const& and rvalues of type
X<T> are implicitly convertible to
X<T>:type
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4.1.2 Binary type traits [tr.meta.rgmts.binary]
In table 4.2 Xis a class template that is a binary type trait drmhdU are 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 tdJ 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 al-
waysbool for BinaryTypeTraits.

X<T,U>:type integral_constant<bool,value> A type for use in situations wherg

a typename is more appropriate
than a value. The class tem

plate integral_constant is
declared ir<type_traits>
X<T,U>:type t = X<T,U>() Both Ivalues 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.rgmts.trans]

In table 4.3 Xis a class template that is a transformation trait @mslany arbitrary type.

Table 4.3: TransformationTrait requirements

Expression Requirement
X<T>:type The result is a type that is the result of apply-
ing transformatiorX to typeT.

4.2 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 destatied const shall be
defined in such a way that they are usable as integral constant expressions.

For all of the class templates declared in this clause, both rvalues of tyYeconst and Ivalues

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 operaiperator type() const , which shall
returntype() in all cases.

For all of the class templates 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
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argument if and only if the semantics Xfrequire that the argument must be a complete type.
4.2.1 Header<type_traits> synopsis

namespace tri{

/I helper class:
template <class T, T v> struct integral_constant;
typedef integral_constant<bool, true> true_ type;

typedef integral_constant<bool, false> false_type;

/I Primary type

template
template
template
template
template
template
template
template
template
template
template
template

<class
<class
<class
<class
<class
<class
<class
<class
<class
<class
<class
<class

categories:

T
T>
T>
T
T
T>
T>
T>
™
T
T
T>

struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct

is_void;

is_integral;
is_floating_point;

is_array;

is_pointer;

is_reference;
is_member_object_pointer;
is_member_function_pointer;
is_enum;

iS_union;

is_class;

is_function;

/I composite type categories:

template
template
template
template
template
template

<class
<class
<class
<class
<class
<class

T
T>
T>
T>
T>
T

/I type properties:

template
template
template
template
template
template
template
template
template
template
template
template

<class
<class
<class
<class
<class
<class
<class
<class
<class
<class
<class
<class

T
T>
T
T
T
T
T
T>
T
T>
T
T

struct
struct
struct
struct
struct
struct

struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct

is_arithmetic;
is_fundamental;
is_object;

is_scalar;
is_compound;
is_member_pointer;

is_const;

is_volatile;

is_pod;

is_empty;
is_polymorphic;
is_abstract;
has_trivial_constructor;
has_trivial_copy;
has_trivial_assign;
has_trivial_destructor;
has_nothrow_constructor;
has_nothrow_copy;
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template <class T> struct has_nothrow_assign;
template <class T> struct is_signed;
template <class T> struct is_unsigned,;

} /Il namespace trl

4.2.2 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;

3

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

The class templat@ategral_constant and its associated typeddfae_type andfalse -
type are for use in situations where a type rather than a value is required.
4.2.3 Primary Type Categories [trmeta.unary.cat]

The primary type categories correspond to the descriptions given in section 3.9 of the C++ standard.
For any given typd, exactly one of the primary type categories shall have its mexdlee evaluate

totrue .

For any given typeT, the result of applying one of these templated t@nd 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;
h

value : definedto bdrue if Tisvoid oracv-qualifiedvoid . Otherwise defined to bialse

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;

3
value : definedto bdrue if T is an integral type (3.9.1). Otherwise defined tddlse

template <class T> struct is_floating_point {
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static const bool value implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;
3
value : defined to bedrue if T is a floating point type (3.9.1). Otherwise defined td&lse

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;
h
value : definedto bdrue if T is a pointer type (3.9.2), this includes all function pointer types, but
not pointers to members or member functions. Otherwise definedfaidse .

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 barue if T is a reference type (3.9.2), this includes all reference to function
types. Otherwise defined to fese

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;
|3

value : defined to berue if T is a pointer to a data member. Otherwise defined ttalse

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;

k

value : defined to bearue if T is a pointer to a member function. Otherwise defined téakse
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template <class T> struct is_enum {
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;
%
value : defined to bdrue if T is an enumeration type (3.9.2). Otherwise defined ttalse

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;
h
value : defined to berue if T is a union type (3.9.2). Otherwise defined tofakse

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

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;
|3
value : defined to barue if T is a function type (3.9.2). Otherwise defined tofalse
4.2.4 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 typeTl, the result of applying one of these templated t@nd 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;
typedef integral_constant<value_type,value> type;
operator type() const;

h
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value : defined to bdrue if T is an arithmetic type (3.9.1). Otherwise defined tddise

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;
3
value : definedto bdrue if T is a fundamental type (3.9.1). Otherwise defined tdethee

template <class T> struct is_object{
static const bool value =
I(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;
3
value : definedto bdrue if T is an object type (3.9). Otherwise defined tofalse

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;
h

value : definedto bdrue if T is a scalar type (3.9). Otherwise defined td&lse

template <class T> struct is_compound{
static const bool value = lis_fundamental<T>::value;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;
%
value : defined to barue if T is a compound type (3.9.2). Otherwise defined tddise

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

k

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

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

These templates provide access to some of the more important properties of types; they reveal in-
formation 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 special-
isations 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 barue if T is const-qualified (3.9.3). Otherwise defined tdfalse

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;
h
value : defined to bdrue if T is volatile-qualified (3.9.3). Otherwise defined tofakse

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 argumernit shall be a complete type.
value : definedto bdrue if Tisa POD type (3.9). Otherwise defined tofakse

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

Preconditions: template argumeni shall be a complete type.
value : definedto bdrue if T is an empty class (10). Otherwise defined tddise

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;

k

Preconditions: template argumeri shall be a complete type.
value : defined to bdrue if T is a polymorphic class (10.3). Otherwise defined tdadee

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 argumerit shall be a complete type.
value : definedto bdrue if T is a abstract class (10.4). Otherwise defined téalse

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;

h
Preconditions: template argumeri shall be a complete type.

value : defined to bdrue if the default constructor fof 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;

h
Preconditions: template argumeri shall be a complete type.

value : defined to bdarue if the copy constructor foll is trivial (12.8). Otherwise defined to be
false

template <class T> struct has_trivial_assign{
static const bool value = implementation_defined
typedef bool value_type;
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typedef integral_constant<value_type,value> type;
operator type() const;
h
Preconditions: template argumeri shall be a complete type.

value : defined to bdrue if the assignment operator fdris trivial (12.8). Otherwise defined to
befalse

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;

h
Preconditions: template argumeri shall be a complete type.
value : defined to bdrue if the destructor fofT is trivial (12.4). Otherwise defined to lhalse

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;

k

Preconditions: template argumeri shall be a complete type.
value : defined to berue if the default constructor fof has an empty exception specification, or
can otherwise be deduced never to throw an exception. Otherwise definethteebe.

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;

k

Preconditions: template argumeri shall be a complete type.
value : defined to barue if the copy constructor fol has an empty exception specification, or
can otherwise be deduced never to throw an exception. Otherwise definethtsebe .

template <class T> struct has_nothrow_assign{
static const bool value = implementation_defined
typedef bool value_type;
typedef integral_constant<value_type,value> type;
operator type() const;
%
Preconditions: template argumenik shall be a complete type.
value : defined to bedrue if the assignment operator fdrhas an empty exception specification,
or can otherwise be deduced never to throw an exception. Otherwise definefhlsebe.
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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 : definedto bdrue if T is a signed integral type (3.9.1). Otherwise defined téalse

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;
h
value : definedto barue if Tis an unsigned integral type (3.9.1). Otherwise defined false

4.3 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 templates declared in this clause, both rvalues of ty¥econst and Ivalues

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 operataerator type() const , Which shall
return —type()— in all cases.
4.3.1 Header<type_compare> Synopsis [tr.meta.rel.synopsis]

namespace trl {

/I helper classes:

template <class T, T v> struct integral_constant;
typedef integral_constant<bool, true> true_type;
typedef integral_constant<bool, false> false_type;

/I 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;

} // namespace trl

Inclusion of the headertype_compare> shall make the typéntegral _constant , and its
associated typedefaie_type andfalse_type  defined in<type_traits> , visible. Whether
any other types declared4ttype_traits> are made visible by the inclusion efype_compare>

is implementation defined.
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4.3.2 Type relationships [trmeta.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;

3

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;
3
value : defined to berue if T andU are the same type. Otherwise defined tddise

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;
h
value : defined to be true only if an imaginary Ivalue of typeom is implicitly-convertible to type
To (4.0). Otherwise defined to Halse . 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 typ@o when determining whethdfrom is convertible toTo: this implies that if type
To is a function type or an array type, then value must necessarily evaluaiseo .
The expressiors_convertible<From,To>::value is ill-formed if:
e TypeFrom, is a void or incomplete type (3.9).

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

e The conversion is ambiguous, for example if tyf@m has multiple base classes of type
(10.2).

e TypeTo is of class type and the conversion would invoke a non-public construcitios ¢£1.0
and 12.3.1).

e TypeFrom is of class type and the conversion would invoke a hon-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;

h
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Preconditions template argumenBase andDerived shall both be complete types.
value : defined to berue only if type Base is a base class of typgerived (10). Otherwise
defined to bdalse

4.4 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.

4.4.1 Header<type_transform> synopsis [tr.meta.trans.synopsis]
namespace trl {
/I 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;

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

/I array maodifications:
template <class T> struct remove_bounds;

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

} // namespace tr

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

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

h

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

h
type : defined to be a type that is the sameTasexcept that any top level const-qualifier has
been removed. For exampleemove_const<const volatile int>::type evaluates to
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volatile int , whereagemove_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;

h
type : defined to be a type that is the sameTagxcept that any top level volatile-qualifier has been
removed. For exampleremove_const<const volatile int>::itype evaluates to const
int, whereagemove_const<volatile int*> isvolatile int*

template <class T> struct remove_cv{
typedef typename remove_const<typename remove_volatile<T>:type>:type type;

h
type : defined to be a type that is the sameTagxcept that any top level cv-qualifiers have been
removed. For exampleemove_cv<const volatile int>::type evaluates tint , where
asremove_cv<const volatile int*> is const volatile int*

template <class T> struct add_const{
typedef T const type;
3
type :if T is areference, function, or top level const-qualified type, then the same tylpetwer-
wiseT const .

template <class T> struct add_volatile{
typedef T volatile type;
h
type: if T is a reference, function, or top level const-qualified type, then the same typ@terwise
T volatile

template <class T> struct add_cv{
typedef typename add_const< typename add_volatile<T>::type >:type type;

h
type : the same type asdd_const< add_volatile<T>::itype >:type .
4.4.3 Reference modifications [trmeta.trans.ref]

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

|3

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

¥

type : defined to be a type that is the sameTasxcept any reference qualifier has been removed.
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template <class T> struct add_reference{
typedef T& type;

h

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

h
type :if Tis areference type, théh otherwiseT& .
4.4.4 Array modifications [trmeta.trans.arr]

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

h

template <class T, std::size_t N> struct remove_bounds<T[N]>{
typedef T type;

h
type : defined to be atype that is the sam&asxcept any top level array bounds have been removed.
4.4.5 Pointer modifications [tr.meta.trans.ptr]

template <class T> struct remove_pointer{
typedef T type;
h
template <class T> struct remove_pointer<T*>{
typedef T type;
3
template <class T> struct remove_pointer<T* const>{
typedef T type;
h
template <class T> struct remove_pointer<T* volatile>{
typedef T type;
3
template <class T> struct remove_pointer<T* const volatile>{
typedef T type;
h
type : defined to be a type that is the sameTagxcept any top level indirection has been removed.
Note: pointers to members are left unchangeddvgove pointer

template <class T> struct add_pointer{
typedef typename remove_bounds<typename remove_reference<T>::type>::itype* type;

h
type : defined to be a type that is the result of the expres&onwheret is an imaginary Ivalue of
typeT.

4.5 Implementation requirements [tr.meta.req]

The behaviour of all the class templates definediype_traits> , <type_compare> and
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<type_transform> 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 notg

If there is no means by which the implementation can differentiate between class and union types,

then the class templatés 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 template
is_abstract need not be provided.

It is unspecified under what circumstances, if asyempty<T>::value evaluates tdrue .

It is unspecified under what circumstances, if asypod<T>::value evaluates tdrue , except

that, for all typesT:

is_pod<T>:value == is_pod<remove_bounds<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 ahgs_trivial *<T>::value evaluates to
true , except that:
has_trivial_*<T>::value == has_trivial_*<remove_bounds<T>::type>::value
has_trivial_*<T>:value >= is_pod<T>:value
It is unspecified under what circumstances, if ahgs_nothrow_*<T>::value evaluates to
true .

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 special-
izations. However, in the absence of compiler support these traits cannot be implemented without
causing implicit instantiation of their arguments; in particuler:class , is_enum , andis_-

scalar . For these templates, 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 number generator class returning objects ofitygedu is a (possibly const)
value ofX.

Table 5.1: Number generator requirements (in addition to function ob-

ject)
expression Return Type | pre/post-condition complexity
X:result_type T std::numeric_- compile-time

limits<T>:is_-
specialized is true

In table 5.2,X denotes a uniform random number generator class returning objects of typis a
value ofX, andv is a (possibly const) value o€

Table 5.2: Uniform random number generator requirements (in addition
to number generator)

expression| Return Type | pre/post-condition complexity
u() T — amortized constant
v.min() T Returns some where | is less than or constant

equal to all values potentially returned by
operator() . The return value of this func
tion shall not change during the lifetime of
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v.max() T
integer

operator()

If std::numeric_limits<T>:is_-
, returnsl
or equal to all values potentially returned by
, otherwise, returnk wherel
is strictly less than all values potentially re
turned byoperator()
return value of this function shall not change
during the lifetime ofv.

constant

wherel is less than

In any case, the

In table 5.3 X denotes a pseudo-random number engine class returning objects @f tyjeea value

of T, u is a value ofX, v is an lvalue ofX, itl

is an lvalue andt2

is a (possibly const

) value of

an input iterator typdt having an unsigned integral value type,y are (possibly const ) values of

X, os is convertible to an Ivalue of typstd::ostream

std::istream

A pseudo-random number engirehas a state(i)

at any given time. The specificati

, andis is convertible to an Ivalue of type

on of each

pseudo-random number engines defines the size of its state in multiples of the sizesilits-
type , given as an integral constant expression.

Table 5.3: Pseudo-random number engine requirements (in addition

to uniform random number generatdCopyConstructible , and
Assignable )
expression Return Type pre/post-condition complexity
X0 — creates an engine with the same initjalD(size of state)
state as all other default-constructed en-
gines of typeXin the program.
X(it1, it2) — creates an engine with the initial stated(size of state)
given by the rangégit1,it2) Lt
is advanced by the size of state. If the
size of the rangéitl,it2) is insuffi-
cient, leavestl == it2 and throws
std::invalid_argument
u.seed() void post:u == X() O(size of state)
u.seed(itl, it2) void post: If there are sufficiently many O(size of state)
values in[itl, it2) to initialize the
state ofu, thenu == X(it1,it2)
Otherwise, itl == it2 , throws

std::invalid_argument , and
further use ofu (except destruction
is undefined until aseed member
function has been executed witho
throwing an exception.

ut
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u()

given the stateu(i)
computesu(i+1) ,
u(i+1)
pendent onu(i+1)

of the engine,
sets the state to
, and returns some output de

amortized constan

t

X ==y

bool

rent statex(i)

rent statey(j) ofy.

== is an equivalence relation. The cur-O(size of state)
of x is equal to the cur-

X l=y

bool

Ix ==y)

O(size of state)

0S << X

std::ostreamé&

statex(i)
set to ios_base:dec|ios_-
base::fixed|ios_base::left

fill character are unchanged.

writes the textual representation of theD(size of state)
of x to os, with os. fmtflags

and the fill character set to the space
character. In the output, adjacent nu
bers are separated by one or more sp
characters. post: Thes. fmtflagsand

is >> v

std::istream&

sets the statev(i)

unchanged.

of v as deter-
mined by reading its textual representa-
tion fromis . post: Thes. fmtflagsare

O(size of state)

In table 5.4 X denotes a random distribution class returning objects of Typeis a value ofX, x is
a (possibly const) value of, ande is an Ivalue of an arbitrary type that meets the requirements of a
uniform random number generator, returning values of type

, andAssignable )

Table 5.4: Random distribution requirements (in addition to number gen-
erator,CopyConstructible

expression Return Type pre/post-condition complexity
X::input_type U — compile-time
u.reset() void subsequent uses afdo not depend on constant
values produced bg prior to invoking
reset
u(e) T the sequence of numbers returned |bgmortized constant
successive invocations with the same gbaumber of invoca-
jecte is randomly distributed with some tions ofe
probability density functiom(x)
0S << X std::ostreamé& writes a textual representation for theO(size of state)

parameters and additional internal data

of the distributionx to os. post: The

os. fmtflagsand fill character are unt

changed.
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is >> u std::istream& restores the parameters and addition&P(size of state)
internal data of the distributionu.
pre: is provides a textual represen
tation that was previously written by
operator<< . post: Theis. fmtflags
are unchanged.

Additional requirements: The sequence of numbers produced by repeated invocati¢e)s adoes

not change whether or nos << x is invoked between any of the invocatiox@) . If a textual
representation is written usimg << x and that representation is restored into the same or a different
objecty of the same type using >> y , repeated invocations gfe) produce the same sequence

of random numbers as would repeated invocationg@f .

In the following subclauses, a template parameter nab@fbrmRandomNumberGenerator

shall denote a class that satisfies all the requirements of a uniform random number generator. More-
over, a template parameter nanigdtribution shall denote a type that satisfies all the require-
ments of a random distribution. Furthermore, a template parameter rReattlype shall denote a

type that holds an approximation to a real number. This type shall meet the requirements for a numeric
type ([lib.numeric.requirements]), the binary operatgrs, *,/ shall be applicable to it, a conversion

from double shall exist, and function signatures corresponding to those fordgpble in sub-

clause [lib.c.math] shall be available by argument-dependent lookup ([basic.lookup.koeNmB: [

The built-in floating-point typefloat anddouble meet these requirements-end notg

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

namespace trl {
template<class UniformRandomNumberGenerator,
class Distribution>
class variate_generator;

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

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

template<class UniformRandomNumberGenerator, int p, int r>
class discard_block;
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template<class UniformRandomNumberGeneratorl, int si,
class UniformRandomNumberGenerator2, int s2>
class xor_combine;

class random_device;

template<class IntType = int>
class uniform_int;

template<class RealType = double>
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 trl
5.1.3 Class templatevariate_generator [tr.rand.var]
A variate_generator produces random numbers, drawing randomness from an underlying uni-

form random number generator and shaping the distribution of the numbers corresponding to a distri-
bution function.

template<class Engine, class Distribution>
class variate_generator

{
public:
typedef Engine engine_type;
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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;
h
The template argument for the paramedimigine shall be of the fornmJ, U&, or U*, whereU de-
notes a class that satisfies all the requirements of a uniform random number generator. The member
engine_value_type shall namédJ.
Specializations ofariate_generator satisfy the requirements of CopyConstructible. They also
satisfy the requirements of Assignable unless the template paraEmgiere is of the formU&.
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
generatoeng and the associated random distributchn
Throws: If and what the copy constructor of Engine or Distribution throws.

result_type operator()()

Returns: distribution()(e)

Notes: The sequence of numbers produced by the uniform random number geregraggris ob-
tained from the sequence of humbers produced by the associated uniform random number generator
eng, seng , as follows: Consider the valuesfimeric_limits< T>:is_integer for T both
Distribution::input_type andengine_value_type::result_type . If the values
for both types ardgrue , thense is identical toseng. Otherwise, if the values for both types are
false , then the numbers ireng are divided byengine().max()-engine().min() to ob-
tain the numbers iBe. Otherwise, if the value foengine_value_type::result_type is
true and the value fobistribution::input_type isfalse , then the numbers iseng are
divided by engine().max()-engine().min()+1 to obtain the numbers ige. Otherwise,
the mapping fromseng to se is implementation-defined. In all cases, an implicit conversion from
engine_value_type::result_type to Distribution::input_type is performed. If
such a conversion does not exist, the program is ill-formed.
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template<class T> result_type operator()(T value)

Returns: distribution()(e, value) . For the semantics @f, see the description aperator()()
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
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 tables in section x.x), 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 declaredtatic const in any of the following class templates shall be defined in
such a way that they are usable as integral constant expressions.

5.1.4.1 Class templatéinear_congruential [trrand.eng.lcong]

A linear_congruential engine produces random numbers using a linear function x(i+1) := (a

*x(i) + ¢) mod m.

namespace trl {
template<class IntType, IntType a, IntType c, IntType m>
class linear_congruential
{
public:
Il types
typedef IntType result_type;

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

/I constructors and member function

explicit linear_congruential(IntType x0 = 1);
template<class In> linear_congruential(In& first, In last);
void seed(IntType x0 = 1);

template<class In> void seed(In& first, In last);
result_type min() const;

result_type max() const;

result_type operator()();

3

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

bool operator==(const linear_congruential<IntType, a, ¢, m>& X,
const linear_congruential<IntType, a, ¢, m>& VY);

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

bool operator!=(const linear_congruential<intType, a, ¢, m>& X,
const linear_congruential<intType, a, ¢, m>& vy);

template<class CharT, class traits,
class IntType, IntType a, IntType c, IntType m>
basic_ostream<CharT, traits>&
operator<<(basic_ostream<CharT, traits>& o0s,
const linear_congruential<IntType, a, ¢, m>& Xx);
template<class CharT, class traits,
class IntType, IntType a, IntType c, IntType m>
basic_istream<CharT, traits>&
operator>>(basic_istream<CharT, traits>& is,
linear_congruential<IntType, a, ¢, m>& Xx);

}

The template parametbitType shall denote an integral type large enough to store values up to (m-
1). If the template parameteris 0, the behaviour is implementation-defined. Otherwise, the template
parametera andc shall be less than m.

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

explicit linear_congruential(IntType x0 = 1)

Requires:c > 0 || (X0 % m) > O
Effects: Constructs dinear_congruential engine with state x(0) :x0 mod m.

void seed(IntType x0 = 1)

Requires:c > 0 || (X0 % m) > 0O
Effects: Sets the state x(i) of the enginex® mod m.

template<class In> linear_congruential(In& first, In last)
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Requires:c > 0 — *first ¢, 0—
Effects: Sets the state x(i) of the engine*tiirst mod m.
Complexity: Exactly one dereference first

template<class CharT, class traits,
class IntType, IntType a, IntType c, IntType m>
basic_ostream<CharT, traits>&
operator<<(basic_ostream<CharT, traits>& o0s,
const linear_congruential<intType, a, ¢, m>& Xx);

Effects: Writes x(i) toos.
5.1.4.2 Class templatenersenne_twister [trrand.eng.mers]

A mersenne_twister engine produces random numbers o(x(i)) using the following computation,
performed modul@®. umis a value with only the uppev-r bits set in its binary representatidm
is a value with only its lower bits set in its binary representatiorshift is a bitwise right shift with
zero-valued bits appearing in the high bits of the redsliift is a bitwise left shift with zero-valued
bits appearing in the low bits of the result.

e y(i) = (x(i-n) bitandum) — (x(i-(n-1)) bitand Im)

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

e z1(i) = x(i) xor ( x(i) rshiftu)

e 72(i) = z1(i) xor ( (z1(i) Ishift s) bitandb )
e 73(i) = z2(i) xor ( (z2(i) Ishift t) bitandc )
e 0(x(i)) = z3(i) xor ( z3(i) rshift1)

template<class UlntType, int w, int n, int m, int r,
UIntType a, int u, int s,
UIntType b, int t, UlntType c, int I>
class mersenne_twister
{
public:
Il types
typedef UintType result_type;

/I 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;
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static const int output t = t;
static const UIntType output ¢ = c;
static const int output_| = I,

/I constructors and member function
mersenne_twister();

explicit mersenne_twister(UIntType value);
template<class In> mersenne_twister(In& first, In last);
void seed();

void seed(UIntType value);

template<class In> void seed(In& first, In last);
result_type min() const;

result_type max() const;

result_type operator()();

3

template<class UlntType, int w, int n, int m, int r,
UintType a, int u, int s,
UIntType b, int t, UIntType c, int I>
bool
operator==(const mersenne_twister<UIntType, w, n, m, r
const mersenne_twister<UIntType, w, n, m,
template<class UlntType, int w, int n, int m, int r,
UintType a, int u, int s,
UlntType b, int t, UlntType c, int I>

o9
»c
c o
wo

bool

operator!=(const mersenne_twister<UIntType, w, n, m, r, a, s, b, t, c, I>& vy,
const mersenne_twister<UIntType, w, n, m, r, a, u, s, b, t, ¢, I>& X);

s

template<class CharT, class traits,
class UlintType, int w, int n, int m, int r,
UintType a, int u, int s,
UIntType b, int t, UlntType c, int I>
basic_ostream<CharT, traits>&
operator<<(basic_ostream<CharT, traits>& o0s,
const mersenne_twister<UIntType, w, n, m, r, a, u, s, b, t, ¢, I>& X);
template<class CharT, class traits,
class UlintType, int w, int n, int m, int r,
UintType a, int u, int s,
UintType b, int t, UIntType c, int I>
basic_istream<CharT, traits>&
operator>>(basic_istream<CharT, traits>& is,
mersenne_twister<UIntType, w, n, m, r, a, u, s, b, t, ¢, I>& Xx);

The template parametétintType shall denote an unsigned integral type large enough to store
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values up t@2W — 1. Also, the following relations shall holdt < m < n. 0 < r,u,s,t,l < w.
0<a,bc<2¥ —1.
The size of the state x(i) is.

mersenne_twister()

Effects: Constructs anersenne_twister engine and invokeseed() .
explicit mersenne_twister(result_type value)

Effects: Constructs anersenne_twister engine and invokeseed(value)
template<class In> mersenne_twister(In& first, In last)

Effects: Constructs anersenne_twister engine and invokeseed(first, last)
void seed()

Effects: Invokesseed(4357)
void seed(result_type value)

Requires: value > 0

Effects: With a linear congruential generator I(i) having parameters= 232, a; = 69069, ¢; = 0,
andl(0) = value , sets x(-n) ... x(-1) to I(1) ... I(n), respectively.

Complexity: O(n)

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

Effects: Given the valuegy ...z,_; obtained by dereferencing [first, first+n), sets x(-n) ... x(-1) to
zomoR¥ .. .z,_1modv.
Complexity: Exactlyn dereferences dirst

template<class UlntType, int w, int n, int m, int r,
UintType a, int u, int s,
UIntType b, int t, UIntType c, int I>
bool
operator==(const mersenne_twister<UIntType, w, n, m, r, a, u, s, b, t, c, I>& vy,
const mersenne_twister<UIntType, w, n, m, r, a, u, s, b, t, ¢, I>& X)

Returns: x(i-n) == y(j-n) and...and(i-1) == y(j-1)
Notes: Assumes the next output &fis o(x(i)) and the next output of is o(y(j)).
Complexity: O(n)

template<class CharT, class traits,
class UlintType, int w, int n, int m, int r,
UintType a, int u, int s,
UIntType b, int t, UIntType c, int I>
basic_ostream<CharT, traits>&
operator<<(basic_ostream<CharT, traits>& o0s,
const mersenne_twister<UIntType, w, n, m, r, a, u, s, b, t, ¢, I>& X)

Effects: Writes x(i-n), ... x(i-1) toos, in that order.
Complexity: O(n)
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5.1.4.3 Class templatsubtract_with_carry [tr.rand.eng.sub]

A subtract_with_carry engine produces integer random numbers using x(i) = (x(i-s) - x(i-r) -
carry(i-1)) mod m; carry(i) = 1 if x(i-s) - x(i-r) - carry(i-1) j O, else carry(i) = 0.

template<class IntType, IntType m, int s, int r>
class subtract_with_carry
{
public:
Il types
typedef IntType result_type;

/I parameter values

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

/I constructors and member function
subtract_with_carry();

explicit subtract_with_carry(IntType value);
template<class In> subtract_with_carry(In& first, In last);
void seed(IntType value = 19780503);

template<class In> void seed(In& first, In last);
result_type min() const;

result_type max() const;

result_type operator()();

b

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!l=(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>& 0s,
const subtract_with_carry<iIntType, 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);
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The template parameténtType shall denote a signed integral type large enough to store values
up to m-1. The following relation shall hold) < s < r. Let w the number of bits in the binary
representation of m.

The size of the state is.

subtract_with_carry()

Effects: Constructs aubtract_with_carry engine and invokeseed() .
explicit subtract_with_carry(IntType value)

Effects: Constructs aubtract_with_carry engine and invokeseed(value)
template<class In> subtract_with_carry(In& first, In last)

Effects: Constructs aubtract_with_carry engine and invokeseed(first, last)
void seed(IntType value = 19780503)

Requires: value > 0

Effects: With a linear congruential generator I(i) having parameters= 2147483563, a; = 40014,

¢ = 0, andi(0) = value , sets x(-r) ... x(-1) to I(1) mod m ... I(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/32 + 1 (rounded downward) and given the valugs. . . z,..—1 Obtained by
dereferencingfirst, first+n*r) , Sets X(-1) ... X(-1) td2-2(32)+- - -+2,_1-232(*~1)modmn

o (e 2324+ zr — 1) - 232D ymodm. If x(-1) == 0, sets carry(-1) = 1, else sets carry(-1)
=0.

Complexity: Exactlyr*n dereferences dirst

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 ...ank(i-1) == y(j-1)
Notes: Assumes the next output &fis x(i) and the next output of 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>& o0s,
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 templatsubtract_with_carry 01 [tr.rand.eng.subl]

A subtract_with_carry_01 engine produces floating-point random numbers using x(i) = (x(i-
s) - x(i-r) - carry(i-1)) mod 1; carry(i) 2~ if x(i-s) - x(i-r) - carry(i-1) j 0, else carry(i) = 0.
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template<class RealType, int w, int s, int r>
class subtract with_carry 01
{
public:
/I types
typedef RealType result_type;

/I parameter values

static const int word_size = w;
static const int long_lag = r;
static const int short_lag = s;

/I constructors and member function
subtract_with_carry_01();
explicit subtract_with_carry_01(unsigned int value);
template<class In> subtract_with_carry_01(In& first, In last);
void seed(unsigned int value = 19780503);
template<class In> void seed(In& first, In last);
result_type min() const;
result_type max() const;
result_type operator()();
h
template<class RealType, int w, int s, int r>
bool operator==(const subtract with_carry 01<RealType, w, s, > X,
const subtract_with_carry_01<RealType, w, s, r>vy);

template<class RealType, int w, int s, int r>
bool operator!l=(const subtract with_carry 0l<RealType, w, s, r> X,
const subtract_with_carry_01<RealType, w, s, r> vy);

template<class CharT, class Traits,
class RealType, int w, int s, int r>
std::basic_ostream<CharT, Traits>&
operator<<(std::basic_ostream<CharT,Traits>& o0s,
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 holdd < s < r.
The size of the state is.

subtract_with_carry_01()
Effects: Constructs aubtract_with_carry_01 engine and invokeseed() .
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explicit subtract_with_carry_01(unsigned int value)

Effects: Constructs aubtract_with_carry 01 engine and invokeseed(value)
template<class In> subtract_with_carry 01(In& first, In last)

Effects: Constructs aubtract_with_carry_01 engine and invokeseed(first, last)
void seed(unsigned int value = 19780503)

Effects: With a linear congruential generator I(i) having parameters m = 2147483563, a = 40014, c
=0, and I(0) =value , sets x(-r) ... x(-1) tql(1) - 2=*)modL ...(I(r) - 27*) modl, respectively. If

X(-1) == 0, sets carry(-1) 2~ %, else sets carry(-1) = 0.

Complexity: O(r)

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

Effects: With n = w/32 + 1 (rounded downward) and given the valugs...z,.,._; obtained by
dereferencing [first, first+n*r), sets x(-r) ... x(-1) {@g - 252 + -+ + z,,_1 - 232"~ 1)) . 2= modl
o (Bmtyn - 252 4 2y - 232007 D) 27 wmodl. I x(-1) == 0, sets carry(-1) 2, 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>& o0s,
const subtract_with_carry<RealType, w, s, r>& f);

Effects: Write x(i-r)*2% ... x(i-1)*2%, carry(i-1)*2% to 0s, in that order.
Complexity: O(r)
5.1.4.5 Class templateliscard_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:
/I types
typedef UniformRandomNumberGenerator base_type;
typedef typename base_type::rresult_type result type;

/I parameter values
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static const int block size = p;
static const int used_block = r;

/I constructors and member function
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; /I exposition only
int n; /Il exposition only
h

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>& o0s,
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> & Xx);

The template parametelniformRandomNumberGenerator  shall denote a class that satisfies all

the requirements of a uniform random number generator, given in table 5.2 in clauser 54.[b).

The size of the state is the sizeloplus 1.

discard_block()
Effects: Constructs aliscard_block engine. To construct the subobjdgtinvokes its default

constructor. Sets = 0.
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explicit discard_block(const base type & rng)
Effects: Constructs aliscard_block engine. Initialized with a copy ofrng . Setsn = 0.
template<class In> discard_block(In& first, In last)

Effects: Constructs aiscard_block engine. To construct the subobjéctnvokes theb(first,
last) constructor. Sets = 0.

void seed()
Effects: Invokesb.seed() andsets1 = 0.
template<class In> void seed(In& first, In last)
Effects: Invokesb.seed(first, last) and sets = 0.
const base_type& base() const
Returns: b
result_type operator()()

Effects: If n ¢=r, invoked (p-r) times, discards the values returned, and sets 0. In any case,
then incrementa and returnd() .

template<class CharT, class traits,
class UniformRandomNumberGenerator, int p, int r>
basic_ostream<CharT, traits>&
operator<<(basic_ostream<CharT, traits>& o0s,
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
random values with bitwise exclusive-or.

template<class UniformRandomNumberGeneratorl, int s1,
class UniformRandomNumberGenerator2, int s2>
class xor_combine
{
public:
Il types
typedef UniformRandomNumberGeneratorl basel type;
typedef UniformRandomNumberGenerator2 base2_type;
typedef typename base_type::rresult_type result_type;

/I parameter values
static const int shiftl
static const int shift2

si;
S2;

/I constructors and member function
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xor_combine();

xor_combine(const basel type & rngl, 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 basel type& basel() const;

const base2 type& base2() const;

result_type min() const;

result_type max() const;

result_type operator()();

private:
basel type bi; I/l exposition only
base2_type b2; /I exposition only
h

template<class UniformRandomNumberGeneratorl, int s1,
class UniformRandomNumberGenerator2, int s2>
bool
operator==(const xor_combine<UniformRandomNumberGeneratorl, s1,
UniformRandomNumberGenerator2, s2> & X,
const xor_combine<UniformRandomNumberGeneratorl, s1,
UniformRandomNumberGenerator2, s2> & v);

template<class UniformRandomNumberGeneratorl, int si,
class UniformRandomNumberGenerator2, int s2>
operator!=(const xor_combine<UniformRandomNumberGeneratorl, s1,
UniformRandomNumberGenerator2, s2> & X,
const xor_combine<UniformRandomNumberGeneratorl, s1,
UniformRandomNumberGenerator2, s2> & vy);

template<class CharT, class traits,
class UniformRandomNumberGeneratorl, int sl,
class UniformRandomNumberGenerator2, int s2>
basic_ostream<CharT, traits>&
operator<<(basic_ostream<CharT, traits>& o0s,
const xor_combine<UniformRandomNumberGeneratorl, s1,
UniformRandomNumberGenerator2, s2> & X);

template<class CharT, class traits,
class UniformRandomNumberGeneratorl, int si,
class UniformRandomNumberGenerator2, int s2>
basic_istream<CharT, traits>&
operator>>(basic_istream<CharT, traits>& is,
xor_combine<UniformRandomNumberGeneratorl, s1,
UniformRandomNumberGenerator2, s2> & X);

The template parametddniformRandomNumberGeneratorl ~ andUniformRandomNumberGeneratorl
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shall denote classes that satisfy all the requirements of a uniform random number generator, given in
table 5.2 in clause 5.1.1. The size of the state is the sib& qflus the size ob2.

xor_combine()

Effects: Constructs aor_combine engine. To construct each of the subobjdxdtandb2, invokes
their respective default constructors.

xor_combine(const basel type & rngl, const base2 type & rng2)

Effects: Constructs aor_combine engine. Initialized1 with a copy ofrngl andb2with a copy
ofrng2 .

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

Effects: Constructs aor_combine engine. To construct the subobjédt invokes théb1(first,

last) constructor. Then, to construct the subobfeEgtinvokes theb2(first, last) construc-
tor.
void seed()

Effects: Invokesbl.seed() andb2.seed()
template<class In> void seed(In& first, In last)
Effects: Invokesb1l.seed(first, last) , then invoke$2 .seed(first, last)
const basel_type& basel() const
Returns: bl
const base2_type& base2() const
Returns: b2
result_type operator()()
Returns: (b1() << sl1) ~ (b2() << s2)

template<class CharT, class traits,
class UniformRandomNumberGeneratorl, int si,
class UniformRandomNumberGenerator2, int s2>
basic_ostream<CharT, traits>&
operator<<(basic_ostream<CharT, traits>& o0s,
const xor_combine<UniformRandomNumberGeneratorl, s1,
UniformRandomNumberGenerator2, s2> & X);

Effects: Writesbl, 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>
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minstd_rand;

typedef mersenne_twister< implementation-defined ,
32,624,397,31,0x9908b0df,11,7,0x9d2c5680,15,0xefc60000,18>
mt19937;

typedef subtract with_carry Ol<float, 24, 10, 24> ranlux_base 01,
typedef subtract with_carry _0l<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 Ol<float, 24, 10, 24>, 223, 24>
ranlux3_01;

typedef discard_block<subtract with_carry O1<float, 24, 10, 24>, 389, 24>
ranlux4_01;

For a default-constructedinstd_rand0  object, x(10000) £043618065. For a default-constructed
minstd_rand  object, x(10000) =399268537.

For a default-constructent19937 object, x(10000) =3346425566.

For a default-constructednlux3 object, x(10000) £957620. For a default-constructednlux4
object, x(10000) 8587295. For a default-constructe@nlux3_01 object, x(10000) 5957620 -
2724, For a default-constructednlux4_01 object, x(10000) 8587295 - 2~ 24,

5.1.6 Clasgandom_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 5.2 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.

If implementation limitations prevent generating non-deterministic random numbers, the implemen-
tation can employ a pseudo-random number engine.

class random_device
{
public:
Il types
typedef unsigned int result_type;

/I 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;
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result_type operator()();

private:
random_device(const random_device& );
void operator=(const random_device& );

h
explicit random_device(const std::string& token = implementation-defined );

Effects: Constructs aandom_device non-deterministic random number engine. The semantics
and default value of theoken parameter are implementation-defirted.
Throws: A value of some type derived fromxception if the random_device could not be
initialized.

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 therrdan@e to
log,(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 between() and max() ,
inclusive. It is implementation-defined how these values are generated.
Throws: A value of some type derived froexception 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.

A template parameter naméatType shall denote a type that represents an integer number. This
type shall meet the requirements for a numeric type ([lib.numeric.requirements]), the binary operators
+,-,*,/, %shall be applicable to it, and a conversion froth shall exist?

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.

No function described in this section throws an exception, unless an operation on vdhidypé
orRealType throws an exceptionNote: Then, the effects are undefined, see [lib.numeric.requirements
—end notg ]

1The parameter is intended to allow an implementation to differentiate between different sources of randomness.
2The built-in typesnt andlong meet these requirements.
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The algorithms for producing each of the specified distributions are implementation-defined.
5.1.7.1 Class templateniform_int [tr.rand.dist.iunif]

A uniform_int random distribution produces integer random numhbsdrsthe rangemin < z <

max, with equal probabilitymin 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 5.2 in clause 5.1.1).

template<class IntType = int>
class uniform_int
{
public:
Il types
typedef IntType input_type;
typedef IntType result_type;

/I 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 ainiform_int 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.
result_type operator()(UniformRandomNumberGenerator& urng, result_type n)

Returns: A uniform random number x in the range 0 j= x j Mdte: This allows avariate_-
generator  object with auniform_int distribution to be used with std::randoshuffe, see
[lib.alg.random.shufflel—end notg

5.1.7.2 Class templatéernoulli_distribution [tr.rand.dist.bern]

A bernoulli_distribution random distribution producdm®ol values distributed with prob-
abilities ptrue ) =p and pfalse ) = 1-p. p is the parameter of the distribution.
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template<class RealType = double>
class bernoulli_distribution

{

public:

3

/I types
typedef int input_type;
typedef bool result_type;

/I constructors and member function

explicit bernoulli_distribution(const RealType& p = RealType(0.5));
RealType p() const;

void reset();

template<class UniformRandomNumberGenerator>

result_type operator()(UniformRandomNumberGenerator& urng);

bernoulli_distribution(const RealType& p = RealType(0.5))

Requires:0<p <1
Effects: Constructs dernoulli_distribution object.p is the parameter of the distribution.

RealType p() const

Returns: The “p” parameter of the distribution.
5.1.7.3 Class templatgeometric_distribution [tr.rand.dist.geom]

A geometric_distribution random distribution produces integer valies 1 with p(i) =
(1 —p) - p*~1. pis the parameter of the distribution.

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

{

public:

/I types
typedef RealType input_type;
typedef IntType result_type;

/I 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);

h

geometric_distribution(const RealType& p = RealType(0.5))

Requires:0 < p <1
Effects: Constructs ggeometric_distribution object;p is the parameter of the distribution.
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RealType p() const

Returns: The “p” parameter of the distribution.
5.1.7.4 Class templat@oisson_distribution [tr.rand.dist.pois]

A poisson_distribution random distribution produces integer values> 0 with p(i) =
e~M€aMmeant /i!. meanis the parameter of the distribution.

template<class IntType = int, class RealType = double>
class poisson_distribution
{
public:
Il types
typedef RealType input_type;
typedef IntType result_type;

/I 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(1l))

Requires: mean> 0
Effects: Constructs goisson_distribution object;meanis the parameter of the distribution.

RealType mean() const

Returns: Themeanparameter of the distribution.
5.1.7.5 Class templatdinomial_distribution [tr.rand.dist.bin]

A binomial_distribution random distribution produces integer values- 0 with p(i) =
(") -p*- (1 —p)'~". t andp are the parameters of the distribution.

?

template<class IntType = int, class RealType = double>
class binomial_distribution
{
public:
Il types
typedef  implementation-defined input_type;
typedef IntType result_type;

/I constructors and member function

explicit binomial_distribution(IntType t = 1, const RealType& p = RealType(0.5));
IntType t() const;

RealType p() const;

void reset();
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template<class UniformRandomNumberGenerator>
result_type operator()(UniformRandomNumberGenerator& urng);

%

binomial_distribution(IntType t = 1, const RealType& p = RealType(0.5))

Requires: 0 < p < 1landt > 0.
Effects: Constructs dinomial_distribution object;t andp are the parameters of the distri-
bution.

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 templateiniform_real [tr.rand.dist.runif]

A uniform_real random distribution produces floating-point random numbers x in the range
min < 2 < max, with equal probability. min and max are the parameters of the distribution.

A uniform_real random distribution satisfies all the requirements of a uniform random number
generator (given in table 5.2 in clause 5.1.1).

template<class RealType = double>
class uniform_real
{
public:
Il types
typedef RealType input_type;
typedef RealType result_type;

/I 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);

3

uniform_real(RealType min = RealType(0), RealType max = RealType(1))

Requires: min < |max|.
Effects: Constructs aniform_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
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Returns: The “max” parameter of the distribution.
5.1.7.7 Class templatexponential_distribution [tr.rand.dist.exp]

An exponential_distribution random distribution produces random numbers- 0 dis-
tributed with probability density functiop(z) = Ae~**, where)\ is the parameter of the distribution.

template<class RealType = double>
class exponential_distribution
{
public:
Il types
typedef RealType input_type;
typedef RealType result_type;

/I constructors and member function

explicit exponential_distribution(const result_type& lambda = result_type(1));
RealType lambda() const;

void reset();

template<class UniformRandomNumberGenerator>

result_type operator()(UniformRandomNumberGenerator& urng);

h

exponential_distribution(const result_type& lambda = result_type(1))

Requires: lambda> 0.
Effects: Constructs arexponential_distribution object withrng as the reference to the
underlying source of random numbelambda is the parameter for the distribution.

RealType lambda() const

Returns: The “\” parameter of the distribution.
5.1.7.8 Class templateormal_distribution [tr.rand.dist.norm]

A normal_distribution random distribution produces random numbers x distributed with prob-

ability density function(1/y/27o)e~(*—mean*/(20%) ' \wheremeanand o are the parameters of the
distribution.

template<class RealType = double>
class normal_distribution
{
public:
Il types
typedef RealType input_type;
typedef RealType result_type;

/I constructors and member function
explicit normal_distribution(const result_type& mean = 0,

const result_type& sigma = 1);
RealType mean() const;
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RealType sigma() const;

void reset();

template<class UniformRandomNumberGenerator>

result_type operator()(UniformRandomNumberGenerator& urng);

k

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.

RealType mean() const
Returns: The “meari parameter of the distribution.

RealType sigma() const

Returns: The “o” parameter of the distribution.
5.1.7.9 Class templatgamma_distribution [trrand.dist.gamma]

A gamma_distribution random distribution produces random numbers x distributed with prob-
ability density functiorp(z) = 1/T'(a)z® 1e~%, wherea is the parameter of the distribution.

template<class RealType = double>
class gamma_distribution
{
public:
Il types
typedef RealType input_type;
typedef RealType result_type;

/I 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);

h
explicit gamma_distribution(const result_type& alpha = result_type(1));

Requires: alpha> 0.
Effects: Constructs gamma_distribution object;alpha is the parameter for the distribution.

RealType alpha() const

Returns: The “o” parameter of the distribution.
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5.2 Mathematical special functions

5.2.1 Additions to header<cmath> synopsis

The following table summarizes the additional signatures in hesclaath> .

Table 5.5: Summary of additions to heagdemath>

[tr.num.sf]

[tr.math.sf.syn]

Type Name(s)
Functions:
bessel | ellint E hermite neumann_N
bessel J ellint E2 hyperg_1F1 neumann_n
bessel_K ellint_F  hyperg_2F1 sph_Y
bessel j ellint K laguerre_0 Zeta
beta ellint P laguerre_m
ei ellint._ P2 legendre_PI

legendre_PIm

Each of these functions is provided for arguments of tfjpat , double , andlong double

The signatures added to heagemath> are:

/I cylindrical Bessel functions (of the first kind):

double bessel J( double I, double x );

float bessel J( float |, float x );

long double bessel J( long double I, long double x );

/I cylindrical Neumann functions;

/I cylindrical Bessel functions (of the second kind):

double neumann_N( double |, double x );

float neumann_N( float I, float x );

long double neumann_N( long double I, long double x );

/I regular modified cylindrical Bessel functions:

double bessel_I( double |, double x );

float bessel I( float |, float x );

long double bessel I( long double I, long double x );

/I irregular modified cylindrical Bessel functions:

double bessel K( double |, double x );

float bessel K( float I, float x );

long double bessel K( long double I, long double x );

/I spherical Bessel functions (of the first kind):

double bessel_j( double I, double x );

float bessel j( float I, float x );

long double bessel j( long double I, long double x );
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/I spherical Neumann functions;

/I spherical Bessel functions (of the second kind):

double neumann_n( double |, double x );

float neumann_n( float I, float x );

long double neumann_n( long double I, long double x );

/I Legendre polynomials:

double legendre_PI( unsigned I, double x )
float legendre_PI( unsigned |, float x )

long double legendre_PI( unsigned I, long double x )

/I associated Legendre functions:

double legendre_PIm( unsigned |, unsigned m, double x )
float legendre_PIm( unsigned I, unsigned m, float x )

long double legendre_PIm( unsigned |, unsigned m, long double x )

/I spherical harmonics:

double sph_Y( unsigned |, int m, double theta, double phi )

float sph_Y( unsigned |, int m, float theta, float phi )

long double sph_Y( unsigned I, int m, long double theta, long double phi )

/I Hermite polynomials:

double hermite( unsigned n, double x );
float hermite( unsigned n, float x );

long double hermite( unsigned n, long double x );

/I Laguerre polynomials:

double laguerre_O(unsigned n, double x);
float laguerre_O(unsigned n, float x);

long double laguerre_O(unsigned n, long double x);

/I associated Laguerre polynomials:

double laguerre_m(unsigned n, unsigned m, double Xx);
float laguerre_m(unsigned n, unsigned m, float x);

long double laguerre_m(unsigned n, unsigned m, long double x);

/I hypergeometric functions:

double hyperg_2F1(double a, double b, double c, double x) ;

float hyperg_2F1(float a, float b, float c, float x) ;

long double hyperg_2F1(long double a, long double b, long double c, long double x) ;

/I confluent hypergeometric functions:

double hyperg_1F1(double a, double c, double x) ;

float hyperg_1F1(float a, float c, float x) ;

long double hyperg_1F1(long double a, long double c, long double x) ;
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/I (incomplete) elliptic integral of the first kind:

double ellint_F( double k, double phi );

float ellint_F( float k, float phi );

long double ellint_F( long double k, long double phi );

/I (complete) elliptic integral of the first kind:
double ellint_K( double k );

float ellint_K( float k );

long double ellint_K( long double k );

/I (incomplete) elliptic integral of the second kind:
double ellint_E( double k, double phi );

float ellint_E( float k, float phi );

long double ellint_E( long double k, long double phi );

/I (complete) elliptic integral of the second kind:
double ellint_E2( double k );

float ellint_E2( float k );

long double ellint_E2( long double k );

/I (incomplete) elliptic integral of the third kind:

double ellint_P( double k, double n, double phi );

float ellint_P( float k, float n, float phi );

long double ellint_P( long double k, long double n, long double phi );

/I (complete) elliptic integral of the third kind:

double ellint_P2( double k, double n, double phi );

float ellint_ P2( float k, float n, float phi );

long double ellint_P2( long double k, long double n, long double phi );

/I beta function:

double beta( double x, double vy );

float beta( float x, float y );

long double beta( long double X, long double y );

/I exponential integral:

double ei( double );
float ei( float );

long double ei( long double );

/I Riemann zeta function:

double zeta( double );
float zeta( float );

long double zeta( long double );
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5.2.2 cylindrical Bessel functions (of the first kind) [tr.math.sf.J]

double bessel_J( double I, double x );
float bessel_J( float I, float x );
long double bessel J( long double I, long double x );

Effects. These functions compute the cylindrical Bessel functions of the first kind (as defined by
Abramowitz and Stegun [1}9.1.10,etc) of their respective argumentsandx. A domain error
occurs ifl is less than zero. A range error (due to underflow) occuxsi#f too close to any of the
roots of thebessel_J function.

Returns: Thebessel_J functions return/;(x) as denoted in 1ISO:31 [4], ltem No. 11-14.1.

5.2.3 cylindrical Neumann functions [tr.math.sf.N]
double neumann_N( double I, double x );
float neumann_N( float I, float x );

long double neumann_N( long double I, long double x );

Effects: These functions compute the cylindrical Neumann functions (as defined by Abramowitz and
Stegun [1],§9.1.2,etc), also known as the cylindrical Bessel functions of the second kind, of their
respective argumentsandx. A domain error occurs iX is less than or equal to zero. A range error
(due to overflow) occurs (a) if the magnitudelofs too large, or (b) ik is too small. A range error
(due to underflow) occurs ¥ is too close to any of the roots of tileumann_N function.

Returns: Theneumann_N functions returnV,;(z) as denoted in ISO:31 [4], Item No. 11-14.2.

5.2.4 regular modified cylindrical Bessel functions [tr.math.sf.1]
double bessel_I( double |, double x );
float bessel_I( float I, float x );

long double bessel I( long double I, long double x );

Effects. These functions compute the regular modified cylindrical Bessel functions (as defined by
Abramowitz and Stegun [1k9.6.3,etc) of their respective argumentsandx. A domain error
occurs ifl is not an integer and either (B)is less than or equal to zero or (b)s less than or equal

to zero. A range error occursfis too large.

Returns: Thebessell_|  functions return/;(x) as denoted in ISO:31 [4], Item No. 11-14.4.
5.2.5 irregular modified cylindrical Bessel functions [tr.math.sf.K]
double bessel K( double |, double x );
float bessel K( float I, float x );

long double bessel K( long double |, long double x );

Effects. These functions compute the irregular modified cylindrical Bessel functions (as defined by
Abramowitz and Stegun [19.6.4,etc) of their respective argumentsandx. A domain error
occurs ifl is not an integer and either (B)is less than or equal to zero or (b)s less than or equal

to zero. A range error occurs (a) if the magnitudé a$ too large, or (b) i is too small.

Returns: Thebessell_K  functions returnk;(x) as denoted in 1ISO:31 [4], Item No. 11-14.4.

5.2.6 spherical Bessel functions (of the first kind) [tr.math.sf.]]
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double bessel_j( double |, double x );
float bessel j( float I, float x );
long double bessel j( long double I, long double x );

Effects: These functions compute the spherical Bessel functions of the first kind (as defined by
Abramowitz and Stegun [1§10.1.1,etc) of their respective argumentsandx. A domain error
occurs ifl is less than zero. A range error (due to overflow) occursafjuals zero and the magnitude

of x is too small. A range error (due to underflow) occurs i too close to any of the roots of the
bessel j function.

Returns: Thebessell_j  functions returnj;(z) as denoted in 1SO:31 [4], ltem No. 11-14.5.

5.2.7 spherical Neumann functions [tr.math.sf.n]
double neumann_n( double I, double x );
float neumann_n( float I, float x );

long double neumann_n( long double |, long double x );

Effects: These functions compute the spherical Neumann functions (as defined by Abramowitz and
Stegun [1],§10.1.1,etc), also known as the spherical Bessel functions of the second kind, of their
respective arguments. A domain error occurs iX is less than or equal to zero. A range error (due

to overflow) occurs (a) if the magnitude lofis too large, or (b) if the magnitude &fis too small. A

range error (due to underflow) occursifs too close to any of the roots of theumann_n function.
Returns: Theneumann_n functions returm;(z) as denoted in 1SO:31 [4], Item No. 11-14.6.

5.2.8 Legendre polynomials [tr.math.sf.PI]
double legendre_PI( unsigned |, double x )
float legendre_PI( unsigned |, float x )

long double legendre_PI( unsigned I, long double x )

Effects: These functions compute the Legendre polynomials (as defined by Abramowitz and Ste-
gun [1]§8.1.1,etc) of their respective argumenitsandx. A domain error occurs KX is greater than

one. A range error (due to underflow) occurs i6 too close to any of the roots of thegendre_PI

function.

Returns: Thelegendre_PI  functions returnP,(z) as denoted in ISO:31 [4], tem No. 11-14.8.

5.2.9 associated Legendre functions [tr.math.sf.PIm]
double legendre_PIm( unsigned |, unsigned m, double x )
float legendre_PIm( unsigned |, unsigned m, float x )

long double legendre_ PIm( unsigned |, unsigned m, long double x )

Effects: These functions compute the associated Legendre functions (as defined by Abramowitz and
Stegun [1],68.1.1,etc) of their respective arguments m andx. A domain error occurs (a) ihis

greater than , or (b) if x is greater than one. A range error (due to overflow) occurssftoo large.

A range error (due to underflow) occursxifis too close to any of the roots of thegendre_PIm

function.

Returns: Thelegendre_PIm  functions returnP™(z) as denoted in ISO:31 [4], Item No. 11-14.9.

5.2.10 spherical harmonics [trmath.sf.YIm]
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double sph_Y( unsigned |, int m, double theta, double phi )
float sph_Y( unsigned |, int m, float theta, float phi )
long double sph_Y( unsigned I, int m, long double theta, long double phi )

Effects: These functions compute spherical harmonic functions (as defined by Abramowitz and Ste-
gun [1],§8.1.1 footnote 2etc) of their respective argumerits m theta , andphi . A domain error
occurs if the magnitude ohis greater thah. A range error (due to overflow) occurd ifis too large.

A range error (due to underflow) occurs if eithbeta or phi is too close to any of the roots of the
sph_Y function.

Returns: Thesph_Y functions returrt;™ (¢, 6) as denoted in 1ISO:31 [4], Item No. 11-14.10.

5.2.11 Hermite polynomials [tr.math.sf.Hn]
double hermite( unsigned n, double x );
float hermite( unsigned n, float x );

long double hermite( unsigned n, long double x );

Effects: These functions compute the Hermite polynomials (as defined by Abramowitz and Stegun [1],
§13.6.17 and -.1&tc) of their respective argumentsandx. A range error (due to overflow) occurs

if the magnitude ok is too large. A range error (due to underflow) occurs i too close to any of

the roots of thdhermite  function.

Returns: Thehermite functions return,,(z) as denoted in 1ISO:31 [4], ltem No. 11-14.11.

5.2.12 Laguerre polynomials [tr.math.sf.Ln]
double laguerre_O(unsigned n, double x);
float laguerre_O(unsigned n, float x);

long double laguerre_O(unsigned n, long double x);

Effects: These functions compute the Laguerre polynomials (as defined by Abramowitz and Ste-
gun [1],5§13.6.9,etc) of their respective argumentsandx. A range error occurs (due to overflow) if

the magnitude of is too large. A range error (due to underflow) occurs i too close to any of the
roots of thelaguerre_0  function.

Returns: Thelaguerre_0  functions returnl,,(z) as denoted in 1ISO:31 [4], Item No. 11-14.12.

5.2.13 associated Laguerre polynomials [tr.math.sf.Lnm]
double laguerre_m(unsigned n, unsigned m, double Xx);
float laguerre_m(unsigned n, unsigned m, float x);

long double laguerre_m(unsigned n, unsigned m, long double x);

Effects: These functions compute the associated Laguerre polynomials (as defined by Abramowitz
and Stegun [1]§13.6.9,etc) of their respective arguments m andx. A domain error occurs ifn

is greater tham. A range error (due to overflow) occurs if the magnitudex a$ too large. A range

error (due to underflow) occursfis too close to any of the roots of theguerre_m  function.

Returns: Thelaguerre_m functions returnL!”(x) as denoted in 1SO:31 [4], Item No. 11-14.13.

5.2.14 hypergeometric functions [tr.math.sf.hyper]
double hyperg_2F1(double a, double b, double c, double Xx) ;
float hyperg_2F1(float a, float b, float c, float x) ;

long double hyperg_2F1(long double a, long double b, long double c, long double x) ;
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Effects: These functions compute the hypergeometric functions (as defined by Abramowitz and Ste-
gun [1], §15.1.1,etc) of their respective arguments b, ¢, andx. A domain error occurs if the
magnitude ok is greater than or equal to one. A range error (due to overflow) occurs if the magnitude
of x is too close to one at the same time tha-b is an integer. A range error (due to underflow)
occurs ifx is too close to any of the roots of tiperg_2F1 function.

Returns: The hyperg_2F1 functions returnF'(a, b; c; ) as denoted in 1SO:31 [4], Item No. 11-
14.14.

5.2.15 confluent hypergeometric functions [tr.math.sf.conhyp]
double hyperg_1F1(double a, double c, double x) ;
float hyperg_1F1(float a, float c, float x) ;

long double hyperg_1F1(long double a, long double c, long double x) ;

Effects: These functions compute the confluent hypergeometric functions (as defined by Abramowitz
and Stegun [1]§13.1.2,etc) of their respective arguments ¢, andx. A domain error occurs (a)

if ¢ is a negative integer, or (b) @ is zero. A range error (due to overflow) occurs if the magnitude

of x is too large. A range error (due to underflow) occurs if too close to any of the roots of the
hyperg_1F1 function.

Returns: Thehyperg_1F1 functions returr¥'(a; c; ) as denoted in ISO:31 [4], Item No. 11-14.15.

5.2.16 (incomplete) elliptic integral of the first kind [tr.math.sf.ellF]
double ellint_F( double k, double phi );
float ellint_F( float k, float phi );

long double ellint_F( long double k, long double phi );

Effects: These functions compute the incomplete elliptic integral of the first kind (as defined by
Abramowitz and Stegun [1§17.2.6,etc) of their respective argumenksandphi . A domain error
occurs (a) ifk is less than or equal to zero, or (bkifis greater than or equal to one, or (cphi is
negative. A range error occurs if the magnitudd 6§ too close to one.

Returns: Theellint_F  functions return¥'(k, ¢) as denoted in ISO:31 [4], Item No. 11-14.16.

5.2.17 (complete) elliptic integral of the first kind [tr.math.sf.ellK]
double ellint_K( double k );
float ellint_K( float k);

long double ellint_K( long double k);

Effects: These functions compute the complete elliptic integral of the first kind (as defined by Abramowitz
and Stegun [1]§17.3.1,etc) of their respective argumenks A domain error occurs (a) K is less

than or equal to zero, or (b) f is greater than or equal to one. A range error occurs if the magnitude

of k is too close to one.

Returns: Theellint_K  functions returnk'(k) as denoted in 1ISO:31 [4], ltem No. 11-14.16.

5.2.18 (incomplete) elliptic integral of the second kind [tr.math.sf.ellE]
double ellint_E( double k, double phi );
float ellint_E( float k, float phi );

long double ellint_E( long double k, long double phi );
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Effects. These functions compute the incomplete elliptic integral of the second kind (as defined by
Abramowitz and Stegun [1}17.2.9,etc) of their respective argumenksandphi . A domain error
occurs (a) ifk is less than or equal to zero, or (bkifis greater than or equal to one, or (cphi is
negative. A range error occurs if the magnitudé o too close to one.

Returns: Theellint_E  functions returnE(k, ¢) as denoted in 1SO:31 [4], Item No. 11-14.17.

5.2.19 (complete) elliptic integral of the second kind [tr.math.sf.ellEX]
double ellint_E2( double k );
float ellint E2( float k );

long double ellint_E2( long double k );

Effects: These functions compute the complete elliptic integral of the second kind (as defined by
Abramowitz and Stegun [1§17.2.9,etc) of their respective argumenksandphi . A domain error
occurs (a) ifk is less than or equal to zero, or (b)ifis greater than or equal to one. A range error
occurs if the magnitude df is too close to one.

Returns: Theellint_E2  functions returnf (k) as denoted in 1ISO:31 [4], ltem No. 11-14.17.

5.2.20 (incomplete) elliptic integral of the third kind [tr.math.sf.ellP]
double ellint_P( double k, double n, double phi );
float ellint_P( float k, float n, float phi );

long double ellint_P( long double k, long double n, long double phi );

Effects: These functions compute the incomplete elliptic integral of the third kind (as defined by
Abramowitz and Stegun [1§17.7.1,etc) of their respective argumenks n, andphi . A domain

error occurs (a) ik is less than or equal to zero, or (b)kifis greater than or equal to one, or (c) if
phi is negative. A range error occurs if the magnitudé df too close to one.

Returns: Theellint_P  functions returdI(k, n, ¢) as denoted in ISO:31 [4], Item No. 11-14.18.

5.2.21 (complete) elliptic integral of the third kind [tr.math.sf.ellPx]
double ellint_P2( double k, double n );
float ellint_ P2( float k, float n );

long double ellint_P2( long double k, long double n );

Effects: These functions compute the complete elliptic integral of the third kind (as defined by
Abramowitz and Stegun [1§17.7.2,etc) of their respective argumenks n, andphi . A domain

error occurs () ik is less than or equal to zero, or (b)ifis greater than or equal to one. A range
error occurs if the magnitude &fis too close to one.

Returns: Theellint_P2  functions returnlI(k, n,7/2) as denoted in I1SO:31 [4], Item No. 11-
14.18.

5.2.22 Dbeta function [tr.math.sf.beta]
double beta( double x, double y );
float beta( float x, float y );

long double beta( long double x, long double y );

Effects: These functions compute the beta function (as defined by Abramowitz and Steggé.21],
and §6.1]) of their respective argumentsandy. A domain error occurs (a) if either ory is a
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negative integer, or (b) if either ory is zero. A range error occurs if the magnitudexobr the
magnitude ofy is too large or too small.
Returns: Thebeta functions returnB(z,y) as denoted in ISO:31 [4], Item No. 11-14.20.

5.2.23 exponential integral [trmath.sf.ei]
double ei( double x );
float ei( float x );

long double ei( long double x );

Effects: These functions compute the exponential integral (as defined by Abramowitz and Stegun [1],
§5.1.1,etc) of their respective argumernts A domain error occurs iX is less than or equal to zero.

A range error (due to overflow) occurs (axiis to small, or (b) ifx x is too large. A range error (due

to underflow) occurs ik is too close to the single root of tkee function.

Returns: Theei functions returrEi(z) as denoted in 1SO:31 [4], Item No. 11-14.21.

5.2.24 Riemann zeta function [tr.math.sf.zeta]
double zeta( double x );
float zeta( float x );

long double zeta( long double x );

Effects. These functions compute the Riemann zeta function (as defined by Abramowitz and Ste-
gun [1],§23.2.1,etc) of their respective arguments A range error (due to overflow) occursxfis

too close to one.

Returns: Thezeta functions returr((x) as denoted in ISO:31 [4], Item No. 11-14.23.
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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 tetoyplkate 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 itugde . 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<Tl1, T2, ..., TM>&,
const tuple<Ul, U2, ..., UM>&);

template<class T1, class T2, ..., class TM,
class U1, class U2, ..., class UM>
bool operator!=(const tuple<T1, T2, ..., TM>&,
const tuple<Ul, U2, ..., UM>&);

template<class T1, class T2, ..., class TM,
class U1, class U2, ..., class UM>
bool operator<(const tuple<T1, T2, ..., TM>&,

const tuple<Ul, U2, ..., UM>&);

template<class T1, class T2, ..., class TM,
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class Ul, class U2, ..., class UM>
bool operator<=(const tuple<T1, T2, ..., TM>&,
const tuple<Ul, U2, ..., UM>&);

template<class T1, class T2, ..., class TM,
class Ul, class U2, ..., class UM>
bool operator>(const tuple<Tl, T2, ..., TM>&,

const tuple<Ul, U2, ..., UM>&);

template<class T1, class T2, ..., class TM,
class U1, class U2, ..., class UM>
bool operator>=(const tuple<T1, T2, ..., TM>&,

const tuple<Ul, 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<Tl, T2, ..., TN>&);

template <int I, class T1, class T2, ..., class TN>
Pl 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(T1l&, T2& , ..., TN&);

template<class CharType, class CharTrait,
class T1, class T2, ..., class TN>
basic_ostream<CharType, CharTrait>&
operator<<(basic_ostream<CharType, CharTrait>&,
const tuple<Tl, T2, ..., TN>&);

template<class CharType, class CharTrait,
class T1, class T2, ..., class TN>
basic_istream<CharType, CharTrait>&
operator>>(basic_istream<CharType, CharTrait>&,
tuple<Tl, T2, ..., TN>&);

tuplemanipl tuple_open( char.type c);

tuplemanip2 tuple_close(  char.type c);
tuplemanip3 tuple_delimiter( char_type c);
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6.1.2 Class templateguple [tr.tuple.tuple]

Mis used to denote the implementation-defined number of template type parameters to the tuple class
template, and\ is used to denote the number of template arguments specified in an instantiation.

[Example:Given the instantiatiotuple<int, float, char> , Nis 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); /l iff N >0

tuple(const tuple&);

template <class Ul, class U2, ..., class UN>
tuple(const tuple<Ul, U2, ..., UN>&);

template <class Ul, class U2>
tuple(const pair<Ul, U2>&);

tuple& operator=(const tuple&);

template <class Ul, class U2, ..., class UN>
tuple& operator=(const tuple<Ul, U2, ..., UN>&);

template <class Ul, class U2>
tuple& operator=(const pair<Ul, U2>&);
h

6.1.2.1 Construction [tr.tuple.cnstr]

tuple();

Requires: Each tuple element typE can be default constructed.
Effects: Default initializes each element.

tuple(P1, P2, ..., PN);

Where, ifTi is a reference type thd?i is Ti , otherwisePi isconst Ti&
Requires: Each tuple element typE 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 elementttiis  with the corresponding element of
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template <class Ul, class U2, ..., class UN>
tuple(const tuple<Ul, U2, ..., UN>& u);

Requires: Each typeTi shall be constructible from the corresponding tyfie

Effects: Constructs each elementhis  with the corresponding element of

[Note: In an implementation where one template definition serves for many different valubk for
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 defauls(toore precisely, a metafunction that
computesN), and then defining the converting copy constructor and assignment only for tuples where
the extra parameter in the sourcéNis—end notg

template <class U1, class U2> tuple(const pair<Ul, U2>& u);

Requires: T1 shall be constructible frod1, T2 shall be constructible frord2. N ==
Effects: Constructs the first element withfirst and the second element withsecond

tuple& operator=(const tuple& u);

Requires: All types Ti are assignable.
Effects: Assigns each element afto the corresponding elementthis
Returns: *this

template <class Ul, class U2, ..., class UN>
tuple& operator=(const tuple<Ul, U2, ..., UN>& u);

Requires: Each typeTi shall be assignable from the corresponding tyjpe
Effects: Assigns each element afto the corresponding elementhis
Returns: *this

template <class Ul, class U2>
tuple& operator=(const pair<Uil, U2>& u);

Requires: T1 shall be assignable frokdl, T2 shall be assignable frokd2. N ==

Effects: Assignsu.first to the first element ofthis andu.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 tupleaggef the
parameter passed to the constructor is not of fypbut rather a tuple type that is convertibleTo

The effect of the 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 aniéteabfgate or other

tools for constrained templates-end notg

6.1.2.2 Tuple creation functions [tr.tuple.helper]

template<class T1, class T2, ..., class TN>

tuple<Vl, V2, ..., VN>
make_tuple(const T1& t1, const T2& t2, ..., const TN& tn);
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whereVi is X&, if the cv-unqualified typdi is reference_wrapper<X> , otherwiseVi isTi .
Returns: tuple<V1, V2, ..., VN>(t1, t2, ..., tn) .
Notes: Themake_tuple function template must be implemented for each different number of ar-
guments from 0 to the maximum number of allowed tuple elements.
[Example:
int i; float j;
make_tuple(l, 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(T1l& tl1, T2& t2, ..., TN& tn);

Returns: tuple<T1&, T2&, ..., TN&>(t1, t2, ..., tn)
Notes: Thetie function template must be implemented for each different number of arguments from
0 to the maximum number of allowed tuple elements.
[Example:
tie functions allow one to create tuples that unpack tuples into varialgeere can be used for
elements that are not needed:

int i; std:string s;

tie(i, ignore, s) = make_tuple(42, 3.14, "C++");

II'i == 42, s == "C++"
—end example
6.1.2.3 Valid expressions for tuple types [trtuple.expr]

tuple_size<T>::value

Requires: T is an instantiation of class template tuple.
Type: integral constant expression.
Value: Number of elements if.

tuple\_element<l, T>:type

Requires: 0 < | < tuple_size<T>::value . The program is ill-formed if is out of bounds.

Value: The type of thd 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>

Rl get(tuple<Tl, T2, ..., TN>& t);

Requires: 0 <1 < N. The program is ill-formed if is out of bounds.
Return type: RI. If Tl is a reference type, theRl is Tl , otherwiseRl isTI& .
Returns: A reference to thé th element ot , where indexing is zero-based.

template <int I, class T1, class T2, ..., class TN>
Pl get(const tuple<Tl, T2, ..., TN>& t);
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Requires: 0 <1 < N. The program is ill-formed if is out of bounds.

Return type: PI. If Tl is a reference type, thé?l is Tl , otherwisePI isconst TI&

Returns: A const reference to thieth element ot , where indexing is zero-based.

[Note: Constness is shallow. Tl is some reference typ&g, the return type iX&, notconst X& .
However, if the element type is non-reference tfpéne return type isonst T& . This is consistent

with how constness is defined to work for member variables of reference-typed notd

[Note: Implementingget as a member function of tuple, would require usingtémaplate  key-

word in invocations where the type of the tuple object is dependent on a template parameter. For

example:it.template get<1>(); —end notg
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<Ul1, U2, ..., UM>& u);

Requires: tuple_size<tuple<T1, T2, ..., TM> >:value == tuple_size<tuple<U1,

U2, ..., UM> >:value == .Foralli ,whereQ <= i < N ,get<i>(t) == get<i>(u)

is a valid expression returning a type that is convertibledol .

Return type: bool

Returns: true iff get<i>(t) == get<i>(u) for alli . For any two zero-length tuplesand

f,e == f returnstrue .

Effects: The elementary comparisons are performed in order from the zeroth index upwards. No
comparisons or element accesses are performed after the first equality comparison that evaluates to
false

template<class T1, class T2, ..., class TM,
class U1, class U2, ..., class UM>
bool operator!l=(const tuple<T1l, T2, ..., TM>& t,
const tuple<Ul1, U2, ..., UM>& u);

Requires: tuple_size<tuple<T1, T2, ..., TM> >:value == tuple_size<tuple<U1,

U2, ..., UM> >:value == .Foralli ,where0 <= i < N ,get<i>(t) != get<i>(u)

is a valid expression returning a type that is convertibledol .

Return type: bool

Returns: true iff get<i>(t) != get<i>(u) for anyi . For any two zero-length tuplesand

f,e 1= f returnsfalse

Effects: The elementary comparisons are performed in order from the zeroth index upwards. No
comparisons or element accesses are performed after the first inequality comparison that evaluates to
true .

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<Ul, U2, ..., UN>&);
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template<class T1, class T2, ..., class TN,
class U1, class U2, ..., class UN>
bool operator>(const tuple<Tl, T2, ..., TN>&,
const tuple<Ul, U2, ..., UN>&);

Requires: tuple_size<tuple<T1, T2, ..., TM> >:value == tuple_size<tuple<U1,

U2, ..., UM> >:value == .Foralli ,whered <= i < N ,get<i>(t) © get<i>(u)
is a valid expression returning a type that is convertibledol , where® is either< or >.

Return type: bool

Returns: The result of a lexicographical comparison withbetweert andu, defined equivalently
to: (bool)(get<0>(t) © get<0>(u)) || '((bool)(get<0>(u) © get<0>(t))

&& tian © Ugails

wherer ;) for some tuple is a tuple containing all but the first elementrofFor any two zero-length
tuplese andf ,e ©® f returnsfalse

6.1.2.7 <= and >= comparisons [trtuple.le]
template<class T1, class T2, ..., class TN,
class Ul, class U2, ..., class UN>

bool operator<=(const tuple<T1, T2, ..., TN>&,
const tuple<Ul, U2, ..., UN>&);

template<class T1, class T2, ..., class TN,
class U1, class U2, ..., class UN>
bool operator>=(const tuple<T1, T2, ..., TN>&,
const tuple<Ul, U2, ..., UN>&);
Requires: tuple_size<tuple<T1, T2, ..., TM> >:value == tuple_size<tuple<U1,
U2, ..., UM> >:value == .Foralli ,whereQ <= i < N ,get<i>(t) © get<i>(u)

is a valid expression returning a type that is convertibledol , where® is either<= or >=.

Returns: The result of a lexicographical comparison wittbetweert andu, defined equivalently to:
(bool)(get<0>(t) © get<0>(u)) && (!((bool)(get<0>(u) © get<0>(1)) ||

tiail © Ugail) , Wherer ¢; for some tuple is a tuple containing all but the first elementraf For

any two zero-length tuplesandf ,e © f returnstrue .

Notes: The above definitions for comparison operators do not impose the requiremeni.thébr

U¢ai)) Must be constructed. It may be even impossible, d&sr u) is not required to be copy con-
structible. 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>& o0s,
const tuple<Tl, T2, .., TN>& t);

Requires: Foralli =0, 1,..., N-1inos << get<i>(t) is a valid expression.
Effects: Insertst into os as Lt odt 1d... dt , R, whereL is the openingd the delimiter andR
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the closing character set by tuple formatting manipulators. Each elemeésitoutput by invoking

0S << get<i>(t) . A zero-element tuple is output dsR and a one-element tuple is output as
Lt yR.
Returns: os

template<class CharType, class CharTrait,
class T1, class T2, ..., class TN>
basic_istream<CharType, CharTrait>&
operator>>(basic_istream<CharType, CharTrait>& is,
tuple<Tl, T2, ..., TN>& t);

Requires: Foralli =0, 1, ..., N-1inis >> get<i>(t) is a valid expression.
Effects: Extracts a tuple of the formt (dt 1d... dt , R, whereL is the opening¢ the delimiter and
R the closing character set by tuple formatting manipulators. Each elemirgxtracted by invoking

is >> get<i>(t) . A zero-element tuple expects to extrddt from the stream and one-element
tuple expects to extradit ( R. If bad inputis encountered, caltsset_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 desigupled
manipl, tuple.manip2andtuple.manip3are implementation-specified.

tuplemanipl tuple_open(char_type c);
tuplemanip2 tuple_close(char_type c);
tuplemanip3 tuple_delimiter(char_type c);

Returns: Each of these functions returns an obgadf unspecified type such thatalit is aninstance

of basic_ostream<charT ,traits> ,in isaninstance dbasic_istream<charT traits>
andchar_type equalscharT , then the expressioout << s (respectivelyin >> s ) setsc to

be the opening, closing, or delimiter character (depending on the manipulator function called) to be
used when writing tuples intout (respectively extracting tuples from ).

Notes: Implementations are not required to support these manipulators for streansszeaf(charT)

> sizeof(long) ;out << s andin >> s are required to fail at compile time dfut andin

are such streams and the implementation does not support tuple formatting manipulators for them.
[Note: The constraint stated in the abdMetessection allows an implementation where the delimiter
characters are stored in space allocatedkdloc , which allocates an array dbng s. A more
general alternative is to store pointers to the delimiter characters katloe -allocated array, and
register a callback function (witles_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 delimitet’s like. —end

notg

6.1.3 Pairs [tr.tuple.pairs]

[Additions to pair to work with tuples]
This is animpureextension 1.2 to the standard library class tem@tdepair
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template<class T1, class T2>
struct tuple_size<pair<T1, T2> > {
static const int value = 2;

3

template<class T1, class T2>

struct tuple_element<0, pair<Tl, T2> > {
typedef T1 type;

%

template<class T1, class T2>

struct tuple_element<1, pair<Tl, T2> > {
typedef T2 type;

h

template<int I, class T1, class T2>
P& get(pair<Tl, T2>&);

template<int |, class T1, class T2>
const P& get(const pair<Tl, T2>&);

Returntype: If | isOthenPisTL1,if | is1 thenPis T2, otherwise the program is ill-formed.
Returns: If | == 0 returnsp.first , otherwise returnp.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 Unordered associative containers [tr.hash]

6.2.1 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 containgrstdered_set , unordered_map
unordered_multiset , andunordered_multimap

Each hashed associative container is parameterizé<epy by a function objectHash that acts as

a hash function for values of typgéey, and on a binary predicatred that induces an equivalence
relation on values of typEey. Additionally, unordered_map andunordered_multimap as-
sociate an arbitrargnapped typd with theKey.

A hash function is a function object that takes a single argument ofkgyeand returns a value of
typestd::size t in the rangd0, std::numeric_limits<std::size_t>::max())

Two valueskl andk2 of type Key are considered equal if the container’'s equality function object
returnstrue when passed those values.klf andk2 are equal, the hash function must return the
same value for both.

A hashed associative container suppartgue key# it may contain at most one element for each key.
Otherwise, it supportequivalent keysunordered_set  andunordered_map support unique

96



keys.unordered_multiset andunordered_multimap support equivalent keys. In contain-

ers that support equivalent keys, elements with equivalent keys are adjacent to each other.
Forunordered_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 organizdalizkets 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:

Xis a hashed associative container clasks, an object of typeX, b is a possibly const object of type

X, a_unig is an object of typeX whenX supports unique keys, eq is an object of typeX whenX

supports equivalent keys,andj are input iterators that refer t@lue_type |, [i, j) is a valid

range,p and g2 are valid iterators t@, q andql are valid dereferenceable iteratorsap[ql,

g2) is avalid range ira, r andrl are valid dereferenceable const iteratora to? is a valid const

iterator toa, [r1, r2) is avalid range ira, t is a value of typeX::value_type , k is a value of

typekey type , hf is a possibly const value of tygmsher , eq is a possibly const value of type

key equal ,nisavalue of typesize type ,andz is a value of typdloat

Table 6.1: Unordered associative container requirements (in addition to

container)
expression Return Type assertion/note/pre/post- complexity
condition
X::key_type Key Key is Assignable and | compile time
CopyConstructible
X::hasher Hash Hash is a unary function object compile time
that take an argument of type
Key and returns a value of typge
std::size t
X::key_equal Pred Pred is a binary predicate that compile time
takes two arguments of type
Key. Pred is an equivalence
relation.
X::local_iterator An iterator type whose A local_iterator object | compile time
category, value type, may be used to iterate through
difference type, and a single bucket, but may not he
pointer and reference used to iterate across buckets|
types are the same as
X iterator 's.
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revious page

X::const_local_iterator

An iterator type whose
category, value type
difference type, and
pointer and reference
types are the sam
as X:const_-

A const_local_-
, iterator object may be
used to iterate through a sing
e bucket, but may not be used {
e iterated across buckets.

compile time

e
(0]

X(n, hf, eq)
X a(n, hf, eq)

iterator 'S
X

with at leastn buckets, using
hf as the hash function ared)
as the key equality predicate.

Constructs an empty containerO(n)

X(n, hf)
X a(n, hf)

with at leastn buckets, us-

andkey_equal()
equality predicate.

as the key

ing hf as the hash function

Constructs an empty containerO(n)

X(n)
X a(n)

with at leastn buckets, using
hasher()
tion andkey_equal()

key equality predicate.

as the

as the hash funct

Constructs an empty containerO(n)

X0
X a

with an unspecified number g
buckets, usinghasher() as
the hash function andétey -

equal as the key equality
predicate.

Constructs an empty containerconstant

f

X@, j, n, hf,

eq)
X a(, j, n, hf,

€eq)

Constructs an empty containg
with at leastn buckets, using
hf as the hash function ared)
as the key equality predicatg
and inserts elements frofi
j) intoit.

erAverage
OoWN) (v
std::distance(i,
2) ), worst
O(N?)

case
is

case

X(, j, n, hf)
X a(, j, n, hf)

Constructs an empty containg
with at leastn buckets, us-
ing hf as the hash functiof
andkey equal() as the key
equality predicate, and inser

elements fronji, j) into it.

erAverage
O(N) (v

n std::distance(i,
), worst

1SO(N?)

case
is

case
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X(@i, j, n)
X a(, j, n)

Constructs an empty containerAverage

with at leastn buckets, using

O(N) (N

case
is

hasher() as the hash func
tion andkey _equal() asthe

key equality predicate, and in- O(N?)

serts elements fronfi, j)
into it.

+ std::distance(i,
i) ), worst case

X(i, )
X a(i, j)

Constructs an empty containerAverage case
with an unspecified number of O(NV) (v is

buckets, usinghasher() as
the hash function andétey -

equal as the key equality O(N?)
predicate, and inserts elements

from[i, J) into it.

std::distance(i,
j) ), worst case

X(b)
X a(b)

Copy constructor. In addi
tion to the contained element

the hash function, predicate,case quadratic.

and maximum load factor ar
copied.

+ Average case linear
5,nb.size() , worst

e

Copy assignment operator. |

addition to the contained elg-in b.size() , worst
ments, the hash function, predi-case quadratic.
cate, and maximum load factor

are copied.

nAverage case linear

b.hash_function()

hasher

Returns the hash function olitconstant

of whicha was constructed.

b.key eq()

key equal

Returns the key equality func- constant

tion out of whicha was con-
structed.

a_unig.insert(t)

pair<iterator,
bool>

Insertst if and only if there

is no element in the containerworst case O(a_-
with key equivalent to the key unig.size() ).

of t. The bool component
of the returned pair indicate
whether the insertion take
place, and theiterator

component points to the ele
ment with key equivalent to the

key oft .

Average case(O(1),

n n

U

a_eq.insert(t)

iterator

Inserts , and returns an iteratar Average caseO(1),
pointing to the newly inserted worst case O(a_-

element.

unig.size() ).
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a.insert(r, t) iterator Equivalent to a.insert(t). Re- Average caseO(1),
turn value is an iterator point- worst case O(a_-
ing to the element with the key uniq.size() ).
equivalent to that ott. The
const iterator is a hint point-
ing to where the search should
start. Implementations are per-
mitted to ignore the hint.
a.insert(i, j) void Pre: i and | are not it-| Average case
erators ina. Equivalent to| O(N), where N is
a.insert(t) for each ele-| std::distance(i,
ment in[i,j) i) . Worst caseO(N
*a.size() ).
a.erase(k) size_type Erases all elements with keyAverage case
equivalent tok. Returns the O(a.count(k) ).
number of elements erased. | Worst case
O(a.size())
a.erase(r) void Erases the element pointed tcAverage case
byr. O(1), worst case
O(a.size() ).
a.erase(rl, r2) void Erases all elements in the rangeiverage case
[r1, t2) O(std::distance(r1,
r2) ), worst case
O(a.size() ).
a.clear() void Erases all elements in the con-Linear.
tainer. Post:a.size() ==
0
b.find(k) iterator Returns an iterator pointing tp Average case
const_iterator an element with key equivalentO(1), worst case
for consta. tok,ora.end() ifnosuchel-| O(a.size() ).
ement exists.
b.count(k) size_type Returns the number of elementsAverage case
with key equivalent td. O(1), worst case
O(a.size() ).
b.equal_range(k) pair<iterator, Returns a range containing allAverage case
iterator> elements with keys equivalentO(a.count(k) ).
pair<const_- to k. Returnsstd::make_- Worst case
iterator, pair(a.end(), O(a.size())
const_iterator> a.end()) if no such ele-
for consta. ments exist.
b.bucket_count() size_type Returns the number of bucketsConstant

thatb contains.¢,
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b.max_bucket_count()

size_type

Returns an upper bound on t
number of buckets thdt might
ever contain.

neConstant

b.bucket(k)

size_type

Returns the index of the bucke

in which elements with keys

equivalent tk would be found,

if any such element existed.

Post: the return value is i
the rangg0, b.bucket -
count())

rtConstant

D

]
L

b.bucket_size(n)

size_type

Pre: n is in the range|O,
b.bucket_count()) . Re-
turns the number of elements
then*® bucket.

O(a.bucket_-
size(n) )
n

b.begin(n)

local_iterator ;

const_local_

iterator
a.

for const

Pre: n is in the range|O,
b.bucket_count())

Note: [b.begin(n),
b.end(n)) is a valid range
containing all of the element
in then®™ bucket.

Constant

b.end(n)

local_iterator ;

const_local_:

iterator
a

for const

Pre: n is in the range[O,
b.bucket_count())

Constant

b.load_factor()

float

Returns the average number
elements per bucket.¢,

ofConstant

b.max_load_factor()

float

Returns a number that the co
tainer attempts to keep the log

factor less than or equal to.

The container automatically in
creases the number of bucke
as necessary to keep the lo
factor below this number. Pos
return value is positive.

n-Constant
d

ts
ad
t:

a.max_load_factor(z)

void

Pre: z is positive. Changes th
container's maximum load loa
factor, usingz as a hint.

e Constant
d

a.rehash(n)

void

Pre: n > a.size() /
a.max_load_factor()
Changes the number of bucke
so that it is at least.

Average case lineal

in a.size()

, worst

tcase quadratic.

r

Unordered associative containers are not required to support the expressionsh ora != 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
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equality is not a useful operation-end notg

The iterator typegterator andconst_iterator of an unordered associative container are of

at least the forward iterator category. For unordered associative containers where the key type and
value type are the same, batérator 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.

6.2.1.1 Exception safety guarantees [tr.unord.req.except]

e Forunordered associative containersclear()  function throws an exception. Nevase()
function throws an exception unless that exception is thrown by the container’s Hash or Pred
object (if any).

e 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.

e For unordered associative containerssm@p function throws an exception unless that excep-
tion is thrown by the copy constructor or copy assignment operator of the container’s Hash or
Pred object (if any).

6.2.2 Additions to header<functional> synopsis [tr.unord.fun.syn]

namespace trl {
/Il Hash function base template
template <class T> struct hash;

/I 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>
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struct hash<T*>

template <class charT, class traits, class Allocator>
struct hash<std::basic_string<charT, traits, Allocator> >;

}
6.2.3 Class templatdash [tr.unord.hash]

The function objechash is used as the default hash function by theordered associative con-
tainers 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 sethairT , traits , andAlloc )
std::basic_string<charT, traits, Alloc>

template <class T>
struct hash : public std::unary_function<T, std::size_t>

{
3

The return value obperator() is unspecified, except that equal arguments yield the same result.
operator() shall not throw exceptions.

6.2.4 Unordered associative container classes [tr.unord.unord]

std::size_t operator()(T val) const;

6.2.4.1 Headerxunordered _set>  synopsis [tr.unord.syn.set]

namespace trl {
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;

}

6.2.4.2 Headexunordered_map> synopsis [tr.unord.syn.map]

namespace trl {
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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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_multiset;

}

6.2.4.3 Class templateinordered_set [tr.unord.set]

An unordered_set is a kind of unordered associative container that supports unique keys (an
unordered_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
container. It provides the operations described in the preceding requirements table for unique keys;
that is, anunordered_set  supports thea_uniq operations in that table, not tlee eq opera-
tions. For aunordered_set<Value> thekey type and the value type are botfalue . 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 umordered_set  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_set

{

public:
Il 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;
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/I 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 Inputlterator>
unordered_set(Inputlterator f, Inputlterator |,
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;

/I size and capacity

bool empty() const;
size_type size() const;
size_type max_size() const;

/I iterators

iterator begin();
const_iterator begin() const;
iterator end();

const_iterator end() const;

/I modifiers
std::pair<iterator, bool> insert(const value_type& obj);
iterator insert(const_iterator hint, const value_type& obj);
template <class Inputlterator>

void insert(Inputlterator first, Inputlterator 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_set&);
/I observers

hasher hash_function() const;
key equal key eq() const;
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/I 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;

/I 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);
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;

/I hash policy

float load_factor() const;
float max_load_factor() const;
void max_load_factor(float z);
void rehash(size_type n);

3

template <class Value, class Hash, class Pred, class Alloc>
void swap(const unordered_set<Value, Hash, Pred, Alloc>& x,
const unordered_set<Value, Hash, Pred, Alloc>& Yy);

6.2.4.3.1 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());

Effects: Constructs an emptynordered_set  using the specified hash function, key equality func-
tion, and allocator, and using at leasbuckets. Ifn is not provided, the number of buckets is imple-
mentation definednax_load_factor() is 1.0.

Complexity: Constant.

template <class Inputlterator>
unordered_set(Inputlterator f, Inputlterator |,
size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key equal& eql = key_equal(),
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const allocator_type& a = allocator_type());

Effects: Constructs an emptynordered_set  using the specified hash function, key equality func-
tion, and allocator, and using at leastbuckets. (Ifn is not provided, the number of buckets is
implementation defined.) Then inserts elements from the rafigs last ). max_load_-
factor() is 1.0.

Complexity: Average case linear, worst case quadratic.
6.2.4.3.2 unordered_set swap

[tr.unord.set.swap]

template <class Value, class Hash, class Pred, class Alloc>
void swap(const unordered_set<Value, Hash, Pred, Alloc>& X,
const unordered_set<Value, Hash, Pred, Alloc>& Yy);

Effects: x.swap(y)

6.2.4.4 Class templateinordered_map [tr.unord.map]

An unordered_map is a kind of unordered associative container that supports unique keys (an
unordered_map contains at most one of each key value) and that associates values of another type
mapped_type with the keys.

An unordered_map 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 unique keys;
thatis, arunordered_map supports th@_uniq operations in that table, not tlae eq operations.

For aunordered_map<Key, T> thekey type isKey, the mapped type i, and the value type

is std::pair<const Key, T>

This section only describes operations umordered_map 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_map
{
public:
Il 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;
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typedef  implementation-defined iterator;

typedef  implementation-defined const_iterator;
typedef  implementation-defined local_iterator;
typedef  implementation-defined const_local_iterator;

/I 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 Inputlterator>
unordered_map(Inputlterator f, Inputlterator I,
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_mapé& operator=(const unordered_map&);
allocator_type get_allocator() const;

/I size and capacity

bool empty() const;
size_type size() const;
size_type max_size() const;

/I iterators

iterator begin();
const_iterator begin() const;
iterator end();

const_iterator end() const;

/I modifiers
std::pair<iterator, bool> insert(const value_type& obj);
iterator insert(const_iterator hint, const value_type& obj);
template <class Inputlterator>

void insert(Inputlterator first, Inputlterator 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&);
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/I observers
hasher hash_function() const;
key equal key eq() const;

/I 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& Kk);

/I 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);
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;

/I hash policy

float load_factor() const;
float max_load_factor() const;
void max_load_factor(float z);
void rehash(size_type n);

3

template <class Key, class T, class Hash, class Pred, class Alloc>
void swap(const unordered_map<Key, T, Hash, Pred, Alloc>& X,
const unordered_map<Key, T, Hash, Pred, Alloc>& vy);

6.2.4.4.1 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 emptynordered_map using the specified hash function, key equality func-
tion, and allocator, and using at leasbuckets. Ifn is not provided, the number of buckets is imple-
mentation definednax_load_factor() is 1.0.

Complexity: Constant.
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template <class Inputlterator>
unordered_map(Inputlterator f, Inputlterator I,
size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key equal& eql = key_equal(),
const allocator_type& a = allocator_type());

Effects: Constructs an emptynordered_map using the specified hash function, key equality func-
tion, and allocator, and using at leastbuckets. (Ifn is not provided, the number of buckets is
implementation defined.) Then inserts elements from the rafigg , last ). max_load_-
factor() is 1.0.

Complexity: Average case linear, worst case quadratic.

6.2.4.4.2 unordered_map element access [trunord.map.elem]

mapped_type& operator[](const key type& k);

Effects: If the unordered_map does not already contain an element whose key is equivalént to
insertsstd::pair<const key_type, mapped_type>(k, mapped_type()) .

Returns: A reference tox.second , wherex is the (unique) element whose key is equivalerk to
6.2.4.4.3 unordered_map swap [tr.unord.map.swap]

template <class Value, class Hash, class Pred, class Alloc>
void swap(const unordered_map<Value, Hash, Pred, Alloc>& X,
const unordered_map<Value, Hash, Pred, Alloc>& vy);

Effects: x.swap(y)
6.2.4.5 Class templateinordered_multiset [tr.unord.multiset]

An unordered_multiset is a kind of unordered associative container that supports equivalent
keys (anunordered_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 asso-
ciative container. It provides the operations described in the preceding requirements table for equiv-
alent keys; that is, annordered_multiset supports thea_eq operations in that table, not the
a_unig operations. For anordered_multiset<Value> thekey type and the value type

are bothvalue . Theiterator andconst_iterator types are both const iterator types. Itis
unspecified whether or not they are the same type.

This section only describes operationswtordered_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:

Il types
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typedef
typedef
typedef
typedef
typedef
typedef
typedef
typedef
typedef
typedef
typedef

typedef
typedef
typedef
typedef

Value
Value
Hash
Pred
Alloc

typename allocator_type::pointer

typename allocator_type::const_pointer
typename allocator_type::reference

key_type;
value_type;

hasher;

key_equal;

al
pointer;

locator_type;

const_pointer;

reference;

typename allocator_type::const_reference const_reference;

implementation-defined
implementation-defined

implementation-defined
implementation-defined
implementation-defined
implementation-defined

/I construct/destroy/copy

explicit unordered_multiset(size_type n
const hasher& hf = hasher(),
const key equal& eql = key_ equal(),
const allocator_type& a

template <class Inputlterator>
unordered_multiset(Inputlterator f, Inputlterator I,
implementation-defined

size_type n

const hasher& hf = hasher(),

size_type;
difference_type;

iterator;
const_iterator;
local_iterator;
const_local_iterator;

implementation-defined

const key equal& eql = key_equal(),

const allocator_type& a
unordered_multiset(const unordered_multiset&);

“unordered_multiset();
unordered_multiset& operator=(const unordered_multiset&);

allocator_type get allocator() const;

/I size and capacity

bool empty() const;
size_type size() const;
size_type max_size() const;

/I iterators

iterator

begin();

const_iterator begin() const;

iterator

end();

const_iterator end() const;

/I modifiers
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iterator insert(const value_type& obj);
iterator insert(const_iterator hint, const value_type& obj);
template <class Inputlterator>

void insert(Inputlterator first, Inputlterator last);

void erase(const_iterator position);

size_type erase(const key type& Kk);

void erase(const_iterator first, const iterator last);
void clear();

void swap(unordered_multiset&);

/I observers
hasher hash_function() const;
key equal key eq() const;

/I 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;

/I 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);
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;

/I hash policy
float load_factor() const;
float max_load_factor() const;
void max_load_factor(float z);
void rehash(size_type n);
h
template <class Value, class Hash, class Pred, class Alloc>

void swap(const unordered_multiset<Value, Hash, Pred, Alloc>& X,
const unordered_multiset<Value, Hash, Pred, Alloc>& vy);
}
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6.2.4.5.1 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 emptynordered_multiset using the specified hash function, key equal-
ity function, and allocator, and using at leasbuckets. Ifn is not provided, the number of buckets is
implementation definednax_load_factor() is 1.0.

Complexity: Constant.

template <class Inputlterator>
unordered_multiset(Inputlterator f, Inputlterator I,
size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key equal& eql = key_ equal(),
const allocator_type& a = allocator_type());

Effects: Constructs an empynordered_multiset using the specified hash function, key equal-
ity function, and allocator, and using at leagbuckets. (Ifn is not provided, the number of buckets is
implementation defined.) Then inserts elements from the rafigeg , last ). max_load_-
factor() is 1.0.

Complexity: Average case linear, worst case quadratic.

6.2.4.5.2 unordered_multiset swap [tr.unord.multiset.swap]

template <class Value, class Hash, class Pred, class Alloc>
void swap(const unordered_multiset<Value, Hash, Pred, Alloc>& X,
const unordered_multiset<Value, Hash, Pred, Alloc>& vy);

Effects: x.swap(y);
6.2.4.6 Class templatenordered_multimap [tr.unord.multimap]

An unordered_multimap is a kind of unordered associative container that supports equivalent
keys (arunordered_multimap may contain multiple copies of each key value) and that associates
values of another typmapped_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, amordered_multimap supports the_eq operations in that table, not
thea_uniq operations. For annordered_multimap<Key, T> thekey type is Key, the
mapped type iF, and the value type istd::pair<const Key, T>

This section only describes operationswrordered_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> > >
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class unordered_multimap

{

public:
Il 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;

/I 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 Inputlterator>
unordered_multimap(Inputlterator f, Inputlterator |,
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;

/I size and capacity

bool empty() const;
size_type size() const;
size_type max_size() const;

/I iterators

iterator begin();
const_iterator begin() const;
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iterator end();
const_iterator end() const;

/I modifiers
iterator insert(const value_type& obj);
iterator insert(const_iterator hint, const value_type& obj);
template <class Inputlterator>
void insert(Inputlterator first, Inputlterator 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&);

/I observers
hasher hash_function() const;
key equal key eq() const;

/I 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& Kk);

/I 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);
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;

/I 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(const unordered_multimap<Key, T, Hash, Pred, Alloc>& x,
const unordered_multimap<Key, T, Hash, Pred, Alloc>& vy);

6.2.4.6.1 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 emptynordered_multimap using the specified hash function, key equal-
ity function, and allocator, and using at leasbuckets. Ifn is not provided, the number of buckets is
implementation definednax_load_factor() is 1.0.

Complexity: Constant.

template <class Inputlterator>
unordered_multimap(Inputlterator f, Inputlterator |,
size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key equal& eql = key_equal(),
const allocator_type& a = allocator_type());

Effects: Constructs an emptynordered_multimap using the specified hash function, key equal-
ity function, and allocator, and using at leagbuckets. (Ifn is not provided, the number of buckets is
implementation defined.) Then inserts elements from the rafigg , last ). max_load_-
factor() is 1.0.

Complexity: Average case linear, worst case quadratic.

6.2.4.6.2 unordered_multimap swap [tr.unord.multimap.swap]

template <class Value, class Hash, class Pred, class Alloc>
void swap(const unordered_multimap<Value, Hash, Pred, Alloc>& x,
const unordered_multimap<Value, Hash, Pred, Alloc>& vy);

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 expressidddtaifEhg class
templateregex_traits<charT> , defined in clause 7.7, satisfies these requiremenéd notg

The class templatieasic_regex , defined in clause 7.8, needs a set of related types and functions to
complete the definition of it's semantics. These types and functions are provided as a set of member
typedefs and functions in the template parameter ‘traits’ used blgahie _regex class template.

This subclause defines the semantics guaranteed by these members.

To specialize théasic_regex template to generate a regular expression class to handle a particular
character container typgéharT , that and its related regular expression traits clasits  is passed

as a pair of parameters to thasic_regex template as formal parametedsarT andTraits
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In Table 7.1X denotes a traits class defining types and functions for the character container type
charT ; u is an object of typeX; v is an object of typeconst X ; p is a value of typeconst

charT* ; 11 andl2 are Input Iteratorsg is a value of typeconst charT
; CS is an object of typeonst X::string_type

type X::string_type

; S is an object of
; b is a value of type

bool ;I is avalue of typent ; and loc is an object of typX::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
the implementation of class template
basic_regex

X::size_type An unsigned integer type, capable
holding the length of a null-terminate
string ofcharT s.

X::string_type std::basic_-

string<charT>

X::locale_type

Implementation defined

A copy constructible type that represer
the locale used by the traits class.

X::char_class_type

Implementation defined

A bitmask type representing a particul
character classification. Multiple valug
of this type can be bitwise-or'ed togeth
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

n

of
d

instance of this traits class. An instance

of this type must be copy constructed
from a traits class instance, and veri-

fied that it does not compare equal tqQ
null pointer constant, before any memb

function of that traits class instance may

be called other thafength , imbue,
andgetloc
X::sentry s(u); void An object of typeX::sentry  shall be

copy constructible from an instanceXf

X::sentry(u)

Convertible tabool .

Conversion of the sentry class bool ,

is used to verify that the traits class has

been correctly initialized.

X::length(p)

X::size_type

Yields the smallesi such thatpli]
== 0. Complexity is linear in .
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continued from previous page

v.syntax_type(c)

regex_-
constants::syntax_-
type

Returns a symbolic value of typ
regex_constants::syntax_-
type that signifies the meaning g

characterc within the regular exprest

sion grammar.

v.escape_syntax_-
type(c)

regex_-
constants::escape_-
syntax_type

Returns a symbolic value of typ
regex_constants::escape_-

syntax_type , that signifies the
meaning of characterc within the
regular expression grammar, when ch

been preceded by an escape chara¢

Precondition: if b is the characte

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 character€ that are to be
considered equivalent to when com-
parisons are to be performed without 1
gard to case, then.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 co
sidered, thenv.transform(cs) <
v.transform(ct) . Returns an
empty string on error.
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continued from previous page

v.lookup_- X::char_class_type Converts the strings into a bitmask
classname(cs) type that can subsequently be passed
to is_class . Values returned from

lookup_classname can be safely
bitwise or'ed together. Returns 4
empty string ifcs is not the name of a
character class recognized KyAt least

the namesd" , "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_- X::string_type Returns a string containing the collating
collatename(cs) element named bgs , or an empty string
if cs is not a recognized name.
v.is_class(c, bool Returndrue if characterc is a member
v.lookup_classname of the character classs, false other-
(cs)) wise.
v.toi(l1, 12, i) int Behaves as follows: ifp==q or
v.is_class(*p, v.lookup_-
classname('d")) == false

then returns -1. Otherwise performs fg
matted numeric input on the sequence
[p.q) and returns the result as an

=
[

int . Postcondition: eithep == 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 lyif any.

v.getloc() X::locale_type Returns the current locale used by if
any.

v.error_string(i) std::string Returns a human readable error string

for the error conditioni , wherei 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 alocalized equivalent.

The headekregex> defines the class templategex_traits which shall be capable of being
specialized for character container tymdsr andwchar_t , and which satisfies the requirements

120



for a regular expression traits class. Class tempkgex_traits is described in clause 7.7.
7.3 Regular expressions summary [tr.re.sym]

The headerregex> defines a basic regular expression class template and its traits that can handle
all char-like (lib.strings) template arguments.

The headexregex> defines a container-like class template that holds the result of a regular expres-
sion match.

The headekregex> defines a series of algorithms that allow an iterator sequence to be operated
upon by a regular expression.

The headexregex> defines two specific template classes, regex and wregex and their special traits.
The headexregex> also defines two iterator types for enumerating regular expression matches.

7.4 Header<regex> synopsis [tr.re.syn]

namespace trl {

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;

} I/ namespace regex_constants
class bad_expression;

template <class charT>
struct regex_traits;

template <class charT,
class traits = regex_traits<charT>,
class Allocator = allocator<charT> >
class basic_regex;

template <class charT, class traits, class Allocator>

bool operator == (const basic_regex<charT, traits, Allocator>& Ihs,
const basic_regex<charT, traits, Allocator>& rhs);

template <class charT, class traits, class Allocator>

bool operator != (const basic_regex<charT, traits, Allocator>& lhs,
const basic_regex<charT, traits, Allocator>& rhs);

template <class charT, class traits, class Allocator>

bool operator < (const basic_regex<charT, traits, Allocator>& Ihs,
const basic_regex<charT, traits, Allocator>& rhs);

template <class charT, class traits, class Allocator>

bool operator <= (const basic_regex<charT, traits, Allocator>& Ihs,
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const basic_regex<charT, traits, Allocator>& rhs);
template <class charT, class traits, class Allocator>
bool operator >= (const basic_regex<charT, traits, Allocator>& Ihs,
const basic_regex<charT, traits, Allocator>& rhs);
template <class charT, class traits, class Allocator>
bool operator > (const basic_regex<charT, traits, Allocator>& Ihs,
const basic_regex<charT, traits, Allocator>& rhs);

template <class charT, class io_traits, class re_traits, class Allocator>
basic_ostream<charT, io_traits>&
operator << (basic_ostream<charT, io_traits>& o0s,
const basic_regex<charT, re_traits, Allocator>& e);

template <class charT, class traits, class Allocator>
void swap(basic_regex<charT, traits, Allocator>& el,
basic_regex<charT, traits, Allocator>& e2);

typedef basic_regex<char> regex;
typedef basic_regex<wchar_t> wregex;

template <class Bidirectionallterator>
class sub_match;

template <class Bidirectionallterator>

bool operator == (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

template <class Bidirectionallterator>

bool operator != (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

template <class Bidirectionallterator>

bool operator < (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

template <class Bidirectionallterator>

bool operator <= (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

template <class Bidirectionallterator>

bool operator >= (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

template <class Bidirectionallterator>

bool operator > (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

template <class Bidirectionallterator, class traits, class Allocator>
bool operator == (const std::basic_string<
iterator_traits<Bidirectionallterator> ::value_type,
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traits,
Allocator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator != (const std::basic_string<
iterator_traits<Bidirectionallterator>
traits,
Allocator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator < (const std::basic_string<
iterator_traits<Bidirectionallterator>
traits,
Allocator>& lhs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator > (const std::basic_string<
iterator_traits<Bidirectionallterator>
traits,
Allocator>& lhs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator >= (const std::basic_string<
iterator_traits<Bidirectionallterator>
traits,
Allocator>& I|hs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator <= (const std::basic_string<
iterator_traits<Bidirectionallterator>
traits,
Allocator>& |hs,
const sub_match<Bidirectionallterator>& rhs);

template <class Bidirectionallterator, class traits, class Allocator>
bool operator == (const sub_match<Bidirectionallterator>& Ihs,
const std::basic_string<
iterator_traits<Bidirectionallterator>
traits,
Allocator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator != (const sub_match<Bidirectionallterator>& Ihs,
const std::basic_string<
iterator_traits<Bidirectionallterator>
traits,
Allocator>& rhs);
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template <class Bidirectionallterator, class traits, class Allocator>
bool operator < (const sub_match<Bidirectionallterator>& Ihs,
const std::basic_string<
iterator_traits<Bidirectionallterator>
traits,
Allocator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator > (const sub_match<Bidirectionallterator>& Ihs,
const std::basic_string<
iterator_traits<Bidirectionallterator>
traits,
Allocator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator >= (const sub_match<Bidirectionallterator>& Ihs,
const std::basic_string<
iterator_traits<Bidirectionallterator>
traits,
Allocator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator <= (const sub_match<Bidirectionallterator>& Ihs,
const std::basic_string<
iterator_traits<Bidirectionallterator>
traits,
Allocator>& rhs);

template <class Bidirectionallterator>
bool operator == (typename iterator_traits<Bidirectionallterator>
::value_type const* |hs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
bool operator != (typename iterator_traits<Bidirectionallterator>
:value_type const* |hs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
bool operator < (typename iterator_traits<Bidirectionallterator>
:value_type const* Ihs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
bool operator > (typename iterator_traits<Bidirectionallterator>
::value_type const* |hs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
bool operator >= (typename iterator_traits<Bidirectionallterator>
::value_type const* |hs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
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bool operator <= (typename iterator_traits<Bidirectionallterator>
::value_type const* |hs,
const sub_match<Bidirectionallterator>& rhs);

template <class Bidirectionallterator>
bool operator == (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
::value_type const* rhs);
template <class Bidirectionallterator>
bool operator != (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
::value_type const* rhs);
template <class Bidirectionallterator>
bool operator < (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
::value_type const* rhs);
template <class Bidirectionallterator>
bool operator > (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
:value_type const* rhs);
template <class Bidirectionallterator>
bool operator >= (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
::value_type const* rhs);
template <class Bidirectionallterator>
bool operator <= (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
::value_type const* rhs);

template <class Bidirectionallterator>
bool operator == (typename iterator_traits<Bidirectionallterator>
::value_type const& |hs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
bool operator != (typename iterator_traits<Bidirectionallterator>
:value_type const& lhs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
bool operator < (typename iterator_traits<Bidirectionallterator>
::value_type const& lhs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
bool operator > (typename iterator_traits<Bidirectionallterator>
::value_type const& lhs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
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bool operator >= (typename iterator_traits<Bidirectionallterator>
:value_type const& lhs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
bool operator <= (typename iterator_traits<Bidirectionallterator>
:value_type const& lhs,
const sub_match<Bidirectionallterator>& rhs);

template <class Bidirectionallterator>
bool operator == (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
::value_type const& rhs);
template <class Bidirectionallterator>
bool operator != (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
::value_type const& rhs);
template <class Bidirectionallterator>
bool operator < (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
::value_type const& rhs);
template <class Bidirectionallterator>
bool operator > (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
::value_type const& rhs);
template <class Bidirectionallterator>
bool operator >= (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
::value_type const& rhs);
template <class Bidirectionallterator>
bool operator <= (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
::value_type const& rhs);

template <class charT, class traits, class Bidirectionallterator>
basic_ostream<charT, traits>&
operator << (basic_ostream<charT, traits>& o0s,
const sub_match<Bidirectionallterator>& m);

template <class Bidirectionallterator,
class Allocator = allocator<
typename iterator_traits<Bidirectionallterator>::value_type > >
class match_results;

template <class Bidirectionallterator, class Allocator>

bool operator == (const match_results<Bidirectionallterator, Allocator>& m1,
const match_results<Bidirectionallterator, Allocator>& mz2);
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template <class Bidirectionallterator, class Allocator>
bool operator != (const match_results<Bidirectionallterator, Allocator>& m1,
const match_results<Bidirectionallterator, Allocator>& m2);

template <class charT, class traits,
class Bidirectionallterator, class Allocator>
basic_ostream<charT, traits>&
operator << (basic_ostream<charT, traits>& o0s,
const match_results<Bidirectionallterator, Allocator>& m);

template <class Bidirectionallterator, class Allocator>
void swap(match_results<Bidirectionallterator, Allocator>& m1,
match_results<Bidirectionallterator, 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 Bidirectionallterator, class Allocator, class charT,
class traits, class Allocator2>
bool regex_match(Bidirectionallterator first, Bidirectionallterator last,
match_results<Bidirectionallterator, Allocator>& m,
const reg_expression<charT, traits, Allocator2>& e,
match_flag_type flags = match_default);
template <class Bidirectionallterator,
class charT, class traits,
class Allocator2>
bool regex_match(Bidirectionallterator first, Bidirectionallterator last,
const reg_expression<charT, traits, Allocator2>& e,
match_flag_type flags = match_default);
template <class charT, class Allocator, class traits, class Allocator2>
bool regex_match(const charT* str, match_results<const charT*, Allocator>& m,
const reg_expression<charT, traits, Allocator2>& e,
match_flag_type flags = match_default);
template <class ST, class SA, class Allocator, class charT,
class traits, class Allocator2>
bool regex_match(const basic_string<charT, ST, SA>& s,
match_results<typename basic_string<charT, ST, SA>
::const_iterator,
Allocator>& m,
const reg_expression<charT, traits, Allocator2>& e,
match_flag_type flags = match_default);
template <class charT, class traits, class Allocator2>
bool regex_match(const charT* str,
const reg_expression<charT, traits, Allocator2>& e,
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match_flag type flags = match_default);
template <class ST, class SA, class charT, class traits, class Allocator2>
bool regex_match(const basic_string<charT, ST, SA>& s,
const reg_expression<charT, traits, Allocator2>& e,
match_flag_type flags = match_default);

template <class Bidirectionallterator, class Allocator, class charT,
class traits, class Allocator2>
bool regex_search(Bidirectionallterator first, Bidirectionallterator last,
match_results<Bidirectionallterator, Allocator>& m,
const reg_expression<charT, traits, Allocator2>& e,
match_flag type flags = match_default);
template <class charT, class Allocator, class traits, class Allocator2>
bool regex_search(const charT* str, match_results<const charT*, Allocator>& m,
const reg_expression<charT, traits, Allocator2>& e,
match_flag_type flags = match_default);
template <class Bidirectionallterator, class Allocator, class charT,
class traits>
bool regex_search(Bidirectionallterator first, Bidirectionallterator last,
const reg_expression<charT, traits, Allocator>& e,
match_flag_type flags = match_default);
template <class charT, class Allocator, class traits>
bool regex_search(const charT* str
const reg_expression<charT, traits, Allocator>& e,
match_flag type flags = match_default);
template <class ST, class SA, class Allocator, class charT,
class traits>
bool regex_search(const basic_string<charT, ST, SA>& s,
const reg_expression<charT, traits, Allocator>& e,
match_flag type flags = match_default);
template <class ST, class SA, class Allocator, class charT,
class traits, class Allocator2>
bool regex_search(const basic_string<charT, ST, SA>& s,
match_results<typename basic_string<charT, ST, SA>
:.const_iterator,
Allocator>& m,
const reg_expression<charT, traits, Allocator2>& e,
match_flag type flags = match_default);

template <class Outputlterator, class Bidirectionallterator, class traits,
class Allocator, class charT>
Outputlterator regex_replace(Outputlterator out,
Bidirectionallterator first,
Bidirectionallterator last,
const reg_expression<charT, traits, Allocator>& e,
const basic_string<charT>& fmt,
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match_flag type flags = match_default);
template <class traits, class Allocator, class charT>
basic_string<charT> regex_replace(const basic_string<charT>& s,
const reg_expression<charT, traits, Allocator>& e,
const basic_string<charT>& fmt,
match_flag type flags = match_default);

/I regular expression iterators:

template <class Bidirectionallterator,
class charT = iterator_traits<Bidirectionallterator>::value_type,
class traits = regex_traits<charT>,
class Allocator = allocator<charT> >

class regex_iterator;

template <class Bidirectionallterator,
class charT = iterator_traits<Bidirectionallterator>::value_type,
class traits = regex_traits<charT>,
class Allocator = allocator<charT> >

class regex_token_iterator;

} // namespace trl

7.5 Namespacstd::regex_constants [tr.re.const]
The namespacsgtd::regex_constants acts as a repository for the symbolic constants used by
the regular expression library.

The namespacsd::regex_constants defines five typessyntax_option_type , 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 trl { namespace regex_constants {

typedef bitmask type syntax_option_type;

Il 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;

/I these flags are optional, if the functionality is supported
/I then the flags shall take these names.

static const syntax_option_type basic;

static const syntax_option_type extended,;
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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;

} I/ namespace regex_constants
} // namespace trl

The type syntaoptiontype is an implementation defined bitmask ty&7.3.2.1.2). Setting its
elements has the effects listed in table 7.2, a valid value ofgyp&ax_option_type will always
have exactly one of the elememtsrmal , 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 expres-
sion engine uses its normal semantics: that is the same as
that given in the ECMA-262, ECMAScript Language Spec-
ification, Chapter 15 part 10, RegExp (Regular Expression)

Objects .

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 maeults struc-
ture.

optimize Specifies that the regular expression engine should pay more
attention to the speed with which regular expressions|are
matched, and less to the speed with which regular expgres-
sion objects are constructed. Otherwise it has no detectable
effect on the program output.
collate Specifies that character ranges of the form “[a-b]” should be
locale 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 expres-
sion engine is the same as that used by POSIX basic regular
expressions [3] in IEEE Std 1003.1-2001, Portable Operating
System Interface (POSIX ), Base Definitions and Headgrs,
Section 9, Regular Expressions .
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extended

Specifies that the grammar recognized by the regular exy
sion engine is the same as that used by POSIX extended
ular expressions [3] in IEEE Std 1003.1-2001, Portable O
ating System Interface (POSIX ), Base Definitions and He
ers, Section 9, Regular Expressions .

awk

Specifies that the grammar recognized by the regular exy
sion engine is the same as that used by POSIX utility [3]
in IEEE Std 1003.1-2001, Portable Operating System In
face (POSIX), Shells and Utilities, Section 4, awk .

grep

Specifies that the grammar recognized by the regular exy
sion engine is the same as that used by POSIX utility [3] ¢
in IEEE Std 1003.1-2001, Portable Operating System In
face (POSIX), Shells and Utilities, Section 4, Utilities, gr

egrep

Specifies that the grammar recognized by the regular exf
sion engine is the same as that used by POSIX utility [3] ¢
when given the -E option in IEEE Std 1003.1-2001, Portd
Operating System Interface (POSIX ), Shells and Utiliti
Section 4, Utilities, grep .

sed

The same as basic.

perl

Specifies that the grammar recognized by the regular exy
sion is an implementation defined extension of the nor
syntax.
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7.5.2 Bitmask Typematch_flag_type

namespace trl { namespace regex_constants{

typedef bitmask_type match_flag_type;

static
static
static
static
static
static
static
static
static
static
static
static
static
static

const
const
const
const
const
const
const
const
const
const
const
const
const
const

match_flag_type
match_flag type
match_flag type
match_flag_type
match_flag_type
match_flag_type
match_flag type
match_flag type
match_flag_type
match_flag_type
match_flag_type
match_flag_type
match_flag type
match_flag_type

match_default = 0;

match_not_bol;
match_not_eol;
match_not_bow;
match_not_eow;
match_any;
match_not_null;

match_continuous;

match_partial;
match_prev_avall,

format_default = 0O;

format_sed;
format_perl;
format_no_copy;
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static const match_flag type format_first_only;

} I/ namespace regex_constants
} // namespace trl

The type matcHlag type is an implementation defined bitmask typ#7.3.2.1.2). When matching a
regular expression against a sequence of charditsts last) then setting its elements has
the effects listed in table 7.3

Table 7.3:match_flag_type effects when obtaining a match against
a character container sequelfitest,last)

Element Effect if set
matchdefault Specifies that matching of regular expressions proceeds With-
out any modification of the normal rules used in ECMA-262,
ECMAScript Language Specification, Chapter 15 part (10,
RegExp (Regular Expression) Objects

matchnot bol Specifies that the expressidfi' should not be matched
against the sub-sequence ([first,first).
matchnoteol Specifies that the expressidf" should not be matched

against the sub-sequence [last,last).
matchnot bow Specifies that the expressidtb” should not be matched
against the sub-sequence ([first,first).
matchnot.eow Specifies that the expressidtb" should not be matched
against the sub-sequence [last,last).

matchany Specifies that if more than one match is possible then |any
match is an acceptable result.
matchnot.null Specifies that the expression can not be matched against an

empty sequence.
matchcontinuous| Specifies that the expression must match a sub-sequence that
begins at first .
matchpartial Specifies that if no match can be 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,las}) is
a prefix, and which would result in a full match.
matchprev.avail | Specifies that —first is a valid iterator position, when this flag
is set then the flags matatot bol and matctnot.bow are
ignored by the regular expression algorithms (RE.7) and jter-
ators (RE.8).
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formatdefault

Specifies that when a regular expression match is to bé
placed by a new string, that the new string is constructed
ing the rules used by the ECMAScript replace function
ECMA-262, ECMAScript Language Specification, Chap
15 part 5.4.11 String.prototype.replace. . In addition dun
search and replace operations then all non-overlapping
currences of the regular expression are located and repl
and sections of the input that did not match the express
are copied unchanged to the output string.

formatsed

Specifies that when a regular expression match is to bé
placed by a new string, that the new string is constructed
ing the rules used by the POSIX sed utility [3] in IEEE S
1003.1-2001, Portable Operating Systeminterface (POS
Shells and Utilities.

formatperl

Specifies that when a regular expression match is to bg
placed by a new string, that the new string is construg
using an implementation defined superset of the rules [
by the ECMAScript replace function in ECMA-262, E(

MAScript Language Specification, Chapter 15 part 5.4.

String.prototype.replace .

formatno_copy

When specified during a search and replace operation,
sections of the character container sequence being sea
that do match the regular expression, are not copied tq
output string.

formatfirst.only

When specified during a search and replace operation,
only the first occurrence of the regular expression is repla

7.5.3

Implementation

defined syntaxtype

namespace trl { namespace regex_constants{

typedef  implementation-defined syntax_type;
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;
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static
static
static
static
static
static
static
static
static
static

const syntax_type
const syntax_type
const syntax_type
const syntax_type
const syntax_type
const syntax_type
const syntax_type
const syntax_type
const syntax_type
const syntax_type

syntax_or;
syntax_escape;
syntax_dash;
syntax_open_brace;
syntax_close_brace;
syntax_digit;
syntax_comma;
syntax_equal;
syntax_colon;
syntax_not;

} I/ namespace regex_constants
} // namespace trl

The type syntaxype is an implementation defined enumeration ty§#7(3.2.1.2). Values of type
syntaxtype represent how individual characters should be interpreted within a localized regular ex-
pression grammar, table 7.4 shows which special characters defined in ECMA-262, ECMAScript
Language Specification, Chapter 15 part 10, RegExp (Regular Expression) Objects, are equivalent to
which syntaxtype values in the C locale:

by

on)

Table 7.4:syntax_type  values in the C locale

Value Equivalent character(s) in the syntax specified
ECMA-262, ECMAScript Language Specificatio
Chapter 15 part 10, RegExp (Regular Expressi
Objects.

syntax_char Any character not listed below.

syntax_open_mark (

syntax_close_mark )

syntax_dollar $

syntax_caret -

syntax_dot .

syntax_star *

syntax_plus +

syntax_question ?

syntax_open_set [

syntax_close_set ]

syntax_or |

syntax_escape \

syntax_dash -

syntax_open_brace {

syntax_close_brace }

syntax_digit 0123456789

syntax_comma ,

syntax_equal =

syntax_colon
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7.5.4

continued from previous page

syntax_not

Implementation definedescape_syntax_type

namespace trl { namespace regex_constants {

typedef

static
static
static
static
static
static
static
static
static
static
static
static
static
static

} I/l namespace regex_constants

const
const
const
const
const
const
const
const
const
const
const
const
const
const

implementation-defined

escape_syntax_type
escape_syntax_type
escape_syntax_type
escape_syntax_type
escape_syntax_type
escape_syntax_type
escape_syntax_type
escape_syntax_type
escape_syntax_type
escape_syntax_type
escape_syntax_type
escape_syntax_type
escape_syntax_type
escape_syntax_type

} // namespace trl

The typeescape_syntax_type

Values of typeescape_syntax_type

Expression) Objects, are equivalent to whidtape _syntax_type

Table 7.5:escape_syntax_type

escape_syntax_type;

escape_type_word_assert;
escape_type_not_word_assert;
escape_type_control_f;
escape_type_control_n;
escape_type_control_r;
escape_type_control_t;
escape_type_ascii_control;
escape_type_hex;
escape_type_unicode;
escape_type_identity;
escape_type_backref;
escape_type_decimal,
escape_type_class;
escape_type_not_class;

[tr.re.escsyn]

is an implementation defined enumeration typ&7(3.2.1.2).

represent how individual escaped characters should be in-
terpreted within a localized regular expression grammar, table 7.5 shows which special characters
defined in ECMA-262, ECMAScript Language Specification, Chapter 15 part 10, RegExp (Regular

values in the C locale

values in the C locale:

in

Value Equivalent character(s) in syntax specified
ECMA-262, ECMAScript Language Specification
Chapter 15 part 10, RegExp (Regular Expression)
Objects

escape_type_word_assert b

escape_type_not_word_assert B

escape_type_control_f f

escape_type_control_n n

escape_type_control_r r

escape_type_control_t t

escape_type_ascii_control c
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escape_type_hex X

escape_type_unicode u

escape_type_identity \ '$+2{.00

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 trl { 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;

} /Il namespace regex_constants

} // namespace trl
The typeerror_type is an implementation defined enumeration ty§i7(3.2.1.2). Values of type
error_type  represent the error conditions as described in table 7.6:

Table 7.6:escape_syntax_type values in the C locale

Value Error condition

error_collate The expression contained an invalid collating ele-
ment name.

error_ctype The expression contained an invalid character class
name.

error_escape The expression contained an invalid escaped char-
acter, or a trailing escape.

error_subreg The expression contained an invalid backreference.

error_brack The expression contained mismatctiedand] .
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error_paren The expression contained mismatcliednd) .

error_brace The expression contained mismatcKednd}

error_badbrace The expression contained an invalid range i} a
expression.

error_range The expression contained an invalid charagter
range, for examplgb-a]

error_space There was insufficient memory to convert the ex-
pression 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 expression 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);

h
The clasdad_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 clabsd_expression
Postcondition: strcmp(what(), what_arg.c_str()) ==

7.7 Class templateaegex_traits [tr.re.traits]

template <class charT>
struct regex_traits

{

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
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sentry(regex_traits<charT>&);
operator void*();

h

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 Inputlterator>

int toi(Inputlterator& first, Inputlterator last, int radix) const;
locale_type imbue(locale_type I);

locale_type getloc()const;

std::string error_string(regex_constants::error_type) const;

3
The class templateegex_traits is capable of being specialized for the typbar 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 defined superset of the values hektdiyctype base::mask (22.2.1).
struct sentry
{
sentry(regex_traits<charT>&);
operator void*();
h
An object of typeregex_traits<charT>::sentry shall be constructed from Begex_-

traits  object, and tested to be not equal to null, before any of the member functions of that object
other tharlength , getloc , andimbue shall be called. Typsentry performs implementation
defined initialization 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 charactec in the right hand column of table reftab:re:syntaxtype, returns the corre-
spondingregex_constants::syntax_type value.
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regex_constants::escape_syntax_type escape_syntax_type(charT c) const;

Effects: For a charactet in the right hand column of table 7.5, returns the corresponaiggx_-
constants::escape_syntax_type value.

charT translate(charT ¢, bool icase) const;

Effects: returng(icase ? use_facet<ctype<charT> >(getloc()).tolower(c) :
c)
string_type transform(const string_type& in) const;

Effects: returnsuse_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 bgllate_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 implementation defined value that represents the character classifiaat@rif
name is not recognized then returns a value that compares equal to 0. At least thédianies' ,

"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 charactersame.

string_type lookup_collatename(const string_type& name) const;

Effects. returns the sequence of one or more characters that represents the collating ebement
Returns an empty string if name is not recognized. At least the names specified in IEEE Std 1003.1-
2001, Portable Operating System Interface (POSIX) [3], Base Definitions and Headers, Section 6.1,
Portable Character Set shall be recognized.

bool is_class(charT c, char_class_type f) const;

Effects: determines if the characteris a member of the character classification representéd by

Returns: convertsf into a valuemof type std::ctype base::mask in an implementation de-
fined manner, and returtisie  if use_facet<ctype<charT> >(getloc()).is(c, m) is
true . Otherwise returnBue if f & lookup_classname("w") == lookup_classname("w"

and ¢ == '’ , otherwise returnfalse

template <class Inputlterator>
int toi(Inputlterator& first, Inputlterator last, int radix) const;

Precondition: argumentadix shall take one of the values 8, 10 or 16.

Effects: constructs an objecesult  oftypeint . If first == last or if is_class(*first,
lookup_classname("d")) == false then setgesult  equal to -1. Otherwise constructs a
basic_istream<charT> object which uses an implementation defined stream buffer type which
represents the character sequdficgt,last) , and sets the format flags on that object as appro-
priate for argument radix . Performs unsigned integer formatted input dragie_istream<charT>
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object setting the valueesult  to the value obtained, and updafest  to point to the first non-
digit character in the sequenffast,last)

Returns: the valueresult

Postcondition is_class(*first, lookup_classname('d")) == false

locale_type imbue(locale_type loc);

Effects: Imbuesthis with a copy of the localéoc . The effect of callingmbue is to invalidate all
cached data held Ithis . No member functions other thdength , getloc , andimbue may be
called until an object of typsentry has been copy-constructed frdthis

Returns: if no locale has been previously imbued then a copy of the global locale in effect at the time
of construction othis , otherwise a copy of the last argument passdchtmie .

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 con-
struction ofthis , otherwise a copy of the last argument passdchtmie .

std::string error_string(regex_constants::error_type €) const;
Returns: a human readable error string for error conditgon
7.8 Class templatébasic_regex [tr.re.regex]

For a char-like typecharT , the template clasBasic_regex  describes objects that represent a
regular expression constructed from a sequenchalT s. In the rest of this clauseharT denotes
such a given char-like type. Storage for the regular expression is allocated and freed as necessary by
the member functions of clagasic_regex
The template clasbasic_regex conforms to the requirements of a Sequence, as specified in
[lib.sequence.regmts], except that only operations defined for const-qualified Sequences are supported.
Objects of type specialization dfasic_regex are responsible for converting the sequence of
charT 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 expressimts: implementations will
typically declare some function template as friendbasic_regex to achieve this—end notg
The regular expression grammar recognized by type specialization of Heggix is described in
ECMA-262 [2], ECMAScript Language Specification, Chapter 15 part 10, RegExp (Regular Expres-
sion) Objects (FWD.1), and is modified according to ayptax_option_type flags specified
when constructing the object or assigning a regular expression to it (RE.3.1.1). In addition to the
features specified in ECMA-262, the following features shall also be recognized:

e The character class&$\D \w \W \s\S  are sensitive to the locale encapsulated by the traits

class.

e Expressions of the fornfi:class-name:]] are recognized, and are sensitive to the lo-
cale encapsulated by the traits class. The range of values for class-name is determined by the
traits class, but at least the following names are recognaiedm , alpha , blank , cntrl
digit , graph ,lower ,print ,punct , space , upper , xdigit

e Expressions of the forrfj.collating-name.]] are recognized, the range of values for
collating-name is determined by the traits class.
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e Expressions of the forrf{=collating-name=]] are recognized, the range of values for
collating-name is determined by the traits class.

e Expressions of the forfa-b] are locale sensitive when the fleggex_constants::collate
is passed to the regular expression constructor.

Objects of typespecialization obasic_regex  store within themselves a default-constructed in-
stance of their traits template parameter, henceforth referredttaitssinst This traits_inst object

is used to support localization of the regular expressiorhagic_regex object shall call any lo-

cale dependent C or C++ API, including the formatted string input functions, instead it 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
by transforming the sequence of characters to the sequence of tokens obtained byraating
inst.syntax_type(c) for each input character. The regular expression grammar is then ap-

plied to the sequence of tokens in order to construct the finite state mabldtee fhis 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 characterend notg Wheretraits_inst.syntax_type(c)
returnssyntax_escape ,thenthe implementation shall ctdhits_inst.escape_syntax_-

type(c) forthe character following the escape, in order to determine the grammatical meaning of the
escape sequence. Wheaits_inst.escape_syntax_type(c) returnsescape_type_-

class orescape_type_not_class , then the single character following the escape is converted

to a stringn, and passed ttraits_inst.lookup_classname(n) , to determine the charac-

ter classification to be matched againstrdits_inst.lookup_classname(n) returns null,

then the escape is treated as an identity escape.

Where the regular expression grammar requires the conversion of a sequence of characters to an
integral value, this is accomplished by callitgits::toi

Where the regular expression grammar requires the conversion of a sequence of characters repre-
senting a named collating element to the character(s) it represents, this is accomplished by calling
traits::lookup_collatename .

Where the regular expression grammar requires the conversion of a sequence of characters represent-
ing a named character class to an internal representation, this is accomplished byreéttinigokup_-
classname . The results from subsequent calls to this function can be bitwise OR’ed together and
subsequently passedtraist::is_class

The behavior of the internal finite state machine representation, when used to match a sequence of
characters is as described in ECMAScript Language Specification [2], Chapter 15 part 10, RegExp
(Regular Expression) Objects. The behavior is modified according tmatgh_flag_type flags
specified (RE.3.1.2) when using the regular expression object in one of the regular expression algo-
rithms 7.10. 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
characters andd are compared usirtgaits_inst.translate(c, getflags() & regex_-

constants::iicase) == traits_inst.translate(d, getflags() & regex_constants::icase)

During matching of a regular expression finite state machine against a sequence of characters, compar-
ison of a collating elementrangé&-c2 against a characteris conducted as follows: detflags()

& regex_constants::collate is true, then the charactelis matched ifraits_inst.transform(string_-
type(1,c1)) <= traits_inst.transform(string_type(1,c)) && traits_inst.transform(string_-
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type(1,c)) <= traits_inst.transform(string_type(1,c2)) , otherwisec is matched

ifcl <= ¢ & c <= c2.

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 a sort keys toaitgg.transform_-

primary , and then comparing the sort keys for equality.

During matching of a regular expression finite state machine against a sequence of characters, a char-
acterc is amember of character clessme_name, if traits_inst.is_class(c, traits_-
inst.lookup_classname("some_name"))

The functions described in this clause can report errors by throwing exceptions béiypexpression

template <class charT,
class traits = regex_traits<charT>,
class Allocator = allocator<charT> >
class basic_regex

{

public:
/I types:
typedef charT value_type;
typedef implementation-defined const_iterator;
typedef const_iterator iterator,;
typedef typename Allocator::reference reference;
typedef typename Allocator::const_reference const_reference;
typedef typename Allocator::difference_type difference_type;
typedef typename Allocator::size_type size_type;
typedef Allocator allocator_type;
typedef regex_constants::syntax_option_type flag_type;
typedef typename traits::locale_type locale_type;

/I 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;

/I these flags are optional, if the functionality is supported
/I 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;
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static const regex_constants::syntax_option_type perl = regex_constants::perl;

/I construct/copy/destroy:
explicit basic_regex(const Allocator& a = Allocator());
explicit basic_regex(const charT* p, flag_type f = regex_constants::normal,
const Allocator& a = Allocator());
basic_regex(const charT* pl, const charT* p2, flag _type f = regex_constants::normal,
const Allocator& a = Allocator());
basic_regex(const charT* p, size_type len, flag_type f,
const Allocator& a = Allocator());
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,
const Allocator& a = Allocator());
template <class Inputlterator>
basic_regex(Inputlterator first, inputlterator last,
flag_type f = regex_constants::normal,
const Allocator& a = Allocator());

“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);

/I iterators:

const_iterator begin() const;
const_iterator end() const;

/I capacity:

size_type size() const;
size_type max_size() const;
bool empty() const;

unsigned mark_count() const;

I

/I 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* first, const charT* last,
flag_type f = regex_constants::normal);

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 Inputlterator>

basic_regex& assign(Inputlterator first, Inputlterator last,
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/I const operations:
Allocator get_allocator() const;
flag_type getflags() const;
basic_string<charT> str() const;
int compare(basic_regex&) const;

/I locale:

flag_type f = regex_constants::normal);

locale_type imbue(locale_type loc);
locale_type getloc() const;

/I swap
void swap(basic_regex&) throw();

7.8.1 basic_regexp

static
static
static
static
static
static
static
static

const
const
const
const
const
const
const
const

regex_constants::
regex_constants::
regex_constants::
regex_constants::
regex_constants::
regex_constants::
regex_constants::
regex_constants::

constants

syntax_option_type
syntax_option_type
syntax_option_type
syntax_option_type
syntax_option_type
syntax_option_type
syntax_option_type
syntax_option_type

[tr.re.regex.const]

normal = regex_constants::normal;
icase = regex_constants::icase;
nosubs = regex_constants::nosubs;
optimize = regex_constants::optimize;
collate = regex_constants::collate;
ECMAScript = normal;

JavaScript = normal;

JScript = normal;

/I these flags are optional, if the functionality is supported
/I then the flags shall take these names.

static
static
static
static
static
static
static

const
const
const
const
const
const
const

regex_constants::
regex_constants:
regex_constants::
regex_constants::
regex_constants::
regex_constants::
regex_constants::

syntax_option_type

:syntax_option_type

syntax_option_type
syntax_option_type
syntax_option_type
syntax_option_type
syntax_option_type

basic = regex_constants::basic;
extended = regex_constants::extended,;
awk = regex_constants::awk;

grep = regex_constants::grep;

egrep = regex_constants::.egrep;

sed = basic = regex_constants::sed;
perl = regex_constants::perl;

The static constant members are provided as synonyms for the constants declared in namespace

regex_constants
constants
of basic_regex

7.8.2 basic_regexp

In all basicregex constructors, a copy of tAdlocator

constructors

; for each constant of type syntaption type declared in namespasgex_-
then a constant with the same name, type and value shall be declared within the scope

[tr.re.regex.construct]

argument is used for any memory allocation

performed by the constructor or member functions during the lifetime of the object.

basic_regex(const Allocator& a =

Allocator());

Effects: Constructs an object of clasmsic_regex
indicated in Table 7.7
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Table 7.7:basic_regex(const Allocator&) effects
Element | Value
empty() true
size() 0
str() basic_string<charT>()

basic_regex(const charT* p,
flag_type f = regex_constants::normal,
const Allocator& a = Allocator());

Requires: p shall not be a null pointer.

Throws: bad_expression  if pis not a valid regular expression.

Effects: Constructs an object of clagmsic_regex ; the object’s internal finite state machine is
constructed from the regular expression contained in the null-terminated pirizugd interpreted
according to the flags specifiedfinThe postconditions of this function are indicated in Table 7.8.

Table 7.8: basic_regex(const charT* p, flag_type f,

const Allocator&) effects

Element Value

empty() false

size() char_traits<charT>::length(p)

str() basic_string<charT>(p)

getflags() f

mark_count() The number of marked sub-expressigns
within the expression.

basic_regex(const charT* pl, const charT* p2,
flag_type f = regex_constants::normal,
const Allocator& a = Allocator());

Requires: p1 andp2 are not null pointerpl < p2.

Throws: bad_expression  if [p1,p2) is not a valid regular expression.

Effects: Constructs an object of clagmsic_regex ; the object’s internal finite state machine is
constructed from the regular expression contained in the sequence of chdpElcE2y |, and inter-
preted according the flags specified.iif he postconditions of this function are indicated in Table 7.9.

Table 7.9:basic_regex(const charT* pl, const charT*

p2, flag_type f, const Allocator&) effects
Element Value
empty() false
size() std::distance(p1,p2)
str() basic_string<charT>(p1,p2)
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getflags() f
mark_count() The number of marked sub-expressigns
within the expression.

basic_regex(const charT* p, size type len,
flag_type f,
const Allocator& a = Allocator());

Requires: p shall not be a null pointeten < max_size()

Throws: bad_expression if pis not a valid regular expression.

Effects: Constructs an object of clagmsic_regex ; the object’s internal finite state machine is
constructed from the regular expression contained in the sequence of chg@cterden) |, and
interpreted according the flags specifiedf.inThe postconditions of this function are indicated in
Table 7.10

Table 7.10: basic_regex(const charT* pl, size type

len, flag_type f, const Allocator&) effects
Element Value
empty() false
size() len
str() basic_string<charT>(p,len)
getflags() f
mark_count() The number of marked sub-expressigns
within the expression.

basic_regex(const basic_regex& e);

Effects: Constructs an object of clabsasic_regex as a copy of the obje@. The postconditions
of this function are indicated in Table 7.11

Table 7.11:basic_regex(const basic_regexp& e) effects
Element Value
empty() e.empty
size() e.size()
str() e.str()
getflags() e.getflags()
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,
const Allocator& a = Allocator());
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Throws: bad_expression if s is not a valid regular expression.

Effects: Constructs an object of clagmsic_regex ; the object’s internal finite state machine is
constructed from the regular expression contained in the s$rjrand interpreted according to the
flags specified i . The postconditions of this function are indicated in Table 7.12

Table 7.12:basic_regex(const basic_string&) effects

Element Value

empty() false

size() s.size()

str() s

getflags() f

mark_count() The number of marked sub-expressigns
within the expression.

template <class Forwardlterator>

basic_regex(Forwardlterator first, Forwardlterator last,
flag_type f = regex_constants::normal,
const Allocator& a = Allocator());

Throws: bad_expression  if the sequencgirst, last) is not a valid regular expression.

Effects: Constructs an object of clagmsic_regex ; the object’s internal finite state machine is
constructed from the regular expression contained in the sequence of chdfasterkast) ,
and interpreted according to the flags specifiefl.iThe postconditions of this function are indicated
in Table 7.13.

Table 7.13: basic_regex(Forwardlterator first,
Forwardlterator last, flag_type f, const
Allocator&) effects

Element Value

empty() false

size() std::distance(first, last)

str() std::basic_string<charT>(first,
last)

getflags() f

mark_count() The number of marked sub-expressions within the
expression.

basic_regex& operator=(const basic_regex& e);
Effects: Returns the result aissign(e.str(), e.getflags())
basic_regex& operator=(const charT* ptr);

Requires: ptr  shall not be a null pointer.
Effects: Returns the result aissign(ptr)
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template <class ST, class SA>
basic_regex& operator=(const basic_string<charT, ST, SA>& p);

Effects: Returns the result aissign(p)
7.8.3 basic_regexp iterators [tr.re.regex.iter]

const_iterator begin() const;
Effects: Returns a starting iterator to a sequence of characters representing the regular expression.
const_iterator end() const;

Effects: Returns termination iterator to a sequence of characters representing the regular expression.
7.8.4 basic_regexp capacity [tr.re.regex.cap]

size_type size() const;
Effects: Returns the length of the sequence of characters representing the regular expression.
size_type max_size() const;

Effects: Returns the maximum length of the sequence of characters representing the regular expres-
sion.

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.
7.8.5 basic_regexp assign [tr.re.regex.assign]

basic_regex& assign(const basic_regex& that);
Effects: Returnsassign(that.str(), that.getflags())

basic_regex& assign(const charT* ptr, flag_type f = regex_constants::normal);
Effects: Returnsassign(string_type(ptr), f)

basic_regex& assign(const charT* first, const charT* last,
flag_type f = regex_constants::normal);

Effects: Returnsassign(string_type(first, last), 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 stsingnterpreted according the flags
specified inf . The postconditions of this function are indicated in Table 7.14.
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Table 7.14: basic_regex& assign(const basic_-
string<charT, string_traits, A>& s, flag_type

f) effects

Element Value

empty() false

size() s.size()

str() s

getflags() f

mark_count() The number of marked sub-expressions within the
expression.

template <class Inputlterator>
basic_regex& assign(Inputlterator first, Inputlterator last,
flag_type f = regex_ constants::normal);

Requires: The typelnputlterator corresponds to the Input Iterator requiremefi(1.1).
Effects: Returnsassign(string_type(first, last), f) .
7.8.6 basic_regexp constant operations [tr.re.regex.operations]

Allocator get_allocator() const;
Effects: Returns a copy of the Allocator that was passed to the object’s constructor.
flag_type getflags() const;

Effects: Returns a copy of the regular expression syntax flags that were passed to the object’s con-
structor, or the last call tassign .

basic_string<charT> str() const;

Effects: Returns a copy of the character sequence passed to the object’s constructor, or the last call to
assign .

int compare(basic_regex& e)const;

Effects: If getflags() == e.getflags() then returnstr().compare(e.str()) , oth-
erwise returngetflags() - e.getflags()
7.8.7 basic_regexp locale [tr.re.regex.locale]

locale_type imbue(locale_type I);

Effects. Returns the result dfaits_inst.imbue(l) wheretraits_inst is a (default ini-
tialized) instance of the template paramdtaits  stored within the object. Calls imbue invali-
date any currently contained regular expression.

Postcondition: empty() == true

locale_type getloc() const;
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Effects: Returns the result dfaits_inst.getloc() wheretraits_inst is a (default ini-
tialized) instance of the template parametaits  stored within the object.

7.8.8 basic_regexp 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 wereeire contains the regular expression that
was in*this

Complexity: constant time.

7.8.9 basic_regex non-member functions [tr.re.regex.nonmemb]

7.8.9.1 basic_regex non-member comparison operators [tr.re.regex.comp]
template <class charT, class traits, class Allocator>

bool operator == (const basic_regex<charT, traits, Allocator>& Ihs,
const basic_regex<charT, traits, Allocator>& rhs);

Effects: Returndhs.compare(rhs) ==

template <class charT, class traits, class Allocator>
bool operator != (const basic_regex<charT, traits, Allocator>& Ihs,
const basic_regex<charT, traits, Allocator>& rhs);

Effects: Returndhs.compare(rhs) !'= 0

template <class charT, class traits, class Allocator>
bool operator < (const basic_regex<charT, traits, Allocator>& Ihs,
const basic_regex<charT, traits, Allocator>& rhs);

Effects: Returndhs.compare(rhs) < 0

template <class charT, class traits, class Allocator>
bool operator <= (const basic_regex<charT, traits, Allocator>& Ihs,
const basic_regex<charT, traits, Allocator>& rhs);

Effects: Returndhs.compare(rhs) <= 0

template <class charT, class traits, class Allocator>
bool operator >= (const basic_regex<charT, traits, Allocator>& Ihs,
const basic_regex<charT, traits, Allocator>& rhs);

Effects: Returndhs.compare(rhs) >= 0

template <class charT, class traits, class Allocator>
bool operator > (const basic_regex<charT, traits, Allocator>& Ihs,
const basic_regex<charT, traits, Allocator>& rhs);

Effects: Returndhs.compare(rhs) > 0
7.8.9.2 basic_regex inserter [tr.re.regex.inserter]
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template <class charT, class io_traits, class re_traits,
class Allocator>
basic_ostream<charT, io_traits>&
operator << (basic_ostream<charT, io_traits>& 0s
const basic_regex<charT, re_traits, Allocator>& e);

Effects: Returngos << e.str())
7.8.9.3 basic_regex non-member swap [tr.re.regex.nmswap]

template <class charT, class traits, class Allocator>
void swap(basic_regex<charT, traits, Allocator>& Ihs,
basic_regex<charT, traits, Allocator>& rhs);

Effects: callslhs.swap(rhs)
7.8.9.4 Class templatsub_match [tr.re.submatch]

Class templatsub_match denotes the sequence of characters matched by a particular marked sub-
expression.

When the marked sub-expression denoted by an object obtyipematch<> participated in a regu-

lar expression match then membeatched evaluates tdrue , and memberfirst  andsecond

denote the range of charactdfisst,second) which formed that match. Otherwiseatched

isfalse ,and memberfirst andsecond contained undefined values.

If an object of typesub_match<> represents sub-expression 0 - that is to say the whole match - then
membematched is always true, unless a partial match was obtained as a result of tmedtal_-

partial  being passed to a regular expression algorithm, in which case menabehned is false,

and memberfirst andsecond represent the character range that formed the partial match.

template <class Bidirectionallterator>
class sub_match
. public std::pair<Bidirectionallterator, Bidirectionallterator>
{
public:
typedef typename iterator_traits<Bidirectionallterator>::value_type
value_type;
typedef typename iterator_traits<Bidirectionallterator>::difference_type
difference_type;
typedef Bidirectionallterator
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;
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h
7.8.10 sub_match members [tr.re.submatch.members]

static difference_type length();
Returns: (matched ? 0 : distance(first, second))
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)
7.8.11 sub_match non-member operators [tr.re.submatch.op]

template <class Bidirectionallterator>
bool operator == (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ins.compare(rhs) ==

template <class Bidirectionallterator>
bool operator != (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs.compare(rhs) = 0

template <class Bidirectionallterator>
bool operator < (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs.compare(rhs) < 0

template <class Bidirectionallterator>
bool operator <= (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs.compare(rhs) <= 0
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template <class Bidirectionallterator>
bool operator >= (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs.compare(rhs) >= 0

template <class Bidirectionallterator>
bool operator > (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs.compare(rhs) > 0

template <class Bidirectionallterator>
bool operator == (typename iterator_traits<Bidirectionallterator>::value_type const* |hs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs == rhs.str()

template <class Bidirectionallterator>
bool operator != (typename iterator_traits<Bidirectionallterator>::value_type const* I|hs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs = rhs.str()

template <class Bidirectionallterator>
bool operator < (typename iterator_traits<Bidirectionallterator>::value_type const* I|hs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs < rhs.str()

template <class Bidirectionallterator>
bool operator > (typename iterator_traits<Bidirectionallterator>::value_type const* Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs > rhs.str()

template <class Bidirectionallterator>
bool operator >= (typename iterator_traits<Bidirectionallterator>::value_type const* |hs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs >= rhs.str()

template <class Bidirectionallterator>
bool operator <= (typename iterator_traits<Bidirectionallterator>::value_type const* |hs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs <= rhs.str()

template <class Bidirectionallterator>
bool operator == (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type const* rhs);

Returns: Ihs.str() == rhs
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template <class Bidirectionallterator>
bool operator != (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type const* rhs);

Returns: Ihs.str() != rhs

template <class Bidirectionallterator>
bool operator < (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type const* rhs);

Returns: Ihs.str() < rhs

template <class Bidirectionallterator>
bool operator > (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type const* rhs);

Returns: Ihs.str() > rhs

template <class Bidirectionallterator>
bool operator >= (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type const* rhs);

Returns: Ihs.str() >= rhs

template <class Bidirectionallterator>
bool operator <= (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type const* rhs);

Returns: Ihs.str() <= rhs

template <class Bidirectionallterator>
bool operator == (typename iterator_traits<Bidirectionallterator>::value_type const& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs == rhs.str()

template <class Bidirectionallterator>
bool operator != (typename iterator_traits<Bidirectionallterator>::value_type const& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs = rhs.str()

template <class Bidirectionallterator>
bool operator < (typename iterator_traits<Bidirectionallterator>::value_type const& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs < rhs.str()

template <class Bidirectionallterator>
bool operator > (typename iterator_traits<Bidirectionallterator>::value_type const& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs > rhs.str()
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template <class Bidirectionallterator>
bool operator >= (typename iterator_traits<Bidirectionallterator>::value _type const& Ilhs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs >= rhs.str()

template <class Bidirectionallterator>
bool operator <= (typename iterator_traits<Bidirectionallterator>::value_type const& Ilhs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs <= rhs.str()

template <class Bidirectionallterator>
bool operator == (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type const& rhs);

Returns: Ihs.str() == rhs

template <class Bidirectionallterator>
bool operator != (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type const& rhs);

Returns: Ihs.str() != rhs

template <class Bidirectionallterator>
bool operator < (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type const& rhs);

Returns: Ihs.str() < rhs

template <class Bidirectionallterator>
bool operator > (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type const& rhs);

Returns: Ihs.str() > rhs

template <class Bidirectionallterator>
bool operator >= (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type const& rhs);

Returns: Ihs.str() >= rhs

template <class Bidirectionallterator>
bool operator <= (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type const& rhs);

Returns: Ihs.str() <= rhs

template <class charT, class traits, class Bidirectionallterator>
basic_ostream<charT, traits>&
operator << (basic_ostream<charT, traits>& o0s
const sub_match<Bidirectionallterator>& m);
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Returns: (0s << m.str())
7.9 Class templatematch_results [tr.re.results]

Class templatenatch_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 clagsatch_results

The class templatmatch_results conforms to the requirements of a Sequence, as specified in
[lib.sequence.regmts], except that only operations defined for const-qualified Sequences are supported.

template <class Bidirectionallterator,
class Allocator = allocator<sub_match<Bidirectionallterator> >
class match_results
{
public:
typedef sub_match<Bidirectionallterator>
value_type;
typedef const value_type&
const_reference;
typedef const_reference
reference;
typedef  implementation-defined
const_iterator;
typedef const_iterator
iterator;
typedef typename iterator_traits<Bidirectionallterator>::difference_type
difference_type;
typedef typename Allocator::size_type
size_type;
typedef Allocator
allocator_type;
typedef typename iterator_traits<Bidirectionallterator>::value_type
char_type;
typedef basic_string<char_type>
string_type;

/I 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();

/I size:

size_type size() const;
size_type max_size() const;
bool empty() const;

/I element access:
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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;
/I format:
template <class Outputiterator>
Outputlterator format(Outputlterator out,

const string_type& fmt,

match_flag type flags = format_default) const;
string_type format(const string_type& fmt,

match_flag type flags = format_default) const;

allocator_type get_allocator() const;
void swap(match_results& that);

3
7.9.1 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 classatch_results . The postconditions of this function are
indicated in Table 7.15

Table 7.15match_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 classatch_results , as a copy om
match_results& operator=(const match_results& m);

Effects: Assignsmto *this . The postconditions of this function are indicated in Table 7.16
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Table 7.16: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
7.9.2 match_results  size [tr.re.results.size]

size_type size() const;

Returns: the number obub_match elements stored ifthis
size_type max_size()const;

Returns: the maximum number afub_match elements that can be stored‘this
bool empty()const;

Returns: size() == .
7.9.3 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-expression If n == 0 then returns a reference tesab_match object representing
the character sequence that matched the whole regular expression.

const_reference prefix()const;

Returns: a reference to theub_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 theub_match object representing the character sequence from the end of
the match found to the end of the string being matched/searched.
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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
rSec2[tr.re.results.reformmatch_results reformatting

Outputlterator format(Outputlterator out,
const string_type& fmt,
match_flag type flags = format_default);

Requires: The typeOQutputlterator conforms to the Output Iterator requirements [24.1.2] .

Effects: Copies the character sequerjfrat.begin(), fmt.end()) to Outputlteratorout .

For each format specifier or escape sequence in fmt , replace that sequence with either the character(s)
it represents, or the sequence of characters withiis  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 [2], ECMAScript Language Specification, Chapter 15 part 5.4.11
String.prototype.replace.

Returns: out .

string_type format(const string_type& fmt,
match_flag type flags = format_default);

Effects: Returns a copy of the strinfnt . For each format specifier or escape sequendentn,

replace that sequence with either the character(s) it represents, or the sequence of characters within
*this  to which it refers. The bitmasks specifiedflags determines what format specifiers or
escape sequences are recognized, by default this is the format used by ECMA-262 [2], ECMAScript
Language Specification, Chapter 15 part 5.4.11 String.prototype.replace.
rSec2[tr.re.results.atjatch_results allocator

allocator_type get_allocator() const;

Effects: Returns a copy of the Allocator that was passed to the object’s constructor.
rSec2[tr.re.results.swapptch_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 weed in that
contains the sequence of matched sub-expressions that wihésin .

Complexity: constant time.

7.10 Regular expression algorithms [tr.re.alg]

7.10.1 regex_match [tr.re.alg.match]
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template <class Bidirectionallterator, class Allocator, class charT,
class traits, class Allocator2>
bool regex_match(Bidirectionallterator first, Bidirectionallterator last,
match_results<Bidirectionallterator, Allocator>& m,
const reg_expression<charT, traits, Allocator2>& e,
match_flag type flags = match_default);

Requires: Type Bidirectionallterator meets the requirements of a Bidirectional Iterator
(§24.1.4).

Effects: Determines whether there is an exact match between the regular expeesai@hall of the
character sequendérst, last) , parameteflags is used to control how the expression is
matched against the character sequence. Returas if such a match existsalse otherwise.
Postconditions:If the function returngalse , then the effect on parametmiis undefined, otherwise
the effects on parameter mare given in table 7.17

Table 7.17: Effects ofegex_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, andalse if
it was a partial match (found as a result of the
match_partial flag being set).

m[n].first For all integersn < m.size() , the start of the

sequence that matched sub-expressioAlterna-
tively, if sub-expression did not participate in the
match, therast

m[n].second For all integersn < m.size() , the end of the
sequence that matched sub-expressioAlterna-
tively, if sub-expression did not participate in the
match, therast

m[n].matched For all integersn < m.size() , true if sub-
expressiom participated in the matciialse oth-
erwise.

template <class Bidirectionallterator, class charT, class traits, class Allocator2>
bool regex_match(Bidirectionallterator first, Bidirectionallterator last,
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const reg_expression<charT, traits, Allocator2>& e,
match_flag type flags = match_default);

Effects: Behaves “as if” by constructing an instancewdtch_results< Bidirectionallterator
> what , and then returning the resultiggex_match(first, last, what, e, flags)

template <class charT, class Allocator, class traits, class Allocator2>

bool regex_match(const charT* str, match_results<const charT*, Allocator>& m,
const reg_expression<charT, traits, Allocator2>& e,
match_flag_type flags = 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, class Allocator2>
bool regex_match(const basic_string<charT, ST, SA>& s,
match_results<typename basic_string<charT, ST, SA>:const_iterator, Allocator>& m,
const reg_expression<charT, traits, Allocator2>& e,
match_flag type flags = match_default);

Returns: regex_match(s.begin(), s.end(), m, e, flags)

template <class charT, class traits, class Allocator2>

bool regex_match(const charT* str,
const reg_expression<charT, traits, Allocator2>& e,
match_flag type flags = match_default);

Returns: regex_match(str, str + char_traits<charT>::length(str), e, flags)

template <class ST, class SA, class charT, class traits, class Allocator2>
bool regex_match(const basic_string<charT, ST, SA>& s,
const reg_expression<charT, traits, Allocator2>& e,
match_flag_type flags = match_default);

Returns: regex_match(s.begin(), s.end(), e, flags) .
7.10.2 regex_search [tr.re.alg.search]

template <class Bidirectionallterator, class Allocator, class charT,
class traits, class Allocator2>
bool regex_search(Bidirectionallterator first, Bidirectionallterator last,
match_results<Bidirectionallterator, Allocator>& m,
const reg_expression<charT, traits, Allocator2>& e,
match_flag_type flags = match_default);

Requires: Type Bidirectionallterator meets the requirements of a Bidirectional Iterator
(24.1.4).
Effects: Determines whether there is some sub-sequence wiihstlast) that matches the

regular expressioa, parameteflags is used to control how the expression is matched against the
character sequence. Retutnge if such a sequence exisfaJse otherwise.
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Postconditions:If the function returngalse , then the effect on parametmiis undefined, otherwise
the effects on parametarare given in table 7.18.
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Table 7.18: Effects ofegex_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 1=
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 matg
the regular expression

m[0].matched

true if a full match was found, andalse if
it was a partial match (found as a result of t
match_partial flag being set).

m[n].first

For all integersn < m.size() , the start of the
sequence that matched sub-expressioAlterna-
tively, if sub-expression did not participate in the
match, therast

m[n].second

For all integersn < m.size() , the end of the
sequence that matched sub-expressioAlterna-
tively, if sub-expression did not participate in the
match, therast

m[n].matched

For all integersn < m.size() , true if sub-
expression nparticipated in the matéhlse oth-
erwise.

template <class charT, class Allocator, class traits, class Allocator2>
bool regex_search(const charT* str, match_results<const charT*, Allocator>& m,

const reg_expression<charT, traits, Allocator2>& e,
match_flag type flags = match_default);

hed

he

Returns: the result ofegex_search(str, str + char_traits<charT>::length(str),
m, e, flags)

template <class ST, class SA, class Allocator, class charT,
class traits, class Allocator2>
bool regex_search(const basic_string<charT, ST, SA>& s,
match_results<typename basic_string<charT, ST, SA>:.const_iterator, Allocator>& m
const reg_expression<charT, traits, Allocator2>& e,
match_flag_type flags = match_default);
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Returns: the result offegex_search(s.begin(), s.end(), m, e, flags)

template <class iterator, class Allocator, class charT,
class traits>
bool regex_search(iterator first, iterator last,
const reg_expression<charT, traits, Allocator>& e,
match_flag type flags = match_default);

Effects: Behaves “as if” by constructing an instancewadtch_results< Bidirectionallterator
> what , and thenreturning the resultiagex_search(first, last, what, e, flags)

template <class charT, class Allocator, class traits>

bool regex_search(const charT* str
const reg_expression<charT, traits, Allocator>& e,
match_flag type flags = match_default);

Returns: regex_search(str, str + char_traits<charT>::length(str), e, flags)

template <class ST, class SA, class Allocator, class charT,
class traits>
bool regex_search(const basic_string<charT, ST, SA>& s,
const reg_expression<charT, traits, Allocator>& e,
match_flag type flags = match_default);

Returns: regex_search(s.begin(), s.end(), e, flags) .
7.10.3 regex_replace [tr.re.alg.replace]

template <class Outputlterator, class Bidirectionallterator, class traits,
class Allocator, class charT>

Outputlterator regex_replace(Outputlterator out,
Bidirectionallterator first,
Bidirectionallterator last,
const reg_expression<charT, traits, Allocator>& e,
const basic_string<charT>& fmt,
match_flag_type flags = match_default);

Effects: Finds all the non-overlapping matchasf typematch_results<Bidirectionallterator>

that occur within the sequendérst, last) . If no such matches are found ah@lags

& format_no_copy) then callsstd::copy(first, last, out) . Otherwise, for each
match found, ifl(flags & format_no_copy) calls std::copy(m.prefix().first,
m.prefix().last, out) , and then callsn.format(out, fmt, flags) . Finally if !(flags
& format_no_copy) callsstd::copy(last_m.suffix().first, last_m,suffix().last,

out) wherelast m is a copy of the last match found. flags & format_first_only is

non-zero then only the first match found is replaced.
Returns: out .

template <class traits, class Allocator, class charT>

basic_string<charT> regex_replace(const basic_string<charT>& s,
const reg_expression<charT, traits, Allocator>& e,
const basic_string<charT>& fmt,
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match_flag type flags = match_default);

Effects: Constructs an objebtiasic_string<charT> result , callsregex_replace(back_-
inserter(result), s.begin(), s.end(), e, fmt, flags) , and then returnesult
7.11 Regular expression lterators [tr.re.iter]
7.11.1 Class templateegex_iterator [tr.re.regiter]

The class templateegex_iterator is an iterator adapter; that is to say it represents a hew view

of an existing iterator sequence, by enumerating all the occurrences of a regular expression within that
sequence. regexerator finds (usingegex_search ) successive regular expression matches within

the sequence from which it was constructed. After it is constructed, and everypenator++

is used, the iterator finds and stores a valumafch_results<Bidirectionallterator> .

If the end of the sequence is reacheehex_search  returnsfalse ), the iterator becomes equal

to the end-of-sequence iterator value. The constructor with no argumesges_iterator()

always constructs an end of sequence iterator object, which is the only legitimate iterator to be used
for the end condition. The result @perator*  on an end of sequence is not defined. For any

other iterator value a congtatch_results<Bidirectionallterator>& is returned. The
result ofoperator->  on an end of sequence is not defined. For any other iterator valaesa
match_results<Bidirectionallterator>* is returned. It is impossible to store things

into regex_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 Bidirectionallterator,
class charT = iterator_traits<Bidirectionallterator>::value_type,
class traits = regex_traits<charT>,
class Allocator = allocator<charT> >

class regex_iterator

{
public:
typedef basic_regex<charT, traits, Allocator>
regex_type;
typedef match_results<Bidirectionallterator>
value_type;

typedef typename iterator_traits<Bidirectionallterator>::difference_type
difference_type;

typedef typename iterator_traits<Bidirectionallterator>::pointer
pointer;

typedef typename iterator_traits<Bidirectionallterator>::reference
reference;

typedef std::forward_iterator_tag
iterator_category;

regex_iterator();

regex_iterator(Bidirectionallterator a, Bidirectionallterator b,
const regex_type& re,
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match_flag type m = 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<Bidirectionallterator> what; /I exposition only
Bidirectionallterator end; /I exposition only
const regex_type* pre; /I exposition only
match_flag_type flags; /I exposition only
%
7.11.1.1 regex_iterator constructors [tr.re.regiter.cnstr]

regex_iterator();

Effects: default constructs the membewbhat , end andflags , and sets the membpre equal to
the null-pointer constant.

regex_iterator(Bidirectionallterator a, Bidirectionallterator b,
const regex_type& re,
match_flag type m = match_default);

Effects: default constructs all data members, and then ca§jex_search(a, b, what, re,
m). If this returnsfalse then setgthis  equal to the end of sequence iterator, otherwiseesals
equal tob, pre equal to&re , andflags equal tom

regex_iterator(const regex_iterator& that);

Effects: constructs all data members as a copyhatt .
Postconditions:*this == that

regex_iterator& operator=(const regex_iterator& that);

Effects: sets all data members equal to thosthat .
Postconditions: *this == that
7.11.1.2 regex_iterator comparisons [tr.re.regiter.comp]

bool operator==(const regex_iterator& that);

Effects: if (pre == 0) && (that.pre == 0) then returndrue , otherwise returns the re-
sult 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: returnsl(*this == that)
7.11.1.3 regex_iterator dereference [tr.re.regiter.deref]
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const value_type& operator*();
Returns: what .
const value_type* operator->();
Returns: &what .
7.11.1.4 regex_iterator increment [tr.re.regiter.incr]

regex_iterator& operator++();

Effects: if what.prefix().first != what[0].second and if the elemennatch_prev_-
avail isnotsetinflags then setsit. Then callegex_search(what[0].second, end,
what, *pre, ((what[0].first == what[0].second) ? flags matchnotnull :

flags))—, and if this returnfalse then setdthis equal to the end of sequence iterator.
Returns: *this

regex_iterator operator++(int);

Effects: constructs a copsesult  of *this , then callst++(*this)
Returns: result

7.11.2 Class templateegex_token_iterator [tr.re.tokiter]

The class templateegex_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 clasgex_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.

Afteritis constructed, the iterator finds and stores a valumaith_results<Bidirectionallterator>

what (by callingregex_search ) and sets the internal couNtto zero. Every timeperator++

is used the courilis incremented; iN exceeds or equathis->subs.size() , then the iterator
finds and stores the next valueroatch_results<Bidirectionallterator> and sets count
Nto zero.

If the end of sequence is reacheddex_search returnsfalse ), the iterator becomes equal to
theend-of-sequendeerator 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 argumentggex_iterator() , always constructs an end of sequence
iterator object, which is the only legitimate iterator to be used for the end condition. The result of
operator*  on an end of sequence is not defined. For any other iterator valoest basic_-
string<charT>& isreturned (obtained by callirtgis->what[subs[N]] ). The result obperator->

on an end of sequence is not defined. For any other iterator vatuesa basic_string<charT>*

is returned. It is impossible to store things imemex_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 Bidirectionallterator,
class charT = iterator_traits<Bidirectionallterator>::value_type,
class traits = regex_traits<charT>,
class Allocator = allocator<charT> >

class regex_token_iterator

{
public:
typedef basic_regex<charT, traits, Allocator>
regex_type;
typedef basic_string<charT>
value_type;
typedef typename iterator_traits<Bidirectionallterator>::difference_type
difference_type;
typedef typename iterator_traits<Bidirectionallterator>::pointer
pointer;
typedef typename iterator_traits<Bidirectionallterator>::reference
reference;
typedef std::forward_iterator_tag
iterator_category;
regex_token_iterator();
regex_token_iterator(Bidirectionallterator a, Bidirectionallterator b, const regex_type& re,
int submatch = 0, match_flag_type m = match_default);
regex_token_iterator(Bidirectionallterator a, Bidirectionallterator b, const regex_type& re,
const std::vector<int>& submatches, match_flag _type m = match_default);
template <std::size_t N>
regex_token_iterator(Bidirectionallterator a, Bidirectionallterator b, const regex_type& re,
const int (&submatches)[N], match_flag type m = 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<Bidirectionallterator> what; /I exposition only
Bidirectionallterator end; /I exposition only
const regex_type* pre; /I exposition only
match_flag_type flags; /I exposition only
basic_string<charT> result; /I exposition only
std::size t N; /I exposition only
std::vector<int> subs; /I exposition only
h
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7.11.2.1 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 ==

regex_token_iterator(Bidirectionallterator a, Bidirectionallterator b,
const regex_type& re,
int submatch = 0, match_flag_type m = match_default);

Preconditions: !re.empty()

Effects: default constructs all data members and pushes the galbmatch ontosubs . Then
if regex_search(a, b, what, re, m) == true setsN equal to zeroflags equal tom
pre equalto&re ,end equaltdb, and setsesult equalto((submatch == -1) ? value_-
type(what.prefix().str()) : value_type(what[submatch].str())) . Other-
wise if the call toregex_search returnsfalse ,thenif(submatch == -1) && (a '= b)
setsresult  equal tovalue_type(a, b) andN equal to -1. Otherwise setthis  equal to the
end of sequence iterator.

regex_token_iterator(Bidirectionallterator a, Bidirectionallterator b,
const regex_type& re,
const std::vector<int>& submatches,
match_flag_type m = match_default);

Preconditionssubmatches.size() && !re.empty() .

Effects: copy constructs membeaubs from submatches , and default constructs the other data
members. Then ifegex_search(a, b, what, re, m) == true setsN equal to zero,
flags equal tom pre equal to&re, end equal tob, and setsesult  equal to((submatch[N]

== -1) ? value_type(what.prefix().str()) : value_type(what[submatch[N]].str()))

Otherwise if the call taegex_search  returnsfalse , then if (submatch[0] == -1) &&

(a '= b) setsresult equal tovalue_type(a, b) andN equal to -1. Otherwise setthis
equal to the end of sequence iterator.

template <std::size_t N>
regex_token_iterator(Bidirectionallterator a, Bidirectionallterator b,
const regex_type& re,
const int (&submatches)[R],
match_flag_type m = match_default);

Preconditions: Ire.empty()

Effects: copy constructs membesubs from the iterator sequen¢gubmatches, submatches+R) ,
and default constructs the other data members. Thegéx_search(a, b, what, re, m)

== true setsN equal to zeroflags equal tom pre equal to&re, end equal tob, and sets

result equalto((subs[N] == -1) ? value_type(what.prefix().str()) : value -
type(what[subs[N]].str())) . Otherwise if the call taegex_search returnsfalse
then if (subs[0] == -1) && (a !'= b) setsresult  equal tovalue_type(a, b) andN

equal to -1. Otherwise setthis  equal to the end of sequence iterator.

regex_token_iterator(const regex_token_iterator& that);
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Effects: constructs all data members as a copyhatt .
Postconditions:*this == that

regex_token_iterator& operator=(const regex_token_iterator& that);

Effects: sets all data members equal to thoséhiat .

Postconditions: *this == that

7.11.2.2 regex_token_iterator comparisons [tr.re.tokiter.comp]
bool operator==(const regex_token_iterator&);

Effects: if (pre == 0) && (that.pre == 0) then returngrue , otherwise returns the re-
sultof(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)

7.11.2.3 regex_token_iterator deference [tr.re.tokiter.deref]
const value_type& operator*();

Effects: returnsresult
const value_type* operator->();

Effects: returns&result

7.11.2.4 regex_token_iterator increment [tr.re.tokiter.incr]

regex_token_iterator& operator++();

Effects. if N == -1 then setsthis equal to the end of sequence iterator. Otherwidg+fl <
subs.size() , thenincrementdland setsesult  equalto((subs[N] == -1) ? value_-
type(what.prefix().str()) : value_type(what[subs[N]].str())) .
Otherwise ifwhat.prefix().first = what[0].second and if the elementnatch_-
prev_avalil is not set inflags  then sets it. Then ifegex_search(what[0].second,

end, what, *pre, ((what[0].first == what[0].second) ? flags matchnot -
null : flags)) == true— setdl equal to zero, and setesult  equal to((subs[N] == -1) ?

value_type(what.prefix().str()) : value_type(what[subs[N]].str())) .
Otherwise if the calltoegex_search returndalse ,thenletast end be the value ofvhat[0].second
prior to the call toregex_search . Then iflast_end != end andsubs[0] == - setsN
equal to -1 and setesult equal tovalue_type(last_end, end) . Otherwise setthis

equal to the end of sequence iterator.

Returns: *this

regex_token_iterator& operator++(int);

Effects: constructs a copgesult  of *this , then callst++(*this)
Returns: result
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