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1 General [tr.intro]

This technical report describes extensions toQhe standard librarythat is described in the International Standard for
the C++ programming languagé/).

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 Relation to C++ Standard Library Introduction [tr.description]

Unless otherwise specified, the whole of the ISO C++ Standard Library introduction [lib.library] is included into this
Technical Report by reference.

1.2 Categories of extensions [trintro.ext]

This technical report describes four general categories of library extensions:

1. New requirement tables, such as the regular expression traits requirements in7c2audgese 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 the<unordered_set> headei6.3.4.1

3. New library components declared as additions to existing standard headers, such as the mathematical special
functions added to the head&ranath> and<math.h> in clause$.2.1and5.2.2

4. Additions to standard library components, such as the extensions taetasspair in section6.1.3

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

New headers are distinguished from extensions to existing headers by the titlesghtipsisclause. In the first case

the title is of the form “Headexfoo> synopsis”, and the synopsis includes all namespace scope declarations contained
in the header. In the second case the title is of the form “Additions to hed&der synopsis” and the synopsis includes

only the extensiong,e. those namespace scope declarations that are not present in the C++ stafidard [
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1.3 Namespaces and headers [tr.intro.namespaces]

Since the extensions described in this technical report are not part of the C++ standard library, they should not be
declared directly within namespaged. Unless otherwise specifed, all components described in this technical report are
declared in namespaegd: : tri. [Note: Some components are declared in subnamespaces of namesgaceri.

—end notg

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

Even when an extension is specified as additions to standard headers (the third category id.@pctiemdors should
not simply add declarations to standard headers in a way that would be visible to users by dédaedT Hat would fail

to be standard conforming, because the new names, even within a namespace, could conflict with use~reacdros.
notd Users should be required to take explicit action to have access to library extensions.

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

1.4 Caveat [trintro.caveat]

This is a draft. It's known to be incomplet and incorrekt, and it has some bad  fonmtti ng.
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2 General Utilities [tr.util]

This clause describes basic components used to implement other library facilities. They may also be used by C
programs.

The following subclauses describe reference wrappers and smart pointers, as summarizedlin Table

Table 1: Utilities library summary

] Subclause Header(s) |
2.1Reference wrapper <utility>
2.2 Smart pointers <memory>
2.1 Reference wrappers [tr.util.refwrap]
2.1.1 Additions to header<utility> Synopsis [tr.util.refwrp.synopsis]

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

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

template <class T> class reference_wrapper {
public

/1 types

typedef T type;

typedef see below result_type; // Notalways defined

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

/1 access
operator T& () const;
T& get () const;

/] invocation
template <class T1, class T2, ..., class TN>
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typename result_of<T(T1, T2, ..., TN)>::type
operator () (T1, T2, ..., TN) comnst;
};
reference_wrapper<T> is a CopyConstructible and Assignable wrapper around a reference to an objectdf type
reference_wrapper defines the member tyge11t_type in the following cases:
1. Tis a function pointer, thepesult_type is the return type of.
2. Tis a pointer to member function, theesult_type is the return type of.

3. Tis a class type with a member typesult_type, thenresult_typeiST: :result_type.

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

explicit reference_wrapper (T& t);
Effects:Constructs a reference_wrapper object that stores a reference to t.

Throws:Does not throw.

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

operator T& () const;
Returns:The stored reference.
Throws:Does not throw.

T& get () const;
Returns:The stored reference.

Throws:Does not throw.

2.1.2.3 reference_wrapper invocation [tr.util.refwrp.invoke]
template <class Tl1, class T2, ..., class TN>
typename result_of<T(T1, T2, ..., TN)>::type
operator ()(T1 al, T2 al, ..., TN aN) const ;
Effects:if.get () (al, a2, ..., aN)
Returns:The result of the expressigh get () (a1, a2, ..., aN)
2.1.2.4 reference_wrapper helper functions [tr.util.refwrp.helpers]

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

template <class T> reference_wrapper<const T> cref( const T& t);
Returns:reference_wrapper <const T>(t)

Throws:Does not throw.

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

namespace trl {
/1 [2.2. Class bad_weak_ptr
class bad_weak_ptr;

/1 [2.2.3 Class template shared_ptr
template<class T> class shared_ptr;

/1 [2.2.3.6 shared_ptr comparisons
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);

/1 [2.2.3.§ shared_ptr specialized algorithms
template<class T>
void swap(shared_ptr<T>& a, shared_ptr<T>& b);

/1 [2.2.3.9 shared_ptr 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);

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

/1 [2.2.3.7 shared_ptr I/O
template<class E, class T, class Y>
basic_ostream<E, T>&
operator<< (basic_ostream<E, T>& os, shared_ptr<Y> const& p);

/1 [2.2.3.1Q shared_ptr get_deleter
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template<class D, class T>
D * get_deleter (shared_ptr<T> const& p);

/1 [2.2.4 Class template weak_ptr
template<class T> class weak_ptr;

/1 [2.2.4. weak_ptr comparison
template<class T, class U>
bool operator<(weak_ptr<T> const& a, weak_ptr<U> const& b);

/1 [2.2.4.71 weak_ptr specialized algorithms
template<class T>
void swap(weak_ptr<T>& a, weak_ptr<T>& b);

/1 [2.2.9 Class enable_shared_from_this
template<class T> class enable_shared_from_this;

2.2.2 Classad_weak_ptr [tr.util.smartptr.weakptr]

namespace trl {
class bad_weak_ptr: public std::exception
{
public:
bad_weak_ptr ();
};

An exception of typ@&ad_weak_ptr is thrown by theshared_ptr constructor taking aeak_ptr.
bad_weak_ptr ();
Postconditionswhat () returns"tri: :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 implements semantics of
shared ownership; the last remaining owner of the pointer is responsible for destroying the object, or otherwise releasing
the resources associated with the stored pointer.

namespace trl {
template<class T> class shared_ptr {
public:
typedef T element_type;

/| constructors

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

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

/| destructor
~“shared_ptr ();

/] assignment

shared_ptr& operator=(shared_ptr const& r);

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

/1 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);

/1 observers

T* get() const;

T& operator*() const;

T* operator->() const;

long use_count () const;

bool unique () const;

operator unspecified-bool-type () const;

};

/1 comparison
template<class T, class U>
bool
operator==(shared_ptr<T> const& a, shared_ptr<U> const& Db);

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

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

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

/'l specialized algorithms

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

Draft: September 10, 2004
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/1 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);

/1 get_deleter
template<class D, class T>
D * get_deleter (shared_ptr<T> const& p);

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

[Example:

if (shared_ptr<X> px = dynamic_pointer_cast<X>(py))
{
/1 do something with px

}
—end examplg.

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

shared_ptr ();
Effects:Constructs aemptyshared_ptr.
Postconditionsuse_count () == 0 && get() == 0.
Throws:nothing.

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

Requiresyp is convertible talr' *. Y is a complete type. The expressidsiete p is well-formed, does not invoke
undefined behavior, and does not throw exceptions.

Effects:Constructs ahared_ptr thatownsthe pointerp.
Postconditionsuse_count () == 1 && get() == p.

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

Exception safetyif an exception is thrownjelete pis called.
template<class Y, class D> shared_ptr(Y * p, D d);
Requires:p is convertible taT *. D is CopyConstructible. The copy constructor and destructor @f do not

throw. The expressioa(p) is well-formed, does not invoke undefined behavior, and does not throw exceptions.

Draft: September 10, 2004
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9 General Utilities 2.2 Smart pointers

Effects:Constructs ahared_ptr thatownsthe pointerp and the deleted.
Postconditionsuse_count () == 1 && get() == p.

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

Exception safetyif an exception is thrownd (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 aemptyshared_ptr; otherwise, constructsshared_ptr thatshares owner-
shipwith r.

Postconditionsget () == r.get() && use_count() == r.use_count().
Throws:nothing.
template<class Y> explicit shared_ptr(weak_ptr<Y> const& r);
Effects:Constructs ahared_ptr thatshares ownershigith r and stores a copy of the pointer stored-in
Postconditionstise_count () == r.use_count().
Throws:bad_weak_ptr whenr.expired().
Exception safetyif an exception is thrown, the constructor has no effect.
template<class Y> shared_ptr (auto_ptr<¥Y>& r);

Requiresir.release() is convertible tar *. Y is a complete type. The expressigslete r.release() is
well-formed, does not invoke undefined behavior, and does not throw exceptions.

Effects:Constructs ahared_ptr that stores andwnsr.release().
Postconditionsuse_count () == 1 && r.get() == 0.

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

Exception safetyif an exception is thrown, the constructor has no effect.

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

~“shared_ptr ();
Effects:

— If *this is empty or shares ownershigiith anothershared_ptr instance ¢se_count () > 1), there are
no side effects.

— Otherwise, if*this ownsa pointerp and a deleted, d (p) is called.

— Otherwisexthis ownsa pointerp, anddelete pis called.
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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<¥>& 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);

| S

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 contentsethis andr.

Throws:nothing.

void reset ();

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

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

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

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

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

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

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

Throws:nothing.

T& operator*() const;

Draft: September 10, 2004



10

11

12

13

14

15

16

17

18

2

11 General Utilities 2.2 Smart pointers

Requiresget () != 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;
Requiresget () != 0.
Returns:get ).
Throws:nothing.

long use_count () const;

Returnsthe number okhared_ptr objects xthis included, thashare ownershigvith *this, or0 whenthis
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 usinginique () to implement copy on write, do
not rely on a specific value wheget () ==

operator unspecified-bool-type () comnst;
Returns:an unspecified value that, when used in boolean contexts, is equivapittd != 0.
Throws:nothing.

Notes:This conversion operator allovehared_ptrobjects to be used in boolean contexExgmple:if (p &&
p—>valid()) —end examplgThe 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.
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template<class T, class U>
bool operator!=(shared_ptr<T> const& a, shared_ptr<U> const& b);

Returnsia.get() !'= b.get().
Throws:nothing.

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

Returns:an unspecified value such that
— operator< is a strict weak ordering as described in section 28 .alg.sorting]l;

— under the equivalence relation defined dpyerator<, !(a < b) && !(b < a), two shared_ptr in-
stances are equivalent if and only if thelyare ownershipr are both empty.

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);

Effectsios << 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);

RequiresThe expressiostatic_cast<T*>(r.get ()) is well-formed.

Returns:If r is empty anemptyshared_ptr<T>; otherwise, ashared_ptr<T> object that storestatic_-
cast<T*>(r.get ()) andshares ownershipith r.

Throws:nothing.
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Notes:the seemingly equivalent expressishared_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 ()) is well-formed and does not invoke undefined behav-

ior.
Returns:

— Whendynamic_cast<T*>(r.get () ) returns a nonzero value saared_ptr<T> object that stores a copy
of it andshares ownershipith r;

— Otherwise, aremptyshared_ptr<T> object.
Throws:nothing.

Notes:the seemingly equivalent expressisitared_ptr<T>(dynamic_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> const_pointer_cast (shared_ptr<U> const& r);

RequiresThe expressioronst_cast<T*>(r.get ()) is well-formed.

Returns:If r is empty, an emptyghared_ptr<T>; otherwise, ashared_ptr<T> object that storegonst_-
cast<T*>(r.get ()) and shares ownership with

Throws:Nothing.

Notes:the seemingly equivalent expressisitared_ptr<T>(const_cast<T*>(r.get())) will eventually re-
sult in undefined behavior, attempting to delete the same object twice.

2.2.3.10 get_deleter [tr.util.smartptr.getdeleter]

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

Returns:If *this ownsa deleter of type cv-unqualified, returnsid; otherwise returns.

Throws:nothing.

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

The weak_ptr class template stores a “weak reference” to an object that's already managethbyed_ptr. To
access the object,w@ak_ptr can be converted toshared_ptr using the member functiohock.

namespace trl {
template<class T> class weak_ptr {

public:
typedef T element_type;
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/1 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);

/| destructor
“weak_ptr ();

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

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

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

/1 modifiers
void swap(weak_ptr& r);
void reset ();

/| observers

long use_count () const;

bool expired() const;

shared_ptr<T> lock() const;
};

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

/| specialized algorithms
template<class T>
void swap(weak_ptr<T>& a, weak_ptr<T>& b);

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

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

weak_ptr ();
Effects:Constructs ammptyweak_ptr.
Postconditionstise_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);
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Effects:If r is empty constructs ammptyweak_ptr; otherwise, constructsaeak_ptr that shares ownership
with r and stores a copy of the pointer storedtin

Postconditionsuise_count () == r.use_count().

Throws:nothing.

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

“weak_ptr ();
Effects:Destroys thisieak_ptr but has no effect on the object its stored pointer points to.

Throws:nothing.

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

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

Effects:Equivalent toweak_ptr (r) . swap (*this).
Throws:nothing.

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

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

void swap(weak_ptr& r);
Effects:Exchanges the contentsethis andr.
Throws:nothing.

void reset ();

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

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

long use_count () const;
Returns:0 if *this is empty otherwise, the number @hared_ptr instances thaghare ownershipvith *this.
Throws:nothing.
Notes:use_count () is not necessarily efficient. Use only for debugging and testing purposes, not for production
code.
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bool expired () const;
Returnsiuse_count () == 0.
Throws:nothing.
Notes:expired () may be faster thatise_count ().
shared_ptr<T> lock () const;
Returns:expired() ? shared_ptr<T>() : shared_ptr<T>(*this).

Throws:nothing.

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

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

Returns:an unspecified value such that
— operator< is a strict weak ordering as described in section Z81».alg.sorting];

— under the equivalence relation defineddpgerator<, ! (a < b) && !'(b < a), twoweak_ptr instances
are equivalent if and only if theghare ownershipr are both empty.

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 Classtemplatenable_shared_from_this [tr.util.smartptr.enab]

A class can derive from thenable_shared_from_this class template, passing itself as a template parameter, to
inherit theshared_from_this member functions that obtainshared_ptrinstance pointing tahis.

[Example:

struct X: public enable_shared_from_this<X>
{
};

int main ()

{
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shared_ptr<X> p(new X);

shared_ptr<X> q = p->shared_from_this();

assert(p == q);

assert(!(p < q ) &% '(q < p)); /I pandqshare 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 consté&);
“enable_shared_from_this ();
public:
shared_ptr<T> shared_from_this ();
shared_ptr<T const> shared_from_this () const;
};
}

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

Effects:Constructs arnable_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:xthis.
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;

Requiresienable_shared_from_this<T> is an accessible base classTokthis is a subobject of an instance
t of typeT. There is at least onghared_ptr instancep thatowns&t.

Draft: September 10, 2004



2.2 Smart pointers General Utilities 18

10 Returns:A shared_ptr<T> instancer thatshares ownership with.
11 Postconditionsr.get () == this.
12 [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); }
};

13 The threeshared_ptrconstructors that create unique pointers should detect the presenceraflda shared from_this
base and assign the newly creasbdred ptrto its_ weak_thisnember—end notq.
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3 Function objects [tr.func]

1 This clause defines components for creating and manipulating function objects, and for higher-order programming.

2 The following subclauses describe class temptateult_of, function templatenem_£n, function object binders, and
the polymorphic function wrappefunction, as summarized in Tabz

Table 2: Function object library summary

] Subclause Header(s) |
3.2result_of <functional>
3.3mem_fn <functional>

3.4Function object binders <functional>
3.5Function object wrappers <functional>

3.1 Additions to <functional> synopsis [tr.func.syn]

namespace trl {
/1 [3.2) class template result_of
template <class FunctionCallTypes> class result_of;

/1 [3.3 function templatenem_fn
template<class R, class T>
unspecified mem_fn(R T::* pm);

/1 [3.4] Function object binders
template<class T> struct is_bind_expression;
template<class T> struct is_placeholder;

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

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

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

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

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

/| for all integers nin [2, N].

template<class F, class A1, ..., class An>
unspectfied bind(F f, Al al, ..., An an);

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

template<class R, class F, class Al, ..., class An>
unspectfied bind(F £, Al al, ..., An an);

namespace placeholders {
/1 M is the implementation-defined number of placeholders
extern unspecified _1;
extern unspecified _2;

extern unspecified _M;

}

/1 [3.5 polymorphic function wrappers
class bad_function_call;

template<class Function> class function;

template<class Function>
void swap(function<Function>&, function<Function>&);

template<class Functionl, class Function2>
void operator==(const function<Functionl>&,
const function<Function2>&);

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

3.2 Function return types [tr.func.ret]

template <class FunctionCallTypes> // F(T1,T2, ..., TN)
class result_of {
public

/1 types

typedef wunspecified type;
3

1 Given an Ivaluef of typeF and Ivalues 1, t2, ..., tN of typesT1, T2, ..., TN, respectively, the ype member type defines
the result type of the expressid@itl, t2, ...,tN).
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The implementation may determine the member typee via any means that produces the exact type of the expression
f(t1, t2, ..., tN) for the given types. Note: The intent is that implementations are permitted to use special
compiler hooks—end notg

If the implementation cannot determine the type of the expressien, t2, ..., tN), or if the expression is ill-
formed, the implementation shall use the following process to determine the membeypgpe

1. If Fis a function pointer or function reference typgpe is the return type of the function type.

2. If Fis a member function pointer typeype is the return type of the member function type.

3. If Fis a function object defined by the standard library, the method of determigipgis unspecified.
4. If F is a possiblycv-qualified class type with a member typesult_type, type iSF: :result_type.
5

. If Fis a possiblycv-qualified class type with no member namsgsult_type or if F: :result_type iS not a
type:
(a) If N=0 (no arguments);ype is void.
(b) If N>0, type iSF: :result<F(T1, T2,..., TN)>::type.

6. Otherwise, the program is ill-formed.

3.3 Function templatemem_fn [tr.func.memfn]

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

mem_fn(&X::f), wheref is a member function of, returns an object through whi@Xx: : £ can be called given a
pointer, a smart pointer, an iterator, or a referenc# followed by the argument list required far. : £, if any. The
returned object shall beopyConstructible andAssignable, its copy constructor and assignment operator shall not
throw exceptions, and it shall have a nested typedefilt_type defined as the return type of

mem_fn (&X: :m), wherem is a data member of, returns an object through which a referencexto:m can be obtained

given a pointer, a smart pointer, an iterator, or a referende Tde returned object shall i®pyConstructible and
Assignable, its copy constructor and assignment operator shall not throw exceptions, and it shall have a nested typedef
result_type defined as eithet orM const &, wherelM is the type ofn.

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

Returns:
— Whenpn is a pointer to a member function takingarguments, a function objettsuch that the expression
f(t, ay, ..., ap) is equivalent to(t.*pm) (ay, ..., an) Whent is an Ivalue of typer or derived
fromT, ((*t) .xpm) (a1, ..., an) Otherwise.

— Whenpn is a pointer to a data member, a function objeatuch that the expressid(t) is equivalent to
t.*pm whent is an Ivalue of type or derived fronTT, (*t) . *pm otherwise.

Throws:nothing.

Notes:Implementations may implement mem_fn as a set of overloaded function templates.
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3.4 Function object binders [tr.func.bind]
1 3.4describes a uniform mechanism for binding arguments of function objects.
3.4.1 Classtemplates_bind_expression [tr.func.bind.isbind]

namespace trl {
template<class T> struct is_bind_expression {
static const bool value = see below;
};
¥

1 is_bind_expression can be used to detect function objects generatestibg. bind usesis_bind_expression to
detect subexpressions. The template can be specialized by users to indicate that a type should be treated as a subexpres-
sion in abind call.

static const bool value;

2 trueif Tis atype returned fromind, false otherwise.

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

namespace trl {
template<class T> struct is_placeholder {
static const int value = see below;
};
}

1 is_placeholder can be used to detect the standard placeholders2, and so onbind usesis_placeholder to
detect placeholders. The template can be specialized by users to indicate a placeholder type.

static const int value;

2 valueis N if Tis the type oftrl: :placeholders: :_N, O otherwise.

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

1 The functionA (x) is defined ax.get () whenx is of typereference_wrapper<F> for someF, x otherwise.

2 The functionu(x, v{, ..., vm), wherem iS a nonnegative integex, is of typeX, andk is is_placeholder<X>
: :value, is defined as:

— x.get (), whenX is areference_wrapper<T> for someT;
— vy, whenk != 0;
— x(vq, ..., vm),whenis_bind_expression<X>::value IS true;
— x otherwise.
3 A function objectf of typeF is calledsimple if £ is a pointer to a function with C++ linkage 8¢ :result_type is a

type.
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23 Function objects 3.4 Function object binders

The maximum number of supported argumeiMsir{ the synopsis) is implementation defined. Implementations are
allowed to define additional, more specializé&dnd overloads, or to fold the pointer to member overload into the

10

11

12

13

14

15

general function template, as long as the behavior obthe calls is unchanged.
Given a list of argumentsi, a2, ...,an, a function objech as returned from a call teind, and the definition:

struct forward {

template<class T1, class T2, ..., class Tn>
void operator () (T1&, T2&, ...,Tn&);
};
If the expressiorforward() (al, a2, ..., an) is well-formed, then the expressiar{al, a2, ..., an) must
be well-formed and must have the same argument passing semantieswasd() (a1, a2, ..., an). [Note:

Implementations are encouraged to support argument forwarding for non-const temperamesnote

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

Requires:F must beCopyConstructible. A (£) () must be a valid expression. ffis not asimplefunction
object, the behavior is implementation defined.

Returns:A function objectg of an unspecifie@opyConstructible typeG such that the expressig{vy, ...,
vm) IS equivalent tol (£) (). The type of the expressi@(vy, ..., vm) iSresult_of<R()>::type where
R is the type ofA (£). If the function application is made via a cv-qualified reference to, or copy,ofhe
same cv-qualifiers are applied fobefore the evaluation. Whehis a pointer to a function with C++ linkage,
G::result_type is defined as the return type of theWhenF: : 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 liminoftypically one more than the number of sup-
ported placeholders). It is implementation defined wheghemssignable or DefaultConstructible.

template<class R, class F> unspecified bind(F £f);
RequiresF must beCopyConstructible. A (£) () must be a valid expression convertiblerto

ReturnsA function objectg of an unspecifie@opyConstructible typeG such that the expressig{vy, ...,
vm) is equivalent toAd (£) (), implicitly converted toR. If the function application is made via a cv-qualified
reference to, or copy of;, the same cv-qualifiers are appliedftdefore the evaluationG: :result_type is
defined as.

Throws:nothing unless the copy constructorfofhrows an exception.

Notes:Implementations are allowed to impose an upper liminonlt is implementation defined whethéris
Assignable Or DefaultConstructible.

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

RequiresF andA1 must beCopyConstructible. A (£) (w1) must be a valid expression for some vaiue If £
is not asimplefunction object, the behavior is implementation defined.

Returns:A function objecfg of an unspecifiedopyConstructible typeG such that the expressigrivy, ...,
vm) IS equivalent tol (£) (u(al, vy, ..., vm)). Thetype of the expressig(vy, ..., vm) iSresult_-
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3.4 Function object binders Function objects 24

of<R(T)>::type whereR is the type ofA (£) andT is the type ofu(al, vy, ..., vm). If the function
application is made via a cv-qualified reference to, or copygpthe same cv-qualifiers are appliedft@ndal
before the evaluation. Whert is a pointer to a function with C++ linkagé, : 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 constructorsfadr a1 throw an exception.

Notes:Implementations are allowed to impose an upper limitnonlt is implementation defined whetheéris
Assignable OrDefaultConstructible.

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

Requirespm must be a pointer to data member or pointer to a member function taking no arguments.

Returnsbind (mem_fn(pm), al).

template<class R, class F, class Al>
unspecified bind(F £, Al al);

Requires:F andA1 must beCopyConstructible. A (£) (w1), for some valuer1, must be a valid expression
convertible toR.

ReturnsA function objectg of an unspecifie@opyConstructible typeG such that the expressig@{vy, ...,
vm) is equivalenttdl (£) (u(al, vy, ..., vm)),implicitly converted ta. If the function application is made
via a cv-qualified reference to, or copy gf,the same cv-qualifiers are appliedftandal before the evaluation.
G::result_type is defined ag.

Throws:nothing unless the copy constructorsfadr a1 throw an exception.

Notes:Implementations are allowed to impose an upper limitnonlt is implementation defined whetheéris
Assignable OrDefaultConstructible.

template<class F, class A1, ..., class An>
unspectified bind(F £, Al al, ..., An an);
Requires’F andA< must beCopyConstructible. A (£) (wi, ..., wn) must be a valid expression for some

valueswz . If £ is not asimplefunction object, the behavior is implementation defined.

Returns:A function objectg of an unspecifie@opyConstructible typeG such that the expressig{vy, ...,

vm) iS equivalenttol (£) (u(al, vy, ..., vm), ..., ulan, vq, ..., vm)).
The type of the expressi@(vy, ..., vm) iSresult_of<R(T1, T2, ..., Tn)>::typewhereRisthe type
of A (£) and eacliT+< is the type ofu(a, vy, ..., vm).

If the function application is made via a cv-qualified reference to, or copy, tfe same cv-qualifiers are applied
to £ anda< before the evaluation. Whehis a pointer to a function with C++ linkag@,: :result_type is
defined as the return type of tfie WhenF: :result_type is definedG: :result_type is defined as the same

type.

Throws:nothing unless the copy constructorsfadr a< throw an exception.

Notes:Implementations are allowed to impose an upper liminonlt is implementation defined whetheéris
Assignable Or DefaultConstructible.
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template<class R, class T, class Al, ..., class An>
unspecified bind(R T::* pmf, Al al, ..., An an);

Requirespmf must be a pointer to a member function takingl arguments.

Returns’bind (mem_fn(pmf), al, ..., an).
template<class R, class F, class A1, ..., class An>
unspecified bind(F f, Al al, ..., An an);
RequiresF andA< must beCopyConstructible. A(f) (w1, ..., wn), for some values <, must be a valid

expression convertible ®

Returns:A function objectg of an unspecifiedopyConstructible typeG such that the expressigrivy, ...,
vm) is equivalenttol (£) (u(al, vy, ..., vm), ..., puCan, vy, ..., vm)), implicitly converted tcR.

If the function application is made via a cv-qualified reference to, or copy, tfie same cv-qualifiers are applied
to f andas before the evaluatiorg: : result_type is defined as.

Throws:nothing unless the copy constructorstadr a+ throw an exception.

Notes:Implementations are allowed to impose an upper liminonlt is implementation defined whethéris
Assignable OrDefaultConstructible.

3.4.4 Placeholders [tr.func.bind.place]

namespace trl {
namespace placeholders {
extern unspecified _1;
extern unspecified _2;
extern unspecified _3;
/1 implementation defined number of additional placeholders

}
}

1 All placeholder types arBefaultConstructible andCopyConstructible, and their default constructors and copy

constructors do not throw. It is implementation defined whether placeholder typa@ssirgnable. Assignable
placeholders’ copy assignment operators do not throw exceptions.

3.5 Polymorphic function wrappers [tr.func.wrap]
3.5describes a polymorphic wrapper class that encapsulates arbitrary function objects.

3.5.1 Classad_function_call [tr.func.wrap.badcall]

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

namespace trl {
class bad_function_call : public std::exception
{
public:
/1 [tr.func.wrap.badcall.const] constructor
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bad_function_call ();
};
}

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

bad_function_call ();

Effects:constructs @ad_function_call object.

3.5.2 Classtemplatefunction [tr.func.wrap.func]

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

A function objectf of typeF is Callablegiven a set of argument typ&s, T2, ..., TV and a return typ@, if one of the
following conditions holds given rvalued, t2, ...,t«& of typesT1, T2, ..., TN, respectively:

— If Fis not a pointer to member function type, the expressioel, t2, ..., t&) is well-formed and is con-
vertible toRr.
— If Fis a pointer to member function type, the expressien_fn(f) (t1, t2, ..., tW) iswell-formed andis

convertible toR.

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

namespace trl {
/1 Functiontype R (T1, T2, ..., TN),< N < Nmax
template<class Function>
class function
public unary_function<R, T1> //iffN==
public binary_function<R, T1, T2> //iffN==
{
public:
typedef R result_type;

/1 [3.5.2.9 construct/copy/destroy
explicit function();
function(const functioné&);
template<class F>

function (F);
template<class F>

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

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

function& operator=(reference_wrapper<F>);
“function ();
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/1 [3.5.2.3 function modifiers
void swap(function&);
void clear ();

/1 [3.5.2.3 function capacity
bool empty() const;
operator unspecified-bool-type () const;

/1 [3.5.2.4 function invocation
R operator ()(T1, T2, ..., TN) const;
};

/1 [3.5.2.9 specialized algorithms
template<class Functionr>
void swap(function<Function>&, function<Function>&);

/1 [3.5.2. undefined operators

template<class Functionl, class Function2>

void operator==(const function<Functionl>&,
const function<Function2>&);

template<class Functionl, class Function2>

void operator!=(const function<Functionl>&,
const function<Function2>&);

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

explicit function();
Postconditionsthis->empty ().
Throws:will not throw.
function(const function& f);
Postconditionsthis->empty Oif f.empty(); otherwisexthis targets a copy of .

Throws:will not throw if the target of is a function pointer or a function object passedmdderence_wrapper.
Otherwise, may throwad_alloc or any exception thrown by the copy constructor of the stored function object.

template<class F>
function(F f);

Requires: is a callable function object for argument typgis T2, ..., TV and return type.
Postconditionsthis->empty () if any of the following hold:
— fis a NULL function pointer.

— fis a NULL member function pointer.
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— £ is an instance of theunction class template anfl. empty ()

Otherwise xthis targets a copy of if £ is not a pointer to member function, and targets a copyeaf fn (£) if
f is a pointer to member function.

Throws:will not throw whenf is a function pointer. Otherwise, may thrasd_alloc or any exception thrown
by F's copy constructor.

template<class F> function(reference_wrapper<F> f);

10
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Requires:.get () is a callable function object for argument types T2, ..., TV and return typ&.

Postconditions:! this->empty () and*this targetsf.get (.
Throws:will not throw.

function& operator=(const function& f);
Effects:function(f) .swap(*this);
Returns:*this

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

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

Returns:xthis

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

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

Returns:xthis

Throws:will not throw.
“function();

Effects:if 'this->empty (), destroys the target afhis.

3.5.2.2 function modifiers

void swap(function& other);
Effects:interchanges the targets ®fhis andother.
Throws:will not throw.

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

Postconditionsthis->empty ().
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3.5.2.3 function capacity [tr.func.wrap.func.cap]

bool empty() const
Returns:true if the function object has a targeftalse otherwise.

Throws:will not throw.

operator unspecified-bool-type () const

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

Throws:will not throw.

Notes:This conversion can be used in contexts whesedl is expected (e.g., aif condition); however, implicit
conversions (e.g., thnt) that can occur withbool are not allowed, eliminating some sources of user error. (See
clause2.2.3.5) One possible implementation choice for this type is pointer-to-member.

3.5.2.4 function invocation [tr.func.wrap.func.inv]
R operator () (T1 ti1, T2 t2, ..., TN tN) const
Effects:f (t1, t2, ..., tN),wheref isthe target okthis.

Returns:nothing, ifR is void; otherwise, the return value of the callto

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

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

template<class Function>
void swap(function<Function>& f1, function<Function>& £2);

Effects:f1.swap(£2) ;

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

template<class Functionl, class Function2>
void operator==(const function<Functionl>&,
const function<Function2>&);

This function shall be left undefined.

Note: the boolean-like conversion opens a loophole wherebyfira:tion instances can be compared wa
This undefinedroid operator== closes the loophole and ensures a compile-time or link-time error.

template<class Functionl, class Function2>
void operator!=(const function<Functionl>&,
const function<Function2>&);
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This function shall be left undefined.

Note: the boolean-like conversion opens a loophole wherebyfirz:tion instances can be compared via
This undefinedroid operator! = closes the loophole and ensures a compile-time or link-time error.
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4 Metaprogramming and type traits [tr.meta]

1 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.

2 The following subclauses describe type traits requirements, unary type traits, traits that describe relationships between
types, and traits that perform transformations on types, as summarized irSTable

Table 3: Type traits library summary

] Subclause Header(s) \
4.1 Requirements
4.3 Unary type traits <type_traits>

4.4 Relationships between types <type_traits>
4. 5Transformations between types<type_traits>

4.1 Requirements [trmeta.rgmts]
4.1.1 Unary type traits [tr.meta.rgmts.unary]

1 Intable4, X is a class template that is a unary type trait @nslany arbitrary type.

Table 4: UnaryTypeTrait requirements

expression return type requirement
X<T>::value_type An integral type The type af<T>: :value.
X<T>::value value_type An integral constant expression

that takes the value of the
specified trait.
X<T>: :type integral_constant<value_type, A type for use in situations where
value> a typename is more appropriate
than a value. The class template
integral_constant is declared
in <type_traits>.
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] expression return type requirement \

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

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

1 Intable5, X is a class template that is a binary type trait &rahdU are any arbitrary types.

Table 5: BinaryTypeTrait requirements

expression return type requirement |

X<T,U>::value bool An integral constant expression
that is true ifT is related taJ by
the relation specified, and false
otherwise.

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

X<T,U>: :type integral_constant<bool, value> A type for use in situations where
a typename is more appropriate
than a value. The class template
integral_constant is declared
in <type_traits>.

X<T,U>::type t = X<T,U>Q) Both Ivalues of typ&<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]

1 Intable6, X is a class template that is a transformation trait aiglany arbitrary type.

Table 6: TransformationTrait requirements

| expression requirement |
X<T>::type Theresultis atype that is the result of applying transformation
to typeT.
4.2 Header<type_traits> Synopsis [tr.meta.type.synop]

namespace tri{

/1 [4.3.] helper class:
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template <class T, T v> struct integral_constant;
typedef integral_constant<bool, true> true_type;
typedef integral_constant<bool, false> false_type;

/1 [4.3.9 Primary type categories:

template <class T> struct is_void;

template <class T> struct is_integral;

template <class T> struct is_floating_point;
template <class T> struct is_array;

template <class T> struct is_pointer;

template <class T> struct is_reference;

template <class T> struct is_member_object_pointer;
template <class T> struct is_member_function_pointer;
template <class T> struct is_enum;

template <class T> struct is_union;

template <class T> struct is_class;

template <class T> struct is_function;

/1 [4.3.3 composite type categories:

template <class T> struct is_arithmetic;
template <class T> struct is_fundamental;
template <class T> struct is_object;
template <class T> struct is_scalar;
template <class T> struct is_compound;
template <class T> struct is_member_pointer;

/1 [4.3.4 type properties:

template <class T> struct is_const;

template <class T> struct is_volatile;

template <class T> struct is_pod;

template <class T> struct is_empty;

template <class T> struct is_polymorphic;

template <class T> struct is_abstract;

template <class T> struct has_trivial_constructor;
template <class T> struct has_trivial_copy;
template <class T> struct has_trivial_assign;
template <class T> struct has_trivial_destructor;
template <class T> struct has_nothrow_constructor;
template <class T> struct has_nothrow_copy;
template <class T> struct has_nothrow_assign;
template <class T> struct has_virtual_destructor;
template <class T> struct is_signed;

template <class T> struct is_unsigned;

template <class T> struct alignment_of;

template <class T> struct rank;

template <class T, unsigned I = 0> struct extent;

/1 [4.4 type relations:

template <class T, class U> struct is_same;
template <class From, class To> struct is_convertible;
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template <class Base,

/1 [4.5.] const-volatile modifications:

<class T>
<class T>
<class T>
<class T>
<class T>
<class T>

struct
struct
struct
struct
struct
struct

template
template
template
template
template
template

/1 [4.5.7 reference modifications:
template <class T> struct
template <class T> struct

/1 [4.5.3 array modifications:
template <class T> struct
template <class T> struct

/1 [4.5.4 pointer modifications:
template <class T> struct
template <class T> struct

/1 [4.5.9 Other transformations
template <class T> struct

remove_const;
remove_volatile;
remove_cvV;
add_const;
add_volatile;
add_cv;

remove_reference;
add_reference;

remove_extent;
remove_all_extents;

remove_pointer;
add_pointer;

aligned_storage;

class Derived> struct is_base_of;

} // namespace trl

4.3 Unary Type Traits [trmeta.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 clause satisfy the UnaryTypeTrait requirements.

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

For all of the class templat&sdeclared in this clause, both rvalues of typeonst and Ivalues of typ& const& shall
be implicitly convertible taX: : type. A traits clasX shall inherit fromX: : type. [Note For exposition only, the class
templatest defined in this clause are shown with base classes that depend on names defined within thexseepaadf
notq

For all of the class templat&sdeclared in this clause, instantiating that template with a template-argument that is a class
template specialization, may result in the implicit instantiation of the template argument if and only if the semantics of
X require that the argument must be a complete type.

4.3.1 Helper classes [tr.meta.unary.help]

template <class T, T v>
struct integral_constant

{

static const T value = v;

Draft: September 10, 2004



35 Metaprogramming and type traits 4.3 Unary Type Traits

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 templaténtegral _constant and its associated typedefsue_type andfalse_type are for use in situa-

tions where a type rather than a value is required.

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

The primary type categories correspond to the descriptions given in section [basic.types] of the C++ standard.

For any given typ&, exactly one of the primary type categories shall have its merdiate evaluate tctrue.

For any given typd, the result of applying one of these templates,tand 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
public integral_constant<value_type,value>

{
static const bool value = implementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

3

value : defined to becrue if Tisvoid or acv-qualifiedvoid. Otherwise defined to béalse.

template <class T> struct is_integral
public integral_constant<value_type,value>

{
static const bool value = implementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

3

value: defined to berue if T is an integral type ([basic.fundamental]). Otherwise defined tbahee.

template <class T> struct is_floating_point
public integral_constant<value_type,value>

{
static const bool value = implementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

3

value: defined to becrue if T is a floating point type ([basic.fundamental]). Otherwise defined ttebee.

template <class T> struct is_array
public integral_constant<value_type,value>

{

static const bool value = implementation_defined;
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typedef bool value_type;
typedef integral_constant<value_type,value> type;
3

value: defined to berue if T is an array type ([basic.compound]). Otherwise defined todiee. [Note class
templatearray, described in clausé.2 of this technical report, inotan array type—end notg

template <class T> struct is_pointer
public integral_constant<value_type,value>

{
static const bool value = <mplementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

s

value : defined to becrue if T is a pointer type ([basic.compound]), this includes all function pointer types, but
not pointers to members or member functions. Otherwise definedfalse.

template <class T> struct is_reference
public integral_constant<value_type,value>

{
static const bool value = implementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

3

value : defined to betrue if T is a reference type ([basic.compound]), this includes all reference to function
types. Otherwise defined to Halse.

template <class T> struct is_member_object_pointer
public integral_constant<value_type,value>

{
static const bool value = <mplementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

s

value : defined to becrue if T is a pointer to a data member. Otherwise defined todise.

template <class T> struct is_member_function_pointer
public integral_constant<value_type,value>

{
static const bool value = <mplementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

3

value : defined to becrue if T is a pointer to a member function. Otherwise defined tddise .

template <class T> struct is_enum
public integral_constant<value_type,value>

{
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static const bool value = implementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

};

value : defined to becrue if T is an enumeration type ([basic.compound]). Otherwise defined false.

template <class T> struct is_union
public integral_constant<value_type,value>

{
static const bool value = implementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

3

value : defined to becrue if T is a union type ([basic.compound]). Otherwise defined todiese.

template <class T> struct is_class
public integral_constant<value_type,value>

{
static const bool value = implementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

3

value : defined to berue if T is a class type ([basic.compound]), in this context unions are not considered to be
class types. Otherwise defined totxd se.

template <class T> struct is_function
public integral_constant<value_type,value>

{
static const bool value = implementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
3
value : defined to becrue if T is a function type ([basic.compound]). Otherwise defined tédiese.
4.3.3 Composite type traits [tr.meta.unary.comp]

These templates provide convenient compositions of the primary type categories, corresponding to the descriptions given
in section [basic.types].

For any given typd, the result of applying one of these templates,tand 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
public integral_constant<value_type,value>
{
static const bool value =
is_integral<T>::value | is_floating_point<T>::value;
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typedef bool value_type;
typedef integral_constant<value_type,value> type;
3

value : defined to becrue if T is an arithmetic type ([basic.fundamental]). Otherwise defined ttabee.

template <class T> struct is_fundamental
public integral_constant<value_type,value>
{
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;
3

value : defined to becrue if T is a fundamental type ([basic.fundamental]). Otherwise defined fabee.

template <class T> struct is_object
public integral_constant<value_type,value>
{
static const bool value =
1(is_function<T>::value
|| is_reference<T>::value
|| is_void<T>::value);
typedef bool value_type;
typedef integral_constant<value_type,value> type;
};

value : defined to becrue if T is an object type ([basic.types]). Otherwise defined tddlese.

template <class T> struct is_scalar
public integral_constant<value_type,value>
{
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;

};
value : defined to becrue if T is a scalar type ([basic.types]). Otherwise defined tédiese.

template <class T> struct is_compound
public integral_constant<value_type,value>

{
static const bool value = !is_fundamental<T>::value;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
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};
value : defined to becrue if T is a compound type ([basic.compound]). Otherwise defined ttabege.

template <class T> struct is_member_pointer
public integral_constant<value_type,value>

{
static const bool value =
is_member_object_pointer <T>::value
|| is_member_function_pointer<T>::value;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
3
value : defined to becrue if T is a pointer to a member or member function. Otherwise defined fabse.
4.3.4 Type properties [tr.meta.unary.prop]

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

Except where specified, it is undefined whether any of these templates have any full or partial specialisations 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
public integral_constant<value_type,value>

{
static const bool value = <mplementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

3

value: defined to becrue if T is const-qualified ([basic.type.qualifier]). Otherwise defined tddlese.

template <class T> struct is_volatile
public integral_constant<value_type,value>

{
static const bool value = <mplementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

3

value : defined to becrue if T is volatile-qualified ([basic.type.qualifier]). Otherwise defined tcf bese.

template <class T> struct is_pod
public integral_constant<value_type,value>
{
static const bool value = implementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
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};
Preconditionstemplate argumerit shall be a complete type.
value: defined to berue if T is a POD type ([basic.type]). Otherwise defined tafbese.

template <class T> struct is_empty
public integral_constant<value_type,value>

{
static const bool value = implementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

3

Preconditionstemplate argumerit shall be a complete type.
value : defined to becrue if T is an empty class (10). Otherwise defined tathese.

template <class T> struct is_polymorphic
public integral_constant<value_type,value>

{
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

3

Preconditionstemplate argumerit shall be a complete type.
value: defined to becrue if T is a polymorphic class (10.3). Otherwise defined td bese.

template <class T> struct is_abstract
public integral_constant<value_type,value>

{
static const bool value = <mplementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

3

Preconditionstemplate argumerit shall be a complete type.
value: defined to becrue if T is a abstract class (10.4). Otherwise defined tédiese.

template <class T> struct has_trivial_constructor
public integral_constant<value_type,value>

{
static const bool value = <mplementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

s

Preconditionstemplate argumerit shall be a complete type.

value: defined to becrue if the default constructor for is trivial(12.1). Otherwise defined to Halse.
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template <class T> struct has_trivial_copy
public integral_constant<value_type,value>

{
static const bool value = implementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
};
15 Preconditionstemplate argumerit shall be a complete type.
16 value: defined to becrue if the copy constructor for is trivial (12.8). Otherwise defined to Halse.

template <class T> struct has_trivial_assign
public integral_constant<value_type,value>

{
static const bool value = implementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
};
17 Preconditionstemplate argumerit shall be a complete type.
18 value: defined to berue if the assignment operator faris trivial (12.8). Otherwise defined to Halse.

template <class T> struct has_trivial_destructor
public integral_constant<value_type,value>
{
static const bool value = <mplementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
3

19 Preconditionstemplate argumerit shall be a complete type.

20 value: defined to becrue if the destructor foff is trivial (12.4). Otherwise defined to Halse.

template <class T> struct has_nothrow_constructor : public
integral_constant<value_type,value> { static const bool value =
implementation_defined; typedef bool value_type; typedef
integral_constant <value_type ,value> type; };

21 Preconditionstemplate argumerit shall be a complete type.

22 value: defined to berue if the default constructor faf has an empty exception specification, or can otherwise
be deduced never to throw an exception. Otherwise definedtalae.

template <class T> struct has_nothrow_copy
public integral_constant<value_type,value>

{
static const bool value = <mplementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

};
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Preconditionstemplate argumerit shall be a complete type.

value: defined to besrue if the copy constructor fof has an empty exception specification, or can otherwise be
deduced never to throw an exception. Otherwise defined fabee .

template <class T> struct has_nothrow_assign
public integral_constant<value_type,value>

{
static const bool value = <mplementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

};

Preconditionstemplate argumerit shall be a complete type.

value: defined to berue if the assignment operator f@rhas an empty exception specification, or can otherwise
be deduced never to throw an exception. Otherwise definedtale.

template <class T> struct has_virtual_destructor
public integral_constant<bool,value>

{
static const bool value = implementation_defined ;
typedef bool value_type;
typedef integral_constant<bool,value> type;

3

value: true if typeT has a virtual destructor (12.4) otherwiselse. [Note: An implementation that cannot
determine whether a type has a virtual destructay, a pure library implementation with no compiler support,
should returrfalse. —end notg

template <class T> struct is_signed
public integral_constant<value_type,value>

{
static const bool value = implementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

s

value: defined to becrue if T is a signed integral type ([basic.fundamental]). Otherwise defined faleee .

template <class T> struct is_unsigned
public integral_constant<value_type,value>

{
static const bool value = implementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

};

value: defined to be&rue if T is an unsigned integral type ([basic.fundamental]). Otherwise definedftallze.

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

3

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

template <class T> struct rank
public integral_constant<value_type,value>

{
static const std::size_t value = implementation defined ;
typedef std::size_t value_type;
typedef integral_constant<value_type,value> type;
}s
value: An implementation-defined integer value representing the rank of objects of t¢§8.4). Note The
term “rank: here is used to describe the number of dimensions of an array-tgyel notg
[Example
/| the following assertions should hold:
assert (rank<int>::value == 0);
assert (rank<int [2]>::value == 1);
assert (rank<int [][4]>::value == 2);
—end example
template <class T, unsigned I = 0> struct extent
public integral_constant<value_type,value>
{
static const std::size_t value = implementation defined ;
typedef std::size_t value_type;
typedef integral_constant<value_type,value> type;
3
value: An implementation-defined integer value representing the extent (dimension)Gtitt@und of objects
of type T (8.3.4). If the typ& is not an array type, has rank of less tHgror if I == 0 and is of type “array
of unknown bound of T,” thervalue shall evaluate to zero; otherwiselue shall evaluate to the number of
elements in tha@'th array bound off. [Note The term “extent” here is used to describe the number of elements
in an array type—end notg
[Example
/I the following assertions should hold:
assert (extent<int>::value == 0);
assert (extent<int [2]>::value == 2);
assert (extent<int [2] [4]>::value == 2);
assert (extent<int [][4]>::value == 0);
assert ((extent<int, 1>::value) == 0);
assert ((extent<int[2], 1>::value) == 0);
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assert ((extent<int [2] [4], 1>::value) == 4);
assert ((extent<int [1[4], 1>::value) == 4);

—end example

4.4 Relationships between types [trmeta.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 templat&sdeclared in this clause, both rvalues of typeonst and Ivalues of typ& const& shall
be implicitly convertible taX: : type. A traits clast shall inherit fromX: : type. [Note For exposition only, the class
templatest defined in this clause are shown with base classes that depend on names defined within thexseepadf
notd

4.4.1 Type relationships [trmeta.rel.rel]

template <class T, class U> struct is_same
public integral_constant<value_type,value>

{
static const bool value = false;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

3

template <class T> struct is_same<T,T>
public integral_constant<value_type,value>

{
static const bool value = true;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

s

value: defined to becrue if T andU are the same type. Otherwise defined tcf bese.

template <class From, class To> struct is_convertible
public integral_constant<value_type,value>

{
static const bool value = <mplementation_defined ;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

3

value: defined to be true only if an imaginary Ivalue of typeonm is implicitly-convertible to typeTo (4.0).
Otherwise defined to bealse. 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 mad&tonippa determining
whetherFrom is convertible tdlo: this implies that if typeTo is a function type or an array type, then value must
necessarily evaluate ftalse.
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The expressiois_convertible<From,To>: :value is ill-formed if:
— TypeFromn, is a void or incomplete type ([basic.types]).
— TypeTo, is an incomplete, void or abstract type ([basic.types]).

— The conversion is ambiguougample the conversion is ambiguous if typeom has multiple base classes
of type To ([class.member.lookup]}—end example

— TypeTo is of class type and the conversion would invoke a non-public constructar (€lass.access] and
[class.conv.ctor)).

— Type From is of class type and the conversion would invoke a non-public conversion operatabof
([class.access] and [class.conv.fct]).

template <class Base, class Derived> struct is_base_of
public integral_constant<value_type,value>

{
static const bool value = <mplementation_defined;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

};
Preconditionstemplate argumenBase andDerived shall both be complete types.

value: defined to berue if type Base is a base class of tyferived ([class.derived]) or iBase andDerived
are the same type. Otherwise defined td bese.

4.5 Transformations between types [tr.meta.trans]
This sub-clause contains templates that may be used to transform one type to another following some predefined rule.
All of the templates in this header satisfy the TransformationTrait requirements.

45.1 Const-volatile modifications [trmeta.trans.cv]

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

3

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

3

type : defined to be a type that is the sameTagxcept that any top level const-qualifier has been removed.
[Example: remove_const<const volatile int>::type evaluates tovolatile int, whereasremove_-
const<const int*>iSconst int*. —end example

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

};

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

};
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type : defined to be a type that is the sameTasexcept that any top level volatile-qualifier has been re-
moved. Example:remove_const<const volatile int>::type evaluates to const int, whereasmove_-
const<volatile int*>iSvolatile int*.—end example

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

type : defined to be a type that is the sameTaexcept that any top level cv-qualifiers have been removex [
ample: remove_cv<const volatile int>::type evaluates tdnt, where axemove_cv<const volatile
int*>iS const volatile int*. —end example

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

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

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

};

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

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

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

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

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

3

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

3

type : defined to be a type that is the same&asxcept any reference qualifier has been removed.

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

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

2 type : if T is a reference type, theh otherwiseTg .

4.5.3 Array modifications [trmeta.trans.arr]

template <class T> struct remove_extent{

typedef T type;
3
template <class T, std::size_t N> struct remove_extent<T[N]>{
typedef T type;
3
template <class T> struct remove_extent<T[]>{
typedefs T type;

} )
1 type: for a type ‘array of’, the resulting type i&J; for any other typé&, the resulting type i¥.
2 Note:for multidimensional arrays, only the first array dimension is removed. For a type ‘arnet U, the
resulting type isonst U.
3 [example

/1 the following assertions should all hold:

assert ((is_same<remove_extent<int>::type, int>::value));

assert ((is_same<remove_extent<int [2]>::type, int>::value));
assert ((is_same<remove_extent<int [2] [3]>::type, int[3]>::value));
assert ((is_same<remove_extent<int []1[3]>::type, int[3]>::value));

—end example

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

3

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

3

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

};
4 type: for a type ‘multi-dimensional array af, the resulting type i%; for any other typer, the resulting type is
\
5 [example

/] the following assertions should all hold:

assert ((is_same<remove_all_extents<int>::type, int>::value));
assert ((is_same<remove_all_extents<int [2]>::type, int>::value));
assert ((is_same<remove_all_extents<int [2][3]>::type, int>::value));
assert ((is_same<remove_all_extents<int [J[3]>::type, int>::value));
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—end example

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

template <class T> struct remove_pointerq
typedef T type;

1

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

+

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

+

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

b

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

+

type : defined to be a type that is the sam&asxcept any top level indirection has been removed. Note: pointers
to members are left unchanged bmove_pointer.

template <class T> struct add_pointer{
typedef typename remove_extent<
typename remove_reference<T>::type

>::typex*
type;
};
type: defined to be a type that is the samerasove_reference<T>: :typex if T is a reference type, otherwise
T*.
4.5.5 Other transformations [trmeta.trans.other]

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

} bl
type: an implementation defined POD type with sizmnand alignmenalign, and suitable for use as uninitialized
storage for any object of a type whose sizeésnand whose alignment &lign.

4.6 Implementation requirements [trmeta.req]

The behaviour of all the class templates definedtigpe_traits> shall conform to the specifications given, except
where noted below.

[Note: The latitude granted to implementers in this clause is temporary, and is expected to be removed in future revisions
of this document—end notg
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If there is no means by which the implementation can differentiate between class and union types, then the class tem-
platesis_class andis_union need not be provided.

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

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

It is unspecified under what circumstances, if airgy,empty<T>: : value evaluates tarue.

Itis unspecified under what circumstances, if any,pod<T>: : value evaluates tarue, except that, for all types:

is_pod<T>::value == is_pod<remove_extent<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 amg_trivial_*<T>::value evaluates tarue, except that:

has_trivial_*<T>::value ==
has_trivial_*<remove_extent<T>::type>::value
has_trivial_x<T>::value >=
is_pod<T>::value

It is unspecified under what circumstances, if amg_nothrow_*<T>: :value evaluates tarue.

There are trait templates whose semantics do not require their argument(s) to be completely defined, nor does such
completeness in any way affect the exact definition of the traits class template specializations. However, in the absence
of compiler support these traits cannot be implemented without causing implicit instantiation of their arguments; in par-
ticular: is_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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5 Numerical facilities [tr.num]

1 This clause descibes components thet frograms may use to perform numerical and seminumerical operations.

2

1

The following subclauses describe random number generators and mathematical special functions, as summarized in
Table7.

Table 7: Numerical library summary

Subclause Header(s)

5.1Random number generation <random>
5.2 Mathematical special functions <cmath>

<math.h>
5.1 Random number generation [tr.rand]
This subclause defines a facility for generating random numbers.
5.1.1 Requirements [tr.rand.req]

In table8, X denotes a uniform random number generator class returning objects df, typie a value ofX, andv is a
(possibly const) value f.

Table 8: Uniform random number generator requirements

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

equal to all values potentially
returned byoperator (). The
return value of this function shall
not change during the lifetime of
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] expression return type pre/post-condition complexity \

v.max () T If std: :numeric_- constant
1limits<T>::is_integer, returns
a value that is greater than or equal
to all values potentially returned by
operator (), otherwise, returns a
value that is strictly greater than all
values potentially returned by
operator (). In any case, the
return value of this function shall
not change during the lifetime of

2 Intable9, X denotes a pseudo-random number engine class returning objects 0f tyigex value ofT, u is a value of,
vis an Ivalue of, g is an Ivalue of a zero-argument function object returning values of unsigned integrat by are
(possibly const ) values & os is an Ivalue of the type of some class template specializati@tic_ostream<charT,
traits>, andis is an Ivalue of the type of some class template specializatigric_istream<charT, traits>,
wherecharT andtraits are constrained according to [lib.strings] and [lib.input.output].

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

Table 9: Pseudo-random number engine requirements (in addition
to uniform random number generatoopyConstructible, and
Assignable)

] expression return type pre/post-condition complexity \

X0 — creates an engine with the same  J/(size of state)
initial state as all other
default-constructed engines of type
X in the program.
X(g) — creates an engine with the initial ~ &(size of state)
internal state given by the results of
successive invocations gf
Throws what and wheg throws.
u.seed() void post:u == X() O'(size of state)
u.seed(g) void post: sets the internal statewfo  same ax(g)
thatu == X(g). If an invocation
of g throws, that exception is
rethrown, and further use af
(except destruction) is undefined
until a seed member function has
been executed without throwing an
exception.
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] expression return type pre/post-condition complexity \

u() T given the state (i) of the engine, amortized
computes1(i+1), sets the state to constant
u(i+1), and returns some output
dependent om (i+1)

X ==y bool Given the current state(i) of x O'(size of state)
and the current state(j) of y,
returns true ik (i+k) is equal to
y(j+k) for all integerk >= 0,
false otherwise.

x =y bool I(x == y) O'(size of state)

os << x reference to the type ofs  writes the textual representation of Z'(size of state)
the statex (i) of x to os, with
os . fmtflagsset to
ios_base::declios_-
base::fixed|ios_base::left
and the fill character set to the
space character. In the output,
adjacent numbers are separated by
one or more space characters. post:
Theos.fmtflagsand fill character
are unchanged.

is >> v reference to the type dfs  sets the state(i) of v as O'(size of state)
determined by reading its textual
representation froms. pre: The
textual representation was
previously written using ans
whose imbued locale and whose
type’s template specialization
argumentgharT andtraits were
the same as those 0. post: The
is.fmtflagsare unchanged.

Additional requirements: The complexity of both copy construction and assignmglgize of state).
For every pseudo-random number engine defined in this clause:

— the constructotemplate<class Gen> X(Gen& g) shall have the same effect a§static_cast<Gen>(g))
if Gen is a fundamental type.

— The member function of the forremplate<class Gen> void seed(Gen& g) shall have the same effect as
X(static_cast<Gen>(g)) if Gen is a fundamental type.

[Note The casts makg an rvalue, unsuitable for binding to a refereneeend notg
If a textual representation was written by << x and that representation was readilsy >> v, thenx == v, provided
that no intervening invocations ef or v have occurred.
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In table 10, X denotes a random distribution class returning objects of Typeis a value ofX, x is a (possibly const)

value ofX, e is an Ivalue of an arbitrary type that meets the requirements of a uniform random number generator,
returning values of typ#, os is an Ivalue of the type of some class template specializati@ic_ostream<charT,
traits>, and is an Ivalue of the type of some class template specialiZsdioic_istream<charT, traits>, where

charT andtraitsw are constrained according to [lib.strings] and [lib.input.output].

Table 10:

Random distribution

requirements (in addition to

CopyConstructible, andAssignable)

] expression return type

pre/post-condition complexity

|

X::input_type U

compile-time

u.reset () void

subsequent uses afdo not depend constant
on values produced by prior to
invoking reset.

u(e) T

the sequence of numbers returned amortized

by successive invocations with the constant number
same object is randomly of invocations of
distributed with some probability e

density functiorp (x)

os << x reference to the type efs

writes a textual representation for
the parameters and additional
internal data of the distributionto
os. post: Theos.fmtflagsand fill
character are unchanged.

O'(size of state)

is >> u reference to the type os

1s

restores the parameters and
additional internal data of the
distributionu. pre:is provides a
textual representation that was
previously written using ans
whose imbued locale and whose
type’s template specialization
argumentgharT andtraits were
the same than those o§. post:
The is.fmtflagsare unchanged.

O'(size of state)

9 Additional requirements: The sequence of numbers produced by repeated invocaii¢as dbes not change whether
or notos << xisinvoked between any of the invocatian&) . If a textual representation is written usiag << x and

that representation is restored into the same or a different gbgfd¢he same type usings >> y, repeated invocations
of y (e) produce the same sequence of random numbers as would repeated invocatians of

10

11

In the following subclauses, a template parameter natied ormRandomNumberGenerator shall denote a type

that satisfies all the requirements of a uniform random number generator. Moreover, a template parameter named

Distribution shall denote a type that satisfies all the requirements of a random distribution.

The effect of instantiating a template that has a template type parameter Ragdgpe is undefined unless that type

is one offloat, double, Or long double.
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The effect of instantiating a template that has a template type parameter @anTgge is undefined unless that type

is one ofshort, int, long, or their unsigned variants.

The effect of instantiating a template that has a template type parameter tamagpe is undefined unless that type

is one ofunsigned short,unsigned int, Orunsigned long.

5.1.2 Headerkrandom> Synopsis

namespace trl {
/1 [5.1.3 Class template variate_generator
template<class UniformRandomNumberGenerator,
class Distribution>
class variate_generator;

/1 [5.1.4.] Class template linear_congruential
template<class IntType, IntType a, IntType c, IntType m>
class linear_congruential;

/1 [5.1.4.3 Class template mersenne_twister

template<class UIntType, int w, int n, int m, int r,
UIntType a, int u, int s,
UIntType b, int t, UIntType c, int 1>

class mersenne_twister;

/1 [5.1.4.3 Class template substract_with_carry
template<class IntType, IntType m, int s, int r>
class subtract_with_carry;

/1 [5.1.4.4 Class template substract_with_carry_01
template<class RealType, int w, int s, int r>
class subtract_with_carry_01;

/1 [5.1.4.9 Class template discard_block
template<class UniformRandomNumberGenerator, int p, int r>
class discard_block;

/1 [5.1.4.9 Class template xor_combine

template<class UniformRandomNumberGeneratorl, int si,
class UniformRandomNumberGenerator2, int s2>

class xor_combine;

/1 [5.1.9 Class random_device
class random_device;

/1 [5.1.7.9 Class template uniform_int
template<class IntType = int>

class uniform_int;

/1 [5.1.7.3 Class bernoulli_distribution
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class bernoulli_distribution;

/1 [5.1.7.3 Class template geometric_distribution
template<class IntType = int, class RealType
class geometric_distribution;

double >

/1 [5.1.7.4 Class template poisson_distribution
template<class IntType = int, class RealType
class poisson_distribution;

double >

/1 [5.1.7.9 Class template binomial_distribution
template<class IntType = int, class RealType
class binomial_distribution;

double >

/1 [5.1.7.6 Class template uniform_real
template<class RealType = double>
class uniform_real;

/1 [5.1.7.7 Class template exponential_distribution
template<class RealType = double>
class exponential_distribution;

/1 [5.1.7.8 Class template normal_distribution
template<class RealType = double>
class normal_distribution;

/1 [5.1.7.9 Class template gamma_distribution
template<class RealType = double>
class gamma_distribution;

} // namespace trl

5.1.3 Class templaterariate_generator [tr.rand.var]

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

template<class Engine, class Distribution>
class variate_generator
{
public:
typedef Engine engine_type;
typedef <mplementation 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);
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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;

};
2 The template argument for the paramétegine shall be of the fornU, U&, or U*, whereU denotes a class that satisfies
all the requirements of a uniform random number generator. The mesafgetie_value_type shall nameu.
3 Specializations ofariate_generator satisfy the requirements of CopyConstructible and Assignable.

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

variate_generator (engine_type eng, distribution_type d)

5 Effects:Constructs &ariate_generator object with the associated uniform random number genesaand
the associated random distributian

6 ComplexitySum of the complexities of the copy constructorengine_type anddistribution_type.

7 Throwsif and what the copy constructor of Engine or Distribution throws.

result_type operator () ()

8 Returnsidistribution() (e)
9 Complexity:Amortized constant.
10 Notes: The sequence of numbers produced by the uniform random number gereragoris obtained from

the sequence of numbers produced by the associated uniform random number gemgfatahg, as fol-
lows: Consider the values @fumeric_limits<T>::is_integer for T bothDistribution::input_type
andengine_value_type: :result_type. If the values for both types arerue, thense is identical toseng.
Otherwise, if the values for both types afelse, then the numbers iseng are divided byengine () .max ()
- engine() .min() to obtain the numbers is. Otherwise, if the value fogngine_value_type: :result_-
type is true and the value fobistribution: :input_type is false, then the numbers igng are divided by
engine() .max() - engine().min() + 1to obtainthe numbers ig. Otherwise, the mapping froseng to
Se is implementation-defined. In all cases, an implicit conversion feagine_value_type: :result_type to
Distribution: :input_type iS performed. If such a conversion does not exist, the program is ill-formed.

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

11 Returnsdistribution() (e, value). For the semantics &f, see the description eperator () ().
engine_value_type& engine ()

12 Returns:A reference to the associated uniform random number generator.
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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
Preconditiondistribution() .min() is well-formed.

Returnsidistribution() .min()

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

Returnsidistribution() .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 a zero-argument function object,
throws an exception.

The class templates specified in this section satisfy all the requirements of a pseudo-random number engine (given in
table9), 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 Classtemplat@inear_congruential [tr.rand.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 UIntType, UIntType a, UIntType ¢, UIntType m>
class linear_congruential
{
public:
/1 types
typedef UIntType result_type;

/| parameter values

static const UIntType multiplier = a;
static const UIntType increment = c;
static const UIntType modulus = m;
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/1 constructors and member function
explicit linear_congruential (UIntType x0 = 1);
template<class Gen> linear_congruential (Gen& g);
void seed(UIntType x0 = 1);
template<class Gen> void seed(Gen& g);
result_type min() const;
result_type max () const;
result_type operator () ();
3
}

The template paramet8intType shall denote an unsigned integral type large enough to store values up to (m-1). If the
template parameteris 0, the modulua used throughout this sectiondsd: :numeric_limits<UIntType>: :max ()

plus 1. Note: The result is not representable as a value of typetType. —end notg Otherwise, the template
parametera andc shall be less than m.

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

explicit linear_congruential (UIntType x0 = 1)

Effects:Constructs dinear_congruential engine and invokeseed (x0).

void seed(UIntType x0 = 1)

Effects:If c modm= 0 andx0 modm= 0, sets the state(i) of the engine to 1 modh, else sets the state of the
engine tax0 modm.

template<class Gen> linear_congruential (Gen& g)

Effects:If c modm=0 and d) modm= 0, sets the state(i) of the engine to 1 mod, else sets the state of the
engine to ) modm.

Complexity:Exactly one invocation of.

5.1.4.2 Class templat@ersenne_twister [trrand.eng.mers]

A mersenne_twister engine produces random numbers o(x(i)) using the following computation, performed modulo
2%, um is a value with only the upper-r bits set in its binary representatiam is a value with only its lower bits set

in its binary representatiorrshift is a bitwise right shift with zero-valued bits appearing in the high bits of the result.
Ishiftis a bitwise left shift with zero-valued bits appearing in the low bits of the result.

— y(i) = (x(i-n) bitand um) | (x(i-(n-1))bitand Im)

— 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).

— z4(i) = x(i) xor ( x(i) rshiftu)

— z2(i) = z1(i) xor ( (z1(i) Ishift s) bitand b )
— z3(i) = z2(i) xor ( (z2(i) Ishift t) bitandc)
— o(x(i)) = z3(i) xor ( z3(i) rshift 1)
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template<class UIntType, int w, int n, int m, int r,
UIntType a, int u, int s,
UIntType b, int t, UIntType c, int 1>
class mersenne_twister
{
public:
/1 types
typedef UIntType result_type;

/| parameter values

static const int word_size = w;

static const int state_size = n;
static const int shift_size = m;
static const int mask_bits = r;

static const UIntType parameter_a = a;
static const int output_u = u;
static const int output_s = s;
static const UIntType output_b
static const int output_t = t;
static const UIntType output_c = c;
static const int output_1l = 1;

1]
o’

/1 constructors and member function
mersenne_twister () ;
explicit mersenne_twister (unsigned long value);
template<class Gen> mersenne_twister (Gen& g);
void seed();
void seed(unsigned long value);
template<class Gen> void seed (Gen& g);
result_type min() const;
result_type max () const;
result_type operator () ();

3

The template paramet®iIntType shall denote an unsigned integral type large enough to store values Up-ta.2
Also, the following relations shall hold: £ m<n. 0<r,u,s,t,l <w. 0<ab,c<2¥-1.
The size of the state x(i) is. The textual representation is the values of x(i-n), ..., x(i-1), in that order.
mersenne_twister ()

Effects:Constructs aersenne_twister engine and invokeseed ().
explicit mersenne_twister (unsigned long value)

Effects:Constructs amersenne_twister engine and invokeseed (value).
template<class Gen> mersenne_twister (Gen& g)

Effects: Given the valuesy...z,_1 obtained by successive invocations gf sets x(-n) ... x(-1) taz mod
2Y...z,_1 mod 2V
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Complexity:Exactlyn invocations ofg.

void seed ()

Effects:Invokesseed (0).

void seed(unsigned long value)

Effects:If value == 0, setsvalue to 4357. In any case, with a linear congruential generator lcg(i) having

parametersneg = 232, ajgq = 69069, Cicqg = 0, andlcg(0) = value, sets x(-n) ... x(-1) to lcg(1) ... leg(n),

respectively.
Complexity:&'(n)

template<class UIntType, int w, int n, int m, int r,
UIntType a, int u, int s,
UIntType b, int t, UIntType c, int 1>
bool
operator==(const mersenne_twister <UIntType,
w,n,m,r,a,u,s,b,t,c,1>& vy,
const mersenne_twister <UIntType,
w,n,m,r,a,u,s,b,t,c,1>& x)

Returnsx(i-n) == y(j-n) and...andk(i-1) == y(j-1)

Notes:Assumes the next output &fis o(x(i)) and the next output af is o(y(j)).

Complexity:&'(n)

5.1.4.3 Class templateubtract_with_carry

[tr.rand.eng.sub]

1 A subtract_with_carry engine produces integer random numbers using the computtion= (x (i-s) —x(i-r) —
carry(i-1))modn and settingarry (i) =1if x(i-s) —x(i-r) — carry(i-1) <0, elsecarry(i) =0.

template<class IntType, IntType m, int s, int r>
class subtract_with_carry
{
public:
/1 types
typedef IntType result_type;

/| parameter values

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

/1 constructors and member function

subtract_with_carry ();

explicit subtract_with_carry(unsigned long value);
template<class Gen> subtract_with_carry(Gen& g);
void seed(unsigned long value = 19780503ul);
template<class Gen> void seed(Gen& g);
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result_type min() const;

result_type max() const;

result_type operator () ();
3

The template paramet@ntType shall denote a signed integral type large enough to store valuesuuf ke following
relation shall hold: < s < r. Let w the number of bits in the binary representation of m.
The size of the state is The textual representation is the values of x(i-r), ..., x(i-1), carry(i-1), in that order.
subtract_with_carry ()

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

Effects:Constructs aubtract_with_carry engine and invokeseed (value).
template<class Gen> subtract_with_carry(Gen& g)

Effects:With n = (w+ 31)/32 (rounded downward) and given the valugs ..z,._1 Obtained by successive
invocations ofg, sets X(-r) ... X(-1) to(zp-2(32) + -+ zy1- 222" V)ymodm ... (Z;_1)n- 232+ -+ Zr — 1) -
2321 ymodm. If x(-1) == 0, sets carry(-1) = 1, else sets carry(-1) = 0.

Complexity:Exactly r*n invocations ofg.

void seed(unsigned long value = 19780503)

Effects:If value == 0, setsvalue to 19780503. In any case, with a linear congruential generator Icg(i) having

parametersncg = 21474835633,y = 40014,¢icq = 0, andlcg(0) = value, sets x(-r) ... x(-1) to lcg(1) mod m
... leg(r) mod m, respectively. If x(-1) == 0, sets carry(-1) = 1, else sets carry(-1) = 0.

Complexity:0'(r)

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)

Returnsx(i-r) == y(j-r) and...antk(i-1) == y(j-1).
Notes:Assumes the next output &fis x(i) and the next output of is y(j).

Complexity:&(r)

5.1.4.4 Classtemplateubtract_with_carry_01 [tr.rand.eng.subl]

A subtract_with_carry_01 engine produces floating-point random numbers ugifig = (x(i-s) - x(i-r) -
carry(i-1)) mod 1; and settingcarry(i) = 27V if x(i-s) - x(i-r) - carry(i-1) < 0, elsecarry(i) =
0

template<class RealType, int w, int s, int r>
class subtract_with_carry_01

{
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public:
/1 types
typedef RealType

/| parameter values

static const int
static const int
static const int

result_type;

word_size = w;
long_lag = r;
short_lag = s;

/1 constructors and member function
subtract_with_carry_01();
explicit subtract_with_carry_O1(unsigned long value);
template<class Gen> subtract_with_carry_01(Gen& g);
void seed(unsigned long value = 19780503);
template<class Gen> void seed(Gen& g);
result_type min() const;
result_type max() const;
result_type operator () ();

};

The following relation shall hold: & s < r.

The size of the state is. With n = (w+ 31)/32 (rounded downward) and integer numbgis j] such thatx(i —

K) % 2% = 7]k, 0] + z[k, 1] * 232 + Zlk,n — 1]  2%(n — 1), the textual representation is the valueszpf0],...zr,n —
1],...7[1,0],...Z1,n—1],carry(i — 1) « 2%, in that order. Note The algorithm ensures that only integer numbers repre-
sentable in 32 bits are writter—end notg

subtract_with_carry_01()
Effects:Constructs aubtract_with_carry_01 engine and invokeseed ().
explicit subtract_with_carry_O01(unsigned long value)

Effects:Constructs &ubtract_with_carry_01 engine and invokeseed (value).

template<class Gen> subtract_with_carry_01(Gen& g)
Effects:With n = (w+ 31)/32 (rounded downward) and given the valugs ..z,,_1 obtained by successive
invocations ofg, sets X(-r) ... x(-1) to(zo'232+~~+zn,1~232<”‘1)) 27"mod1 .. (Zy_1yn- 222+ 471
232n-1)). 2-Wmod1. If x(-1) == 0, sets carry(-1) =%, else sets carry(-1) = 0.
Complexity:Exactly r*n invocations ofg.

void seed(unsigned long value = 19780503)

Effects:If value == 0, setsvalue to 19780503. In any case, with a linear congruential generator Icg(i) having
parametersny = 21474835638y = 40014,¢,cg = 0, andlcg(0) = value, sets x(-) ... x(-1) to(lcg(1) -
27"y mod 1...(Icg(r)-27" mod 1, respectively. Ik(—1) == 0, sets carrf—1) = 2, else sets carfy-1) = 0.

Complexity:&(n-r).

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

10 Returnsitrue, if and only if x(i-r) == y(j-r) and ... and x(i-1) == y(j-1).
11 Complexity:o(r)
5.1.4.5 Class templat@iscard_block [tr.rand.eng.disc]

1 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:
/1 types
typedef UniformRandomNumberGenerator base_type;
typedef typename base_type::result_type result_type;

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

1]
R

/1 constructors and member function

discard_block ();

explicit discard_block(const base_type & rng);
template<class Gen> discard_block(Gen& g);
void seed();

template<class Gen> void seed(Gen& g);

const base_type& base() const;

result_type min() const;

result_type max () const;

result_type operator () ();

private:
base_type b; /'] exposition only
int n; /| exposition only
};

2 The template parametshiformRandomNumberGenerator shall denote a class that satisfies all the requirements of a
uniform random number generator, given in table clause5.1.1 0 < r < p. The size of the state is the sizewblus
1. The textual representation is the textual representatibriadfowed by the value of.

discard_block ()

3 Effects:Constructs aliscard_block engine. To construct the subobjdxtinvokes its default constructor. Sets
n = 0.

explicit discard_block(const base_type & rng)

4 Effects:Constructs @iscard_block engine. Initializes with a copy ofrng. Setsn = 0.
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template<class Gen> discard_block(Gen)

Effects:Constructs @iscard_block engine. To construct the subobjécinvokes theéb (g) constructor. Sets
= 0.

void seed ()
Effects:Invokesb. seed () and sets1 = 0.
const base_type& base() comnst
Returns: b
result_type operator () ()

Effects:If n >= r, invokesbd (p-r) times, discards the values returned, and sets 0. In any case, then incre-
mentsn and returns () .

5.1.4.6 Classtemplate&or_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 si,
class UniformRandomNumberGenerator2, int s2>
class xor_combine

{
public:
/1 types
typedef UniformRandomNumberGeneratorl basel_type;
typedef UniformRandomNumberGenerator2 base2_type;
typedef see below result_type;
/| parameter values
static const int shiftl = si;
static const int shift2 = s2;
/1 constructors and member function
xor_combine ();
xor_combine (const basel_type & rngl, const base2_type & rng2);
template<class Gen> xor_combine (Gen& g);
void seed();
template<class Gen> void seed(Gen& g);
const basel_type& basel() const;
const base2_type& base2() const;
result_type min() const;
result_type max () const;
result_type operator () ();
private:
basel_type bl; /1 exposition only
base2_type b2; /1 exposition only
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};

The template parametetaiformRandomNumberGeneratorl andUniformRandomNumberGenerator2 shall denote
classes that satisfy all the requirements of a uniform random number generator, given Bitableuse5.1.1 Both
UniformRandomNumberGeneratorl: :result_type andUniformRandomNumberGenerator2: :result_type shall
denote (possibly different) unsigned integral types. The following relation shall beidt1 ando < s2. The size of the
state is the size of the statef plus the size of the state ®£. The textual representation is the textual representation
of b1 followed by the textual representationui.

The membetesult_type is defined to be either the typmiformRandomNumberGeneratorl ::result_type Or
the typeUniformRandomNumberGenerator2 ::result_type, Whichever one provides the most storage. (As defined
in clause [basic.fundamental].)

xor_combine ()

Effects:Constructs aor_combine engine. To construct each of the subobjédtandb?2, invokes their respective
default constructors.

xor_combine (const basel_type & rngl, const base2_type & rng2)
Effects:Constructs aor_combine engine. Initialize$1 with a copy ofrng1 andb2 with a copy ofrng2.
template<class Gen> xor_combine (Gen& g)

Effects:Constructs &or_combine engine. To construct the subobjdxdt invokes theb1 (g) constructor. Then,
to construct the subobjeb®, invokes thev2(g) constructor.

void seed ()
Effects:Invokesb 1. seed () andb2.seed ().
const basel_type& basel() const
Returns: bl
const base2_type& base2() const
Returns: b2
result_type operator () ()
Returns:(b1() << s1) = (b2() << s2).

[Note: Two shift values are provided for simplicity of interface. When using this class template, however, it is
advisable for at most one of these values to be nonzero. If &btinds2 are nonzero then the low bits will
always be zero—end notg

5.1.5 Engines with predefined parameters [trrand.predef]

typedef linear_congruential <implementation-defined,
16807, 0, 2147483647>
minstd_randO;

Draft: September 10, 2004



67 Numerical facilities 5.1 Random number generation

typedef linear_congruential<implementation-defined,
48271, 0, 2147483647>
minstd_rand;

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

typedef subtract_with_carry_01<float, 24, 10, 24> ranlux_base_01;
typedef subtract_with_carry_01<double, 48, 10, 24> ranlux64_base_01;

typedef discard_block<subtract_with_carry<implementation-defined,
(1<<24), 10, 24>, 223, 24>
ranlux3;
typedef discard_block<subtract_with_carry<implementation-defined,
(1<<24), 10, 24>, 389, 24>
ranlux4;

typedef discard_block<subtract_with_carry_01<float, 24, 10, 24>, 223, 24>
ranlux3_01;

typedef discard_block<subtract_with_carry_01<float, 24, 10, 24>, 389, 24>
ranlux4_01;

For a default-constructelinstd_randO object, x(10000) = 1043618065. For a default-construetatstd_rand
object, x(10000) = 399268537.

For a default-constructent 19937 object, x(10000) = 3346425566.

For a default-constructethnlux3 object, x(10000) = 5957620. For a default-construatenllux4 object, x(10000)
= 8587295. For a default-constructednlux3_01 object, x(10000) = 595762® 2. For a default-constructed
ranlux4_01 object, x(10000) = 858729224,

5.1.6 Classrandom_device [tr.rand.device]

A random_device produces non-deterministic random numbers. It satisfies all the requirements of a uniform random
number generator (given in talksin clause5.1.1). 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 implementation can employ a
pseudo-random number engine.

class random_device
{
public:
/1 types
typedef unsigned int result_type;

/1 constructors, destructors and member functions

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

result_type max() const;
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double entropy() const;
result_type operator () ();

private:
random_device (const random_device& );
void operator=(const random_device& );
3
explicit random_device(const std::string& token = implementation-defined) ;

Effects:Constructs aandom_device non-deterministic random number engine. The semantics and default value
of the token parameter are implementation-defired.

Throws:A value of some type derived froexception if the random_device could not be initialized.

result_type min() const

Returns:numeric_limits<result_type>::min()

result_type max () const

Returnsnumeric_limits<result_type>::max()

double entropy() const

Returns:An entropy estimate for the random numbers returned by operator(), in themramgeto 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 betwaén () andmax(), 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
clause5.1.1). Descriptions are provided here only for operations on the distributions that are not described in one of
these tables or for operations where there is additional semantic information.

Given an object whose type is specified in this subclause, if the lifetime of the uniform random number generator referred
to in the constructor invocation for that object has ended, any use of that object is undefined.

The algorithms for producing each of the specified distributions are implementation-defined.
5.1.7.1 Classtemplat@aniform_int [tr.rand.dist.iunif]

A uniform_int random distribution produces integer random numbens the rangemin < x < max, with equal
probability.min andmax are the parameters of the distribution.

D The parameter is intended to allow an implementation to differentiate between different sources of randomness.
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2 A uniform_int random distribution satisfies all the requirements of a uniform random number generator (given in
table8in clauses.1.7).

template<class IntType = int>
class uniform_int
{
public:
/1 types
typedef IntType input_type;
typedef IntType result_type;

/1 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)
3 Requiresmin < max
4 Effects:Constructs aniform_int object.min andmax are the parameters of the distribution.
result_type min() const
5 Returns:The “min” parameter of the distribution.
result_type max () const
6 Returns:The “max” parameter of the distribution.

result_type
operator () (UniformRandomNumberGenerator& urng, result_type n)

7 Returns:A uniform random number x in the range 0 <= x < Ndte: This allows avariate_generator object
with auniform_int distribution to be used witlstd: : random_shuffle, see [lib.alg.random.shuffle}—end
notq

5.1.7.2 Clas®ernoulli_distribution [tr.rand.dist.bern]

1 Abernoulli_distribution random distribution producésol values distributed with probabilitiesffue) = p and
p(false) = 1-p. p is the parameter of the distribution.
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class bernoulli_distribution
{
public:
/1l types
typedef int input_type;
typedef bool result_type;

/1 constructors and member function

explicit bernoulli_distribution(double p = 0.5);

RealType p() const;

void reset ();

template<class UniformRandomNumberGenerator>

result_type operator () (UniformRandomNumberGenerator& urng);

};

bernoulli_distribution(double p = 0.5)
Requires0<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'~L. pis the
parameter of the distribution.

template<class IntType = int, class RealType = double>
class geometric_distribution
{
public:
/1 types
typedef RealType input_type;
typedef IntType result_type;

/1 constructors and member function

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

void reset ();

template<class UniformRandomNumberGenerator >

result_type operator () (UniformRandomNumberGenerator& urng);

};

geometric_distribution(const RealType& p = RealType (0.5))
RequiresO<p< 1
Effects:Constructs geometric_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 valiies0 with probability distribution

. meah _mean
(i)=——¢ ;

wheremeanis the parameter of the distribution.
template<class IntType = int, class RealType = double>

class poisson_distribution

{

public:
/1 types
typedef RealType input_type;
typedef IntType result_type;

/1 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);

3
poisson_distribution(const RealType& mean = RealType (1))
Requires: mean- 0

Effects:Constructs @oisson_distribution object;mean is the parameter of the distribution.

RealType mean() const

Returns:Themeanparameter of the distribution.

5.1.7.5 Classtemplat®inomial_distribution [tr.rand.dist.bin]

A binomial_distribution random distribution produces integer valiies0 with

ol = (7) -1 p

wheret andp are the parameters of the distribution.

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

{
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public:
/1 types
typedef <mplementation-defined input_type;
typedef IntType result_type;

/1 constructors and member function
explicit binomial_distribution(IntType t = 1,
const RealType& p = RealType(0.5));
IntType t() const;
RealType p() const;
void reset ();
template<class UniformRandomNumberGenerator>
result_type operator () (UniformRandomNumberGenerator& urng);

};

binomial_distribution(IntType t = 1, const RealType& p = RealType(0.5))
Requires0 <p <1andt > 0.

Effects:Constructs dinomial _distribution object;t andp are the parameters of the distribution.

IntType t() const

Returns:The ‘t” parameter of the distribution.

RealType p() const

Returns:The “p” parameter of the distribution.

5.1.7.6 Classtemplataniform_real [tr.rand.dist.runif]

A uniform_real random distribution produces floating-point random numbers x in the rangec X < max, with
equal probabilitymin andmax are the parameters of the distribution.

A uniform_real random distribution satisfies all the requirements of a uniform random number generator (given in
table8 in clause5.1.7).

template<class RealType = double>
class uniform_real
{
public:
/1 types
typedef RealType input_type;
typedef RealType result_type;

/1 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 ();

Draft: September 10, 2004



3

73 Numerical facilities 5.1 Random number generation

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

};

uniform_real (RealType min = RealType(0), RealType max = RealType (1))
Requiresmin < |max.
Effects:Constructs aniform_real object;nin andmax are the parameters of the distribution.

result_type min() const

Returns:The “min” parameter of the distribution.

result_type max () const

Returns:The “max” parameter of the distribution.

5.1.7.7 Class templatexponential_distribution [tr.rand.dist.exp]

An exponential_distribution random distribution produces random numbers O distributed with probability

density function
p(x) = e ™,

whereA is the parameter of the distribution.

template<class RealType = double>
class exponential_distribution
{
public:
/1 types
typedef RealType input_type;
typedef RealType result_type;

/1 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);

};

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

Requireslambda> 0.

Effects:Constructs arxponential_distribution object withrng as the reference to the underlying source

of random numberslambda is the parameter for the distribution.

RealType lambda () const
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Returns:The “A” parameter of the distribution.

5.1.7.8 Class templat@ormal_distribution [tr.rand.dist.norm]

A normal_distribution random distribution produces random numbers x distributed with probability density func-
tion
P(x) = O o (x-mean?/(20?)

\V2en ’

wheremeanando are the parameters of the distribution.

template<class RealType = double>
class normal_distribution
{
public:
/1 types
typedef RealType input_type;
typedef RealType result_type;

/1 constructors and member function

explicit normal_distribution(const result_type& mean = O,
const result_type& sigma = 1);

RealType mean() const;

RealType sigma () const;

void reset ();

template<class UniformRandomNumberGenerator >

result_type operator () (UniformRandomNumberGenerator& urng);

};

explicit normal_distribution(const result_type& mean = O,
const result_type& sigma = 1);

Requiressigma> 0.
Effects:Constructs aormal_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 “c” parameter of the distribution.

5.1.7.9 Classtemplatgamma_distribution [tr.rand.dist.gamma]

A gamma_distribution random distribution produces random numbers x distributed with probability density function

p(X) = r(la)x“le&

whereq is the parameter of the distribution.
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template<class RealType = double>
class gamma_distribution
{
public:
/1 types
typedef RealType input_type;
typedef RealType result_type;

/1 constructors and member function

explicit gamma_distribution(const result_type& alpha = result_type(1l));
RealType alpha() const;

void reset ();

template<class UniformRandomNumberGenerator >

result_type operator () (UniformRandomNumberGenerator& urng);

3
explicit gamma_distribution(const result_type& alpha = result_type(1));
2 Requiresalpha> 0.

3 Effects:Constructs gamma_distribution object;alpha is the parameter for the distribution.

RealType alpha() const

4 Returns:The “a” parameter of the distribution.
5.2 Mathematical special functions [tr.num.sf]
5.2.1 Additions to header<cmath> synopsis [tr.num.sf.cmath]

1 Tablellsummarizes the functions that are added to head®ith>. The detailed signatures are given in the synopsis.

Table 11: Additions to head&kmath> synopsis

] Type Name(s) \
Functions:
assoc_laguerre conf_hyperg ellint_2 legendre
assoc_legendre cyl_bessel_i ellint_3 riemann_zeta
beta cyl_bessel_j expint sph_bessel
comp_ellint_1 cyl_bessel_k hermite sph_legendre
comp_ellint_2 cyl_neumann hyperg sph_neumann
comp_ellint_3 ellint_1 laguerre

2 Each of these functions is provided for arguments of t§/peat, double, andlong double. The signatures added to
headekcmath> are:

namespace std {

namespace trl {

/1 [5.2.1.] associated Laguerre polynomials:

double assoc_laguerre(unsigned n, unsigned m, double x);
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float assoc_laguerref (unsigned n, unsigned m, float x);
long double assoc_laguerrel(unsigned n, unsigned m, long double x);

/1 [5.2.1.3 associated Legendre functions:

double assoc_legendre (unsigned 1, unsigned m, double x);

float assoc_legendref (unsigned 1, unsigned m, float x);

long double assoc_legendrel(unsigned 1, unsigned m, long double x);

/1 [5.2.1.3 beta function:

double beta(double x, double y);

float betaf (float x, float y);

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

/1 [5.2.1.4 (complete) elliptic integral of the first kind:
double comp_ellint_1(double k);
float comp_ellint_1f(float k);
long double comp_ellint_11(long double k);

/1 [5.2.1.9 (complete) elliptic integral of the second kind:
double comp_ellint_2(double k);

float comp_ellint_2f (float k);

long double comp_ellint_21(long double k);

/1 [5.2.1.6 (complete) elliptic integral of the third kind:

double comp_ellint_3(double k, double nu);

float comp_ellint_3f (float k, float nu);

long double comp_ellint_31(long double k, long double nu);

/1 [5.2.1.7 confluent hypergeometric functions:

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

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

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

/1 [5.2.1.8 regular modified cylindrical Bessel functions:

double cyl_bessel_i(double nu, double x);

float cyl_bessel_if (float nu, float x);

long double <cyl_bessel_il(long double nu, long double x);

/1 [5.2.1.9 cylindrical Bessel functions (of the first kind):

double cyl_bessel_j(double nu, double x);

float cyl_bessel_jf (float nu, float x);

long double cyl_bessel_jl(long double nu, long double x);

/1 [5.2.1.1Qirregular modified cylindrical Bessel functions:

double cyl_bessel_k(double nu, double x);

float cyl_bessel_kf (float nu, float x);

long double cyl_bessel_kl(long double nu, long double x);

/1 [5.2.1.1] cylindrical Neumann functions;
/1 cylindrical Bessel functions (of the second kind):
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double cyl_neumann (double nu, double x);
float cyl_neumannf (float nu, float x);
long double cyl_neumannl(long double nu, long double x);

/1 [5.2.1.12 (incomplete) elliptic integral of the first kind:

double ellint_1(double k, double phi);

float ellint_1f(float k, float phi);

long double ellint_11(long double k, long double phi);

/1 [5.2.1.13 (incomplete) elliptic integral of the second kind:

double ellint_2(double k, double phi);

float ellint_2f (float k, float phi);

long double ellint_21(long double k, long double phi);

/1 [5.2.1.14 (incomplete) elliptic integral of the third kind:

double ellint_3(double k, double nu, double phi);

float ellint_3f (float k, float nu, float phi);

long double ellint_31(long double k, long double nu, long double phi);

/1 [5.2.1.153 exponential integral:

double expint (double x);

float expintf (float x);

long double expintl(long double x);

/1 [5.2.1.16 Hermite polynomials:

double hermite (unsigned n, double x);

float hermitef (unsigned n, float x);

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

/1 [5.2.1.17 hypergeometric functions:

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

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

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

/1 [5.2.1.18 Laguerre polynomials:

double laguerre (unsigned n, double x);

float laguerref (unsigned n, float x);

long double 1laguerrel(unsigned n, long double x);

/1 [5.2.1.19 Legendre polynomials:

double legendre (unsigned 1, double x);

float legendref (unsigned 1, float x);

long double 1legendrel(unsigned 1, long double x);

/1 [5.2.1.2Q0 Riemann zeta function:

double riemann_zeta (double);

float riemann_zetaf (float);

long double riemann_zetal(long double);
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/1 [5.2.1.2] spherical Bessel functions (of the first kind):

double sph_bessel (unsigned n, double x);

float sph_besself (unsigned n, float x);

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

/1 [5.2.1.22 spherical associated Legendre functions:

double sph_legendre (unsigned 1, unsigned m, double theta);

float sph_legendref(unsigned 1, unsigned m, float theta);

long double sph_legendrel(unsigned 1, unsigned m, long double theta);

/1 [5.2.1.23 spherical Neumann functions;
/'l spherical Bessel functions (of the second kind):

double sph_neumann (unsigned n, double x);

float sph_neumannf (unsigned n, float x);

long double sph_neumannl (unsigned n, long double x);
} /1 namespace trl

} // namespace std
Each of the functions declared above that has one or m@gele parameters (thédouble version) shall have two
additional overloads:

1. a version with eachouble parameter replaced withfdoat parameter (th€loat version), and

2. aversion with eachouble parameter replaced withlang double parameter (th@ong double version).

The return type of each sughoat version shall bé&loat, and the return type of each sutbng double version shall
belong double.

Moreover, eackiouble version shall have sufficient additional overloads to determine which of the above three versions
to actually call, by the following ordered set of rules:

1. First, if any argument corresponding talauble parameter in théouble version has typ&ong double, the
long double version is called.

2. Otherwise, if any argument corresponding t@oable parameter in théouble version has typéouble or has
an integer type, theouble version is called.

3. Otherwise, thefloat version is called.

5.2.1.1 associated Laguerre polynomials [tr.num.sf.Lhm]
double assoc_laguerre(unsigned n, unsigned m, double x);
float assoc_laguerref (unsigned n, unsigned m, float x);

long double assoc_laguerrel(unsigned n, unsigned m, long double x);
Effects:These functions compute the associated Laguerre polynomials of their respective argymeansix.
Returns:Theassoc_laguerre functions return

dm

Ln(X) .
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5.2.1.2 associated Legendre functions [tr.num.sf.PIm]

double assoc_legendre(unsigned 1, unsigned m, double x);
float assoc_legendref (unsigned 1, unsigned m, float x);
long double assoc_legendrel(unsigned 1, unsigned m, long double x);

Effects:These functions compute the associated Legendre functions of their respective arqumgeatsix. A
domain error occurs ifi is greater than. A domain error may occur if the magnitude:ofs greater than one.

Returns:Theassoc_legendre functions return

P00 = (1™ TP

5.2.1.3 beta function [tr.num.sf.beta]

double beta(double x, double y);
float betaf (float x, float y);
long double betal(long double x, long double y);

Effects:These functions compute the beta function of their respective argumemtsy. A domain error may
occur (a) if either or y is a negative integer, or (b) if eitheror y is zero.

Returns:Thebeta functions return

5.2.1.4 (complete) elliptic integral of the first kind [tr.num.sf.ellK]

double comp_ellint_1(double k);
float comp_ellint_1f (float k);
long double comp_ellint_11(long double k);

Effects:These functions compute the complete elliptic integral of the first kind of their respective argwnants
domain error occurs if the magnitudelofs greater than one.

Returns:Thecomp_ellint_1 functions return

"2 do
W=FmB= ) iiesive

5.2.1.5 (complete) elliptic integral of the second kind [tr.num.sf.ellEX]

double comp_ellint_2(double k);
float comp_ellint_2f (float k);
long double comp_ellint_21(long double k);

Effects:These functions compute the complete elliptic integral of the second kind of their respective argtments
A domain error occurs if the magnitude lofs greater than one.
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Returns:;Thecomp_ellint_2 functions return
E(k,1/2) = / V1-K2sir?6.de .
5.2.1.6 (complete) elliptic integral of the third kind [tr.num.sf.ellPx]
double comp_ellint_3(double k, double nu);
float comp_ellint_3f (float k, float nu);

long double comp_ellint_31(long double k, long double nu);

Effects: These functions compute the complete elliptic integral of the third kind of their respective arguments
andnu. A domain error occurs if the magnitudelofs greater than one.

Returns:The comp_ellint_3 functions return

/2 do
N(v.k 7/2) :/ _ .
Jo  (1—vsirt8)v1—k3sinto
5.2.1.7 confluent hypergeometric functions [tr.num.sf.conhyp]
double conf_hyperg(double a, double c, double x) ;
float conf_hypergf (float a, float c, float x) ;

long double conf_hypergl(long double a, long double c, long double x)

>

Effects:These functions compute the confluent hypergeometric functions of their respective arganeeaisd
x. A domain error occurs (a) i is a negative integer, or (b) &is zero.

Returns:The conf_hyperg functions return

MNc) & r(a
F(a; c;x) —.
( F (a) £ F
5.2.1.8 regular modified cylindrical Bessel functions [trnum.sf.1]
double cyl_bessel_i(double nu, double x);
float cyl_bessel_if (float nu, float x);

long double cyl_bessel_il(long double nu, long double x);

Effects:These functions compute the regular modified cylindrical Bessel functions of their respective arguments
nu andx. A domain error may occur if is less than zero.

Returns:Thecyl_bessel_i functions return

00 (X/z)v+2k

ly(x) =17y (ix) = 2 KTv+kiD) "
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5.2.1.9 cylindrical Bessel functions (of the first kind) [tr.num.sf.J]
double cyl_bessel_j(double nu, double x);
float cyl_bessel_jf(float nu, float x);

long double cyl_bessel_jl(long double nu, long double x);

Effects:These functions compute the cylindrical Bessel functions of the first kind of their respective arguments
nu andx. A domain error may occur if is less than zero.

Returns:Thecyl_bessel_j functions return

2 (~1)Kx/2)"

Jy(X) = —_—

v o KT(v4+k+1)
5.2.1.10 irregular modified cylindrical Bessel functions [tr.num.sf.K]
double cyl_bessel_k(double nu, double x);
float cyl_bessel_kf (float nu, float x);

long double cyl_bessel_kl(long double nu, long double x);

Effects:These functions compute the irregular modified cylindrical Bessel functions of their respective arguments
nu andx. A domain error may occur if is less zero.

Returns:Thecyl_bessel_k functions return

T LV(X_) —1y(X) for non-integraly
2 sinvrw
Ky (%) = (/2)i" 71 (Jy (ix) +iNy (ix)) =
| (%) = 1 (%)

for integralv

5.2.1.11 cylindrical Neumann functions [tr.num.sf.N]
double cyl_neumann (double nu, double x);
float cyl_neumannf (float nu, float x);

long double cyl_neumannl(long double nu, long double x);

Effects:These functions compute the cylindrical Neumann functions, also known as the cylindrical Bessel func-
tions of the second kind, of their respective argumernitsandx. A domain error may occur ik is less than
Zero.

Returns:The cyl_neumann functions return

Jv(x)cosvr — J_y(X)
sinvm

for non-integralv
Ny (X) =
im Ju(x)cospm —J_;(X)
p—v sinum

for integralv
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5.2.1.12 (incomplete) elliptic integral of the first kind [tr.num.sf.ellF]
double ellint_1(double k, double phi);
float ellint_1f(float k, float phi);

long double ellint_11(long double k, long double phi);

Effects:These functions compute the incomplete elliptic integral of the first kind of their respective arguments
andphi. A domain error may occur if the magnitudelofs greater than one.

Returns:Theellint_1 functions return

9 de
F(k’¢)_/ 1—K2sireo

5.2.1.13 (incomplete) elliptic integral of the second kind [tr.num.sf.ellE]

double ellint_2(double k, double phi);
float ellint_2f (float k, float phi);
long double ellint_21(long double k, long double phi);

Effects:These functions compute the incomplete elliptic integral of the second kind of their respective arguments
k andphi. A domain error may occur if the magnitudelofs greater than one.

Returns:Theellint_2 functions return

E(k,¢):/0¢\/l—kzsin29d9.

5.2.1.14 (incomplete) elliptic integral of the third kind [tr.num.sf.ellP]
double ellint_3(double k, double nu, double phi);
float ellint_3f(float k, float nu, float phi);

long double ellint_31(long double k, long double nu, long double phi);

Effects:These functions compute the incomplete elliptic integral of the third kind of their respective argkments
nu, andphi. A domain error may occur if the magnitudelofs greater than one.

Returns:Theellint_3 functions return

9 de
K 6) = .
(v.k9) /0 (1— vsir26)v/1—KZsirgo

5.2.1.15 exponential integral [tr.num.sf.ei]

double expint (double x);
float expintf (float x);
long double expintl(long double x);
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Effects:These functions compute the exponential integral of their respective arguments

Returns:Theexpint functions return
00 e—t

Ei(x):—/ € .

—X t
5.2.1.16 Hermite polynomials

[tr.num.sf.HN]

double hermite (unsigned n, double x);
float hermitef (unsigned n, float x);
long double hermitel(unsigned n, long double x);

Effects:These functions compute the Hermite polynomials of their respective argumantk:.

Returns:Thehermite functions return

n
_ nyd' e
Hn() = (—1)"¢” e
5.2.1.17 hypergeometric functions [tr.num.sf.hyper]
double hyperg(double a, double b, double c, double x);
float hypergf (float a, float b, float c, float x);

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

Effects: These functions compute the hypergeometric functions of their respective arguments andx. A
domain error may occur if the magnitudexofs greater than or equal to one.

Returns:Thehyperg functions return

re gr@+nmrib+nx"

F(a,b;c;x) = .
@ ) r(a)r(b) n; r(c+n) n!
5.2.1.18 Laguerre polynomials [tr.num.sf.Ln]
double laguerre (unsigned n, double x);
float laguerref (unsigned n, float x);

long double 1laguerrel(unsigned n, long double x);
Effects:These functions compute the Laguerre polynomials of their respective argumramds.
Returns:Thelaguerre functions return
n

d n—X
Ln(X) :e"ﬁ(x e).
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5.2.1.19 Legendre polynomials [tr.num.sf.PI]

double legendre (unsigned 1, double x);
float legendref (unsigned 1, float x);
long double 1legendrel(unsigned 1, long double x);

Effects: These functions compute the Legendre polynomials of their respective argumantsz. A domain
error may occur if the magnitude efis greater than one.

Returns:Thelegendre functions return

|
PI(X) = o (2 1)

5.2.1.20 Riemann zeta function [tr.num.sf.riemannzeta]

double riemann_zeta (double x);
float riemann_zetaf (float x);
long double riemann_zetal(long double x);

Effects: These functions compute the Riemann zeta function of their respective argutmefitsomain error
occurs ifx is equal to one.

Returns:Theriemann_zeta functions return

Z kX forx>1
£ -
2X7rx‘1sin(%x)r(1fx)§(lfx) forx < 1

5.2.1.21 spherical Bessel functions (of the first kind) [tr.num.sf.]]

double sph_bessel (unsigned n, double x);
float sph_besself (unsigned n, float x);
long double sph_bessell(unsigned n, long double x);

Effects: These functions compute the spherical Bessel functions of the first kind of their respective arguments
andx. A domain error may occur if is less than zero.

Returns:Thesph_bessel functions return

in(9) = (1/20%2J0419(%) -

5.2.1.22 spherical associated Legendre functions [tr.num.sf.YIm]

double sph_legendre (unsigned 1, unsigned m, double theta);
float sph_legendref (unsigned 1, unsigned m, float theta);
long double sph_legendrel(unsigned 1, unsigned m, long double theta);
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Effects:These functions compute the spherical associated Legendre functions of their respective arguments
andtheta. A domain error occurs if the magnitudemfs greater than.

Returns:The sph_legendre functions return
Y"(6,0)
where
2+1) (I —m!
4 (I4+m)!

1/2 _
Y|m(9»¢):(—1)m{ } PM(cos6 )™ .

[Note: This formulation avoids any need to return non-real numbersnd notg

5.2.1.23 spherical Neumann functions [tr.num.sf.n]
double sph_neumann (unsigned n, double x);
float sph_neumannf (unsigned n, float x);

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

Effects:These functions compute the spherical Neumann functions, also known as the spherical Bessel functions
of the second kind, of their respective argumenéndx. A domain error may occur if is less than zero.

Returns:The sph_neumann functions return
nn(X) = (/29 YNy 12(X)
5.2.2 Additions to header<math.h> synopsis [tr.num.sf.mathh]

The headexmath.h> shall have sufficient additional using declarations to import into the global name space all of the
function names declared in the previous section.
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6 Containers [tr.cont]

1 This clause describes components thet frograms may use to organize collections of information.

2 The following subclauses describe tuples, fixed size arrays, and unordered associated containers, as summarized in
Tablel2.

Table 12: Container library summary

] Subclause Header(s)
6.1 Tuple types <tuple>
6.2 Fixed size array <array>

6.3Unordered associative containersfunctional>
<unordered_set>
<unordered_map>

6.1 Tuple types [tr.tuple]

1 6.1describes the tuple library that provides a tuple type as the class temptate 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 Ann&x Each template argument specifies the type of an element in the
tuple. Consequently, tuples are heterogeneous, fixed-size collections of values.

6.1.1 Header<tuple> synopsis [trtuple.synopsis]

/1 [6.1.7 Class template tuple
template <class T1 = implementation-defined
class T2 = implementation-defined

L)

class TM = implementation-defined class tuple;

/1 [6.1.2.3 Tuple creation functions

template<class T1, class T2, ..., class TN>
tuple<Vl, V2, ..., VN>

make_tuple(const T1&, const T2& , ..., const TN&);
template<class T1, class T2, ..., class TN>
tuple<T1&, T2&, ..., TN&> tie(T1&, T2& , ..., TN&);

/1 [6.1.2.3 Tuple helper classes
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template <class T> class tuple_size;
template <int I, class T> class tuple_element;

/1 [6.1.2.4 Element access

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

template <int I, class T1, class T2, ..., class TN>
Pl get (const tuple<Ti, T2, ..., TN>&);

/1 [6.1.2.5 Equality and inequality comparisons

template<class T1, class T2, ..., class TM,
class Ul, class U2, ..., class UM>
bool operator==(const tuple<Ti, T2, ..., TM>&,
const tuple<Ul, U2, ..., UM>&);
template<class Tl1, class T2, ..., class TM,
class Ul, class U2, ..., class UM>
bool operator!=(const tuple<T1l, T2, ..., TM>&,
const tuple<Ul, U2, ..., UM>&);

/1 [6.1.2.§ Operator< and operator>
template<class Tl1, class T2, ..., class TM,
class Ul, class U2, ..., class UM>
bool operator<(const tuple<Ti, T2, ..., TM>&,
const tuple<Ul, U2, ..., UM>&);

template<class T1, class T2, ..., class TM,
class U1, class U2, ..., class UM>
bool operator>(const tuple<Tl, T2, ..., TM>&,
const tuple<U1l, U2, ..., UM>&);

/1 [6.1.2.7 Operator<= and operator>=

template<class T1, class T2, ..., class TM,
class U1, class U2, ..., class UM>
bool operator<=(const tuple<Til, T2, ..., TM>%,
const tuple<Ul, U2, ..., UM>&);
template<class T1, class T2, ..., class TM,
class Ul, class U2, ..., class UM>
bool operator>=(const tuple<Ti, T2, ..., TM>&,
const tuple<Ul, U2, ..., UM>&);
/1[6.1.2.81/10
template<class CharType, class CharTrait,
class T1, class T2, ..., class TN>

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

/1 [6.1.2.9 Formatting manipulators

tuple_manipl tuple_open (char_type c) ;
tuple_manip2 tuple_close (char_type c) ;
tuple_manip3 tuple_delimiter (char_type c);

/1 [6.1.4 Interface to class template array
template <class T, size_t N > struct array;

template <class T, size_t N> struct tuple_size<array<T, N> >;
template <int I, class T, size_t N> struct tuple_element<I, array<T, N> >;

template <int I, class T, size_t N> T& get ( array<T, N>&);
template <int I, class T, size_t N> const T& get(const array<T, N>&)

6.1.2 Class templateuple [trtuple.tuple]

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

[Example:Given the instantiatiomuple<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); //iffN>O0

tuple (const tuple&);

template <class Ul, class U2, ..., class UN>
tuple (const tuple<Ul, U2, ..., UN>&);
/] iff N ==

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<Uil, U2, ..., UN>&);
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/] iff N ==

template <class Ul, class U2>

tuple& operator=(const pair<Ul, U2>&);
3

6.1.2.1 Construction [tr.tuple.cnstr]

tuple ();

RequiresEach typeTi shall be default constructible.

Effects:Default initializes each element.
tuple(P1, P2, ..., PN);

Where, ifTi is a reference type thei is Ti, otherwisePi is const Tié.

RequiresEach typeTi shall be copy constructible.

Effects:Copy initializes each element with the value of the corresponding parameter.
tuple (const tuple& u);

RequiresEach typeri shall be copy constructible.

Effects:Copy constructs each elementxathis with the corresponding element of

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

RequiresEach typerTi shall be constructible from the corresponding type
Effects:Constructs each element®this with the corresponding element of

[Note: In an implementation where one template definition serves for many different valugsdnsble _if

can be used to make the converting constructor and assignment operator exist only in the cases where the source
and target have the same number of elements. Another way of achieving this is adding an extra integral template
parameter which defaults tb(more precisely, a metafunction that computgsand then defining the converting

copy constructor and assignment only for tuples where the extra parameter in the stiureeisl notp

template <class Ul, class U2> tuple(const pair<Ul, U2>& u);
RequiresT1 shall be constructible frora1, T2 shall be constructible from2. N == 2.
Effects:Constructs the first element with first and the second element withsecond.
tuple& operator=(const tuple& u);
RequiresEach typerTi shall be assignable.
Effects:Assigns each element afto the corresponding elementethis.

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

RequiresEach typeTi shall be assignable from the corresponding type
Effects:Assigns each element afto the corresponding element®this.

Returns:xthis

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

RequiresT1 shall be assignable frolt, T2 shall be assignable frotie. N == 2.
Effects:Assignsu. first to the first element ofthis andu. second to the second element 8this.
Returns:*this

[Note: There are rare conditions where the converting copy constructor is a better match than the element-wise
construction, even though the user might intend differently. An example of this is if one is constructing a one-
element tuple where the element type is another tuple Tygad if the parameter passed to the constructor is not

of type T, but rather a tuple type that is convertibleTtoThe 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 usiaplan i f template or

other tools for constrained templatesend 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& tl1, const T2& t2, ..., const TN& tn);

whereVi is X&, if the cv-unqualified typ&i is reference_wrapper<X>, otherwisevi is Ti.

Themake_tuple function template shall be implemented for each different number of arguments from O to the
maximum number of allowed tuple elements.

Returns:tuple<vi, V2, ..., VN>(t1, t2, ..., tn).
[Example:
int i; float j;

make_tuple (1, ref (i), cref(j))

creates a tuple of type

tuple<int, int&, const float&>

—end example
template<class Tl1, class T2, ..., class TN>
tuple<T1&, T2&, ..., TN> tie(T1& t1, T2& t2, ..., TN& tn);
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Thetie function template shall be implemented for each different number of arguments from 0 to the maximum
number of allowed tuple elements.

Returns:tuple<Ti&, T2&, ..., TN&>(t1, t2, ..., tn)

[Example: tie functions allow one to create tuples that unpack tuples into variahlesore can be used for
elements that are not needed:

int i; std::string s;

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

// i == 42,3 == "C++"
—end example
6.1.2.3 Valid expressions for tuple types [tr.tuple.expr]

tuple_size<T>::value
RequiresT is an instantiation of class template tuple.
Type: integral constant expression.
Value: Number of elements im.
tuple_element<I, T>::type
Requires0 < I <N. The program is ill-formed if is out of bounds.

Value: The type of thelth element off, where indexing is zero-based.

6.1.2.4 Element access [tr.tuple.elem]
template <int I, class T1, class T2, ..., class TN>
RI get(tuple<Tl, T2, ..., TN>& t);

Requires0 < I <N. The program is ill-formed if is out of bounds.
Return typeRI. If TI is a reference type, theT is TI, otherwiserI is TI&.

Returns:A reference to th@th element otft, where indexing is zero-based.

template <int I, class T1, class T2, ..., class TN>
PI get(const tuple<Ti, T2, ..., TN>& t);

Requires0 < I < N. The program is ill-formed if is out of bounds.
Return typePI. If TI is a reference type, thedT is TI, otherwisePI is const TI&.
Returns:A const reference to theth element oft, where indexing is zero-based.

[Note: Constness is shallow. I is some reference typggk, the return type i%&, notconst X&. However, if
the element type is non-reference typehe return type isonst T&. This is consistent with how constness is
defined to work for member variables of reference typend notg
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[Note: The reasorget is defined to be a nonmember function is that, if this functionality had been provided as
a member function, invocations where the type depended on a template parameter would have required using the
template keyword.—end notg

6.1.2.5 Equality and inequality comparisons [trtuple.eq]
template<class T1, class T2, ..., class TM,
class Ul, class U2, ..., class UM>
bool operator==(const tuple<T1l, T2, ..., TM>& t,
const tuple<Ul, U2, ..., UM>& u);
Requirestuple_size<tuple<T1l, T2, ..., TM> >::value == tuple_size<tuple<U1, U2, ..., UM>
>::value == N. For all i, where0 <= i < N, get<i>(t) == get<i>(u) is a valid expression returning a

type that is convertible teool.

Returns:true iff get<i>(t) == get<i>(w) for all i. For any two zero-length tuplesandf, e == f returns
true.

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 evalfiaties:to

template<class Tl1, class T2, ..., class TM,
class U1, class U2, ..., class UM>
bool operator!=(const tuple<Tl, T2, ..., TM>& t,
const tuple<Ul, U2, ..., UM>& u);
Requirestuple_size<tuple<T1l, T2, ..., TM> >::value == tuple_size<tuple<U1, U2, ..., UM>
>::value == N. For alli, where0 <= i < N, get<i>(t) !'= get<i>(u) is a valid expression returning a

type that is convertible tbool.

Returns:true iff get<i>(t) !'= get<i>(u) for anyi. For any two zero-length tuplesandf, e !'= f returns
false.

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 evaltates to

6.1.2.6 <,>comparisons [trtuple.lt]
template<class T1, class T2, ..., class TN,
class Ul, class U2, ..., class UN>
bool operator<(const tuple<Ti, T2, ..., TN>&,
const tuple<Ul, U2, ..., UN>&);
template<class T1, class T2, ..., class TN,
class U1, class U2, ..., class UN>
bool operator>(const tuple<Til, T2, ..., TN>&,
const tuple<U1l, U2, ..., UN>&);
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RequWeStuple_size<tuple<T1, T2, ..., TM> >::value == tuple_size<tuple<U1l, U2, ..., UM>
>::value == N.Foralli,where0 <= i < N,get<i>(t) ©® get<i>(uw) isavalid expression returning atype
that is convertible twool, where® is either< or >.

Returns:The result of a lexicographical comparison withbetweent andu, defined as:(bool) (get<0>(t)
©® get<0>(w)) || !((bool) (get<0>(u) © get<0>(t)) && tigl O uail, Wherery for some tupler is a
tuple containing all but the first elementaf For any two zero-length tuplesandf, 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<Ti, T2, ..., TN>&,
const tuple<Ul, U2, ..., UN>&);
template<class T1, class T2, ..., class TN,
class U1, class U2, ..., class UN>
bool operator>=(const tuple<Ti, T2, ..., TN>%,
const tuple<U1l, U2, ..., UN>&);
Requirestuple_size<tuple<T1l, T2, ..., TM> >::value == tuple_size<tuple<U1l, U2, ..., UM>

>::value == N.Foralli,where0 <= i < N,get<i>(t) © get<i>(u) isavalid expression returning a type
that is convertible tdool, where® is either<= or >=.

Returns:The result of a lexicographical comparison witthetweert andu, defined as(bool) (get<0>(t) ©
get<0>(u)) && (! ((bool) (get<0>(u) O get<0>(t)) || twi © upi), Wherery; for some tupler is a
tuple containing all but the first elementof For any two zero-length tuplesandf, e ® f returnstrue.

Notes:The above definitions for comparison operators do not impose the requiremetgthat u;) shall be
constructed. It may be even impossibletg®r u) is not required to be copy constructible. Also, all comparison
operators are short circuited to not perform element accesses beyond what is required to determine the result of
the comparison.

6.1.2.8 Input and output [tr.tuple.io]

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

RequiresForalli=0, 1,...,N-1inos << get<i>(t) is a valid expression.

Effects:Insertst into os asLtpdt1d. . . dtyR, whereL is the openinggd the delimiter andR the closing character
set by tuple formatting manipulators. Each elemgns output by invokingps << get<i>(t). A zero-element
tuple is output ak R and a one-element tuple is outputlagR.

Returns:os
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template<class CharType, class CharTrait,
class T1, class T2, ..., class TN>
basic_istream<CharType, CharTrait>&
operator>>(basic_istream<CharType, CharTrait>& is,
tuple<T1l, T2, ..., TN>& t);

RequiresForalli=0, 1, ..., N-1inis >> get<i>(t) is a valid expression.

Effects:Extracts a tuple of the formatgdtid. . .dtyR, wherelL is the openingd the delimiter andR the closing
character set by tuple formatting manipulators. Each elemdatextracted by invokings >> get<i>(t). A
zero-element tuple expects to extra® from the stream and one-element tuple expects to extradR. If bad
input is encountered, caliss . set_state(ios::failbit) (which may throwios: :failure (27.4.4.3)).

Returns:is

Notes:It is not guaranteed that a tuple written to a stream can be extracted back to a tuple of the same type.

6.1.2.9 Tuple formatting manipulators [tr.tuple.form]

The library defines the following three stream manipulator functions. The types designatednanipltuple_manip2
andtuple_manipare implementation-specified.

tuple_manipl tuple_open(char_type c);
tuple_manip2 tuple_close (char_type c);
tuple_manip3 tuple_delimiter (char_type c);

Returns:Each of these functions returns an objecf unspecified type such thatdfit is an instance dbasic_-
ostream<charT,traits>, inisaninstance dfasic_istream<charT,traits>andchar_type equalsharT
then the expressiosut << s (respectivelyin >> s) setsc to be the opening, closing, or delimiter character (de-
pending on the manipulator function called) to be used when writing tuplesint{respectively extracting tuples
from in).

Notes:lt is unspecified whether an implementation supports these manipulators for streams2giii (charT)

> sizeof (long). If an implementation does not support these manipulators for such streams, the expressions

out << s andin >> s, whereout andin are such streams, are ill-formed.

[Note: The constraint stated in the aboMetessection allows an implementation where the delimiter characters
are stored in space allocatedty11oc, which allocates an array abngs. A more general alternative is to store
pointers to the delimiter characters in th€lloc-allocated array, and register a callback function (witls_-

base: :register_callback) for the stream to take care of deallocating the memory. If this approach is taken,

the delimiters could be chosen to be strings instead of single characters. This might be worthwhile, such as to

allow delimiters like", ".—end notg

6.1.3 Pairs [tr.tuple.pairs]
This is animpureextension (as defined in secti@r?) to the standard library class templated: : pair.

template<class T1, class T2>
struct tuple_size<pair<T1l, T2> > {
static const int value = 2;
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};

template<class T1l, class T2>
struct tuple_element<0, pair<Ti,
typedef T1 type;

3

template<class T1, class T2>
struct tuple_element<1l, pair<Til,
typedef T2 type;

3

T2> > {

T2> > {

template<int I, class T1, class T2>

P& get(pair<T1l, T2>&);

template<int I, class T1, class T2>
const P& get(const pair<T1l, T2>&);

Return typeif I is0 thenPisT1, if Iis1thenP is T2, otherwise the program is ill-formed.

Returns:If T == 0 returnsp.first, otherwise returng.second.

6.1.4 Tuple interface toarray

tuple_size<array<T, N> >::value

Return typeintegral constant expression.

Value: N

tuple_element<I, array<T, N> >::type

Requireso <= I < N. The program is ill-formed if | is out of bounds.

value: The type T.

template <int I, class T, size_t N> T& get(array<T, N>& a);
Requires0 <= I < N. The program is ill-formed if is out of bounds.
Returns:A reference to th@th element ok, where indexing is zero-based.
template <int I, class T, size_t N> const T& get(const array<T, N>& a);

Requires0 <= I < N. The program is ill-formed if is out of bounds.

Return typeconst T&.

Returns:A const reference to theth element ok, where indexing is zero-based.

6.2 Fixed size array

6.2.1 Headercarray> synopsis
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namespace trl {
/1 [6.2.2 Class template array

template <class T, size_t N > struct array;

/1 Array comparisons
template <class T, size_t N >
bool operator==
(const array<T,N>& x, comnst array<T,N>& y);
template <class T, size_t N >
bool operator<
(const array<T,N>& x, comnst array<T,N>& y);
template <class T, size_t N >
bool operator!=
(const array<T,N>& x, const array<T,N>& y);
template <class T, size_t N >
bool operator>
(const array<T,N>& x, comnst array<T,N>& y);
template <class T, size_t N >
bool operator>=
(const array<T,N>& x, comnst array<T,N>& y);
template <class T, size_t N >
bool operator<=
(const array<T,N>& x, const array<T,N>& y);

/1 [6.2.2.3 Specialized algorithms
template <class T, size_t N >
void swap(array<T,N>& x, array<T,N>& y);

6.2.2 Class templaterray [trarray.array]

The headekarray> defines a class template for storing fixed-size sequences of objectarvay supports ran-
dom access iterators. An instanceagfray<T, N> storesN elements of typ&, so thatsize() == N is an invariant.
The elements of aarray are stored contiguously, meaning thatifs anarray<T, N> then it obeys the identity
&a[n] == &a[0] + nforall0 <= n < N.

An array is an aggregate ([dcl.init.aggr]) that can be initialized with the syntax

array a = { initializer-list };

whereinitializer-list is a comma separated list of uplt@lements of type convertible-to-T.

Unless specified otherwise, altray operations are as described in [lib.container.requirements]. Descriptions are pro-
vided here only for operations array that are not described in this clause or for operations where there is additional
semantic information.

The effect of callingtront () orback () for a zero-sized array is implementation defined.

namespace trl {
template <class T, size_t N >
struct array {
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};

template <class T,

/1 types:
typedef
typedef
typedef
typedef
typedef
typedef
typedef
typedef
typedef

T &
const T &

size_t
ptrdiff_t
T

T elems [N];

tmplementation defined
tmplementation defined

std::reverse_iterator<iterator>
std::reverse_iterator<const_iterator>

reference;
const_reference;
iterator;
const_iterator;
size_type;
difference_type;
value_type;
reverse_iterator;
const_reverse_iterator;

/| Exposition only

/1 No explicit construct/copy/destroy for aggregate type

void assign(const T& u);

void swap( array<T, N>

/| iterators:

iterator
const_iterator
iterator
const_iterator
reverse_iterator
const_reverse_iterator
reverse_iterator
const_reverse_iterator

/| capacity:
size_type size() const;

&) ;

begin () ;
begin () const;
end () ;

end () const;
rbegin () ;
rbegin ()
rend () ;
rend () const;

const;

size_type max_size () const;

bool

/| element access:
reference
const_reference
const_reference
reference
reference front ()
front ()
back () ;

back ()

const_reference
reference
const_reference

T * data () ;
const T * data() const;

empty () const;

operator [](size_type n);
operator [] (size_type n) const;
at (size_type n) const;
at(size_type n);

const;

const;

size_t N>

bool operator==(const array<T,N>& x,
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const array<T,N>& y);

template <class T, size_t N>
bool operator< (const array<T,N>& x,
const array<T,N>& y);

template <class T, size_t N>
bool operator!=(const array<T,N>& x,
const array<T,N>& y);

template <class T, size_t N>
bool operator> (const array<T,N>& x,
const array<T,N>& y);

template <class T, size_t N>
bool operator>=(const array<T,N>& x,
const array<T,N>& y);

template <class T, size_t N>
bool operator<=(const array<T,N>& x,
const array<T,N>& y);

/| specialized algorithms:
template <class T, size_t N>
void swap(array<T,N>& x, array<T,N>& y);
}

[Note The member variablelems is shown for exposition only, to empahasize thatay is a class aggregate. The
nameelemns is not part ofarray’s interface.—end notg

6.2.2.1 array constructors, copy, and assignment [trarray.cons]

Initialization: The conditions for an aggregate ([dcl.init.aggr]) must be met. Clasay relies on the implicitly-
declared special member functions ([class.ctor], [class.dtor], and [class.copy]) to conform to the container requirements
table in [lib.container.requirements].

6.2.2.2 array specialized algorithms [tr.array.special]

template <class T, size_t N>
void swap(array<T,N>& x, array<T,N>& y);

Effects:
swap_ranges (x.begin(), x.end(), y.begin() );

6.2.2.3 array size [trarray.size]

template <class T, size_t N>
size_type array<T,N>::size();

ReturnsN

6.2.2.4 Zero sized arrays [trarray.zero]

array shall provide support for the special case== 0.
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In the case that == 0:
— elems is not required.

— begin() == end() ==unique value.

6.3 Unordered associative containers [tr.hash]
6.3.1 Unordered associative container requirements [tr.unord.req]

Unordered associative containers provide an ability for fast retrieval of data based on keys. The worst-case complexity
for most operations is linear, but the average case is much faster. The library provides four basic kinds of unordered
associative containeranordered_set, unordered_map, unordered_multiset, andunordered_multimap.

Unordered associative containers conform to the requirements for Containers ([lib.container.requirements]), except that
the expressions in table3 are not required to be valid, where a and b denote values of a type X, and X is an unordered
associative container class:

Table 13: Container requirements that are not supported by unordered
associative containers

] unsupported expressions |

P e e e

Each unordered associative container is parameterizégpyby a function objecHash that acts as a hash function
for values of typeKey, and on a binary predicatered that induces an equivalence relation on values of Bgog
Additionally, unordered_map andunordered_multimap associate an arbitrarpapped typ& with theKey.

A hash function is a function object that takes a single argument ofdypend returns a value of typetd: :size_t
in the rangel0, std::numeric_limits<std::size_t>::max()).

Two valuesk1 andk2 of typeKey are considered equal if the container’s equality function object rettiras when
passed those values.df andk2 are equal, the hash function shall return the same value for both.

An unordered associative container suppartgjue keys it may contain at most one element for each key. Otherwise,

it supportsequivalent keysunordered_set andunordered_map Support unique keysunordered_multiset and
unordered_multimap support equivalent keys. In containers 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. drerrdered_map and
unordered_multimap itis equal tostd: :pair<const Key, T>.

The elements of an unordered associative container are organizdu akiets Keys with the same hash code appear in
the same bucket. The number of buckets is automatically increased as elements are added to an unordered associative
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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 table14: X is an unordered associative container class, an object of typ&, b is a possibly const object of type
X, a_uniq is an object of typ& whenX supports unique keys, eq is an object of typ& whenX supports equivalent
keys,i andj are input iterators that refer tmlue_type, [i, j) is a valid rangep andq2 are valid iterators ta, q
andq1 are valid dereferenceable iteratorsatolql, g2) is a valid range ira, r andr1 are valid dereferenceable const
iterators toa, r2 is a valid const iterator ta, [r1, r2) is avalid range ir, t is a value of typ&: : value_type, k iS

a value of typ&ey_type, hf is a possibly const value of typesher, eq is a possibly const value of tygey_equal,
nis a value of typesize_type, andz is a value of typefloat.

Table 14: Unordered associative container requirements (in addition to

container)
expression return type assertion/notepre/post-condition complexity \

X::key_type Key Key iS Assignable and compile time
CopyConstructible

X::hasher Hash Hash is a unary function object that compile time
takes an argument of tygeey and
returns a value of type
std::size_t.

X::key_equal Pred Pred is a binary predicate that compile time

takes two arguments of typeey.
Pred is an equivalence relation.

X::local_iterator

An iterator type whose
category, value type,
difference type, and
pointer and reference
types are the same as
X::iterator’s.

A local_iterator object may be compile time
used to iterate through a single

bucket, but may not be used to

iterate across buckets.

X::const_local_-

An iterator type whose

A const_local_iterator object compile time

X a(n, hf, eq)

iterator category, value type, may be used to iterate through a
difference type, and single bucket, but may not be used
pointer and reference to iterated across buckets.
types are the same as
X::const_iterator’s.

X(n, hf, eq) X Constructs an empty container with&'(n)

at least buckets, usingf as the
hash function andq as the key
equality predicate.

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

Constructs an empty container with &'(n)
at least buckets, usingf as the

hash function anétey_equal () as

the key equality predicate.
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expression return type assertion/notepre/post-condition complexity \
X(n) X Constructs an empty container with &'(n)
X a(n) at least buckets, usingiasher ()
as the hash function and
key_equal () as the key equality
predicate.
X0 X Constructs an empty container withconstant
tcodeX a an unspecified number of buckets,
usinghasher () as the hash
function andkey_equal as the key
equality predicate.
X(i, j, n, hf, eq) X Constructs an empty container withAverage case
X a(i, j, n, hf, eq) at leastn buckets, usingf asthe  &(N) (N is
hash function andq as the key distance(i,
equality predicate, and inserts j)), worst case
elements fronli, j) intoit. 0 (N?)
X(i, j, n, hf) X Constructs an empty container withAverage case
X a(i, j, n, hf) at least buckets, usingf asthe  &(N) (N is
hash function anttey_equal() as distance(i,
the key equality predicate, and j)), worst case
inserts elements frorii, j)into  O(N?)
it.
X(i, j, n) X Constructs an empty container withAverage case
X a(i, j, n) at least buckets, usingpasher()  (N) (N is
as the hash function and distance(di,
key_equal () as the key equality  j)), worst case
predicate, and inserts elements  ¢(N?)
from [i, j) intoit.
X, i X Constructs an empty container withAverage case
X a(i, j) an unspecified number of buckets, ¢(N) (N is
usinghasher () as the hash distance(i,
function andkey_equal as the key j)), worst case
equality predicate, and inserts O (N?)
elements fron{i, j) intoit.
X(v) X Copy constructor. In addition to the Average case
X a(b) contained elements, the hash linear in
function, predicate, and maximum b.size(), worst
load factor are copied. case quadratic.
a=>b X Copy assignment operator. In Average case
addition to the contained elements, linear in
the hash function, predicate, and b.size(), worst
maximum load factor are copied. case quadratic.
b.hash_function() hasher Returns the hash function out of  constant

whichb was constructed.
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] expression return type assertion/notepre/post-condition complexity \
b.key_eq() key_equal Returns the key equality function constant
out of whichb was constructed.
a_uniq.insert(t) pair<iterator, bool> Insertst if and only if thereisno  Average case
element in the container with key  £(1), worst case
equivalent to the key of. The Oa_-

bool component of the returned  uniq.size()).
pair indicates whether the insertion

takes place, and thigzerator

component points to the element

with key equivalent to the key af.

a_eq.insert(t) iterator Insertst, and returns an iterator ~ Average case
pointing to the newly inserted 0(1), worst case
element. Oa_-
uniq.size(Q)).
a.insert(r, t) iterator Equivalent to a.insert(t). Return ~ Average case

value is an iterator pointing to the ¢'(1), worst case
element with the key equivalentto ¢&'(a_-

that oft. The const iterator is a uniq.size(Q)).
hint pointing to where the search

should start. Implementations are

permitted to ignore the hint.

a.insert(i, j) void Pre:i andj are not iterators in. Average case
Equivalent toa. insert (t) for O(N), whereN is
each elementitfi, j). distance (i,
j). Worst case
O(N*
a.size(Q)).
a.erase(k) size_type Erases all elements with key Average case
equivalent ta. Returns the O(a.count (k)).
number of elements erased. Worst case
O(a.size()).
a.erase(r) void Erases the element pointed tohy Average case

0(1), worst case
O(a.size()).

a.erase(rl, r2) void Erases all elements in the range  Average case
[r1, r2). O(AN), whereN
is

distance(ri,
r2)), worst case
O(a.size()).
a.clear() void Erases all elements in the containeiinear.
Postia.size() ==
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] expression return type assertion/notepre/post-condition complexity \
b.find (k) iterator; Returns an iterator pointing to an  Average case
const_iterator for element with key equivalent tg or  ¢(1), worst case
constb. b.end () if no such element exists. &(b.size()).
b.count (k) size_type Returns the number of elements  Average case
with key equivalent tc. 0'(1), worst case
O(b.size()).
b.equal_range (k) pair<iterator, Returns a range containing all Average case
iterator>; elements with keys equivalentkdo  &'(b. count (k)).
pair<const_iterator, Returnsmake_pair(b.end(), Worst case
const_iterator> for b.end()) if no such elements O(b.size()).
constb. exist.
b.bucket_count () size_type Returns the number of buckets thatConstant
b contains.
b.max_bucket_count() size_type Returns an upper bound onthe  Constant
number of buckets that might
ever contain.
b.bucket (k) size_type Returns the index of the bucket in Constant
which elements with keys
equivalent tak would be found, if
any such element existed. Post: the
return value is in the rangeo,
b.bucket_count()).
b.bucket_size(n) size_type Pre:n is in the rangdo, O'(b.bucket_-
b.bucket_count()). Returnsthe size(n))
number of elements in the"
bucket.
b.begin(n) local_iterator; Pre:nisin the rangdo, Constant
const_local_iterator b.bucket_count()). Note:
for constb. [b.begin(n), b.end(n)) isa
valid range containing all of the
elements in tha™ bucket.
b.end(n) local_iterator; Pre:nisin the rangdo, Constant
const_local_iterator b.bucket_count()).
for constb.
b.load_factor() float Returns the average number of  Constant
elements per bucket.
b.max_load_factor() float Returns a number that the containeConstant
attempts to keep the load factor less
than or equal to. The container
automatically increases the number
of buckets as necessary to keep the
load factor below this number.Post:
return value is positive.
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] expression return type assertion/notepre/post-condition complexity \

a.max_load_factor(z) void Pre:z is positive. Changes the Constant
container’'s maximum load load
factor, usingz as a hint.

a.rehash(n) void Post:a.bucket_count () > Average case
a.size() / linear in
a.max_load_factor() and a.size(), worst
a.bucket_count() >= n. case quadratic.

Unordered associative containers are not required to support the expressiens 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 equality is not a useful operai@hnotg

The iterator typedterator 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 sams;adveth
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.

The insert members shall not affect the validity of iterator@ifn) < z * B, whereN is the container’s sizey is the
number of elements inserte®ljs the container’s bucket count, ands the container's maximum load factor.

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

For unordered associative containers, di@ar () function throws an exception. Nerase() function throws an
exception unless that exception is thrown by the container’'s Hash or Pred object (if any).

For unordered associative containers, if an exception is thrown by an insert() function while inserting a single element
other than by the container’s hash function, the insert() function has no effects.

For unordered associative containerssirap function throws an exception unless that exception is thrown by the copy
constructor or copy assignment operator of the container’s Hash or Pred object (if any).

For unordered associative containers, if an exception is thrown from within a rehash() function other than by the con-
tainer’s hash function or comparison function, the rehash() function has no effect.

6.3.2 Additions to header<functional> Synopsis [tr.unord.fun.syn]

namespace trl {
/1 [6.3.3 Hash function base template
template <class T> struct hash;

/1 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>;
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template <> struct hash<int>;

template <> struct hash<long>;

template <> struct hash<unsigned short>;
template <> struct hash<unsigned int>;
template <> struct hash<unsigned long>;

template <> struct hash<float>;
template <> struct hash<double>;
template <> struct hash<long double>;

template<class T>
struct hash<Tx*>

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

6.3.3 Class templathash [tr.unord.hash]

1 The function objechash is used as the default hash function by thmrdered associative container§his class tem-
plate is only required to be instantiable for integer types ([basic.fundamental]), floating point types ([basic.fundamental]),
pointer types ([dcl.ptr]), and (for any valid set of charT, traits, and Alloc such that charT is an integesrtyipebasic_-
string<charT, traits, Alloc>

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

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

};
2 The return value obperator () is unspecified, except that equal arguments yield the same repaitator () shall
not throw exceptions.
6.3.4 Unordered associative container classes [tr.unord.unord]
6.3.4.1 HeaderKunordered_set> Synopsis [tr.unord.syn.set]

namespace trl {
/1 [6.3.4.3 Class template unordered_set
template <class Value,

class Hash = hash<Value>,
class Pred = std::equal_to<Value>,
class Alloc = std::allocator<Value> >

class unordered_set;

/1 [6.3.4.3 Class template unordered_multiset
template <class Value,

class Hash = hash<Value>,
class Pred = std::equal_to<Value>,
class Alloc = std::allocator<Value> >

class unordered_multiset;
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6.3.4.2 HeadeKunordered_map> Synopsis [tr.unord.syn.map]

namespace trl {
/1 [6.3.4.4 Class template unordered_map
template <class Key,
class T,
class Hash = hash<Key>,
class Pred = std::equal_to<Key>,
class Alloc = std::allocator<std::pair<const Key, T> > >
class unordered_map;

/1 [6.3.4.6 Class template unordered_multimap
template <class Key,

class T,

class Hash hash<Key>,

class Pred std::equal_to<Key>,

class Alloc = std::allocator<std::pair<const Key, T> > >
class unordered_multimap;

6.3.4.3 Class templatenordered_set [tr.unord.set]

Anunordered_set is a kind of unordered associative container that supports unique keysdadered_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; thatrisraered_set supports the
a_uniq operations in that table, not the eq operations. For anordered_set<Value> thekey type and the value

type are botlvalue. Theiterator andconst_iterator types are both const iterator types. It is unspecified whether

or not they are the same type.

This section only describes operationsumerdered_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:
/1 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;
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typedef typename allocator_type::reference reference;

typedef typename allocator_type::const_reference const_reference;
typedef implementation-defined size_type;

typedef <mplementation-defined difference_type;
typedef <mplementation-defined iterator;

typedef <mplementation-defined const_iterator;
typedef implementation-defined local_iterator;
typedef <mplementation-defined const_local_iterator;

/| construct/destroy/copy
explicit unordered_set(size_type n = implementation-defined,
const hasher& hf = hasher (),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());
template <class InputlIterator>
unordered_set (InputIterator f, Inputlterator 1,
size_type n = implementation-defined,
const hasher& hf = hasher (),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());
unordered_set (const unordered_set&);
“unordered_set ();
unordered_set& operator=(const unordered_set&);
allocator_type get_allocator () const;

/| size and capacity

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

/| iterators

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

const_iterator end() const;

/1 modifiers
std::pair<iterator, bool> insert(const value_type& obj);
iterator insert(const_iterator hint, const value_type& obj);
template <class InputIterator>

void insert(InputIterator first, InputIterator last);

void erase(const_iterator position);
size_type erase(const key_type& k);
void erase(const_iterator first, const_iterator last);

void clear ();

void swap(unordered_set&);
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};

template <class Value, class Hash, class Pred, class Alloc>

/| observers
hasher hash_function() const;
key_equal key_eq() const;

/1 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;

/1 bucket interface

size_type bucket_count () const;

size_type max_bucket_count () const;

size_type bucket_size(size_type n) const;
size_type bucket (const key_type& k) const;
local_iterator begin(size_type n);
const_local_iterator begin(size_type n) const;
local_iterator end(size_type n);
const_local_iterator end(size_type n) const;

/'l hash policy

float load_factor () const;
float max_load_factor () const;
void max_load_factor (float z);
void rehash(size_type n);

void swap(unordered_set<Value, Hash, Pred, Alloc>& x,
unordered_set<Value, Hash, Pred, Alloc>& y);

6.3.4.3.1 unordered_set constructors

explicit unordered_set(size_type n = tmplementation-defined,

const hasher& hf = hasher (),
const key_equal& eql = key_equal(),

const allocator_type& a = allocator_type());

[tr.unord.set.cnstr]

Effects:Constructs an emptynordered_set using the specified hash function, key equality function, and al-
locator, and using at leagt buckets. Ifn is not provided, the number of buckets is implementation defined.

max_load_factor() is 1.0.

Complexity:Constant.

template <class InputlIterator>
unordered_set (InputIterator f, InputIterator 1,
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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 function, and allo-
cator, and using at leastbuckets. (Ifn is not provided, the number of buckets is implementation defined.) Then
inserts elements from the ran@¢, 1).max_load_factor() is 1.0.

Complexity:Average case linear, worst case quadratic.

6.3.4.3.2 unordered_set swap [tr.unord.set.swap]

template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_set<Value, Hash, Pred, Alloc>& x,
unordered_set <Value, Hash, Pred, Alloc>& y);

Effects:x. swap (y).

6.3.4.4 Class templat@anordered_map [tr.unord.map]

Anunordered_map is a kind of unordered associative container that supports unique keysqadiered_map contains
at most one of each key value) and that associates values of anotheapype_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; thatrisraered_map supports the
a_uniq operations in that table, not the eq operations. For anordered_map<Key, T> thekey type is Key, the
mapped type i, and the value type istd: :pair<const Key, T>.

This section only describes operationsumerdered_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
class unordered_map

std::allocator<std::pair<const Key, T> > >

{

public:
/1 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;
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typedef typename allocator_type::const_reference const_reference;

typedef implementation-defined size_type;

typedef implementation-defined difference_type;
typedef implementation-defined iterator;

typedef <mplementation-defined const_iterator;
typedef <mplementation-defined local_iterator;
typedef implementation-defined const_local_iterator;

/| construct/destroy/copy
explicit unordered_map(size_type n = implementation-defined,
const hasher& hf = hasher (),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());
template <class InputIterator>
unordered_map (InputIterator f, Inputlterator 1,
size_type n = wmplementation-defined,
const hasher& hf = hasher (),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());
unordered_map (const unordered_map&);
~“unordered_map () ;
unordered_map& operator=(const unordered_map¥);
allocator_type get_allocator () const;

/| size and capacity

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

/1 iterators

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

const_iterator end() const;

/1 modifiers
std::pair<iterator, bool> insert(const value_type& obj);
iterator insert(const_iterator hint, const value_type& obj);
template <class InputIterator>

void insert(InputIlterator 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&);

/| observers
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hasher hash_function() const;
key_equal key_eq() const;

/1 lookup
iterator find (const key_type& k);
const_iterator find(const key_type& k) const;
size_type count(const key_type& k) const;
std::pair<iterator, iterator>
equal_range (const key_type& k);
std::pair<const_iterator, const_iterator>
equal_range (const key_type& k) const;

mapped_type& operator [](const key_type& k);

/1 bucket interface

size_type bucket_count () const;

size_type max_bucket_count () const;

size_type bucket_size(size_type n);

size_type bucket (const key_type& k) const;
local_iterator begin(size_type n) const;
const_local_iterator begin(size_type n) const;
local_iterator end(size_type n);
const_local_iterator end(size_type n) const;

/'l hash policy

float load_factor () const;
float max_load_factor () const;
void max_load_factor (float z);
void rehash(size_type n);

};

template <class Key, class T, class Hash, class Pred, class Alloc>
void swap(unordered_map<Key, T, Hash, Pred, Alloc>& x,
unordered_map<Key, T, Hash, Pred, Alloc>& y);

6.3.4.4.1 unordered_map constructors [tr.unord.map.cnstr]

explicit unordered_map(size_type n = tmplementation-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 function, and al-
locator, and using at leagt buckets. Ifn is not provided, the number of buckets is implementation defined.
max_load_factor() is 1.0.

Complexity:Constant.

template <class InputlIterator>
unordered_map (InputIterator f, InputIterator 1,
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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 function, and allo-
cator, and using at leastbuckets. (Ifn is not provided, the number of buckets is implementation defined.) Then
inserts elements from the ran@g, 1).max_load_factor() is 1.0.

Complexity:Average case linear, worst case quadratic.

6.3.4.4.2 unordered_map element access [tr.unord.map.elem]

mapped_type& operator [](const key_type& k);

Effects:If the unordered_map does not already contain an element whose key is equivalenttserts the value
std: :pair<const key_type, mapped_type>(k, mapped_type()).

Returns:A reference tx . second, wherex is the (unique) element whose key is equivalent to

6.3.4.4.3 unordered_map Swap [tr.unord.map.swap]

template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_map<Value, Hash, Pred, Alloc>& x,
unordered_map<Value, Hash, Pred, Alloc>& y);

Effects:x. swap(y).

6.3.4.5 Class templatenordered_multiset [tr.unord.multiset]

Anunordered_multiset is a kind of unordered associative container that supports equivalent keyso@dered_-
multiset may contain multiple copies of the same key value) and in which the elements’ keys are the elements them-
selves.

An unordered_multiset 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; thahis;dered_-
multiset supports the_eq operations in that table, not theuniq operations. For anordered_multiset<Value>

thekey type and the value type are bottalue. Theiterator andconst_iterator types are both const iterator
types. It is unspecified whether or not they are the same type.

This section only describes operationsmprdered_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

{
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public:
/1 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 <mplementation-defined size_type;
typedef <mplementation-defined difference_type;
typedef <mplementation-defined iterator;
typedef implementation-defined const_iterator;
typedef <mplementation-defined local_iterator;
typedef <mplementation-defined const_local_iterator;

/| construct/destroy/copy
explicit unordered_multiset(size_type n = implementation-defined,
const hasher& hf = hasher (),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());
template <class InputlIterator>
unordered_multiset (InputIterator f, InputIterator 1,
size_type n = implementation-defined,
const hasher& hf = hasher (),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());
unordered_multiset (const unordered_multiset&);
“unordered_multiset ();
unordered_multiset& operator=(const unordered_multiset&);
allocator_type get_allocator () const;

/| size and capacity

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

/| iterators

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

const_iterator end() const;
/1 modifiers

iterator insert(const value_type& obj);
iterator insert(const_iterator hint, const value_type& obj);
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template <class InputIterator>
void insert(InputIterator first, InputIlterator last);

void erase(const_iterator position);

size_type erase(const key_type& k);

void erase(const_iterator first, const_iterator last);
void clear();

void swap(unordered_multiset&);

/1 observers
hasher hash_function() const;
key_equal key_eq() const;

/1 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;

/1 bucket interface

size_type bucket_count () const;

size_type max_bucket_count () const;

size_type bucket_size(size_type n);

size_type bucket (const key_type& k) const;
local_iterator begin(size_type n) const;
const_local_iterator begin(size_type n) const;
local_iterator end(size_type n);
const_local_iterator end(size_type n) const;

/1 hash policy

float load_factor () const;
float max_load_factor () const;
void max_load_factor (float z);
void rehash(size_type n);

};

template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_multiset<Value, Hash, Pred, Alloc>& x,
unordered_multiset <Value, Hash, Pred, Alloc>& y);
¥

6.3.4.5.1 unordered_multiset constructors [tr.unord.multiset.cnstr]
explicit unordered_multiset(size_type n = <mplementation-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_multiset using the specified hash function, key equality function, and
allocator, and using at least buckets. Ifn is not provided, the number of buckets is implementation defined.
max_load_factor() is 1.0.

Complexity:Constant.

template <class Inputlterator>
unordered_multiset (InputIterator f, InputIterator 1,
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 equality function, and
allocator, and using at leastbuckets. (Ifn is not provided, the number of buckets is implementation defined.)
Then inserts elements from the rangg ). max_load_factor() is 1.0.

Complexity:Average case linear, worst case quadratic.

6.3.4.5.2 unordered_multiset swap [tr.unord.multiset.swap]

template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_multiset<Value, Hash, Pred, Alloc>& x,
unordered_multiset <Value, Hash, Pred, Alloc>& y);

pnurEffects:x . swap (y) ;

6.3.4.6 Class templatenordered_multimap [tr.unord.multimap]

An unordered_multimap is a kind of unordered associative container that supports equivalent keysdedered_-
multimap may contain multiple copies of each key value) and that associates values of anothempiyg® 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; thahis;dered_-
multimap supports the_eq operations in that table, not theuniq operations. For annordered_multimap<Key,

T> thekey type is Key, the mapped type i8, and the value type istd: :pair<const Key, T>.

This section only describes operationsmprdered_multimap that are not described in one of the requirement tables,
or for which there is additional semantic information.

template <class Key,

class T,

class Hash = hash<Key>,

class Pred = std::equal_to<Key>,

class Alloc = std::allocator<std::pair<const Key, T> > >
class unordered_multimap

{
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public:

/1 types

typedef
typedef
typedef
typedef
typedef
typedef
typedef
typedef
typedef
typedef
typedef
typedef

typedef
typedef
typedef
typedef

Key

std::pair<const Key, T>

T

Hash
Pred
Alloc
typename
typename
typename
typename

allocator_type:
allocator_type::
allocator_type::
allocator_type::

tmplementation—defined
tmplementation-defined

implementation-defined
implementation-defined
tmplementation—-defined
implementation-defined

/| 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 InputlIterator>

key_type;
value_type;
mapped_type;

hasher;

key_equal;

allocator_type;
:pointer pointer;
const_pointer const_pointer;
reference reference;

const_reference const_reference;
size_type;
difference_type;

iterator;
const_iterator;
local_iterator;
const_local_iterator;

unordered_multimap (InputIterator f, InputIterator 1,

/| size and capacity
bool empty () const;
size_type size() const;
size_type max_size () const;

/1 iterators
iterator
const_it
iterator
const_it

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;

begin () ;
erator begin() const;
end () ;
erator end () const;

/1 modifiers
iterator insert(const value_type& obj);
iterator insert(const_iterator hint, const value_type& obj);
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template <class InputIterator>
void insert(InputIterator first, InputIlterator 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&);

/1 observers
hasher hash_function() const;
key_equal key_eq() const;

/1 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;

/1 bucket interface

size_type bucket_count () const;

size_type max_bucket_count () const;

size_type bucket_size(size_type n);

size_type bucket (const key_type& k) const;
local_iterator begin(size_type n) const;
const_local_iterator begin(size_type n) const;
local_iterator end(size_type n);
const_local_iterator end(size_type n) const;

/1 hash policy

float load_factor () const;
float max_load_factor () const;
void max_load_factor (float z);
void rehash(size_type n);

};

template <class Key, class T, class Hash, class Pred, class Alloc>
void swap(unordered_multimap<Key, T, Hash, Pred, Alloc>& x,
unordered_multimap<Key, T, Hash, Pred, Alloc>& y);

6.3.4.6.1 unordered_multimap constructors [tr.unord.multimap.cnstr]

explicit unordered_multimap(size_type n = <implementation-defined,
const hasher& hf = hasher (),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());
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1 Effects:Constructs an emptynordered_multimap using the specified hash function, key equality function, and
allocator, and using at least buckets. Ifn is not provided, the number of buckets is implementation defined.

max_load_factor() is 1.0.

2 Complexity:Constant.

template <class InputIterator>
unordered_multimap (InputIterator f, InputIterator 1,
size_type n = implementation-defined,
const hasher& hf = hasher (),
const key_equal& eql = key_equal(),

const allocator_type& a = allocator_type());

3 Effects:Constructs an emptynordered_multimap using the specified hash function, key equality function, and
allocator, and using at leastbuckets. (Ifn is not provided, the number of buckets is implementation defined.)

Then inserts elements from the rang® 1). max_load_factor() is 1.0.

4 Complexity:Average case linear, worst case quadratic.

6.3.4.6.2 unordered_multimap swap

template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_multimap<Value, Hash, Pred, Alloc>& x,
unordered_multimap<Value, Hash, Pred, Alloc>& y);

1 Effects:x. swap(y).

Draft: September 10, 2004

[tr.unord.multimap.swap]



6.3 Unordered associative containers Containers 120

Draft: September 10, 2004



7 Regular expressions [tr.re]

This clause describes components thigt @rograms may use to perform operations involving regular expression match-
ing and searching.

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 machineAn 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 clas\ 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 expressiorA pattern that selects specific strings from a set of character strings.
Sub-expressiarA subset of a regular expression that has been marked by parenthesis.
7.2 Requirements [trre.req]

This subclause defines requirements on classes representing regular expressididtaifshé class templateegex _-
traits<charT>, defined in claus@.7, satisfies these requirementsend notg

The class templateasic_regex, defined in claus€.8, needs a set of related types and functions to complete the
definition of its semantics. These types and functions are provided as a set of member typedefs and functions in the
template parameteiraits used by théasic_regex class template. This subclause defines the semantics guaranteed
by these members.

To specialize theasic_regex template to generate a regular expression class to handle a particular character container
typeCharT, that and its related regular expression traits clagsits is passed as a pair of parameters tothgic_-
regex template as formal parametetsarT andTraits.
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In Table15 X denotes a traits class defining types and functions for the character containehayfie u is an object
of typeX; v is an object of typeconst X; p is a value of typeconst charT#; I1 andI2 are Input IteratorsF1 and

F2 are forward iteratorse is a value of typeconst charT; s iS an object of typel: : string_type; cs iS an object
of type const X::string_type; b is a value of typevool; I is a value of typeint; and loc is an object of type

X::locale_type.

Table 15: regular expression traits class requirements

expression

Return Type

Assertion / Note / Pre / Post condition |

X::char_type

charT

The character container type used in the
implementation of class templabasic_regex.

X::size_type

An unsigned integer type, capable of holding the
length of a null-terminated string eharTs.

X::string_type

std: :basic_-
string<charT>

X::locale_type

Implementation
defined

A copy constructible type that represents the loc
used by the traits class.

ale

X::char_class_type

Implementation
defined

A bitmask type representing a particular charact
classification. Multiple values of this type can be

bitwise-or'ed together to obtain a new valid value.

D

>

::length(p)

X::size_type

Yields the smallest such thap[i] == 0.
Complexity is linear ini .

v.translate(c)

X::char_type

Returns a character such that for any charagter
that is to be considered equivalentctthen
v.translate(c) == v.translate(d).

v.translate_nocase(c)

X::char_type

For all characters that are to be considered
equivalent toc when comparisons are to be
performed without regard to case, then
v.translate_nocase(c) ==
v.translate_nocase(C).

v.transform(F1, F2)

X::string_type

Returns a sort key for the character sequence
designated by the iterator rangeE1, F2) such
that if the character sequen€e1, G2) sorts
before the character sequenid®l, H2) then
v.transform(G1l, G2) < v.transform(H1,
H2).

v.transform_primary(F1,
F2)

X::string_type

Returns a sort key for the character sequence
designated by the iterator ran@e1, F2) such
that if the character sequenéel, G2) sorts
before the character sequends, H2) when
character case is not considered then
v.transform_primary(Gl, G2) <

v.transform_primary(H1, H2).
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] expression Return Type Assertion / Note / Pre / Post condition \
v.lookup_classname(F1, X::char_class_- Converts the character sequence designated by|the
F2) type iterator rangelF1,F2) into a bitmask type that can

subsequently be passeditectype. Values
returned fromlLookup_classname can be safely
bitwise or'ed together. Returns 0 if the character
sequence is not the name of a character class
recognized by. The value returned shall be
independent of the case of the characters in the

sequence.
v.lookup_collatename (F1, X::string_type Returns a sequence of characters that represents
F2) the collating element consisting of the character

sequence designated by the iterator rafige,
F2). Returns an empty string if the character
sequence is not a valid collating element.

v.isctype(c, bool Returnstrue if characterc is a member of the
v.lookup_classname (F1, character class designated by the iterator range
F2)) [F1, F2), false otherwise.

v.value(c, I) int Returns the value represented by the digit base

| if the charactec is a valid digit in base;
otherwise returnsi. [Note: the value ofl will
only be 8, 10, or 16—end notg

u.imbue(loc) X::locale_type Imbuesu with the localeloc and returns the
previous locale used hyif any.
v.getloc() X::locale_type Returns the current locale usedyif any.

The headexregex> defines the class templategex_traits which shall be capable of being specialized for character
container typeshar andwchar_t, and which satisfies the requirements for a regular expression traits class. Class
templateregex_traits is described in clause.’.

7.3 Regular expressions summary [tr.re.sum]

The headexregex> defines a basic regular expression class template and its traits that can handle all char-like (lib.strings)
template arguments.

The headekxregex> defines a class template that holds the result of a regular expression match.

The headekregex> defines a series of algorithms that allow an iterator sequence to be operated upon by a regular
expression.

The headekregex> defines two specific template classesgex andwregex, and their special traits.
The headekxregex> also defines two iterator types for enumerating regular expression matches.
7.4 Header<regex> synopsis [trre.syn]

namespace std {
namespace trl {
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/1 [7.9 Regex constants

namespace regex_constants {
typedef bitmask_type syntax_option_type;
typedef bitmask_type match_flag_type;
typedef implementation-defined error_type;

} // namespace regex_constants

/1 [7.6] Class regex_error
class regex_error;

/1 [7.7] Class template regex_traits
template <class charT>
struct regex_traits;

/1 [7.8 Class template basic_regex
template <class charT,

class traits = regex_traits<charT> >
class basic_regex;

typedef basic_regex<char> regex;
typedef basic_regex<wchar_t> wregex;

/1 [7.8.7 basic_regex swap

template <class charT, class traits>

void swap(basic_regex<charT, traits>& el,
basic_regex<charT, traits& e2);

/1 [7.9 Class template sub_match

template <class Bidirectionallterator>

class sub_match;

typedef sub_match<const char*> csub_match;

typedef sub_match<const wchar_t*> wcsub_match;

typedef sub_match<string::const_iterator> ssub_match;
typedef sub_match<wstring::const_iterator> wssub_match;

/1 [7.9.2 sub_match non-member operators

template <class Bilter>

bool operator==(const sub_match<Bilter>& 1lhs, const sub_match<Bilter>& rhs);
template <class Bilter>

bool operator!=(const sub_match<Bilter>& 1lhs, const sub_match<Bilter>& rhs);
template <class Bilter>

bool operator<(const sub_match<BiIter>& lhs, const sub_match<Bilter>& rhs);
template <class Bilter>

bool operator<=(const sub_match<BiIter>& 1lhs, const sub_match<Bilter>& rhs);
template <class Bilter>

bool operator>=(const sub_match<Bilter>& 1lhs, const sub_match<Bilter>& rhs);
template <class Bilter>

bool operator>(const sub_match<BiIter>& lhs, const sub_match<Bilter>& rhs);
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template <class Bilter, class traits, class Alloc>
bool operator==(const std::basic_string<iterator_traits<Bilter>::value_type,
traits, Alloc>& 1lhs,
const sub_match<Bilter>& rhs);
template <class Bilter, class traits, class Alloc>
bool operator!=(const std::basic_string<iterator_traits<Bilter>::value_type,
traits, Alloc>& 1lhs,
const sub_match<Bilter>& rhs);
template <class Bilter, class traits, class Alloc>
bool operator<(const std::basic_string<iterator_traits<Bilter>::value_type,
traits, Alloc>& 1lhs,
const sub_match<Bilter>& rhs);
template <class Bilter, class traits, class Alloc>
bool operator>(const std::basic_string<iterator_traits<Bilter>::value_type,
traits, Alloc>& 1lhs,
const sub_match<Bilter>& rhs);
template <class Bilter, class traits, class Alloc>
bool operator>=(const std::basic_string<iterator_traits<Bilter>::value_type,
traits, Alloc>& 1lhs,
const sub_match<BiIter>& rhs);
template <class Bilter, class traits, class Alloc>
bool operator<=(const std::basic_string<iterator_traits<Bilter>::value_type,
traits, Alloc>& 1lhs,
const sub_match<Bilter>& rhs);

template <class Bilter, class traits, class Alloc>
bool operator==(const sub_match<Bilter >& 1lhs,
const std::basic_string<iterator_traits<Bilter>::value_type,
traits, Alloc>& rhs);
template <class Bilter, class traits, class Alloc>
bool operator!=(const sub_match<Bilter>& 1lhs,
const std::basic_string<iterator_traits<Bilter>::value_type,
traits, Alloc>& rhs);
template <class Bilter, class traits, class Alloc>
bool operator<(const sub_match<Bilter >& 1lhs,
const std::basic_string<iterator_traits<Bilter>::value_type,
traits, Alloc>& rhs);
template <class Bilter, class traits, class Alloc>
bool operator>(const sub_match<BiIter>& lhs,
const std::basic_string<iterator_traits<Bilter>::value_type,
traits, Alloc>& rhs);
template <class Bilter, class traits, class Alloc>
bool operator>=(const sub_match<Bilter>& lhs,
const std::basic_string<iterator_traits<Bilter>::value_type,
traits, Alloc>& rhs);
template <class Bilter, class traits, class Alloc>
bool operator<=(const sub_match<BilIter>& 1lhs,
const std::basic_string<iterator_traits<Bilter>::value_type,
traits, Alloc>& rhs);
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template <class Bilter>
bool operator==(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);
template <class Bilter>
bool operator!=(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);
template <class Bilter>
bool operator<(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);
template <class Bilter>
bool operator>(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);
template <class Bilter>
bool operator>=(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);
template <class Bilter>
bool operator<=(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);

template <class Bilter>
bool operator==(const sub_match<Bilter >& 1lhs,
typename iterator_traits<Bilter>::value_type const* rhs);
template <class Bilter>
bool operator!=(const sub_match<Bilter >& 1lhs,
typename iterator_traits<Bilter>::value_type const* rhs);
template <class Bilter>
bool operator<(const sub_match<Bilter >& 1lhs,
typename iterator_traits<Bilter>::value_type const* rhs);
template <class Bilter>
bool operator>(const sub_match<Bilter >& 1lhs,
typename iterator_traits<Bilter>::value_type const* rhs);
template <class Bilter>
bool operator>=(const sub_match<Bilter >& 1lhs,
typename iterator_traits<Bilter>::value_type const* rhs);
template <class Bilter>
bool operator<=(const sub_match<Bilter >& 1lhs,
typename iterator_traits<Bilter>::value_type const* rhs);

template <class Bilter>

bool operator==(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);

template <class Bilter>

bool operator!=(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);

template <class Bilter>

bool operator<(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);

template <class Bilter>

bool operator>(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);
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template <class Bilter>

bool operator>=(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);

template <class Bilter>

bool operator<=(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);

template <class Bilter>
bool operator==(const sub_match<Bilter >& 1lhs,
typename iterator_traits<Bilter>::value_type const& rhs);
template <class Bilter>
bool operator!=(const sub_match<Bilter >& 1lhs,
typename iterator_traits<Bilter>::value_type const& rhs);
template <class Bilter>
bool operator<(const sub_match<Bilter >& 1lhs,
typename iterator_traits<Bilter>::value_type const& rhs);
template <class Bilter>
bool operator>(const sub_match<Bilter >& 1lhs,
typename iterator_traits<Bilter>::value_type const& rhs);
template <class Bilter>
bool operator>=(const sub_match<Bilter >& 1lhs,
typename iterator_traits<Bilter>::value_type const& rhs);
template <class Bilter>
bool operator<=(const sub_match<Bilter >& 1lhs,
typename iterator_traits<Bilter>::value_type const& rhs);

template <class charT, class traits, class Bilter>
basic_ostream<charT, traits>&
operator<<(basic_ostream<charT, traits>& os, const sub_match<Bilter>& m);

/1 [7.1Q Class template match_results
template <class Bidirectionallterator,
class Allocator = allocator<
typename iterator_traits<Bidirectionallterator >::value_type > >
class match_results;

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;

/1 match_result comparisons

template <class Bidirectionallterator, class Allocator>

bool operator == (const match_results<Bidirectionallterator , Allocator>& ml,
const match_results<Bidirectionallterator, Allocator>& m2);

template <class Bidirectionallterator, class Allocator>

bool operator != (const match_results<Bidirectionallterator , Allocator>& ml,
const match_results<Bidirectionallterator, Allocator>& m2);

/1 match_result /O
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template <class charT, class traits,
class Bidirectionallterator , class Allocator>
basic_ostream<charT, traits>&
operator << (basic_ostream<charT, traits>& os,
const match_results<Bidirectionallterator , Allocator>& m);

/1 [7.10.9 match_result swap

template <class Bidirectionallterator, class Allocator>

void swap(match_results<Bidirectionallterator , Allocator>& ml,
match_results<Bidirectionallterator, Allocator>& m2);

/1 [7.11.3 Function template regex_match
template <class Bidirectionallterator, class Allocator,
class charT, class traits>
bool regex_match(BidirectionalIlterator first, Bidirectionallterator last,
match_results<Bidirectionallterator , Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);
template <class Bidirectionallterator,
class charT, class traits>
bool regex_match(BidirectionalIterator first, Bidirectionallterator last,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);
template <class charT, class Allocator, class traits>
bool regex_match(const charT* str, match_results<const charT*, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);
template <class ST, class SA, class Allocator,
class charT, class traits>
bool regex_match(const basic_string<charT, ST, SA>& s,
match_results<typename basic_string<charT, ST, SA>
::const_iterator,
Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);
template <class charT, class traits>
bool regex_match(const charT* str,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);
template <class ST, class SA, class charT, class traits>
bool regex_match(const basic_string<charT, ST, SA>& s,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);
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/1 [7.11.3 Function template regex_search
template <class Bidirectionallterator, class Allocator,
class charT, class traits>
bool regex_search(Bidirectionallterator first, Bidirectionallterator last,
match_results<Bidirectionallterator , Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);
template <class Bidirectionallterator,
class charT, class traits>
bool regex_search(Bidirectionallterator first, Bidirectionallterator last,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);
template <class charT, class Allocator, class traits>
bool regex_search(const charT#* str,
match_results<const charTx, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);
template <class charT, class traits>
bool regex_search(const charT* str
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags

= regex_constants::match_default);
template <class ST, class SA,
class charT, class traits>
bool regex_search(const basic_string<charT, ST, SA>& s,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);
template <class ST, class SA, class Allocator,
class charT, class traits>
bool regex_search(const basic_string<charT, ST, SA>& s,
match_results<typename basic_string<charT, ST, SA>
::const_iterator,
Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

/1 [7.11.4 Function template regex_replace
template <class OutputlIterator, class Bidirectionallterator,
class traits, class charT>

OutputIterator regex_replace(OutputIterator out,
BidirectionallIterator first,
Bidirectionallterator last,
const basic_regex<charT, traits>& e,
const basic_string<charT>& fmt,
regex_constants::match_flag_type flags
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= regex_constants::match_default);
template <class traits, class charT>
basic_string<charT> regex_replace(const basic_string<charT>& s,
const basic_regex<charT, traits>& e,
const basic_string<charT>& fmt,
regex_constants::match_flag_type flags
= regex_constants::match_default);

/1 [7.12.9 Class template regex_iterator

template <class Bidirectionallterator,
class charT = iterator_traits<Bidirectionallterator >::value_type,
class traits = regex_traits<charT> >

class regex_iterator;

typedef regex_iterator<const char*> cregex_iterator;

typedef regex_iterator<const wchar_t*> wcregex_iterator;

typedef regex_iterator<string::const_iterator> sregex_iterator;

typedef regex_iterator<wstring::const_iterator> wsregex_iterator;

/1 [7.12.3 Class template regex_token_iterator

template <class Bidirectionallterator,
class charT = iterator_traits<Bidirectionallterator >::value_type,
class traits = regex_traits<charT> >

class regex_token_iterator;

typedef regex_token_iterator<const char*> cregex_token_iterator;

typedef regex_token_iterator<const wchar_t*> wcregex_token_iterator;

typedef regex_token_iterator<string::const_iterator> sregex_token_iterator;

typedef regex_token_iterator<wstring::const_iterator> wcregex_token_iterator;

} // namespace trl
} // namespace std

7.5 Namespacerl::regex_constants [tr.re.const]

The namespacerl: :regex_constants acts as a repository for the symbolic constants used by the regular expression
library. This namespace provides three typemtax_option_type, match_flag_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;

/] these flags are required:

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;
/] these flags are optional; if the functionality is supported

/| then the flags shall take these names.
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static const syntax_option_type basic;
static const syntax_option_type extended;
static const syntax_option_type awk;
static const syntax_option_type grep;
static const syntax_option_type egrep;

} // namespace regex_constants
} // namespace trl

1 The typesyntax_option_type is an implementation defined bitmask type (817.3.2.1.2). Setting its elements has

the effects listed in tablé6. A valid value of typesyntax_option_type shall have exactly one of the elements
ECMAScript, basic, extended, awk, grep, egrep, Set.

Table 16:syntax_option_type effects

| Element Effect(s) if set
icase Specifies that matching of regular expressions against a character container se-
quence shall be performed without regard to case.
nosubs Specifies that when a regular expression is matched against a character cpntainer

sequence, then no sub-expression matches are to be stored in the supplied match_-
results structure.
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 expression objects are constructed. Otherwise it has no detectablg effect
on the program output.
collate Specifies that character ranges of the form “[a-b]” should be locale sensitive.
ECMAScript  Specifies that the grammar recognized by the regular expression engine uses its
normal semantics: that is the same as that given in the ECMA-362 [
basic Specifies that the grammar recognized by the regular expression engine is the same
as that used by POSIX basic regular expressiankif IEEE Std 1003.1-2001
Portable Operating System Interface (POSIX ), Base Definitions and Headers,
Section 9, Regular Expressions .
extended Specifies that the grammar recognized by the regular expression engine is the same
as that used by POSIX extended regular expressioiisifi IEEE Std 1003.1-
2001, Portable Operating System Interface (POSIX ), Base Definitions and Head-
ers, Section 9, Regular Expressions .

awk Specifies that the grammar recognized by the regular expression engine|is the
same as that used by POSIX utility awk in IEEE Std 1003.1-200] [

grep Specifies that the grammar recognized by the regular expression engine| is the
same as that used by POSIX utility grep in IEEE Std 1003.1-20001 [

egrep Specifies that the grammar recognized by the regular expression enging is the

same as that used by POSIX utility grep when given the -E option in IEEF Std
1003.1-2001711].

7.5.2 Bitmask Typeregex_constants: :match_flag_type [tr.re.matchflag]
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namespace trl { namespace regex_constants{

typedef bitmask_type regex_constants::match_flag_type;

static const regex_constants::match_flag_type match_default = 0;
static const regex_constants::match_flag_type match_not_bol;
static const regex_constants::match_flag_type match_not_eol;
static const regex_constants::match_flag_type match_not_bow;
static const regex_constants::match_flag_type match_not_eow;
static const regex_constants::match_flag_type match_any;

static const regex_constants::match_flag_type match_not_null;
static const regex_constants::match_flag_type match_continuous;
static const regex_constants::match_flag_type match_partial;
static const regex_constants::match_flag_type match_prev_avail;
static const regex_constants::match_flag_type format_default = O;
static const regex_constants::match_flag_type format_sed;

static const regex_constants::match_flag_type format_perl;
static const regex_constants::match_flag_type format_no_copy;
static const regex_constants::match_flag_type format_first_only;

} // namespace regex_constants
} // namespace trl

1 The typeregex_constants: :match_flag_type iS an implementation defined bitmask type (§17.3.2.1.2). Matching
aregular expression against a sequence of chardaterst, last) proceeds according to the normal rules of ECMA-
262 [7], modified according to the effects listed in taliléfor any bitmask elements set.

7.5.3

Implementation definederror_type [tr.re.err]

namespace trl { namespace regex_constants {
typedef implementation defined error_type;

const
const
const
const
const
const
const
const
const
const
const
const
const

static
static
static
static
static
static
static
static
static
static
static
static
static

error_type
error_type
error_type
error_type
error_type
error_type
error_type
error_type
error_type
error_type
error_type
error_type
error_type

error_collate;
error_ctype;
error_escape;
error_backref;
error_brack;
error_paren;
error_brace;
error_badbrace;
error_range;
error_space;
error_badrepeat;
error_complexity;
error_stack;

} // namespace regex_constants
} // namespace trl
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Table 17:regex_constants: :match_flag_type effects when obtaining a match against a character container se-
quence[first,last).
] Element Effect(s) if set \

match_not_bol The first character in the sequelftierst, last) is treated as though it is not
at the beginning of a line, so the character in the regular expression shall not
match[first, first).

match_not_eol The last character in the sequdifdest, last) is treated as though it is nat
at the end of a line, so the charactér in the regular expression shall not match
[last, last).

match_not_bow The expressitb" is not matched against the sub-sequence [first,first).

match_not_eow The expressitkb" should not be matched against the sub-sequence [last,last).

match_any If more than one match is possible then any match is an acceptable result.
match_not_null The expression does not match an empty sequence.

match_continuous  The expression only matchs a sub-sequence that begins at first .

match_partial If no match is found, then it is acceptable to return a match [from, |last)

where from!=last, if there exists some sequence of characters [from,to) of which
[from,last) is a prefix, and which would result in a full match.

match_prev_avail - -firstis a valid iterator position. When this flag is set then the flags match| not_-
bol and match_not_bow are ignored by the regular expression algoritirhand
iterators7.12

format_default When a regular expression match is to be replaced by a new string, the new string
is constructed using the rules used by the ECMAScript replace function in ECMA-
262 [7], part 15.4.11 String.prototype.replace. In addition, during search and re-
place operations all non-overlapping occurrences of the regular expression are
located and replaced, and sections of the input that did not match the expression,
are copied unchanged to the output string.

format_sed When a regular expression match is to be replaced by a new string, the ney string
is constructed using the rules used by the POSIX sed utility in IEEE Std 1003.1-
2001 [L1].

format_perl When a regular expression match is to be replaced by a new string, the new

string is constructed using an implementation defined superset of the |rules
used by the ECMAScript replace function in ECMA-262],[ part 15.4.11
String.prototype.replace.

format_no_copy During a search and replace operation, sections of the character contajner se-
guence being searched that do match the regular expression are not copied to the
output string.

format_first_only ~ When specified during a search and replace operation, only the first occurrence of
the regular expression is replaced.
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1 The typeerror_type is an implementation defined enumeration type (817.3.2.1.2). Values oétype _type repre-
sent the error conditions as described in taléle

Table 18:error_type values in the C locale

] Value

Error condition \

error_collate

The expression contained an invalid collating element name.

error_ctype

The expression contained an invalid character class name.

error_escape

The expression contained an invalid escaped character, or a trailing escape

error_backref

The expression contained an invalid backreference.

error_brack

The expression contained mismatcHeahd].

error_paren

The expression contained mismatcheand) .

error_brace

The expression contained mismatcHeahd}

error_badbrace

The expression contained an invalid range ifi-@xpression.

error_range

The expression contained an invalid character range, for exaibptd .

error_space

There was insufficient memory to convert the expression into a finite statg ma-
chine.

error_badrepeat

One of*7+{ 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 icould
match the specified character sequence.

7.6 Classregex_error

class regex_error

[tr.re.badexp]

public std::runtime_error

explicit regex_error (regex_constants::error_type ecode);

{

public:
regex_constants

};

1 The classregex_error defines the type of objects thrown as exceptions to report errors from the regular expression

::error_type code() const;

library.

regex_error (regex_constants::error_type ecode);
2 Effects:Constructs an object of classgex_error.
3 Postcondition: ecode == code()

regex_constants::error_type code () const;

4 Returns:The error code that was passed to the constructor.

7.7 Classtemplateregex_traits [tr.re.traits]
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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;

regex_traits ();

static size_type length(const char_typex* p);

charT translate(charT c) const;

charT translate_nocase (charT c) const;

template <class ForwardIterator>
string_type transform(ForwardIterator first,
ForwardIterator last) const;

template <class ForwardIterator>
string_type transform_primary(ForwardIterator first,
ForwardIterator last) const;

template <class ForwardIterator>
char_class_type lookup_classname(ForwardIterator first,
ForwardIterator last) const;

template <class ForwardIterator>
string_type lookup_collatename (ForwardIterator first,
ForwardIterator last) const;

bool isctype(charT c, char_class_type f) const;

int value(charT ch, int radix) const;

locale_type imbue(locale_type 1);

locale_type getloc () const;

3

The class templateegex_traits is capable of being specialized for the typgmr andwchar_t and satisfies the
requirements for a regular expression traits cl&@s3 (

typedef bitmask_type char_class_type;

The typechar_class_type is used to represent a character classification and is capable of holding an implementation
specific set returned yookup_classname.

static size_type length(const char_typex* p);
Returns:char_traits<charT>::length(p);

charT translate(charT c) const;

Returns:(c).

charT translate_nocase (charT c) const;

Returns:use_facet<ctype<charT> >(getloc()).tolower(c).
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template <class ForwardIterator>
string_type transform(ForwardIterator first,
ForwardIterator last) const;

6 Effects:

string_type str(first, last);
return use_facet<collate<charT> >(getloc()).transform(
&*xstr.begin(), &*str.end());

template <class ForwardIterator>
string_type transform_primary(ForwardIterator first,
ForwardIterator last) const;

7 Effects:if typeid(use_facet<collate<charT> >) == typeid(collate_byname<charT>) and the form
of the sort key returned byollate_byname<charT> ::transform(first, last) is known and can be con-
verted into a primary sort key then returns that key, otherwise returns an empty string.

template <class ForwardIterator>
char_class_type lookup_classname(ForwardIterator first,
ForwardIterator last) const;

8 Returns:an unspecified value that represents the character classification named by the character sequence desig-
nated by the iterator range&irst, last). The value returned shall be independent of the case of the characters
in the character sequence. If the name is not recognized then returns a value that compares equal to 0.

9 Notes:For regex_traits<char>, at least the namesi", "w", "s", "alnum", "alpha", "blank", "cntrl"
"digit", "graph", "lower", "print", "punct", "space", "upper" and"xdigit" shall be recognized. For
regex_traits<wchar_t>, at least the namas'd", L"w", L"s", L"alnum", L"alpha", L"blank", L"cntrl",
L"digit", L"graph", L"lower", L"print", L"punct", L"space", L"upper" andL"xdigit" shall be recog-
nized.

template <class ForwardIterator>
string_type lookup_collatename (ForwardIterator first,
ForwardIterator last) const;

10 Returns:a sequence of one or more characters that represents the collating element consisting of the character
sequence designated by the iterator rabfjerst, last). Returns an empty string if the character sequence is
not a valid collating element.

bool isctype(charT c, char_class_type f) const;
11 Effects:Determines if the characteris a member of the character classification representetd by

12 Returns:Convertsf into a valuen of typestd: : ctype_base: :mask in an unspecified manner, and retutasie
if use_facet<ctype<charT> >(getloc()).is(c, m) is true. Otherwise returnsrue if £ bitwise or'ed
with the result of callinglookup_classname with an iterator pair that designates the character sequericis
notequalto 0 and == ’_’, orif £ bitwise or'ed with the result of callingookup_classname with an iterator
pair that designates the character sequéteank" is not equal to 0 and is one of an implementation-defined
subset of the characters for whithspace (c, getloc()) returnstrue, otherwise returnsalse.

int value(charT ch, int radix) const;
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Precondition:The value ofradix shall be 8, 10, or 16.

Returns:the value represented by the digh in baseradix if the characterch is a valid digit in baseaadix;
otherwise returns -1.

locale_type imbue(locale_type loc);

Effects:Imbuesthis with a copy of the localdoc. [Note: calling imbue with a different locale than the one
currently in use invalidates all cached data heldhys. — end notg

Returns:if no locale has been previously imbued then a copy of the global locale in effect at the time of construc-
tion of this, otherwise a copy of the last argument passeihtae.

Postconditionigetloc() == loc.

locale_type getloc()const;

Returnsif no locale has been imbued then a copy of the global locale in effect at the time of construatiars pf
otherwise a copy of the last argument passeihtaie.
7.8 Class templatéasic_regex [tr.re.regex]

For a char-like typeharT, the class templateasic_regex describes objects that represent a regular expression con-
structed from a sequence afiarTs. 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 functionsbakelassegex.

Objects of type specialization afasic_regex are responsible for converting the sequencelafrT 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 expressionsofe: implementations will typically declare some function template as friends of
basic_regex to achieve this—end notg

indexgrammar!regular expressionThe regular expression grammar recognized by class templateegex is de-
scribed in claus&.13

The functions described in this clause report errors by throwing exceptions afégpe_error.

template <class charT,

class traits = regex_traits<charT> >
class basic_regex
{
public:
/1 types:
typedef charT value_type;
typedef regex_constants::syntax_option_type <flag_type;
typedef typename traits::locale_type locale_type;

/1 constants:
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

Draft: September 10, 2004



7.8 Class templatéasic_regex

Regular expressions

138

= regex_constants::optimize;

static const regex_constants::syntax_option_type
= regex_constants::collate;

static const regex_constants::syntax_option_type
= regex_constants::ECMAScript;

/'l these flags are optional, if the functionality is supported

/I then the flags shall take these names.

static const regex_constants::syntax_option_type
= regex_constants::basic;

static const regex_constants::syntax_option_type
= regex_constants::extended;

static const regex_constants::syntax_option_type
= regex_constants::awk;

static const regex_constants::
= regex_constants::grep;

static const regex_constants::syntax_option_type
= regex_constants::egrep;

syntax_option_type

/'l construct/copy/destroy:

basic_regex ();

explicit basic_regex(const charT* p,
flag_type f = regex_constants::ECMAScript);

basic_regex (const charT#* p, size_type len,

basic_regex (const basic_regex&);

template <class ST, class SA>

explicit basic_regex(const basic_string<charT,
flag_type f = regex_constants::ECMAScript);

template <class InputIterator>

basic_regex (InputIterator first,
flag_type f = regex_constants::ECMAScript);

“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,

/'l capacity:
bool empty () const;
unsigned mark_count () const;

/11

/1 modifiers:

basic_regex& assign(const basic_regex& that);

basic_regex& assign(const charT* ptr,
flag_type f =

basic_regex& assign(const charT* p,

template <class string_traits, class A>

basic_regex& assign(

const basic_string<charT, string_traits,
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flag_type f = regex_constants::ECMAScript);
template <class InputlIterator>
basic_regex& assign(InputIterator first, InputlIterator last,
flag_type f = regex_constants::ECMAScript);

/| const operations:

flag_type flags() const;

/1 locale:

locale_type imbue(locale_type loc);
locale_type getloc() const;

/1 swap

void swap(basic_regex&) throw();

};

7.8.1 basic_regex constants [tr.re.regex.const]

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
= regex_constants::ECMAScript;

/1 these flags are optional, if the functionality is supported

/| then the flags shall take these names.

static const regex_constants::syntax_option_type basic
= regex_constants::basic;

static const regex_constants::syntax_option_type extended
= regex_constants::extended;

static const regex_constants::syntax_option_type awk
= regex_constants::awk;

static const regex_constants::syntax_option_type grep
= regex_constants::grep;

static const regex_constants::syntax_option_type egrep
= regex_constants::egrep;

The static constant members are provided as synonyms for the constants declared in nategsgacenstants;
for each constant of typgyntax_option_type declared in namespaeegex_constants a constant with the same
name, type and value shall be declared within the scopesfc_regex.

7.8.2 basic_regex constructors [tr.re.regex.construct]

basic_regex ();
Effects:Constructs an object of clabssic_regex. The postconditions of this function are indicated in Talfle

basic_regex (const charT* p, flag_type f = regex_constants::ECMAScript);
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Table 19:basic_regex () effects
| Element Value \

| empty()  true |

2 Requires: pshall not be a null pointer.
3 Throws:regex_error if pis not a valid regular expression.
4 Effects:Constructs an object of clabasic_regex; the object’s internal finite state machine is constructed from

the regular expression contained in the arrayx®drT of length char_traits<charT>::length(p) whose
first element is designated lpy and interpreted according to the fladgsThe postconditions of this function are
indicated in Table20.

Table 20:basic_regex(const charTx p, flag_type f) effects

| Element Value \
empty () false
flags() f
mark_count() The number of marked sub-expressions within the fex-
pression.

basic_regex (const charT* p, size_type len, flag_type £f);

5 Requires: shall not be a null pointer.
6 Throws:regex_error if pis not a valid regular expression.
7 Effects:Constructs an object of clabasic_regex; the object’s internal finite state machine is constructed from

the regular expression contained in the sequence of chardgters+len), and interpreted according the flags
specified inf. The postconditions of this function are indicated in Tahle

Table 21:basic_regex(const charTx pl, size_type len, flag_type f) effects

| Element Value \
empty () false
flags() f
mark_count () The number of marked sub-expressions within the fex-
pression.

basic_regex (const basic_regex& e);

8 Effects:Constructs an object of clabasic_regex as a copy of the objeet The postconditions of this function
are indicated in Tablg2

template <class ST, class SA>
basic_regex (const basic_string<charT, ST, SA>& s,
flag_type f = regex_constants::ECMAScript);
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Table 22:basic_regex(const basic_regex& e) effects

| Element Value
empty () e.empty
flags() e.flags()
mark_count() e.mark_count()

9 Throws:regex_error if s is not a valid regular expression.

10 Effects:Constructs an object of clabasic_regex; the object’s internal finite state machine is constructed from
the regular expression contained in the stigngnd interpreted according to the flags specifiefl ifhe postcon-
ditions of this function are indicated in Tali?8

Table 23:basic_regex(const basic_string&) effects

| Element Value \
empty () false
flags() f
mark_count() The number of marked sub-expressions within the jex-
pression.

template <class ForwardIterator>
basic_regex (ForwardIterator first, ForwardIterator last,
flag_type f = regex_constants::ECMAScript);

11 Throws:regex_error if the sequencéirst, last) is not a valid regular expression.

12 Effects:Constructs an object of clabasic_regex; the object’s internal finite state machine is constructed from
the regular expression contained in the sequence of chard¢terst, last), and interpreted according to the
flags specified irf. The postconditions of this function are indicated in Tatle

Table  24: basic_regex(ForwardIterator first, ForwardIterator last, flag type f, const
Allocator&) effects
| Element Value \
empty () false
flags() f
mark_count() The number of marked sub-expressions within the fex-
pression.

basic_regex& operator=(const basic_regex& e);

13 Effects:Returns the result afssign(e.str(), e.flags()).
basic_regex& operator=(const charT* ptr);

14 Requiresptr shall not be a null pointer.

15 Effects:Returns the result afssign(ptr).
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template <class ST, class SA>

basic_regex& operator=(const basic_string<charT, ST, SA>& p);

Effects:Returns the result afssign(p).

7.8.3 basic_regex capacity

bool empty() const;

[tr.re.regex.cap]

Effects:Returns true if the object does not contain a valid regular expression, otherwise false.

unsigned mark_count () const;

Effects:Returns the number of marked sub-expressions within the regular expresion.

7.8.4 basic_regex assign

basic_regex& assign(const basic_regex& that);

Effects:Returnsassign(that.str(), that.flags()).

basic_regex& assign(const charT* ptr,
flag_type f = regex_constants

Effects:Returnsassign(string_type(ptr), f).

basic_regex& assign(const charT* ptr, size_t len,
flag_type f = regex_constants

Effects:Returnsassign(string_type(ptr, len), f).

template <class string_traits, class A>

[tr.re.regex.assign]

::ECMAScript);

:: ECMAScript);

basic_regex& assign(const basic_string<charT, string_traits, A>& s,

flag_type f = regex_constants

Throws:regex_error if s is not a valid regular expression.

Returns:*this.

::ECMAScript);

Effects:Assigns the regular expression contained in the stsinigterpreted according the flags specifiedtin

The postconditions of this function are indicated in Take

Table 25:basic_regex& assign(const basic_string<charT,

string_traits, A>& s, flag type f) ef-

fects
| Element Value \
empty () false
flags() f

pression.

mark_count() The number of marked sub-expressions within the fex-
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template <class InputlIterator>
basic_regex& assign(InputIterator first, Inputlterator last,
flag_type f = regex_constants::ECMAScript);

RequiresThe typeInputIterator corresponds to the Input Iterator requirements (824.1.1).

Effects:Returnsassign(string_type(first, last), f).

7.8.5 basic_regex constant operations [tr.re.regex.operations]

flag_type flags() const;

Effects:Returns a copy of the regular expression syntax flags that were passed to the object’s constructor, or the
last call toassign.

7.8.6 basic_regex locale [tr.re.regex.locale]

locale_type imbue(locale_type loc);

Effects:Returns the result ofraits_inst.imbue(loc) wheretraits_inst is a (default initialized) instance
of the template type argumetitaits stored within the object. Calls tanbue invalidate any currently contained
regular expression.

Postconditionempty () == true.

locale_type getloc() comnst;

Effects:Returns the result dfraits_inst.getloc() wheretraits_inst is a (default initialized) instance of
the template parameteraits stored within the object.

7.8.7 basic_regex swap [tr.re.regex.swap]

void swap(basic_regex& e) throw();
Effects:Swaps the contents of the two regular expressions.

Postcondition:xthis contains the regular expression that was,ie contains the regular expression that was in
*this.

Complexity:constant time.

7.8.8 basic_regex non-member functions [tr.re.regex.nonmemb]

7.8.8.1 basic_regex non-member swap [tr.re.regex.nmswap]

template <class charT, class traits>
void swap(basic_regex<charT, traits>& 1lhs,
basic_regex<charT, traits>& rhs);

Effects:Calls1hs. swap(rhs).
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7.9 Class templatesub_match [tr.re.submatch]

1 Class templateub_match denotes the sequence of characters matched by a particular marked sub-expression.

template <class Bidirectionallterator>
class sub_match
public std::pair<BidirectionalIlterator , BidirectionallIterator>
{
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;

};

7.9.1 sub_match members [tr.re.submatch.members]
difference_type length();

1 Returns:(matched ? distance(first, second) : 0).
operator basic_string<value_type>()const;

2 Returns:(matched 7 basic_string<value_type>(first, second)
basic_string<value_type>()).

basic_string<value_type> str () const;

3 Returns:(matched 7 basic_string<value_type>(first, second)
basic_string<value_type>()).

int compare (const sub_match& s)const;
4 Returns:str () . compare(s.str()).

int compare(const basic_string<value_type>& s)const;
5 Returns:str () . compare(s).

int compare(const value_type* s)const;
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Returns:str () . compare(s).

7.9.2 sub_match nhon-member operators [tr.re.submatch.op]

template <class Bilter>
bool operator==(const sub_match<BiIter>& lhs, const sub_match<Bilter>& rhs);

Returns:lhs. compare(rhs) ==

template <class Bilter>
bool operator!=(const sub_match<Bilter>& 1lhs, const sub_match<Bilter >& rhs);

Returnslhs.compare(rhs) != O.

template <class BilIter>
bool operator<(const sub_match<BiIter>& lhs, const sub_match<Bilter >& rhs);

Returns:lhs. compare(rhs) < O.

template <class Bilter>
bool operator<=(const sub_match<Bilter >& 1lhs, const sub_match<Bilter>& rhs);

Returns:lhs. compare(rhs) <= 0.

template <class Bilter>
bool operator>=(const sub_match<Bilter>& 1lhs, const sub_match<Bilter >& rhs);

Returns:lhs. compare(rhs) >= 0.

template <class Bilter>
bool operator>(const sub_match<Bilter>& lhs, const sub_match<Bilter>& rhs);

Returns:lhs. compare(rhs) > O.

template <class Bilter, class traits, class Allocator>
bool operator==(const basic_string<iterator_traits<Bilter>::value_type,
traits, Allocator >& lhs,
const sub_match<Bilter>& rhs);

Returns:lhs == rhs.str().

template <class Bilter, class traits, class Allocator>
bool operator!=(const basic_string<iterator_traits<Bilter>::value_type,
traits, Allocator >& lhs,
const sub_match<Bilter>& rhs);

Returnsilhs !'= rhs.str().

template <class Bilter, class traits, class Allocator>
bool operator<(const basic_string<iterator_traits<Bilter >::value_type,
traits, Allocator>& lhs,
const sub_match<Bilter>& rhs);
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Returns:lhs < rhs.str().

template <class BilIter, class traits, class Allocator>
bool operator>(const basic_string<iterator_traits<Bilter >::value_type,
traits, Allocator >& 1lhs,
const sub_match<Bilter>& rhs);

Returns:lhs > rhs.str().

template <class Bilter, class traits, class Allocator>
bool operator>=(const basic_string<iterator_traits<Bilter>::value_type,
traits, Allocator >& 1lhs,
const sub_match<Bilter>& rhs);

Returns:lhs >= rhs.str().

template <class Bilter, class traits, class Allocator>
bool operator<=(const basic_string<iterator_traits<Bilter>::value_type
traits, Allocator >& lhs,
const sub_match<BiIter>& rhs);

Returns:lhs <= rhs.str().

template <class BilIter, class traits, class Allocator>
bool operator==(const sub_match<Bilter>& 1lhs,
const basic_string<iterator_traits<Bilter>::value_type
traits, Allocator>& rhs);

Returnsilhs.str() == rhs.

template <class Bilter, class traits, class Allocator>
bool operator!=(const sub_match<Bilter>& 1lhs,
const basic_string<iterator_traits<Bilter>::value_type
traits, Allocator>& rhs);

Returnsilhs.str() != rhs.

template <class Bilter, class traits, class Allocator>
bool operator<(const sub_match<Bilter >& lhs,
const basic_string<iterator_traits<Bilter>::value_type,
traits, Allocator >& rhs);

Returns:lhs.str() < rhs.

template <class Bilter, class traits, class Allocator>
bool operator>(const sub_match<Bilter >& 1lhs,
const basic_string<iterator_traits<Bilter>::value_type,
traits, Allocator>& rhs);

Returns:lhs.str() > rhs.

template <class Bilter, class traits, class Allocator>
bool operator>=(const sub_match<Bilter>& 1lhs,
const basic_string<iterator_traits<Bilter>::value_type,
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traits, Allocator>& rhs);

Returnsilhs.str() >= rhs.

template <class Bilter, class traits, class Allocator>
bool operator<=(const sub_match<BilIter >& 1lhs,
const basic_string<iterator_traits<Bilter>::value_type,
traits, Allocator>& rhs);

Returnsilhs.str() <= rhs.

template <class Bilter>
bool operator==(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);

Returns:lhs == rhs.str().

template <class Bilter>
bool operator!=(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);

Returnsilhs !'= rhs.str().

template <class Bilter>
bool operator<(typename iterator_traits<Bilter>::value_type const* 1lhs,
const sub_match<Bilter>& rhs);

Returns:lhs < rhs.str().

template <class Bilter>
bool operator>(typename iterator_traits<Bilter>::value_type const* 1lhs,
const sub_match<Bilter>& rhs);

Returns:lhs > rhs.str().

template <class Bilter>
bool operator>=(typename iterator_traits<Bilter>::value_type constx* 1lhs,
const sub_match<Bilter>& rhs);

Returns:lhs >= rhs.str().

template <class Bilter>
bool operator<=(typename iterator_traits<Bilter>::value_type constx* 1lhs,
const sub_match<Bilter>& rhs);

Returnsilhs <= rhs.str().

template <class Bilter>
bool operator==(const sub_match<BiIter >& 1lhs,
typename iterator_traits<Bilter>::value_type const* rhs);

Returnsilhs.str() == rhs.

template <class Bilter>
bool operator!=(const sub_match<BiIter>& 1lhs,
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typename iterator_traits<Bilter>::value_type const* rhs);

Returns:lhs.str() != rhs.

template <class Bilter>
bool operator<(const sub_match<Bilter >& 1lhs,
typename iterator_traits<Bilter>::value_type const* rhs);

Returns:lhs.str() < rhs.

template <class Bilter>
bool operator>(const sub_match<Bilter >& 1lhs,
typename iterator_traits<Bilter>::value_type const* rhs);

Returns:lhs.str() > rhs.

template <class Bilter>
bool operator>=(const sub_match<BiIter >& 1lhs,
typename iterator_traits<Bilter>::value_type const* rhs);

Returnsilhs.str() >= rhs.

template <class Bilter>
bool operator<=(const sub_match<BiIter>& 1lhs,
typename iterator_traits<Bilter>::value_type const* rhs);

Returnsilhs.str() <= rhs.

template <class Bilter>
bool operator==(typename iterator_traits<Bilter>::value_type const& 1lhs,
const sub_match<Bilter>& rhs);

Returns:lhs == rhs.str().

template <class Bilter>
bool operator!=(typename iterator_traits<Bilter>::value_type const& 1lhs,
const sub_match<Bilter>& rhs);

Returns:lhs !'= rhs.str().

template <class Bilter>
bool operator<(typename iterator_traits<Bilter>::value_type const& 1lhs,
const sub_match<Bilter>& rhs);

Returns:lhs < rhs.str().

template <class Bilter>
bool operator>(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<BilIter>& rhs);

Returns:lhs > rhs.str().

template <class Bilter>
bool operator>=(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<BiIter>& rhs);
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Returns:lhs >= rhs.str().

template <class Bilter>
bool operator<=(typename iterator_traits<Bilter>::value_type const& 1lhs,
const sub_match<Bilter>& rhs);

Returnsilhs <= rhs.str().

template <class Bilter>
bool operator==(const sub_match<BiIter >& 1lhs,
typename iterator_traits<Bilter>::value_type const& rhs);

Returnsilhs.str() == rhs.

template <class Bilter>
bool operator!=(const sub_match<Bilter>& 1lhs,
typename iterator_traits<Bilter>::value_type const& rhs);

Returnsilhs.str() !'= rhs.

template <class Bilter>
bool operator<(const sub_match<Bilter>& lhs,
typename iterator_traits<Bilter>::value_type const& rhs);

Returns:lhs.str() < rhs.

template <class Bilter>
bool operator>(const sub_match<BiIter>& lhs,
typename iterator_traits<Bilter>::value_type const& rhs);

Returns:lhs.str() > rhs.

template <class Bilter>
bool operator>=(const sub_match<Bilter>& 1lhs,
typename iterator_traits<Bilter>::value_type const& rhs);

Returnsilhs.str() >= rhs.

template <class Bilter>
bool operator<=(const sub_match<BiIter >& 1lhs,
typename iterator_traits<Bilter>::value_type const& rhs);

Returns:lhs.str() <= rhs.

template <class charT, class traits, class Bilter>
basic_ostream<charT, traits>&
operator<<(basic_ostream<charT, traits>& os, const sub_match<BiIter>& m);

Returns:(os << m.str()).

7.10 Class templatenatch_results [tr.re.results]

Class templateatch_results denotes a collection of character sequences representing the result of a regular expres-
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sion match. Storage for the collection is allocated and freed as necessary by the member functionsat ctass
results.

The class templateatch_results satisfies the requirements of a Sequence, as specified in [lib.sequence.regmts],
except that only operations defined for const-qualified Sequences are supported.

The sub_match object stored at index 0 represents sub-expression 0; that is to say the whole match. In this case
the sub_match membematched is always true, unless a partial match was obtained as a result of thecfiag_-
constants: :partial_match being passed to a regular expression algorithm, in which case memb#ared is false,

and the membergirst and second represent the character range that formed the partial match.sdthenatch

object stored at index denotes what matched the marked sub-expressigithin the matched expression. If the sub-
expressiom participated in a regular expression match thensthie® match membematched evaluates to true, and
membersfirst andsecond denote the range of charactditirst, second) which formed that match. Otherwise
matched is false, and memberkirst andsecond point to the end of the sequence that was searchiddtef The
sub_match objects representing different sub-expressions that did not participate in a regular expression match need
not be distinct—end notg

template <class Bidirectiomnallterator,
class Allocator
= allocator<sub_match<BidirectionalIlterator> >
class match_results

{

public:
typedef sub_match<BidirectionalIterator> value_type;
typedef typename allocator::const_reference 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;

/'l 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 ();

/1 size:

size_type size() const;

size_type max_size () const;

bool empty () const;

/1 element access:

difference_type length(size_type sub = 0) const;
difference_type position(size_type sub = 0) const;
string_type str(size_type sub = 0) const;
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const_reference operator[](size_type n) const;
const_reference prefix() const;

const_reference suffix() comnst;
const_iterator begin() const;
const_iterator end() const;
/1 format:
template <class OutputIterator>
OutputIterator format (OutputIterator out,

const string_type& fmt,

regex_constants::match_flag_type flags

= regex_constants::format_default) const;
string_type format(const string_type& fmt,
regex_constants::match_flag_type flags
= regex_constants::format_default) const;

allocator_type get_allocator () const;
void swap(match_results& that);
}s
7.10.1 match_results constructors [tr.re.results.const]

In all match_results 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 clasatch_results. The postconditions of this function are indicated in Ta-
ble 26

Table 26:match_results(const Allocator&) effects

| Element Value
empty()  true
size() 0
str() basic_string<charT>()

match_results (const match_results& m);
Effects:Constructs an object of clasatch_results, as a copy of.

match_results& operator=(const match_results& m);

Effects:Assignam to *this. The postconditions of this function are indicated in Table

7.10.2 match_results size [tr.re.results.size]

size_type size() const;
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Table 27:match_results assignment operator effects

| Element Value
empty () m.empty ()
size() m.size()
str(n) m.str(n) for allintegersn < m.size
prefix() m.prefix()
suffix() m.suffix()
(*this) [n]  m[n] for allintegersn < m.size
length(n) m.length(n) for all integersn < m.size
position(n) m.position(n) forallintegersa < m.size

Returns:One plus the number of marked sub-expressions in the regular expression that was matched.
size_type max_size () const;

Returns:The maximum number cfub_match elements that can be stored#this.
bool empty () const;

Returnsisize() ==

7.10.3 match_results element access [tr.re.results.acc]

difference_type length(size_type sub = 0)const;
Returns:(*xthis) [sub] .length().

difference_type position(size_type sub = 0)const;
Returns:std: :distance(prefix() .first, (*this) [sub].first).

string_type str(size_type sub = 0)const;
Returns:string_type ((xthis) [sub]).

const_reference operator[](size_type n) const;

Returns:A reference to thesub_match object representing the character sequence that matched marked sub-
expressiom. If n == 0 then returns a reference tosab_match object representing the character sequence
that matched the whole regular expressionn b= size () then returns &ub_match object representing an
unmatched sub-expression.

const_reference prefix()const;

Returns:A reference to thesub_match object representing the character sequence from the start of the string
being matched/searched, to the start of the match found.

const_reference suffix()const;
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Returns:A reference to thesub_match object representing the character sequence from the end of the match
found to the end of the string being matched/searched.
const_iterator begin () const;
Returns:A starting iterator that enumerates over all the marked sub-expression matches staieikin
const_iterator end()const;
Returns:A terminating iterator that enumerates over all the marked sub-expression matches stateidin
7.10.4 match_results reformatting [tr.re.results.reform]
OutputIterator format(OutputIterator out,
const string_type& fmt,
regex_constants::match_flag_type flags
= regex_constants::format_default);
RequiresThe typeQutputIterator conforms to the Output Iterator requirements [24.1.2].
Effects:Copies the character sequenifxnt .begin(), fmt.end()) to Outputlteratofout. For each format
specifier or escape sequencefiit, replace that sequence with either the character(s) it represents, or the se-
quence of characters withithis to which it refers. The bitmasks specifiedfibags determines what format
specifiers or escape sequences are recognized, by default this is the format used by ECMAg26215.4.11
String.prototype.replace.
Returns:out.
string_type format(const string_type& fmt,
regex_constants::match_flag_type flags
= regex_constants::format_default);
Effects:Returns a copy of the stringmt. For each format specifier or escape sequencenin replace that
sequence with either the character(s) it represents, or the sequence of characterettithito which it refers.
The bitmasks specified #ilags determines what format specifiers or escape sequences are recognized, by default
this is the format used by ECMA-262]| part 15.4.11, String.prototype.replace.
7.10.5 match_results allocator [tr.re.results.all]
allocator_type get_allocator () const;
Effects:Returns a copy of the Allocator that was passed to the object’s constructor.
7.10.6 match_results swap [tr.re.results.swap]

void swap(match_results& that);

Effects:Swaps the contents of the two sequences.
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Postcondition:*this contains the sequence of matched sub-expressions that wehatinthat contains the
sequence of matched sub-expressions that werehs.

Complexity:constant time.

7.11 Regular expression algorithms [tr.re.alg]
7.11.1 exceptions [tr.re.except]

The algorithms described in this subclause may throw an exception ofrggrex_error. If such an exceptior
is thrown,e.code () shall return eitheregex_constants: :error_complexity Of regex_constants::error_-
stack.

7.11.2 regex_match [tr.re.alg.match]

template <class BidirectionallIterator, class Allocator,
class charT, class traits>
bool regex_match(Bidirectionallterator first, Bidirectionallterator 1last,
match_results<Bidirectionallterator, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

RequiresTypeBidirectionalIterator satisfies the requirements of a Bidirectional Iterator (§24.1.4).

Effects:Determines whether there is an exact match between the regular expresaiwh all of the character
sequencdfirst, last), where the parametéilags is used to control how the expression is matched against
the character sequence. Retutmse if such a match exist€alse otherwise.

Postconditionsif the function returngalse, then the effect on parameteis unspecified, otherwise the effects
on parameten are given in tabl@8.

template <class Bidirectionallterator,
class charT, class traits>
bool regex_match(BidirectionalIterator first, Bidirectionallterator last,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

Effects:Behaves “as if” by constructing an instancemattch_results< Bidirectionallterator > what,
and then returning the result pégex_match(first, last, what, e, flags).

template <class charT, class Allocator, class traits>
bool regex_match(const charT* str,
match_results<const charT*, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

Returns:regex_match(str,
str + char_traits<charT>::length(str), m, e, flags).
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Table 28: Effects ofegex_match algorithm

] Element Value
m.size() 1 + 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 thegex_-
constants: :match_partial flag being set).

m[n] .first For all integersn < m.size(), the start of the se;
quence that matched sub-expressiorAlternatively,
if sub-expressiom did not participate in the match,
thenlast.

m[n] .second For all integersn < m.size(), the end of the set
guence that matched sub-expressiorAlternatively,
if sub-expressiom did not participate in the match,

thenlast.

m[n] .matched For all integersn < m.size(), true if sub-
expressiom participated in the matcifalse other-
wise.
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template <class ST, class SA, class Allocator,
class charT, class traits>

bool regex_match(const basic_string<charT, ST, SA>& s,

match_results<typename basic_string<charT, ST, SA>::const_iterator,

Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

Returns:regex_match(s.begin(), s.end(), m, e, flags).

template <class charT, class traits>
bool regex_match(const charT* str,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

Returns:regex_match(str,
str + char_traits<charT>::length(str), e, flags)

template <class ST, class SA, class charT, class traits>
bool regex_match(const basic_string<charT, ST, SA>& s,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

Returnsiregex_match(s.begin(), s.end(), e, flags).

7.11.3 regex_search [tr.re.alg.search]

template <class Bidirectionallterator, class Allocator,
class charT, class traits>
bool regex_search(Bidirectionallterator first, Bidirectionallterator last,
match_results<Bidirectionallterator, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

RequiresTypeBidirectionalIterator meets the requirements of a Bidirectional Iterator (24.1.4).

Effects:Determines whether there is some sub-sequence withinst ,1ast) that matches the regular expres-

sione, parameteflags is used to control how the expression is matched against the character sequence. Returns
true if such a sequence existg1se otherwise.

Postconditionsif the function returngalse, then the effect on parameteis unspecified, otherwise the effects
on parameten are given in tabl@9.

template <class charT, class Allocator, class traits>

bool regex_search(const charT* str, match_results<const charT#*, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
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Table 29: Effects ofegex_search algorithm

] Element Value
m.size() 1 + e.mark_count()
m.empty () false
m.prefix() .first first
m.prefix().last m[0] .first
m.prefix() .matched m.prefix().first != m.prefix().second
m.suffix() .first m[0] .second
m.suffix().last last
m.suffix() .matched m.suffix().first != m.suffix().second
m

(o].

first

The start of the sequence of characters that matg
the regular expression

m[0] .

second

The end of the sequence of characters that matche
regular expression

m[0].

matched

true if a full match was found, andalse if it was
a partial match (found as a result of thegex_-
constants: :match_partial flag being set).

m[n].

first

For all integersn < m.size(), the start of the ser

quence that matched sub-expressionAlternatively,
if sub-expressiom did not participate in the match
thenlast

m[n].

second

For all integersn < m.size(), the end of the set

quence that matched sub-expressiorAlternatively,
if sub-expressiom did not participate in the match
thenlast .

m[n].

matched

For all integersn < m.size(), true if sub-
expressiom participated in the matchtalse other-
wise.
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= regex_constants::match_default);

Returns:The result ofregex_search(str,
str + char_traits<charT>::length(str), m, e, flags).

template <class ST, class SA, class Allocator,
class charT, class traits>
bool regex_search(const basic_string<charT, ST, SA>& s,
match_results<typename basic_string<charT, ST, SA>::const_iterator,
Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

Returns:The result ofregex_search(s.begin(), s.end(), m, e, flags).

template <class iterator, class charT, class traits>
bool regex_search(iterator first, iterator last,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

Effects:Behaves “as if” by constructing an objedgtat of typematch_results<Bidirectionallterator>
and then returning the result pégex_search(first, last, what, e, flags).

template <class charT, class traits>
bool regex_search(const charT#* str
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

Returnsiregex_search(str, str + char_traits<charT>::length(str),
e, flags)

template <class ST, class SA,
class charT, class traits>
bool regex_search(const basic_string<charT, ST, SA>& s,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

Returns:regex_search(s.begin(), s.end(), e, flags).

7.11.4 regex_replace [tr.re.alg.replace]

template <class OutputIterator, class Bidirectionallterator,
class traits, class charT>
OutputIterator
regex_replace (OutputIterator out,
Bidirectionallterator first,
Bidirectionallterator last,
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const basic_regex<charT, traits>& e,

const basic_string<charT>& fmt,

regex_constants::match_flag_type flags
= regex_constants::match_default);

Effects:Constructs aegex_iterator objecti asif byregex_iterator<Bidirectionallterator, charT,
traits> i(first, last, e, flags), and uses to enumerate through all of the matchesf typematch_-
results<Bidirectionallterator> that occur within the sequendefirst, last). If no such matches
are found and! (flags & regex_constants ::format_no_copy) then callsstd::copy(first, last,
out). Otherwise, for each match found,!ifflags & regex_constants::format_no_copy) callsstd
copy(m.prefix().first, m.prefix().second, out), and then calls.format (out, fmt, flags). Fi-
nally, if ! (flags & regex_constants ::format_no_copy) callsstd::copy(last_m.suffix().first,
last_m.suffix().second, out) wherelast_m is a copy of the last match found. fflags & regex_-
constants: :format_first_only iS non-zero then only the first match found is replaced.

Returns:out.

template <class traits, class charT>
basic_string<charT>
regex_replace(const basic_string<charT>& s,
const basic_regex<charT, traits>& e,
const basic_string<charT>& fmt,
regex_constants::match_flag_type flags
= regex_constants::match_default);

Effects: Constructs an empty stringesult of type basic_string<charT>, calls regex_replace(back_-
inserter(result), s.begin(), s.end(), e, fmt, flags), and then returngesult.

7.12 Regular expression Iterators [tr.re.iter]
7.12.1 Classtemplateegex_iterator [tr.re.regiter]

The class templateegex_iterator is an iterator adapter. It represents a new view of an existing iterator sequence,

by enumerating all the occurrences of a regular expression within that sequenegeA iterator usesregex_-

search to find successive regular expression matches within the sequence from which it was constructed. After
the iterator is constructed, and every tirmperator++ is used, the iterator finds and stores a valuen®fch_-
results<Bidirectionallterator>. If the end of the sequence is reachedgex_search returnsfalse), the

iterator becomes equal to the end-of-sequence iterator value. The default constructor constructs an end-of-sequence iter-
ator object, which is the only legitimate iterator to be used for the end condition. The respéxftor* on an end-of-
sequence iterator is not defined. For any other iterator value asetst_results<BidirectionalIlterator>& is

returned. The result afperator-> on an end-of-sequence iterator is not defined. For any other iterator vatusa
match_results<BidirectionalIlterator>* is returned. It is impossible to store things integex_iterators.

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 regex_iterator
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{

public:
typedef basic_regex<charT, traits> regex_type;
typedef match_results<BidirectionalIlterator> value_type;
typedef typename ptrdiff_t difference_type;
typedef const value_typex* pointer;
typedef const value_type& reference;
typedef std::forward_iterator_tag iterator_category;

regex_iterator ();
regex_iterator(Bidirectionallterator a,
Bidirectionallterator b,
const regex_type& re,
regex_constants::match_flag_type m
= regex_constants::match_default);
regex_iterator (const regex_iterator&);
regex_iterator& operator=(const regex_iterator&);
bool operator==(const regex_iterator&);
bool operator!=(const regex_iterator&);
const value_type& operator*();
const value_type* operator->();
regex_iterator& operator++();
regex_iterator operator++(int);
private:
/'] these members are shown for exposition only:
Bidirectionallterator begin,
end ;
const regex_typex* pregex;
regex_constants::match_flag_type flags;
match_results<Bidirectionallterator > match;

};

2 Aregex_iterator object thatis not an end-of-sequence iterator holzisra-length matcif match[0] .matched ==
true andmatch[0] .first == match[0].second. [Note: this occurs when the part of the regular expression that
matched consists only of an assertion (suchas ’$’, ’>\b’, >\B?’). —end notg

7.12.1.1 regex_iterator constructors [tr.re.regiter.cnstr]

regex_iterator ();
1 Effects:Constructs an end-of-sequence iterator.

regex_iterator (BidirectionallIterator a, Bidirectionallterator b,
const regex_type& re,
regex_constants::match_flag_type m

= regex_constants::match_default);

2 Effects:Initializesbegin andend to point to the beginning and the end of the target sequencepsetgx to
&re, setsflags to f, then callsregex_search(begin, end, match, *pregex, flags). If this call returns
false the constructor setethis to the end-of-sequence iterator.
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Postconditions¥this == that.

7.12.1.2 regex_iterator comparisons [tr.re.regiter.comp]

bool operator==(const regex_iterator& right);

Returns:true if *this and right are both end-of-sequence iterators obégin == right.begin, end
== right.end, pregex == right.pregex, flags == right.flags, andmatch[0] == right.match[0],
otherwisefalse.

bool operator!=(const regex_iterator& right);

Effects:Returns! (xthis == right).

7.12.1.3 regex_iterator dereference [tr.re.regiter.deref]

const value_type& operator*();

Returnsmatch.

const value_type* operator->();

Returns:&match.

7.12.1.4 regex_iterator increment [tr.re.regiter.incr]

regex_iterator& operator++();

Effects:Constructs a local variabketart of typeBidirectionallIterator and initializes it with the value of
match[0] .second.

If the iterator holds a zero-length match asthrt == end the operator setsthis to the end-of-sequence
iterator and returnsthis.

Otherwise, if the iterator holds a zero-length match the operator cedlex_search(start, end, match,
*pregex, flags | regex_constants::match_not_null | regex_constants::match_continuous). If
the call returngrue the operator returnsthis. Otherwise the operator incrementsart and continues as if
the most recent match was not a zero-length match.

If the most recent match was not a zero-length match, the operatafisgis to flags | regex_constants
::match_prev_avail and callsregex_search(start, end, match, *pregex, flags). Ifthe callreturns
false the iterator setsthis to the end-of-sequence iterator. The iterator then retuthss.

In all cases in which the call tbegex_search returnstrue, match.prefix () .first shall be equal to the
previous value ohatch [0] . second, and for each index in the half-open rang€0, match.size()) for which
match[i] .matched is true,match[i] .position() shall returndistance(begin, match[i].first]).

[Note: this means thatatch[i] .position() gives the offset from the beginning of the target sequence, which
is often not the same as the offset from the sequence passed in theregleto search. —end notg
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It is unspecified how the implementation makes these adjustments.

[Note: this means that a compiler may call an implementation-specific search function, in which case a user-
defined specialization afegex_search will not be called.—end notg

regex_iterator operator++(int);
Effects:

regex_iterator tmp = *this;
++(*this);
return tmp;

7.12.2 Classtemplateegex_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 sub-expressions for each match found. Each position enumerated by the iterat®r_isaa ch class template

instance that represents what matched a particular sub-expression within the regular expression.

When clasgegex_token_iterator is used to enumerate a single sub-expression with index -1 the iterator performs
field splitting: that is to say it enumerates one sub-expression for each section of the character container sequence that
does not match the regular expression specified.

After it is constructed, the iterator finds and stores a valaech_results<Bidirectionallterator> position
and sets the internal couto zero. It also maintains a sequera®s which contains a list of the sub-expressions which
will be enumerated. Every timegperator++ is used the courit is incremented; ifi exceeds or equalsibs.size(),
then the iterator increments memersition and sets courx to zero.

If the end of sequence is reacha¢ition is equal to the end of sequence iterator), the iterator becomes equal to

the end-of-sequence iterator value, unless the sub-expression being enumerated has index -1, in which case the iterator
enumerates one last sub-expression 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 sub-expression.

The default constructor constructs an end-of-sequence iterator object, which is the only legitimate iterator to be used for
the end condition. The result eperator* on an end-of-sequence iterator is not defined. For any other iterator value

a const sub_match<Bidirectionallterator>& is returned. The result afperator-> on an end-of-sequence
iterator is not defined. For any other iterator valusast sub_match<BidirectionalIlterator>* is returned.

It is impossible to store things inttegex_iterators. 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 regex_token_iterator
{
public:
typedef basic_regex<charT, traits> regex_type;
typedef sub_match<Bidrectionallterator> value_type;
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typedef ptrdiff_t difference_type;
typedef const value_typex* pointer;

typedef const value_type& reference;

typedef std::forward_iterator_tag iterator_category;

regex_token_iterator ();
regex_token_iterator (BidirectionalIterator a, BidirectionallIterator b,
const regex_type& re,
int submatch = 0, regex_constants::match_flag_type m
= regex_constants::match_default);
regex_token_iterator(BidirectionalIterator a, Bidirectionallterator b,
const regex_type& re,
const std::vector<int>& submatches,
regex_constants::match_flag_type m
= regex_constants::match_default);
template <std::size_t N>
regex_token_iterator(BidirectionalIterator a, Bidirectionallterator b,
const regex_type& re,
const int (&submatches) [N],
regex_constants::match_flag_type m
= regex_constants::match_default);
regex_token_iterator (const regex_token_iteratoré&);
regex_token_iterator& operator=(const regex_token_iterator&);
bool operator==(const regex_token_iterator&);
bool operator!=(const regex_token_iteratoré&);
const value_type& operator*();
const value_type* operator->();
regex_token_iterator& operator++();
regex_token_iterator operator++(int);
private: /| data members for exposition only:
typedef regex_iterator<Bidirectionaliterator , charT, traits> position_iterator;
position_iterator position;
const value_type *result;
value_type suffix;
std::size_t N;
std::vector<int> subs;

};

7 A suffix iteratorpoints to a final sequence of characters at the end of the target sequence. In a suffix iterator the member
result holds a pointer to the data membeiffix, the value of the membetuffix.match is true, suffix.first
points to the beginning of the final sequence, aaflfix . second points to the end of the final sequence.

8 [Note: for a suffix iterator, data membeunffix.first is the same as the end of the last match found, sarfdix
.second is the same as the end of the target sequen@nd notg

9 Thecurrent matchis (*position) .prefix() if subs[N] == -1, or (*position) [subs[N]] for any other value of
subs [N].
7.12.2.1 regex_token_iterator constructors [tr.re.tokiter.cnstr]
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regex_token_iterator ();

Effects:Constructs the end-of-sequence iterator.

regex_token_iterator (BidirectionalIlterator a, Bidirectionallterator b,
const regex_type& re,
int submatch = 0, regex_constants::match_flag_type m
= regex_constants::match_default);

regex_token_iterator (Bidirectionallterator a, Bidirectionallterator b,
const regex_type& re,
const std::vector<int>& submatches,
regex_constants::match_flag_type m
= regex_constants::match_default);

template <std::size_t N>
regex_token_iterator (Bidirectionallterator a, Bidirectionallterator b,
const regex_type& re,
const int (&submatches) [R],
regex_constants::match_flag_type m
= regex_constants::match_default);

Effects: The first constructor initializes the memb®ibs to hold the single valugubmatch. The second con-
structor initializes the membembs to hold a copy of the argumestibmatches. The third constructor initializes
the membegubs to hold a copy of the sequence of integer values pointed to by the iterator fasgenatches,
&submatches + R).

Each constructor then satgo 0, andposition t0 position_iterator(a, b, re, f). If position is not

an end-of-sequence iterator the constructor segalt to the address of the current match. Otherwise if any of

the values stored igubs is equal to -1 the constructor setshis to a suffix iterator that points to the range,
b), otherwise the constructor setshis to an end-of-sequence iterator.
7.12.2.2 regex_token_iterator comparisons [tr.re.tokiter.comp]

bool operator==(const regex_token_iterator& right);

Returns:true if *this andright are both end-of-sequence iterators, ofthis andright are both suffix

iterators andsuffix == right.suffix; otherwise return€alse if *this or right is an end-of-sequence

iterator or a suffix iterator. Otherwise returnsue if position == right.position, N == right.N, and
subs == right.subs. Otherwise returngalse.

bool operator!=(const regex_token_iterator& right);

Returns:! (*this == right).

7.12.2.3 regex_token_iterator dereference [tr.re.tokiter.deref]

const value_type& operator*();

Returns:*result.
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const value_type* operator->();

Returnsiresult.

7.12.2.4 regex_token_iterator increment [tr.re.tokiter.incr]

regex_token_iterator& operator++();
Effects:Constructs a local variabferev of typeposition_iterator and initializes it with the value gfosition.
If *this is a suffix iterator, setgthis to an end-of-sequence iterator.
Otherwise, ifN + 1 < subs.size(), incrementsl and setxesult to the address of the current match.

Otherwise, sets to 0 and incrementsosition. If position is not an end-of-sequence iterator the operator sets
result to the address of the current match.

Otherwise, if any of the values storedsnbs is equal to -1 an@rev. suffix () . length() is not O the operator
setsxthis to a suffix iterator that points to the rangprev.suffix() .first, prev.suffix().second).

Otherwise, setsthis to an end-of-sequence iterator.

Returns:xthis

regex_token_iterator& operator++(int);
Effects:Constructs a copymp of *this, then calls++ (*this).

Returns:tmp.

7.13 Modified ECMAScript regular expression grammar [tr.re.grammar]

The regular expression grammar recognized by class templaie_regex is that specified by ECMA-2627], except
as specified below.

Objects of type specialization dhsic_regex store within themselves a default-constructed instance of theitts
template parameter, henceforth referred tamsits_inst. Thistraits_inst object is used to support localization

of the regular expressiomasic_regex object member functions shall not call any locale dependent C or C++ API,
including the formatted string input functions. Instead they shall call the appropriate traits member function to achieve
the required effect.

The following productions within the ECMAScript grammar are modified as follows:

CharacterClass
[ [lookahead ¢ {"}] ClassRanges ]
[ ~ ClassRanges 1]

ClassAtom

ClassAtomNoDash
ClassAtomExClass
ClassAtomCollatingElement
ClassAtomEquivalence
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4 The following new productions are then added:

ClassAtomExClass
[: ClassName :]

ClassAtomCollatingElement
[. ClassName .]

ClassAtomEquivalence
[= ClassName =]

ClassName
ClassNameCharacter
ClassNameCharacter ClassName

ClassNameCharacter
SourceCharacter but not one of "." "=" ".»

5 The production§lassAtomExClass, ClassAtomCollatingElement andClassAtomEquivalence provide the equiv-
alent functionality to the same features in POSIX regular expressidhs [

6 The regular expression grammar may be modified byragex_constants: : syntax_option_type flags specified
when constructing an object of type specializatioma$ic_regex according to the rules in tabls.

7 A ClassName production when used CilassAtomExClass is not valid if the value returned yraits_inst.lookup_-
classname for that name is zero. The names recognized as ValissNames are determined by the type of the traits
class, but at least the following names shall be recognietlim, alpha, blank, cntrl,digit, graph, lower, print,
punct, space, upper, xdigit, 4, s, w. In addition the following expressions shall be equivalent:

\d and [[:digit:]]
\D and [“[:digit:]]
\s and [[:space:]]
\S and ["[:space:]1]
\w and [_[:alnum:]]

\W and ["_[:alnum:]]
8 The results from multiple calls teraits_inst.lookup_classname can be bitwise OR’ed together and subsequently
passed taraist_inst.isctype.

9 A ClassName production when used in@lassAtomCollatingElement production is not valid if the value returned
by traits_inst.lookup_collatename for that name is an empty string.

10 A ClassName production when used in @lassAtomEquivalence production is not valid if the value returned by
traits_inst.lookup_collatename for that name is an empty string or if the value returnedtlgits_inst
.transform_primary for the result of the call taraits_inst.lookup_collatename iS an empty string.
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When the sequence of characters being transformed to a finite state machine contains an invalid class hame the translator
shall throw an exception object of typegex_error.

If the CV of aUnicodeEscapeSequenisgyreater than the largest value that can be held in an object othypa the
translator shall throw an exception object of typerex_error. [Note: this means that values of the formaxxxx"
that do not fit in a character are invalig=end notg

Where the regular expression grammar requires the conversion of a sequence of characters to an integral value, this is
accomplished by callingraits_inst.value.

The behavior of the internal finite state machine representation when used to match a sequence of characters is as
described in ECMAScript{. The behavior is modified according to any match_flag_type flag< specified when

using the regular expression object in one of the regular expression algorithind he 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 using the following rules:

1. if (flags() & regex_constants::icase) the two characters are equatifaits_inst.translate_-
nocase(c) == traits_inst.translate_nocase(d);

2. otherwise, ifflags() & regex_constants::collate) the two characters are equaltifaits_inst
.translate(c) == traits_inst.translate(d);

3. otherwise, the two characters are equal if= d.

— During matching of a regular expression finite state machine against a sequence of characters, comparison of a
collating element range1-c2 against a characteris conducted as follows: if1ags() & regex_constants
::collate is false then the characteris matched ifc1 <= ¢ && c <= c2, otherwisec is matched in accor-
dance with the following algorithm:

string_type strl = string_type(l,
flags() & icase ? traits_inst.translate_nocase(cl)
traits_inst.translate(cl);
string_type str2 = string_type(l,
flags() & icase ? traits_inst.translate_nocase(c2)
traits_inst.translate(c2);
string_type str = string_type(l,
flags () & icase 7 traits_inst.translate_nocase(c)
traits_inst.translate (c);
return traits_inst.transform(strl.begin(), strl.end())
<= traits_inst.transform(str.begin(), str.end())
&& traits_inst.transform(str.begin(), str.end())
<= traits_inst.transform(str2.begin(), str2.end());

— 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 converting the collating element
and the equivalence class to sort keys usingits: :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 character
a member of a character class designated by an iterator faiget, last) if traits_inst.isctype(c,
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traits_inst.lookup_classname(first, last)) iStrue.
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8 C compatibility [tr.c99]

This clause describes additions designed to bring the Standard C++ library in closer agreement with the library described
in ISO/IEC 9899:1999 Standard C, as corrected through 2003 (hereafter C99, for short).

To avoid the need for language changes:

1. Any use of the typdong long in C99 is replaced in this clause by the tygeonglong, which behaves like a
signed integer type that occupies at least 64 bits. Any header containing a declaration thabuggsng shall
provide an idempotent definition of.onglong.

2. Any use of the typeinsigned long long in C99 is replaced in this clause by the typ@l.onglong, which
behaves like an unsigned integer type with the same number of bitkoaglong. Any header containing a
declaration that useSJLonglong shall provide an idempotent definition gfLonglong.

3. Any use of the type qualifierestrict in C99 shall be omitted in this clause.

8.1 Additions to header<complex> [tr.c99.cmplX]
8.1.1 Synopsis [tr.c99.cmplx.syn]

namespace std {

namespace trl {
template<class T>

complex<T> acos(complex<T>& x);
template<class T>

complex<T> asin(complex<T>& x);
template<class T>

complex<T> atan(complex<T>& x);

template<class T>

complex<T> acosh(complex<T>& x);
template<class T>

complex<T> asinh(complex<T>& x);
template<class T>

complex<T> atanh(complex<T>& x);
template<class T>

complex<T> fabs(complex<T>& x);

}
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8.1.2 Function acos

Effects:Behaves the same as C99 functiros, defined in subclause 7.3.5.1.

8.1.3 Function asin

Effects:Behaves the same as C99 functias in, defined in subclause 7.3.5.2.

8.1.4 Function atan

Effects:Behaves the same as C99 functimtan, defined in subclause 7.3.5.3.

8.1.5 Function acosh

Effects:Behaves the same as C99 functirosh, defined in subclause 7.3.6.1.

8.1.6 Function asinh

Effects:Behaves the same as C99 functims inh, defined in subclause 7.3.6.2.

8.1.7 Function atanh

Effects:Behaves the same as C99 functiartanh, defined in subclause 7.3.6.3.

8.1.8 Function fabs

Effects:Behaves the same as C99 functiaibs, defined in subclause 7.3.8.1.

8.1.9 Additional Overloads

The following function templates shall have additional overloads:

arg
conj
imag
norm
polar
real

The additional overloads shall be sufficient to ensure:

[tr.c99.cmplx.acos]

[tr.c99.cmplx.asin]

[tr.c99.cmplx.atan]

[tr.c99.cmplx.acosh]

[tr.c99.cmplx.asinh]

[tr.c99.cmplx.atanh]

[tr.c99.cmplx.fabs]

[tr.c99.cmplx.over]

1. If the argument has typbong double, then it is effectively cast toomplex<long double>.

2. Otherwise, if the argument has typgeuble or an integer type, then it is effectively castdanplex<double>.

3. Otherwise, if the argument has typeoat, then it is effectively cast toomplex<float>.
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3 Function templateow shall have additional overloads sufficient to ensure, for a call with at least one argument of type
complex<T>:

1. If either argument has typeomplex<long double> Or typelong double, then both arguments are effectively
cast tocomplex<long double>.

2. Otherwise, if either argument has typemplex<double>, double, Or an integer type, then both arguments are
effectively cast tacomplex<double>.

3. Otherwise, if either argument has typemplex<float> or float, then both arguments are effectively cast to
complex<float>.

8.2 Header<ccomplex> [tr.c99.ccmplX]
1 The header behaves as if it simply includes the headetplex>.
8.3 Header<complex.h> [tr.c99.cmplxh]

1 The header behaves as if it includes the headesmplex>, and provides sufficientsingdeclarations to declare in the
global namespace all function and type names declared or defined in the neatigrex>.

8.4 Additions to header<cctype> [tr.c99.cctype]
8.4.1 Synopsis [tr.c99.cctype.syn]

namespace std {
namespace trl {
int isblank (int ch);
}
}

8.4.2 Function isblank [tr.c99.cctype.blank]
1 Functionisblank behaves the same as C99 functialank, defined in subclause 7.4.1.3.
8.5 Additions to header<ctype.h> [tr.c99.ctypeh]

1 The header behaves as if it includes the headetype>, and provides sufficient additionasingdeclarations to declare
in the global namespace the additional function name declared in the headgpe>.

8.6 Header<cfenv> [tr.c99.cfenv]
8.6.1 Synopsis [tr.c99.cfenv.syn]

namespace std {

namespace trl {

/1 types
typedef <object type> fenv_t;
typedef <integer type fexcept_t;

/] functions

int feclearexcept (int except);
int fegetexceptflag(fexcept_t *pflag, int except);
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int feraiseexcept (int except);
int fesetexceptflag(const fexcept_t *pflag, int except);
int fetestexcept(int except);

int fegetround(void);
int fesetround(int mode);

int fegetenv(fenv_t *penv);

int feholdexcept(fenv_t *penv);

int fesetenv(const fenv_t *penv);
int feupdateenv(const fenv_t *penv);

}

1 The header also defines the macros:

FE_ALL_EXCEPT
FE_DIVBYZERO
FE_INEXACT
FE_INVALID
FE_OVERFLOW
FE_UNDERFLOW
FE_DOWNWARD
FE_TONEAREST
FE_TOWARDZERO
FE_UPWARD

FE_DFL_ENV

8.6.2 Definitions [tr.c99.cfenv.def]

1 The header defines all functions, types, and macros the same as C99 subclause 7.6.

8.7 Header<fenv.h> [tr.c99.fenv]

1 The header behaves as if it includes the headéenv>, and provides sufficientsingdeclarations to declare in the
global namespace all function and type names declared or defined in the heteler>.

8.8 Additions to header<cfloat> [tr.c99.cfloat]

1 The header defines the macros:

DECIMAL_DIG
FLT_EVAL_METHOD
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the same as C99 subclause 5.2.4.2.2.

8.9 Additions to header<float.h> [tr.c99.floath]

The header behaves as if it defines the additional macros defiredioat> by including the headefcfloat>.

8.10 Additions to header<ios> [tr.c99.i0S]
8.10.1 Synopsis [tr.c99.i0s.sYN]

namespace std {
namespace trl {

ios_base& hexfloat(ios_base& str);
}

}

8.10.2 Functionhexfloat [tr.c99.i0s.hex]

ios_base& hexfloat (ios_base& str);
Effects:Callsstr.setf (ios_base::fixed i0s_base::scientific, ios_base::floatfield)|.
Returns:str.

[Note adding the format flag hexfloat to classs_base cannot be done without invading namespace std, so only

the named manipulator is provided. Note also that the more obvious use of ios_base::hex to specify hexadecimal
floating-point format would change the meaning of existing well defined programs. C++2003 gives no meaning to the
combination of fixed and scientifie—end notg

8.11 Header<cinttypes> [tr.c99.cinttypes]
8.11.1 Synopsis [tr.c99.cinttypes.syn]

#include <cstdint>

namespace std {
namespace trl {
/] types
typedef struct {
intmax_t quot, rem;
} imaxdiv_t;

/'l functions
intmax_t imaxabs (intmax_t i);
intmax_t abs(intmax_t i);

imaxdiv_t imaxdiv(intmax_t numer, intmax_t denom);
imaxdiv_t div(intmax_t numer, intmax_t denom);

intmax_t strtoimax(const char * s, char *xendptr, int base);

uintmax_t strtoumax (const char *s, char **endptr, int base);
intmax_t wcstoimax(const wchar_t *s, wchar_t **endptr , int base) ;
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uintmax_t wcstoumax (const wchar_t *s, wchar_t #**endptr, int base);
}
¥

The header also defines numerous macros of the form:

PRI{d i o u x X}[FAST LEAST]{8 16 32 64}
PRI{d i o u x X}{MAX PTR}
SCN{d i o u x}[FAST LEAST]{8 16 32 64}
SCN{d i o u x}{MAX PTR}
8.11.2 Definitions [tr.c99.cinttypes.def]

The header defines all functions, types, and macros the same as C99 subclause 7.8.
8.12 Header<inttypes.h> [tr.c99.inttypesh]

The header behaves as if it includes the headenttypes>, and provides sufficienisingdeclarations to declare in
the global namespace all function and type names declared or defined in the igiaderypes>.

8.13 Additions to header<climits> [tr.c99.climits]
The header defines the macros:

LLONG_MIN
LLONG_MAX
ULLONG_MAX

the same as C99 subclause 5.2.4.2.1.

8.14 Additions to header<limits.h> [tr.c99.limitsh]
The header behaves as if it defines the additional macros defiredinits> by including the headefclimits>.
8.15 Additions to header<locale> [tr.c99.locale]

In subclause 22.2.2.2.2, Table 58 Floating-point conversions, after the line:

floatfield == ios_base::scientific %E

add the two lines:

floatfield == ios_base::fixed | ios_base::scientific && !uppercase %a
floatfield == ios_base::fixed | ios_base::scientific %A

[Note the additional requirements on print and scan functions, later in this clause, ensure that the print functions generate
hexadecimal floating-point fields with%a or %A conversion specifier, and that the scan functions match hexadecimal
floating-point fields with &g conversion specifier—end notg

8.16 Additions to header<cmath> [tr.c99.cmath]

8.16.1 Synopsis [tr.c99.cmath.syn]
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8.16 Additions to header<cmath>

namespace std {
namespace tril

/1 types

{

typedef <floating-type> double_t;
typedef <floating-type> float_t;

/1 functions

double acosh(double x);

float acoshf(float x);

long double acoshl(long double x);

double asinh(double x);

float asinhf (float x);

long double asinhl(long double x);

double atanh(double x);

float atanhf (float x);

long double atanhl (long double x);

double cbrt (double x);
float cbrtf(float x);

long double cbrtl(long double x);

double copysign(double x, double y);
float copysignf (float x, float y);
long double copysignl(long double x, long double y);

double erf (double x);
float erff(float x);
long double erfl(long

double erfc(double x);
float erfcf(float x);

double x);

long double erfcl(long double x);

double exp2(double x);
float exp2f(float x);

long double exp2l(long double x);

double expml(double x);

float expmlf (float x);

long double expmll(long double x);

double fdim(double x,

double y);

float fdimf (float x, float y);
long double fdiml(long double x, long double y);

double fma(double x, double y, double z);
float fmaf(float x, float y, float z);

long double fmal(long

double x, long double y, long double z);
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double fmax(double x, double y);
float fmaxf (float x, float y);
long double fmaxl(long double x, long double y);

double fmin(double x, double y);
float fminf (float x, float y);
long double fminl(long double x, long double y);

double hypot(double x, double y);
float hypotf(float x, float y);
long double hypotl(long double x, long double y);

int ilogb(double x);
int ilogbf (float x);
int ilogbl(long double x);

double lgamma(double x);
float lgammaf (float x);
long double lgammal (long double x);

long long 1llrint (double x);
long long llrintf (float x);
long long 1llrintl(long double x);

long long llround(double x);
long long llroundf (float x);
long long llroundl(long double x);

double loglp(double x);
float loglpf(float x);
long double loglpl(long double x);

double log2(double x);
float log2f (float x);
long double log2l(long double x);

double logb(double x);
float logbf(float x);
long double logbl(long double x);

long lrint (double x);
long lrintf (float x);
long lrintl(long double x);
long lround(double x);
long lroundf (float x);
long lroundl(long double x);

double nan(const char *str);
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float nanf (const char *str);
long double nanl(const char *str);

double nearbyint (double x);
float nearbyintf (float x);
long double nearbyintl(long double x);

double nextafter (double x, double y);
float nextafterf(float x, float y);
long double nextafterl(long double x, long double y);

double nexttoward(double x, long double y);
float nexttowardf (float x, long double y);
long double nexttowardl (long double x, long double y);

double remainder (double x, double y);
float remainderf (float x, float y);
long double remainderl(long double x, long double y);

double remquo (double x, double y, int *pquo);
float remquof (float x, float y, int *pquo);
long double remquol(long double x, long double y, int *pquo);

double rint(double x);
float rintf(float x);
long double rintl(long double x);

double round(double x);
float roundf (float x);
long double roundl(long double x);

double scalbln(double x, long ex);
float scalblnf (float x, long ex);
long double scalblnl(long double x, long ex);

double scalbn(double x, int ex);
float scalbnf (float x, int ex);
long double scalbnl(long double x, int ex);

double tgamma (double x);
float tgammaf (float x);
long double tgammal (long double x);

double trunc(double x);
float truncf(float x);
long double truncl(long double x);

/1 C99 macros defined as C++ templates

template<class T>
bool signbit (T x);
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template<class T>

bool fpclassify (T x);
template<class T>

bool isfinite(T x);
template<class T>

bool isinf (T x);
template<class T>

bool isnan(T x);
template<class T>

bool isnormal (T x);

template<class T>

bool isgreater (T x, T y);
template<class T>

bool isgreaterequal(T x, T y);
template<class T>

bool isless(T x, T y);
template<class T>

bool islessequal(T x, T y);
template<class T>

bool islessgreater(T x, T y);
template<class T>

bool isunordered(T x, T y);

}

1 The header also defines the macros:

FP_FAST_FMA
FP_FAST_FMAF
FP_FAST_FMAL

FP_ILOGBO
FP_ILOGBNAN

FP_INFINITE
FP_NAN
FP_NORMAL
FP_SUBNORMAL
FP_ZERO

HUGE_VALF
HUGE_VALL

INFINITY
NAN

MATH_ERRNO
MATH_ERREXCEPT
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math_errhandling

8.16.2 Definitions [tr.c99.cmath.def]
1 The header defines all of the above (non-template) functions, types, and macros the same as C99 subclause 7.12.
8.16.3 Function template definitions [tr.c99.cmath.tmpl]

1 The function templates:

template<class T>
bool signbit (T x);

template<class T>

bool fpclassify (T x);
template<class T>

bool isfinite(T x);
template<class T>

bool isinf (T x);
template<class T>

bool isnan(T x);
template<class T>

bool isnormal (T x);

template<class T>

bool isgreater (T x);
template<class T>

bool isgreaterequal (T x);
template<class T>

bool isless(T x);
template<class T>

bool islessequal (T x);
template<class T>

bool islessgreater (T x);
template<class T>

bool isunordered(T x);

behave the same as C99 macros with corresponding names defined in C99 subclause 7.12.3 Classification macros and
C99 subclause 7.12.14 Comparison macros.

8.16.4 Additional overloads [tr.c99.cmath.over]

1 The following functions shall have additional overloads:

acos
acosh
asin
asinh
atan
atan2
atanh
cbrt
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ceil
copysign
cos

cosh

erf

erfc

exp

exp2
expml
fabs
fdim
floor
fma

fmax
fmin
fmod
frexp
hypot
log
ilogb
ldexp
lgamma
llrint
llround
logil0
loglp
logb
lrint
lround
nearbyint
nextafter
nexttoward
pow
remainder
remquo
rint
round
scalbln
scalbn
sin

sinh
sqrt

tan

tanh
tgamma
trunc

2 Each of the above functions shall have an overload with all parameters oddypee replaced withLong double. If
the return type of the above function is typeuble, the return type of the overload shall beng double.
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Each of the above functions shall also have an overload with all parameters abiyiiee replaced withf1loat. If the
return type of the above function is tydeuble, the return type of the overload shall beoat.

Moreover, there shall be additional overloads sufficient to ensure:

1. If any argument corresponding tadauble parameter has typeong double, then all arguments corresponding
to double parameters are effectively castltong double.

2. Otherwise, if any argument corresponding tdcuble parameter has typg&ouble or an integer type, then all
arguments corresponding double parameters are effectively castdouble.

3. Otherwise, all arguments correspondingitmble parameters are effectively castftboat.

8.17 Additions to header<math.h> [tr.c99.mathh]

The header behaves as if it includes the headrath>, and provides sufficient additionasingdeclarations to declare
in the global namespace all the additional template function, function, and type names declared or defined in the header
<cmath>.

8.18 Additions to header<cstdarg> [tr.c99.cstdarg]

Add the function macro:

va_copy(va_list dest, va_list src)

as defined in C99 subclause 7.15.1.2.

8.19 Additions to header<stdarg.h> [tr.c99.stdargh]
The header behaves as if it defines the additional macro defiregiriarg> by including the headetcstdarg>.
8.20 The headekcstdbool> [tr.c99.cbool]

The header simply defines the macro:

__bool_true_false_are_defined

as defined in C99 subclause 7.16.
8.21 The headexkstdbool.h> [tr.c99.boolh]
The header behaves as if it defines the additional macro definegitbool> by including the headefcstdbool>.

8.22 The headexcstdint> [tr.c99.cstdint]

8.22.1 Synopsis [tr.c99.cstdint.syn]

namespace std {
namespace trl {
typedef <signed integer type> int8_t; /1 optional
typedef <signed integer type> intl16_t; // optional
typedef <signed integer type> int32_t; // optional
typedef <signed integer type> int64_t; // optional

Draft: September 10, 2004



8.22 The headercstdint>

C compatibility

182

typedef
typedef
typedef
typedef

typedef
typedef
typedef
typedef

typedef
typedef

typedef
typedef
typedef
typedef

typedef
typedef
typedef
typedef

typedef
typedef
typedef
typedef

typedef
typedef
}

<signed integer
<signed integer
<signed integer
<signed integer

<signed integer
<signed integer
<signed integer
<signed integer

<signed integer
<signed integer

<unsigned
<unsigned
<unsigned
<unsigned

<unsigned
<unsigned
<unsigned
<unsigned

<unsigned
<unsigned
<unsigned
<unsigned

<unsigned
<unsigned

integer
integer
integer
integer

integer
integer
integer
integer

integer
integer
integer
integer

integer
integer

type> int_fast8_t;
type> int_fastl6_t;
type> int_fast32_t;
type> int_fast64_t;

type> int_least8_t;

type> int_leastl6_t;
type> int_least32_t;
type> int_least64_t;

type> intmax_t;
type> intptr_t;

type> uint8_t; /1 optional
type> uintl6_t; /1 optional
type> uint32_t; /1 optional
type> uint64_t; /1 optional

type> uint_fast8_t;

type> uint_fastl6_t;
type> uint_fast32_t;
type> uint_fast64_t;

type> uint_least8_t;
type> uint_leastl6_t;
type> uint_least32_t;
type> uint_least64_t;

type> uintmax_t;
type> uintptr_t;

1 The header also defines numerous macros of the form:

INT[FAST LEAST]1{8 16 32 64} _MIN

[UJINT[FAST LEAST]{8 16 32 64} _MAX
INT{MAX PTR}_MIN
[UTINT{MAX PTRJ}_MAX
{PTRDIFF SIG_ATOMIC WCHAR WINT}{_MAX _MIN}

SIZE_MAX

plus function macros of the form:

[UJINT{8 16 32 64 MAX}_C
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8.22.2 Definitions [tr.c99.cstdint.def]

The header defines all functions, types, and macros the same as C99 subclause 7.18.

8.23 The headexstdint.h> [tr.c99.stdinth]

The header behaves as if it includes the headetdint>, and provides sufficientsingdeclarations to declare in the
global namespace all type names defined in the headadint>.

8.24 Additions to header<cstdio> [tr.c99.cstdio]
8.24.1 Synopsis [tr.c99.cstdio.syn]

namespace std {
namespace trl {
int snprintf (char *s, size_t n, const char *format, ...);
int vsnprintf (char *s, size_t n, const char *format, va_list ap);

int vfscanf (FILE *stream, const char *format, va_list ap);
int vscanf (const char *format, va_list ap);
int vsscanf (const char *s, const char *format, va_list ap);

}
}

8.24.2 Definitions [tr.c99.cstdio.def]
The header defines all added functions the same as C99 subclause 7.19.

8.24.3 Additional format specifiers [tr.c99.cstdio.spec]

The formatted output functions shall support the additional conversion specifications specified in C99 subclause 7.19.6.1.
The formatted input functions shall support the additional conversion specifications specified in C99 subclause 7.19.6.2.

[Note These include the conversion specifierffor hexadecimal floating-point) aritl and the conversion qualifiers
hh, h, 11, t, andz (for various integer types). They also include the ability to match and generate various text forms of
infinity and NaN values—end notg

8.24.4 Additions to headexstdio.h> [tr.c99.stdioh]

The header behaves as if it includes the headstdio>, and provides sufficient additionasingdeclarations to declare
in the global namespace all added function names defined in the headdrio>.

8.25 Additions to header<cstdlib> [tr.c99.cstdlib]
8.25.1 Synopsis [tr.c99.cstdlib.syn]

namespace std {
namespace trl {
/1 types
typedef struct {
_Longlong quot, rem;
} lldiv_t;
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/1 functions
_Longlong llabs(long long i);
1ldiv_t 1l1div(_Longlong numer, _Longlong denom);
_Longlong atoll(const char *s);
_Longlong strtoll(const char *s, char **endptr, int base);

_ULonglong strtoull(const char *s, char *xendptr, int base);

float strtof (const char *s, char **endptr);
long double strtold(const char *s, char **endptr);

/1 overloads

_Longlong abs(_Longlong i);

11div_t div(_Longlong numer, _Longlong denom);
}

}

8.25.2 Definitions [tr.c99.cstdlib.def]

The header defines all added types and functions, other than the overleadsasfddiv, the same as C99 subclause
7.20.

8.25.3 Functionabs [tr.c99.cstdlib.abs]
_Longlong abs(_Longlong i);

Effects:Behaves the same as C99 functidrabs, defined in subclause 7.20.6.1.

8.25.4 Functiondiv [tr.c99.cstdlib.div]
1l1div_t div(_Longlong numer, _Longlong denom);

Effects:Behaves the same as C99 functidnliv, defined in subclause 7.20.6.2.

8.26 Additions to header<stdlib.h> [tr.c99.stdlibh]

The header behaves as if it includes the headertd1ib>, and provides sufficient additionaking declarations to
declare in the global namespace all added type and function names defined in the<headetb>.

8.27 Header<ctgmath> [tr.c99.ctgmath]
The header simply includes the headetsomplex> and<cmath>.

[Note the overloads provided in C99 by magic macros are already providetimplex> and<cmath> by "sufficient"
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additional overloads—end notg

8.28 Header<tgmath.h> [tr.c99.tgmathh]
The header effectively includes the headetsmplex.h> and<math.h>.

8.29 Additions to header<ctime> [tr.c99.ctime]

The functionstrftime shall support the additional conversion specifiers and modifiers specified in C99 subclause
7.23.3.4.

[Note These include the conversion specifier®, e, F, g, G, h, 1, R, t, T, u, V, andz, and the modifier& and0. —end
notq

8.30 Additions to header<cwchar> [tr.c99.cwchar]
8.30.1 Synopsis [tr.c99.cwchar.syn]

namespace std {
namespace trl {
float wcstof (const wchar_t *nptr, wchar_t **endptr);
long double wcstold(const wchar_t *nptr, wchar_t **endptr);
_Longlong wcstoll(const wchar_t *nptr, wchar_t **endptr, int base);
_ULonglong wcstoull(const wchar_t *nptr, wchar_t **endptr, int base);

int vfwscanf (FILE *stream, const wchar_t *format, va_list arg);
int vswscanf (const wchar_t *s, const wchar_t *format, va_list arg);
int vwscanf (const wchar_t *format, va_list arg);
¥
}

Moreover, the functionicsftime shall support the additional conversion specifiers and modifiers specified in C99
subclause 7.23.3.4.

8.30.2 Definitions [tr.c99.cwchar.def]
The header defines all added functions the same as C99 subclause 7.24.

8.30.3 Additional wide format specifiers [tr.c99.cwchar.spec]

The formatted wide output functions shall support the additional conversion specifications specified in C99 subclause
7.24.2.1.

The formatted wide input functions shall support the additional conversion specifications specified in C99 subclause
7.24.2.2.

[Note These are essentially the same extensions as for the headerio>. —end notg

8.31 Additions to header<wchar.h> [tr.c99.wcharh]

The header behaves as if it includes the headechar>, and provides sufficient additionasingdeclarations to declare
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in the global namespace all added function names defined in the headaar>.
8.32 Additions to header<cwctype> [tr.c99.cwctype]
8.32.1 Synopsis [tr.c99.cwctype.syn]

namespace std {
namespace trl {

int iswblank(wint_t ch);
}

}

8.32.2 Functioniswblank [tr.c99.cwctype.iswblank]

Functioniswblank behaves the same as C99 functiawblank, defined in subclause 7.25.2.1.3.
8.33 Additions to header<wctype.h> [tr.c99.wctypeh]

The header behaves as if it includes the headeictype>, and provides sufficient additionaking declarations to
declare in the global namespace the additional function name declared in the qwadsipe>.
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Annex A Implementation quantities [tr.limits]

The maximum number of arguments that can be forwardeteligrence_wrapper (clause2.1.2) is implementation
defined. This limit should be at least 10.

The member function adapteem_f£n (clause3.3) is passed a pointer to a member function that taka&guments. The
maximum value ofi is implementation defined.

The number of placeholder types in namespace: : placeholders, and the maximum number of arguments that can
be passed tomind function object (claus8.4), are implementation defined. Recommended minimum values are:

— Number of placeholder types in namespaee: : placeholders — 9.
— Number of arguments that can be passeduamsi function object — 10.

Nmax the maximum number of function call arguments supported by class teniplateion (clause3.5), is imple-
mentation defined. Implementations are encouraged to support at least 10 arguments.

The maximum number of elements in one tuple type (cl&u¥as implementation defined. This limit should be at least
10.
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function, 29
match_results, 152
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~“enable_shared_from_this, 17
enable_shared_from_this, 17
operator=, 17
shared_from_this, 17
end
array, 97
match_results, 153
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engine
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entropy
random_device, 68
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exception
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expired
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fegetenv, 172
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fegetround, 172
feholdexcept, 172

<fenv.h>, 172
fenv_t,172

feraiseexcept, 172

fesetenv, 172

fesetexceptflag, 172
fesetround, 172
fetestexcept, 172
feupdateenv, 172

fexcept_t, 172
find

unordered associative containet84
finite state machine,21

<float.h>, 173
float_t, 174

floatfield, 174

floor, 179

FLT_EVAL_METHOD, 172

fma, 174,179
fmax, 174,179
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fmin, 174, 179
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format
match_results, 153
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format_default, 131, 133
format_first_only, 131, 133 159
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format_perl, 131, 133
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clear, 28
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swap, 28, 29
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binders,22-25
mem_fn, 21
return type20-21
simple,22
wrapper,25-30
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gamma_distribution, 74
alpha, 75
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geometric_distribution, 70

geometric_distribution, 70
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shared_ptr, 10
tuple, 92
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shared_ptr, 13
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is_abstract, 40
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is_base_of, 45
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value, 22
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is_compound, 38
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is_convertible, 44
is_empty, 40
is_enum, 36
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is_function, 37
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is_member_function_pointer, 36
is_member_object_pointer, 36
is_member_pointer, 39
is_object, 38
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value, 22
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is_same, 44
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is_void, 35
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isinf, 174, 179
isless, 174,179
islessequal, 174,179
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isnan, 174, 179
isnormal, 174, 179
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Jv, 81
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unordered associative containet63
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key_type
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laguerre, 83
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lambda
exponential_distribution, 73

ldexp, 179

legendre, 84
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unordered associative containet8;l
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<locale>, 174
lock
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regex_traits, 136
Regular Expression Trait$23 166 168
lookup_collatename
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Regular Expression Trait$23 166
lrint, 174,179
lrintf, 174
lrintl, 174
lround, 174, 179
lroundf, 174
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match_any, 131, 133

match_continuous, 131, 133 161
match_default, 131
match_flag_type, 131, 132 167
match_not_bol, 131, 133
match_not_bow, 131, 133
match_not_eol, 131, 133
match_not_eow, 131, 133
match_not_null, 131, 133 161
match_partial, 131, 133 155 157
match_prev_avail, 131, 133 161
match_results, 149 159 162

as Sequencd,50

begin, 153

empty, 152

end, 153

format, 153

match_results, 151

matched, 150

max_size, 152

operator=, 151

operator([], 152

prefix, 152

size, 151

str, 152

suffix, 152

swap, 153
matched 121
<math.h>, 85,181
MATH_ERREXCEPT, 174
math_errhandling, 174
MATH_ERRNO, 174
max

random_device, 68

uniform_int, 69

uniform_real, 73

variate_generator, 58
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match_results, 152
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