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Chapter 1

General [tr.intro]

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

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

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

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

Unless otherwise specified, the whole of the ISO C++ Standard Library introduction (clause 17) is included
into this Technical Report by reference.

1.2 Categories of extensions [tr.intro.ext]

This technical report describes four general categories of library extensions:

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

2. New library components (types and functions) that are declared in entirely new headers, such as the
class templates in theunordered_set>  headef 6.3.4]1.

3. New library components declared as additions to existing standard headers, such as the mathematical
special functions added to the headecsnath> and<math.h> in clause$ 5.2]1 arjd 5.2.2
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4. Additions to standard library components, such as the extensions tosttagmir in sec-
tion[6.1.3.

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

New headers are distinguished from extensions to existing headers by the titlesghtigsisclause. In

the first case the title is of the form “Headefoo> synopsis”, and the synopsis includes all namespace
scope declarations contained in the header. In the second case the title is of the form “Additions to header
<foo> synopsis” and the synopsis includes only the extensionsthose namespace scope declarations
that are not present in the C++ standard [16].

1.3 Namespaces and headers [tr.intro.namespaces]

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

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

Even when an extension is specified as additions to standard headers (the third category ifi section 1.2),
vendors should not simply add declarations to standard headers in a way that would be visible to users
by default. Note: That would fail to be standard conforming, because the new names, even within a
namespace, could conflict with user macresend notgUsers should be required to take explicit action to

have access to library extensions.

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

1.4 Caveat [trintro.caveat]

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

General Utilities [tr.util]

2.1 Reference wrappers [tr.util.refwrap]

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

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

}
2.1.2 Class templateeference_wrapper [tr.util.refwrp.refwrp]
template <typename T> class reference_wrapper {
public :
Il types
typedef T type;
typedef see below result_type; /I Not always defined

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

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

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

3

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

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

2. Tis a pointer to member function, theasult_type is the return type of .

3. Tis aclass type with a member typesult_type , thenresult_type is T::result_type

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

explicit reference_wrapper(T& t);

Effects: Constructs a referencgrapper 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 referencewrapper invocation [tr.util.refwrp.invoke]
template <typename T1, typename T2, ..., typename TN>

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

Effects: f.get()(al, a2, ..., aN)
Returns: The result of the expressidmget()(al, a2, ..., aN)

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

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

template <typename 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 {
class bad_weak_ptr;

template<class T> class shared_ptr;

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

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

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

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

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

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

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

template<class D, class T>
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D * get _deleter(shared_ptr<T> const& p);
template<class T> class weak_ptr;

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

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

template<class T> class enable_shared_from_this;

2.2.2 Classdad_weak ptr [tr.util.smartptr.weakptr]

namespace trl {
class bad weak ptr: public exception
{
public:
bad_weak_ptr();
3
}

An exception of typdad_weak ptr is thrown by theshared ptr  constructor taking aveak_ptr .

bad_weak_ptr();

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

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

Theshared_ptr  class template stores a pointer, usually obtainedgia. 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;

/I constructors

shared_ptr();

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

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

/I destructor
“shared_ptr();

/I assignment

shared_ptr& operator=(shared_ptr const& r);

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

/I modifiers

void swap(shared_ptr& r);

void reset();

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

/I observers

T* get() const;

T& operator*() const;

T* operator->() const;

long use_count() const;

bool unique() const;

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

k

/' comparison
template<class T, class U>
bool
operator==(shared_ptr<T> const& a, shared_ptr<U> const& b);

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

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

/I other operators
template<class E, class T, class Y>
basic_ostream<E, T>&
operator<< (basic_ostream<E, T>& o0s, shared_ptr<Y> const& p);
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/I specialized algorithms
template<class T>
void swap(shared_ptr<T>& a, shared_ptr<T>& b);

I/l casts
template<class T, class U>
shared_ptr<T> static_pointer_cast(shared_ptr<U> const& r);

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

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

}

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

[Example:
if(shared_ptr<X> px = dynamic_pointer_cast<X>(py))

/I do something with px

}

—end examplg.

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

shared_ptr();

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

template<class Y> explicit shared ptr(Y * p);

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

Effects: Constructs ahared_ptr  thatownsthe pointemp.
Postconditions:use_count() == 1 && get() ==

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

Exception safety:If an exception is throwndelete p is called.
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template<class Y, class D> shared ptr(Y * p, D d);

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

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

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

Exception safety:If an exception is throwrd(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 aremptyshared_ptr ; otherwise, constructs shared_ptr  that
shares ownershipith r .

Postconditions:get() == r.get() && use_count() == r.use_count()
Throws: nothing.

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

Effects: Constructs ahared_ptr  thatshares ownershiith r and stores a copy of the pointer stored
inr.

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

Throws: bad_weak _ptr whenr.expired()

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

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

Requires: r.release() is convertible tol' *. Yis acomplete type. The expressidglete r.release()
is well-formed, does not invoke undefined behavior, and does not throw exceptions.

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

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

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

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

“shared_ptr();

Effects:

o If *this is empty or shares ownershigiith anothershared_ptr  instance gse_count() >
1), there are no side effects.
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e Otherwise, ifthis  ownsa pointerp and a deleted, d(p) is called.

e Otherwise}*this ownsa pointerp, anddelete p s called.

Throws: nothing.

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

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

Effects: Equivalent tashared_ptr(r).swap(*this)
Returns: *this

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

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

p =0

qa=np

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 contentsthis andr .
Throws: nothing.

void reset();

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

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

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

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

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

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

T * get() const;
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Returns: the stored pointer.
Throws: nothing.

T& operator*() const;

Requires: get() '= 0

Returns: *get()

Throws: nothing.

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

T * operator->() const;

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

long use_count() const;

Returns: the number ofhared_ptr  objects*this included, thashare ownershiwvith *this , or0
when*this  is empty

Throws: nothing.

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

bool unique() const;

Returns: use_count() ==

Throws: nothing.

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

operator  unspecified-bool-type () const;

Returns: an unspecified value that, when used in boolean contexts, is equivatgi(}o!= 0
Throws: nothing.

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

2.2.3.6 shared_ptr comparison [tr.util.smartptr.shared.cmp]
template<class T, class U>

bool operator==(shared_ptr<T> const& a,
shared_ptr<U> const& b);
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Returns: a.get() == b.get()
Throws: nothing.

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

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

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

Returns: an unspecified value such that
e operator< s a strict weak ordering as described in section Hth3lg.sorting] ;

e under the equivalence relation defineddperator< ,!(a < b) && (b < a) ,twoshared_-
ptr instances 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>& o0s, shared_ptr<Y> const& p);

Effects: os << p.get();
Returns: o0s.

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

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

Effects: Equivalent toa.swap(b)
Throws: nothing.

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

template<class T, class U>
shared_ptr<T> static_pointer_cast(shared ptr<U> const& r);
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Requires: The expressiostatic_cast<T*>(r.get()) is well-formed.
Returns: If r is empty anemptyshared_ptr<T> ; otherwise, ashared_ptr<T>  object that stores

static_cast<T*>(r.get()) andshares ownershipith r .
Throws: nothing.
Notes: the seemingly equivalent expressiirared_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 unde-
fined behavior.
Returns:

¢ Whendynamic_cast<T*>(r.get()) returns a nonzero value, shared_ptr<T>  object

that stores a copy of it arghares ownershipith r ;

e Otherwise, amptyshared_ptr<T>  object.

Throws: nothing.
Notes: the seemingly equivalent expressishared_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);

Requires: The expressiononst_cast<T*>(r.get()) is well-formed.

Returns: If r is empty, an emptghared_ptr<T> ; otherwise, sshared_ptr<T>  object that stores
const_cast<T*>(r.get()) and shares ownership with

Throws: Nothing.

Notes: the seemingly equivalent expressisimared_ptr<T>(const_cast<T*>(r.get())) will

eventually result in undefined behavior, attempting to delete the same object twice.

2.2.3.10 getdeleter [tr.util.smartptr.getdeleter]

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

Returns: If *this ownsa deleted of type cv-unqualified, returns&d; otherwise return§.
Throws: nothing.

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

Theweak_ptr class template stores a "weak reference” to an object that's already managshtga -
ptr . To access the objectyeeak ptr can be converted toghared_ptr  using the member function
lock .
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namespace trl {
template<class T> class weak_ptr {

public:
typedef T element_type;

/I constructors

weak_ptr();

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

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

/I destructor
“weak_ptr();

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

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

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

/I modifiers
void swap(weak ptr& r);
void reset();

/I observers

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

h
/I comparison
template<class T, class U>
bool operator<(weak ptr<T> const& a, weak ptr<U> const& b);
/I specialized algorithms

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

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

2.2.4.1 weak_ptr constructors [tr.util.smartptr.weak.const]
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weak_ptr();

Effects: Constructs aemptyweak_ptr .
Postconditions:use_count() ==
Throws: nothing.

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

Effects: If r is empty constructs ammptyweak_ptr ; otherwise, constructsweak ptr thatshares
ownershipwith r and stores a copy of the pointer stored in

Postconditions:use_count() == r.use_count()
Throws: nothing.

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

“weak_ptr();

Effects: Destroys thisveak_ptr but has no effect on the object its stored pointer points to.
Throws: nothing.

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

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

Effects: Equivalent 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 contentsthis andr .
Throws: nothing.

void reset();

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

2.2.45 weak _ptr observers [tr.util.smartptr.weak.obs]
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long use_count() const;

Returns: 0 if *this is empty otherwise, the number ahared_ptr  instances thashare ownership
with *this
Throws: nothing.

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

bool expired() const;

Returns: use_count() ==
Throws: nothing.
Notes:expired()  may be faster thanse_count()

shared_ptr<T> lock() const;

Returns: expired()? shared_ptr<T>(): shared_ptr<T>(*this)
Throws: nothing.

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

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

Returns: an unspecified value such that
e operator< is a strict weak ordering as described in section Hh3alg.sorting] ;

e underthe equivalence relation defineddperator<  ,!(a < b) && !(b < a) , twoweak_-
ptr instances are equivalent if and only if thelyare 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 Class templateenable_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 thehared_from_this member functions that obtairsaredptr instance point-
ing tothis
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[Example:

struct X: public enable_shared_from_this<X>

{
3
int main()
{
shared_ptr<X> p(new X);
shared_ptr<X> q = p->shared_from_this();
assert(p == q);
assert(!(p < q ) \&& (g < p)); /l p and g share ownership
}
—end examplg.

namespace trl {
template<class T> class enable_shared_from_this {
protected:
enable_shared_from_this();
enable_shared_from_this(enable_shared from_this const&);
enable_shared_from_this&
operator=(enable_shared_from_this const&);
“enable_shared_from_this();
public:
shared_ptr<T> shared_from_this();
shared_ptr<T const> shared_from_this() const;
h
}

enable_shared_from_this<T>::enable_shared_from_this();
enable_shared_from_this<T>::enable_shared_from_this(
enable_shared_from_this<T> const&);
Effects: Constructs anable_shared_from_this<T> instance.
Throws: nothing.

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

Returns: *this
Throws: nothing.

enable_shared_from_this<T>::"enable_shared_from_this();

Effects: Destroys*this
Throws: nothing.
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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;

Requires: enable_shared_from_this<T> is an accessible base classTofithis  is a subobject
of an instance of typeT. There is at least onghared_ptr  instancep thatownsé&t .

Returns: A shared_ptr<T> instance thatshares ownership witp.
Postconditions:r.get() == this
[Note: a typical implementation is shown below:

template<class T> class enable_shared_from_this

{
private:
weak ptr<T> _ weak this;
protected:
enable_shared_from_this() {}
enable_shared_from_this(enable_shared from_this const &) {}
enable_shared_from_this &
operator=(enable_shared_from_this const &) { return *this; }
“enable_shared_from_this() {}
public:
shared_ptr<T> shared_from_this()
{ return shared_ptr<T>(__weak_this); }
shared_ptr<T const> shared_from_this() const
{ return shared_ptr<T const>(__weak_this); }
3

The threesharedptr constructors that create unique pointers should detect the presenceepélale-
sharedfrom_this base and assign the newly creasbdredptr to its __weakthis member—end not§.
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Chapter 3

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

3.1 Function return types [tr.func.ret]

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

namespace trl {
template <typename FunctionCallTypes> class result_of;

}

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

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

Il types

typedef  unspecified type;

h
Given an Ivalug of typeF and Ivaluedl , t2 , ..., tN of typesT1, T2, ..., TN, respectively, theype
member type defines the result type of the expresgtan t2, ...,tN)

The implementation may determine the member type via any means that produces the exact type of
the expressiofi(tl, t2, ..., tN) for the given types. Note: The intent is that implementations
are permitted to use special compiler hoekend notg
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If the implementation cannot determine the type of the expredsibn t2, ..., tN) , or if the
expression is ill-formed, the implementation shall use the following process to determine the member type

type :
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 typgpe is the return type of the member function type.

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

4. If Fis a possiblywqualified class type with a member typsult_type  ,type isF:result_-
type .

5. If Fis a possiblcv-qualified class type with no member namredult_type orif F::result_-
type is notatype:

(a) If N=0 (no arguments}type isvoid .
(b) If N>0, type isF:result<F(T1, T2,..., TN)>:type

6. Otherwise, the program is ill-formed.

3.2 Member pointer adaptors [tr.func.memfn]

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

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

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

mem_fn(&X::f) , wheref is a member function oX, returns an object through whidX::f can be
called given a pointer, a smart pointer, an iterator, or a referen¢éaitowed by the argument list required
for X::f , if any. The returned object SopyConstructible andAssignable , its copy constructor
and assignment operator do not throw exceptions, and it has a nested tygmdieftype defined as

the return type of .

mem_fn(&X::m) , wheremis a data member of, returns an object through which a referenc&a:m

can be obtained given a pointer, a smart pointer, an iterator, or a refereXcd e returned object is
CopyConstructible andAssignable , its copy constructor and assignment operator do not throw
exceptions, and it has a nested typedsilt_type defined as eithdvlorM const & , whereMis the
type ofm
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template<class R, class T>
unspecified mem_fn(R T:* pm);

Returns:

e Whenpmis a pointer to a member function takimgarguments, a function objettsuch that the
expressiorf(t, a 1, ..., a n) is equivalent to(t*pm)(a 1, ..., @ n) whent is an
Ivalue of typeT or derived fromT, ((*t).*pm)(a 1, -, @ n) otherwise.

e Whenpmis a pointer to a data member, a function obfestch that the expressidit)
alent tot.*pm whent is an Ivalue of typd or derived fromT, (*t).*pm  otherwise.

is equiv-

Throws: nothing.
Notes: Implementations are allowed to implement mémas a set of overloaded function templates.

3.3 Function object binders [tr.func.bind]

3.3.1 Additions to header<functional>

template<class
template<class

template<class
unspecified

template<class
unspecified

template<class
unspecified

template<class
unspecified

template<class
unspecified

synopsis [tr.func.bind.synopsis]
T> struct is_bind_expression;
T> struct is_placeholder;

F>
bind(F f);
R, class F>
bind(F f);

F, class Al1>
bind(F f, A1l al);

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

R, class F, class Al>
bind(F f, A1 al);

/I for all integers n in [2, N].

template<class
unspecified

template<class
unspecified

template<class
unspecified

F, class Al, ..., class A
bind(F f, A1 a1, ..., A n an);

R, class T, class Al, ..., class A
bind(R T::* pmf, Al al, ..., A

R, class F, class Al, ... class A
bind(F f, A1 al, ..., A n an);

n>

n>
n an);
n>

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

extern  unspecified _1;
extern  unspecified _2;
extern  unspecified _M;
}
3.3.2 Class templates_bind_expression [tr.func.bind.isbind]

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

k
}

is_bind_expression can be used to detect function objects generatebliy . bind usesis_-
bind_expression to detect subexpressions. The template can be specialized by users to indicate that
a type should be treated as a subexpressiorbing call.

static const bool value;

true if Tis atype returned frorhind , false otherwise.

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

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

k
}

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

type.
static const int value;

value isNif Tis the type oftrl::placeholders::_ N, O otherwise.

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

The function\(x) is defined ax.get() = whenx is of typereference_wrapper<F> for someF, x
otherwise.
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The functionu(x, v 1, ..., Vv m), wheremis a nonnegative integex, is of type X, andk isis_-
placeholder<X>::value , is defined as:

e x.get() ,whenXis areference_wrapper<T> for someT;
e Vi, whenk != 0 ;
e X(V 1, ... V. m,whenis_bind_expression<X>:value istrue ;

e X otherwise.

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

The maximum number of supported argumeisr( the synopsis) is implementation defined. Implemen-
tations are allowed to define additional, more specialibg®] overloads, or to fold the pointer to member
overload into the general function template, as long as the behavior birttie calls is unchanged.

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

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

kh

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

..., a n) mustbe well-formed and must have the same argument passing semafuiesag()(al,

a2, ..., a n).[Note-Implementations are encouraged to support argument forwarding for non-const
temporaries - end note]

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

Requires: F must beCopyConstructible . A(H(O)  must be a valid expression. fifis not asimple
function object, the behavior is implementation defined.

Returns: A function objectg of an unspecifiedCopyConstructible type G such that the expres-
siong(v 1, ... v m is equivalent to\(f)() . The type of the expressiag(v 1, ..., V.= m) Iis
result_of<R()>::type whereR is the type ofA(f) . If the function application is made via a cv-
qualified reference to, or copy df, the same cv-qualifiers are appliedftdefore the evaluation. When
f is a pointer to a function with C++ linkag&::result_type is defined as the return type of the
WhenF::result_type is definedG::result_type is defined as the same type.

Throws: nothing unless the copy constructorfothrows an exception.
Notes: Implementations are allowed to impose an upper limitoftypically one more than the number of
supported placeholders). Itis implementation defined wh&eAssignable  or DefaultConstructible

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

Requires: F must beCopyConstructible .A(F)()  must be a valid expression convertibleRo

Returns: A function objectg of an unspecifiedCopyConstructible type G such that the expression
o(v 1, ... v m is equivalent toA(f)() , implicitly converted toR. If the function application is
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made via a cv-qualified reference to, or copy @f,the same cv-qualifiers are appliedftabefore the
evaluation.G::result_type is defined af.

Throws: nothing unless the copy constructorfofhrows an exception.
Notes: Implementations are allowed to impose an upper limitrorit is implementation defined whether
Gis Assignable  or DefaultConstructible

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

Requires: F andA1 must beCopyConstructible . A(H(wl)  must be a valid expression for some
valuewl. If f is not asimplefunction object, the behavior is implementation defined.

Returns: A function objectg of an unspecifiedCopyConstructible type G such that the expres-
siong(v 1, ..., v m isequivalentto\(f)( w(al, v 1, .., v m) . Thetype of the expression
gv1, ... v m isresult_of<R(T)>:type whereR is the type ofA(f) andT is the type of
w@l, v 1, ..., v m . Ifthe function application is made via a cv-qualified reference to, or copy of,
g, the same cv-qualifiers are appliedft@andal before the evaluation. Wherf is a pointer to a function
with C++ linkage,G::result_type is defined as the return type of the WhenF::result_type

is defined G::result_type is defined as the same type.

Throws: nothing unless the copy constructorsfofr al throw an exception.
Notes: Implementations are allowed to impose an upper limitrort is implementation defined whether
Gis Assignable  or DefaultConstructible

template<class R, class T, class Al>

unspecified bind(R T::* pm, Al al);
Requires: pmmust be a pointer to data member or pointer to a member function taking no arguments.
Returns: bind(mem_fn(pm), al)

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

Requires: F andA1 must beCopyConstructible . A(H(wl) , for some valueavl, must be a valid
expression convertible .
Returns: A function objectg of an unspecifiedCopyConstructible type G such that the expression

gv 1, ... v m isequivalenttor(f)( p(al, v 1, ..., v m) ,implicitly converted toR If the
function application is made via a cv-qualified reference to, or copy,dhe same cv-qualifiers are applied
tof andal before the evaluatiorG::result_type is defined afRR.

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

Notes: Implementations are allowed to impose an upper limitrort is implementation defined whether
Gis Assignable  or DefaultConstructible

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

unspecified bind(F f, A1 a1, ..., A n an);
Requires: F andAi must beCopyConstructible Af)wl, LL,ow n) must be a valid expres-
sion for some valuesi . If f is not asimplefunction object, the behavior is implementation defined.
Returns: A function objectg of an unspecifiedCopyConstructible type G such that the expression
gv 1, ... v m isequivalentto\(f)( w(@1, v 1, ... V.. m), .. wan, vi, .., v m).
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The type of the expression(v 1, ..., v m isresult_of<R(T1, T2, .., T n)>::type
whereRis the type ofA(f) and eaclTi isthe typeofu(ai, v, ... v. m.

If the function application is made via a cv-qualified reference to, or copyg,ofhe same cv-qualifiers
are applied tof andai before the evaluation. Wheh is 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 constructord ofr ai throw an exception.

Notes: Implementations are allowed to impose an upper limitorit is implementation defined whether
Gis Assignable  or DefaultConstructible

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

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

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

unspecified bind(F f, A1 al, ..., A n an);
Requires: F andAi must beCopyConstructible CAfwl, LL,ow n) , for some valuesi ,
must be a valid expression convertibleRo
Returns: A function objectg of an unspecifiedCopyConstructible type G such that the expression
gv 1, ... v m isequivalentto\(f)( wp(@1, v 1, ... V. m) - pwlan, vi, .. v m,
implicitly converted toR. If the function application is made via a cv-qualified reference to, or copy,of,
the same cv-qualifiers are appliedft@ndai before the evaluatiorG::result_type is defined aRR

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

Notes: Implementations are allowed to impose an upper limitrorit is implementation defined whether
Gis Assignable  or DefaultConstructible

3.3.5 Placeholders [tr.func.bind.place]

namespace trl {
namespace placeholders {

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

constructors and copy constructors do not throw. It is implementation defined whether placeholder types
areAssignable . Assignable placeholders’ copy assignment operators do not throw exceptions.
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3.4 Polymorphic function wrappers [tr.func.wrap]

3.4.1 Additions to<functional> synopsis [tr.func.wrap.synopsis]
class bad_function_call;
template<typename Function> class function;

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

template<typename Functionl, typename Function2>
void operator==(const function<Function1>&,
const function<Function2>&);

template<typename Functionl, typename Function2>
void operator!=(const function<Function1>&,
const function<Function2>&);

3.4.2 Clasdad_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:
/I [tr.func.wrap.badcall.const] constructor
bad_function_call();

k
}

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

bad_function_call();

Effects. constructs dad_function_call object.

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

The library provides polymorphic wrappers that generalize the notion of a function pointer. Wrappers can
store, copy, and call arbitrary function objects given a function signature (denoted by a set of argument
types and a return type), allowing functions to be first-class objects.
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A function objectf of typeF is Callablegiven a set of argument typ&4, T2, ..., TN and a return typ&, if
one of the following conditions holds given rvaluds, t2 , ...,t N of typesT1, T2, ..., TN, respectively:

e If Fis not a pointer to member function type, the expreséith t2, ..., t N) is well-
formed and is convertible tB.

e If Fis a pointer to member function type, the expressimm_fn(f)(t1, t2, ..., t N) is
well-formed and is convertible tB.

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

namespace trl {
/I Function type R (T1, T2, ..., TN), 0 < N < Nmax
template<typename Function>
class function

: public unary_function<R, T1> /I iff N ==

. public binary_function<R, T1, T2> /I iff N ==
{
public:

typedef R result_type;

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

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

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

/I [tr.func.wrap.func.inv] function invocation
R operator()(T1, T2, ..., T N) const;
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/I [tr.func.wrap.func.alg] specialized algorithms
template<typename Functionr>
void swap(function<Function>&, function<Function>&);

/I [tr.func.wrap.func.undef] undefined operators
template<typename Functionl, typename Function2>
void operator==(const function<Function1>&,

const function<Function2>&);
template<typename Functionl, typename Function2>
void operator!=(const function<Function1>&,

const function<Function2>&);

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

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

function(const function& f);

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

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

template<typename F>
function(F f);

Requires f is a callable function object for argument typek, T2, ..., TN and return typ&k.
Postconditions this->empty() if any of the following hold:
e f isa NULL function pointer.

e f isa NULL member function pointer.

e f is aninstance of theinction  class template andempty()

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

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

template<typename F> function(reference_wrapper<F> f);
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Requires f.get() is a callable function object for argument typek, T2, ..., TN and return typdR.
Postconditions !this->empty() and*this targetdf.get()
Throws: will not throw.

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

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

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

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

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

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

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

void swap(function& other);

Effects: interchanges the targetsthis andother .
Throws: will not throw.

void clear();

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

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

bool empty() const

Returns: true if the function object has a targdalse otherwise.
Throws: will not throw.
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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 convertible
toint .

Throws: will not throw.

Notes This conversion can be used in contexts whdveal is expected (e.g., @h condition); however,
implicit conversions (e.g., tmt ) that can occur witbool are not allowed, eliminating some sources of
user error. (See claue 2.2]3.5.) One possible implementation choice for this type is pointer-to-member.

3.4.3.4 function invocation [tr.func.wrap.func.inv]
R operator()(T1 t1, T2 t2, ..., T N t N) const
Effects: f(t1, t2, ..., t N) , wheref is the target ofthis
Returns: nothing, ifRis void ; otherwise, the return value of the callfto
Throws: bad_function_call if this->empty() ; otherwise, any exception thrown by the wrapped

function object.

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

template<typename Function>
void swap(function<Function>& f1, function<Function>& f2);

Effects: f1.swap(f2);

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

template<typename Functionl, typename Function2>
void operator==(const function<Function1>&,
const function<Function2>&);

This function shall be left undefined.

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

template<typename Functionl, typename Function2>
void operator!=(const function<Function1>&,
const function<Function2>&);

This function shall be left undefined.

Rationale: the boolean-like conversion opens a loophole wherebyftiwotion  instances can be com-
pared vial= . This undefined/oid operatorl= closes the loophole and ensures a compile-time or link-
time error.
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Chapter 4

Metaprogramming and type traits
[tr.meta]

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

4.1 Requirements [tr.meta.rgmts]

4.1.1 Unary type traits [tr.meta.rgmts.unary]
In tablg/4.1 X is a class template that is a unary type trait @nid any arbitrary type.

Table 4.1: UnaryTypeTrait requirements

Expression Return Type Requirement

X<T>:value_type An integral type The type ofX<T>::value

X<T>:value value_type An integral constant expressign

that takes the value of the specified
trait.

X<T>:type integral_- A type for use in situations wherg
constant<value_type, a typename is more appropriate
value> than a value. The class tem-

plate integral_constant is
declared ir<type_traits>
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continued from previous page

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

Both Ivalues of type X<T>
const& and rvalues of type
X<T> are implicitly convertible to
X<T>:type

4.1.2 Binary type traits

[trmeta.rgmts.binary]

In tablg/4.2 X is a class template that is a binary type trait &rmhdU are any arbitrary types.

Table 4.2: BinaryTypeTrait requirements

Expression Return Type Requirement

X<T,U>:value bool An integral constant expression that
is true if T is related tdJ by the rela-
tion specified, and false otherwise.

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

X<T,U>::type integral_- A type for use in situations wherg

constant<bool, value>

a typename is more appropriate
than a value. The class template
integral_constant is declared
in <type_traits>

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

Both Ivalues of type X<T,U>
const& and rvalues of type
X<T,U> are implicitly convertible to
X<T,U>:type

4.1.3 Transformation type traits

[trmeta.rgmts.trans]

In tablg/4.3 X is a class template that is a transformation trait @nslany arbitrary type.

Table 4.3: TransformationTrait requirements

=]

g

Expression Requirement
X<T>:type The result is a type that is the result of applyi
transformatiorX to typeT.
4.2 Header<type traits> synopsis

namespace trl{
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/I helper class:

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

/I Primary type categories:

template <class T> struct is_void;

template <class T> struct is_integral,

template <class T> struct is_floating_point;

template <class T> struct is_array;

template <class T> struct is_pointer;

template <class T> struct is_reference;

template <class T> struct is_member_object pointer;
template <class T> struct is_member_function_pointer;
template <class T> struct is_enum;

template <class T> struct is_union;

template <class T> struct is_class;

template <class T> struct is_function;

/[ composite type categories:

template <class T> struct is_arithmetic;
template <class T> struct is_fundamental;
template <class T> struct is_object;

template <class T> struct is_scalar;

template <class T> struct is_compound;
template <class T> struct is_member_pointer;

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

I/l type relations:

template <class T, class U> struct is_same;

template <class From, class To> struct is_convertible;
template <class Base, class Derived> struct is_base of;

/I const-volatile modifications:

template <class T> struct remove_const;
template <class T> struct remove_volatile;
template <class T> struct remove_cv;
template <class T> struct add_const;
template <class T> struct add_volatile;
template <class T> struct add_cv;

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

/I array modifications:
template <class T> struct remove_extent;

template <class T> struct

/I pointer modifications:
template <class T> struct
template <class T> struct

/I Other transformations
template <class T> struct

remove_all_extents;

remove_pointer;
add_pointer;

aligned_storage;

} /I namespace trl

4.3 Unary Type Traits [tr.meta.unary]

This sub-clause contains templates that may be used to query the properties of a type at compile time.
All of the class templates defined in this clause satisfy the UnaryTypeTrait requirements.

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

For all of the class templateésdeclared in this clause, both rvalues of typeconst and Ivalues of typ&
const& shall be implicitly convertible toX::type . A traits classX shall inherit fromX::type . [Note

For exposition only, the class templabédefined in this clause are shown with base classes that depend on
names defined within the scopeXif—end notg

For all of the class templatésdeclared in this clause, instantiating that template with a template-argument
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that is a class template specialization, may result in the implicit instantiation of the template argument if
and only if the semantics of 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;
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 templatategral_constant and its associated typedéfse_type andfalse_type
are for use in situations where a type rather than a value is required.

4.3.2 Primary Type Categories [trmeta.unary.cat]

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

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

For any given typd, the result of applying one of these templated t@nd tocv-qualifiedT shall yield
the same result.

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

template <class T> struct is_void
. 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 Tisvoid oracv-qualifiedvoid . Otherwise defined to Halse

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
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value : defined to barue if T is an integral type (3.9.1). Otherwise defined tddlee

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 barue if T is a floating point type (3.9.1). Otherwise defined tdddee

template <class T> struct is_array
: 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 barue if T is an array type (3.9.2). Otherwise defined tofllse . [Note class
templatearray , described in clauge §.2 of this technical reporhasan array type—end notg

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

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

h

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

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

template <class T> struct is_member_object_pointer
. 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;

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

template <class T> struct is_member_function_pointer
. 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 pointer to a member function. Otherwise defined téakse

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

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

h

value : defined to bdrue if T is an enumeration type (3.9.2). Otherwise defined ttals

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 berue if T is a union type (3.9.2). Otherwise defined tofakse

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;

h

value : defined to bearue if T is a class type (3.9.2), in this context unions are not considered to be

class types. Otherwise defined tofatse

template <class T> struct is_function
. 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;

k

value : defined to berue if Tis a function type (3.9.2). Otherwise defined tofakse

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

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

For any given typd, the result of applying one of these templated t@nd tocv-qualifiedT shall yield
the same result.

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

template <class T> struct is_arithmetic
. public integral_constant<value_type,value>

{
static const bool value =
is_integral<T>::value || is_floating_point<T>::value;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
3

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

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 berue if T is a fundamental type (3.9.1). Otherwise defined tdetee

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

h
value : defined to berue if T is an object type (3.9). Otherwise defined tofalse

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;

h
value : defined to berue if Tis a scalar type (3.9). Otherwise defined td&lee

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

{
static const bool value = lis_fundamental<T>:.value;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

3

value : defined to berue if T is a compound type (3.9.2). Otherwise defined tdabee

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 barue if T is a pointer to a member or member function. Otherwise defined to be
false

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

These templates provide access to some of the more important properties of types; they reveal information
which is available to the compiler, but which would not otherwise be detectable in C++ code.
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Except where specified, it is undefined whether any of these templates have any full or partial speciali-
sations defined. It is permitted for the user to specialise any of these templates on a user-defined type,
provided the semantics of the specialisation match those given for the template in its description.

template <class T> struct is_const
. public integral_constant<value_type,value>

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

h

value : defined to berue if T is const-qualified (3.9.3). Otherwise defined tdfélse

template <class T> struct is_volatile
. 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 bdrue if T is volatile-qualified (3.9.3). Otherwise defined tofatse

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;

3

Preconditions: template argumeri shall be a complete type.
value : definedto bdrue if Tisa POD type (3.9). Otherwise defined tofatse

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

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

template <class T> struct is_polymorphic
. 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;

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

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

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

3

Preconditions: template argumeri shall be a complete type.
value : defined to berue if Tis a abstract class (10.4). Otherwise defined téalse

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

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

h

Preconditions: template argumeri shall be a complete type.

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

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;

3

Preconditions: template argumeri shall be a complete type.
value : defined to berue if the copy constructor for is trivial (12.8). Otherwise defined to lialse

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;

3
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Preconditions: template argumenik shall be a complete type.
value : defined to bdrue if the assignment operator fdris trivial (12.8). Otherwise defined to be
false

template <class T> struct has_trivial_destructor
: public integral_constant<value_type,value>

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

h

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

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;

h

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

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

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

3

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

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

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

3

Preconditions: template argumeri shall be a complete type.
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value : defined to bdrue if the assignment operator fdrhas an empty exception specification, or can
otherwise be deduced never to throw an exception. Otherwise definedaizde .

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;

h

value : true if typeT has a virtual destructor (12.4) otherwisése
not determine whether a type has a virtual destruetgr,a pure library implementation with no compiler

support, should returfalse . —end notg

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

. [Note: An implementation that can-

{
static const bool value = implementation_defined ;
value_type;

typedef bool
typedef integral_constant<value_type,value> type;

h
value : defined to berue

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

if T is a signed integral type (3.9.1). Otherwise defined téalse

{
static const bool value = implementation_defined ;
value_type;

typedef bool
typedef integral_constant<value_type,value> type;

5
value : defined to berue

template <class T> struct alignment_of
. public integral_constant<value_type,value>

if T is an unsigned integral type (3.9.1). Otherwise defined tialse

{

static const std::size t value = implementation_defined ;
value_type;

typedef std::size t
typedef integral_constant<value_type,value> type;

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

template <class T> struct rank
. 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;

h
value : Animplementation-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-tgpe. notg
[Example

/I 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 | = 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;

%

value : Animplementation-defined integer value representing the extent (dimension)Idftthmund of
objects of type T (8.3.4). If the typEis not an array type, has rank of less thgror if | == 0 and is of
type “array of unknown bound of T,” thevalue shall evaluate to zero; otherwisalue shall evaluate
to the number of elements in théth array bound ofT. [Note The term “extent” here is used to describe
the number of elements in an array typend 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);
assert((extent<int[2][4], 1>:value) == 4);
assert((extent<int[][4], 1>:value) == 4);

—end example

4.4 Relationships between types [tr.meta.rel]

All of the templates in this header satisfy the BinaryTypeTrait requirements.
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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 templatesdeclared in this clause, both rvalues of typeconst and Ivalues of typ&
const& shall be implicitly convertible toX::type . A traits classX shall inherit fromX::type . [Note

For exposition only, the class templatégefined in this clause are shown with base classes that depend on
names defined within the scopeXf—end notg

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;

3

value : defined to barue if T andU are the same type. Otherwise defined tdddse

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

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

h

value : defined to be true only if an imaginary Ivalue of typeom is implicitly-convertible to type

To (4.0). Otherwise defined to dalse . Special conversions involving string-literals and null-pointer
constants are not considered (4.2, 4.10 and 4.11). No function-parameter adjustments (8.3.5) are made to
type To when determining whethdtrom is convertible toTo: this implies that if typeTlo is a function

type or an array type, then value must necessarily evaludsdse .

The expressiors_convertible<From,To>::value is ill-formed if:
e TypeFrom, is a void or incomplete type (3.9).

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

e The conversion is ambiguous, for example if tffpem has multiple base classes of type (10.2).
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e TypeTo is of class type and the conversion would invoke a non-public construciios ¢£1.0 and
12.3.1).

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

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

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

3

Preconditions template argumen®ase andDerived shall both be complete types.

value : defined to barue if type Base is a base class of tygeerived (10) or if Base andDerived
are the same type. Otherwise defined tddise

4.5 Transformations between types [tr.meta.trans]

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

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

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

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

3

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

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

int , whereagemove_const<const int*> is const int*

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

b

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

k
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type : defined to be a type that is the sameTasexcept that any top level volatile-qualifier has been
removed. For exampletemove_const<const volatile int>::type evaluates to const int,
whereagemove_const<volatile int*> is volatile int*

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

>:type
type;
h
type : definedto be a type that is the samd&aexcept that any top level cv-qualifiers have been removed.
For exampleremove_cv<const volatile int>::itype evaluates tint , where agsemove_-
cv<const volatile int*> is const volatile int*

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

k

type :if Tis areference, function, or top level const-qualified type, then the same typ®teerwiser
const .

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

h

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

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

type : the same type amdd_const< add_volatile<T>::itype >:type

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

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

k

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

kh

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

h

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

J3
type :if Tis areference type, theh otherwiseT& .

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

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

3

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

3

template <class T> struct remove_extent<T[]>{
typedefs T type;

3

type : for a type ‘array oflJ, the resulting type idJ; for any other typé/, the resulting type i¥.

Note: for multidimensional arrays, only the first array dimension is removed. For a type ‘arneft
U, the resulting type i€onst U .—end notg

[example

/I 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[][3]>::type, int[3]>::value));

—end example

template <class T> struct remove_all_extents {
typedef T type;
3

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

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

k

type : for a type ‘multi-dimensional array df, the resulting type i4J; for any other typé/, the resulting
type isV.

[example
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/I 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[][3]>::itype, int>::value));

—end example

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

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

3

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

3

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

b

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

|3

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

3

type : defined to be a type that is the samélasxcept any top level indirection has been removed. Note:
pointers to members are left unchangedéyove_pointer

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

> type*
type;
3
type : defined to be a type that is the samerasiove_reference<T>::type* if T is a reference
type, otherwisd™* .
4.5.5 Other transformations [trmeta.trans.other]

template <std::size_t Len, std::isize_t Align> struct aligned_storage{
typedef  unspecified type;
h
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type : an implementation defined POD type with sizen and alignmentAlign, and suitable for use as
uninitialized storage for any object of a type whose sidecisand whose alignment ilign.

4.6 Implementation requirements [tr.meta.req]

The behaviour of all the class templates definedtipe_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

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

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

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

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

It is unspecified under what circumstances, if daypod<T>::value evaluates tdrue , except that,
for all typesT:

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 émgs_trivial_*<T>::value evaluates tdrue
except that:

has_trivial_*<T>::value ==
has_trivial_*<remove_extent<T>::type>:.value
has_trivial *<T>:value >=
is_pod<T>:value

It is unspecified under what circumstances, if d/@s_nothrow_*<T>::value evaluates tdrue .

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 particulas: class ,is_enum , andis_scalar . For these tem-

plates, it is unspecified whether their template argument(s) are implicitly instantiated when the traits class
is itself instantiated.
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Chapter 5

Numerical facilities

5.1 Random number generation

This subclause defines a facility for generating random numbers.

5.1.1 Requirements

[tr.num]

[tr.rand]

[tr.rand.req]

In table[5.1 X denotes a uniform random number generator class returning objects of typis a value
of X, andv is a (possibly const ) value &€

Table 5.1: Uniform random number generator requirements

t

integer

operator()
is strictly greater than all values potential
returned byoperator()
return value of this function shall not chang
during the lifetime ofv.

In any case, the

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

values potentially returned bgperator()

The return value of this function shall not

change during the lifetime of.
v.max() T If  std::numeric_limits<T>:is_- constant

, returns a value that is greater than
or equal to all values potentially returned by
, otherwise, returns a value that

ly

ye
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In table[5.2,X denotes a pseudo-random number engine class returning objects df, type a value of

T, uis avalue ofX, v is an Ivalue ofX, g is an Ivalue of a zero-argument function object returning values
of unsigned integral typex andy are (possibly const ) values &f os is an Ivalue of the type of some
class template specializatitvasic_ostream<charT, traits> , andis is an Ivalue of the type of
some class template specializatlmmsic_istream<charT, traits> , WherecharT andtraits

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

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

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

expression

Return Type

pre/post-condition

complexity

X()

creates an engine with the san
initial state as all other default
constructed engines of typ@n the
program.

ne&(size of state)

X(9)

creates an engine with the in
tial internal state given by the rg
sults of successive invocations
g. Throws what and wherg
throws.

-O(size of state)

of

u.seed()

void

post:u == X()

O(size of state)

u.seed(g)

void

post: sets the internal state wfso
thatu == X(g) . If an invoca-

tion of g throws, that exception is$

rethrown, and further use of (ex-

cept destruction) is undefined unfi

aseed member function has bee
executed without throwing an ex
ception.

same a¥(g)

D

S5 =

u()

given the statel(i)  of the engine,
computesu(i+1) , setsthe state t
u(i+1l) , and returns some outpt
dependent on(i+1)

amortized constan
D
It

t

X ==y

bool

Given the current state(i)  of x

and the current statdj) ofy, re-
turns true ifx(i+k) is equal to
y(+k) for all integerk >= 0,

false otherwise.

O(size of state)

X I=y

bool

'x ==y)

O(size of state)

62



continued from previous page
0s << X reference to the type afs | writes the textual representa-O(size of state)
tion of the state x(i) of x
to os, with os. fmtflags set
to ios_base::dec|ios_-
base::fixed|ios_-
base::left and the fill charac-
ter set to the space character. |In
the output, adjacent numbers are
separated by one or more space
characters. post: Thes. fmtflags
and fill character are unchanged.
is >> v reference to the type & | sets the statg(i) of v as deter-| O(size of state)
mined by reading its textual repre
sentation fromis . pre: The tex-
tual representation was previously
written using aros whose imbued
locale and whose type’s template
specialization argumentgharT
and traits were the same as
those ofis . post: Thes .fmtflags
are unchanged.

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

¢ the constructoremplate<class Gen> X(Gen& Q) shall have the same effectéstatic_-
cast<Gen>(g)) if Genis a fundamental type.

e The member function of the fortemplate<class Gen> void seed(Gen& Q) shall have
the same effect a¥(static_cast<Gen>(Q)) if Genis 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 readsy>> v , thenx
== v, provided that no intervening invocations»for v have occurred.

In table[5.3,X denotes a random distribution class returning objects of Type is a value ofX, x is a
(possibly const) value aX, e is an Ivalue of an arbitrary type that meets the requirements of a uniform
random number generator, returning values of types is an Ivalue of the type of some class template
specializatiorbasic_ostream<charT, traits> , and is an Ivalue of the type of some class template
specializatiorbasic_istream<charT, traits> , WherecharT andtraits w are constrained ac-
cording to [lib.strings] and [lib.input.output].
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Table 5.3:
CopyConstructible

Random distribution

, andAssignable )

requirements (in addition to

expression

Return Type

pre/post-condition

complexity

X:input_type U —
u.reset() void

compile-time
subsequent uses ofdo not depend constant

on values produced keyprior to in-
voking reset

the sequence of numbers returnedmortized con-
by successive invocations with thestant number of
same objecte is randomly dis-| invocations ofe
tributed with some probability den
sity functionp(x)

writes a textual representation forO(size of state)
the parameters and additional in-
ternal data of the distributior to
0s. post: Theos. fmtflagsand fill
character are unchanged.
restores the parameters and addio(size of state)
tional internal data of the distribu
tion u. pre:is provides a textua
representation that was previously
written using aros whose imbued
locale and whose type’s template
specialization argumentsharT
andtraits  were the same than
those ofis . post: Theis .fmtflags
are unchanged.

u(e) T

0S << X reference to the type afs

is >> u reference to the type as

Additional requirements: The sequence of numbers produced by repeated invocati¢aes ofioes not
change whether or nats << x is invoked between any of the invocatiox@) . If a textual represen-
tation is written usingds << x and that representation is restored into the same or a different gbject
of the same type using >> y , repeated invocations gfe) produce the same sequence of random
numbers as would repeated invocations(@) .

In the following subclauses, a template parameter nadretbrmRandomNumberGenerator  shall

denote a type that satisfies all the requirements of a uniform random number generator. Moreover, a tem-
plate parameter naméistribution 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 Readgpe is undefined
unless that type is one @ibat , double , orlong double

The effect of instantiating a template that has a template type parameter hatfiygae is undefined
unless that type is one ghort ,int ,long , or their unsigned variants.
The effect of instantiating a template that has a template type parameter bint€gpe is undefined

unless that type is one ohsigned short , unsigned int , orunsigned long

64



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

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

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

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

template<class IntType, IntType m, int s, int r>
class subtract with_carry;

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

template<class UniformRandomNumberGenerator, int p, int r>
class discard_block;

template<class UniformRandomNumberGeneratorl, int s1,
class UniformRandomNumberGenerator2, int s2>
class xor_combine;

class random_device;

template<class IntType = int>
class uniform_int;

class bernoulli_distribution;

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

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

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

class binomial_distribution;

template<class RealType = double>
class uniform_real,
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template<class RealType = double>
class exponential_distribution;

template<class RealType = double>
class normal_distribution;

template<class RealType = double>
class gamma_distribution;
} /I namespace trl
5.1.3 Class templatevariate _generator [tr.rand.var]
A variate_generator produces random numbers, drawing randomness from an underlying uniform

random number generator and shaping the distribution of the numbers corresponding to a distribution func-
tion.

template<class Engine, class Distribution>
class variate_generator

{
public:
typedef Engine engine_type;
typedef  implementation defined engine_value_type;

typedef Distribution distribution_type;
typedef typename Distribution::result_type result_type;

variate_generator(engine_type eng, distribution_type d);

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

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

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

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

h

The template argument for the paramefegine shall be of the fornlJ, U&, or U* , whereU denotes a
class that satisfies all the requirements of a uniform random number generator. The raegiber -
value_type shall nameJ.
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Specializations ofariate_generator satisfy the requirements of CopyConstructible and Assignable.
Except where specified otherwise, the complexity of all functions specified in this section is constant. No
function described in this section except the constructor throws an exception.

variate_generator(engine_type eng, distribution_type d)

Effects: Constructs aariate_generator object with the associated uniform random number gener-
atoreng and the associated random distributehn

Complexity: Sum of the complexities of the copy constructorsigine_type anddistribution_-
type .
Throws: If and what the copy constructor of Engine or Distribution throws.

result_type operator()()
Returns: distribution()(e)

Complexity: Amortized constant.

Notes: The sequence of numbers produced by the uniform random number gereraggris obtained
from the sequence of numbers produced by the associated uniform random number gengrateng ,
as follows: Consider the valuesmiimeric_limits< T>:is_integer for T bothDistribution::input_-
type andengine_value_type::result_type . If the values for both types ateue , thense is
identical toseng . Otherwise, if the values for both types de¢se , then the numbers iseng are di-
vided byengine().max()-engine().min() to obtain the numbers ige. Otherwise, if the value
for engine_value_type:result_type istrue and the value foDistribution::input_-

type isfalse ,then the numbers ipeng are divided byengine().max()-engine().min()+1

to obtain the numbers ise. Otherwise, the mapping froseng to se is implementation-defined. In all
cases, an implicit conversion froemgine_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)

Returns: distribution()(e, value) . For the semantics @f, see the description operator()()
engine_value_type& engine()

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

const engine_value_type& engine() const

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

distribution_type& distribution()

Returns: A reference to the associated random distribution.

const distribution_type& distribution() const

Returns: A reference to the associated random distribution.

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

result_type max() const

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

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

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

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

All members declaredtatic const in any of the following class templates shall be defined in such a
way that they are usable as integral constant expressions.

5.1.4.1 Class templatéinear_congruential [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 UlntType, UIntType a, UintType c, UIntType m>
class linear_congruential
{
public:
Il types
typedef UlntType result_type;

/I parameter values

static const UlntType multiplier = a;
static const UlntType increment = c;
static const UlntType modulus = m;

/I constructors and member function

explicit linear_congruential(UIntType x0 = 1);
template<class Gen> linear_congruential(Gen& Q);
void seed(UIntType x0 = 1);

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

result_type max() const;

68



result_type operator()();
3
}

The template parameteiintType shall denote an unsigned integral type large enough to store values up
to (m-1). If the template parametais 0, the modulusnused throughout this sectionsil::numeric_-
limits<UIntType>::max() plus 1. Note: The result is not representable as a value of typeType .
—end notgOtherwise, the template parametarandc 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 ¢ mod m = 0 andz0 mod m = 0, sets the state(i) of the engine td mod m, else sets the
state of the engine t00 mod m.
template<class Gen> linear_congruential(Gen& g)

Effects: If ¢ mod m = 0 andg() mod m = 0, sets the state(i)  of the engine td mod m, else sets the
state of the engine tg() mod m.

Complexity: Exactly one invocation of.

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

A mersenne_twister engine produces random numbers o(x(i)) using the following computation, per-
formed modul®™. umis a value with only the uppav-r bits setin its binary representatidm is a value

with only its lowerr bits set in its binary representatiarshift is a bitwise right shift with zero-valued bits
appearing in the high bits of the resulshift is a bitwise left shift with zero-valued bits appearing in the
low bits of the result.

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

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

e z1(i) = x(i) xor ( x(i) rshiftu)
e 22(i) = z1(i)xor ( (z1(i) Ishift ) bitand b )
e z3(i) = z2(i) xor ( (z2(i) Ishift t) bitandc )
e o(x(i)) = z3(i) xor ( z3(i) rshift 1)
template<class UlIntType, int w, int n, int m, int r,
UIntType a, int u, int s,

UintType b, int t, UIntType c, int I>
class mersenne_twister
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{
public:
Il types
typedef UlntType result_type;

/I parameter values

static const int word_size = w;

static const int state_size = n;

static const int shift size = m;

static const int mask_bits = r;

static const UlntType parameter_a = a;
static const int output u = u;

static const int output s = s;

static const UlntType output b = b;
static const int output t = t;
static const UlntType output ¢ = c;

static const int output | = I;

/I 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()();

h

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

The size of the state x(i) i3. The textual representation is the values of x(i-n), ..., x(i-1), in that order.

mersenne_twister()

Effects: Constructs anersenne_twister engine and invokeseed() .

explicit mersenne_twister(unsigned long value)

Effects: Constructs anersenne_twister engine and invokeseed(value)

template<class Gen> mersenne_twister(Gen& @)

Effects: Given the valuesy . . . z,, 1 obtained by successive invocationgokets x(-n) ... x(-1) tag mod
2% ... zp—1 mod 2%. Complexity: Exactlyn invocations ofg.

void seed()
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Effects: Invokesseed(0)

void seed(unsigned long value)

Effects: If value == , setsvalue to 4357. In any case, with a linear congruential generator lcg(i)
having parametersy;., = 232, a;., = 69069, ¢, = 0, andicg(0) = value , sets x(-n) ... x(-1) to lcg(1)
... leg(n), respectively.

Complexity: O(n)

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

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

5.1.4.3 Class templatsubtract_with_carry [tr.rand.eng.sub]
A subtract_with_carry engine produces integer random numbers usifig = (x(i-s) -
x(i-r) - carry(i-1)) mod m; and settingarry(i) = 1 if x(i-s) - x(i-r) - carry(i-1)

< 0, elsecarry(i) = 0

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

{

public:

I/l types
typedef IntType result_type;

/I parameter values

static const IntType modulus = m;
static const int long_lag = r;
static const int short lag = s;

/I constructors and member function
subtract_with_carry();

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

h
The template parameténtType shall denote a signed integral type large enough to store valueswp to
The following relation shall holdd < 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 gf sets X(-r) ... X(-1) td(zo - 2(32) + - -+ + 2,1 - 282" Dymodm ... (2(,—1)n -
282 4 4 zr — 1) - 232=Dymodm. If x(-1) == 0, sets carry(-1) = 1, else sets carry(-1) = 0.
Complexity: Exactlyr*n invocations ofy.

void seed(unsigned long value = 19780503)

Effects: If value == , setsvalue to 19780503. In any case, with a linear congruential generator
Icg(i) having parametersy;., = 2147483563, a;cq = 40014, ¢;¢, = 0, andicg(0) = value , sets x(-r) ...
X(-1) to lcg(1) mod m ... Icg(r) mod m, respectively. If x(-1) == 0, sets carry(-1) = 1, else sets carry(-1) = 0.

Complexity: O(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> & )

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

5.1.4.4 Class templatsubtract_with_carry_01 [tr.rand.eng.subl]
A subtract_with_carry 01 engine produces floating-point random numbers usfi)g=(x(i-s)
- x(i-r) - carry(i-1)) mod 1; and settingcarry(i) = 2= if x(i-s) - x(i-r) -

carry(i-1) < 0 , elsecarry(i) = 0

template<class RealType, int w, int s, int r>
class subtract with_carry 01

{
public:
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Il types
typedef RealType result_type;

/I parameter values

static const int word_size = w;
static const int long lag = r;
static const int short lag = s;
/I constructors and member function
subtract_with_carry _01();

explicit subtract_with_carry_01(unsigned 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()();

h

The following relation shall holdd < s < r.

The size of the state is. With n = (w + 31)/32 (rounded downward) and integer numbefs, j] such
thatz (i — k) * 2% = z[k, 0] + [k, 1] ¥ 232 + z[k,n — 1] ¥ 23%(n — 1), the textual representation is the values
of z[r,0],...2[r,n — 1],...2[1,0],... z[1,n — 1], carry(i — 1) % 2%, in that order. Note The algorithm
ensures that only integer numbers representable in 32 bits are wsitismd notg

subtract_with_carry 01()

Effects: Constructs aubtract_with_carry_01 engine and invokeseed() .

explicit subtract_with_carry_01(unsigned long value)

Effects: Constructs aubtract_with_carry_01 engine and invokeseed(value)

template<class Gen> subtract_with_carry_01(Gen& @)

Effects: With n = (w + 31)/32 (rounded downward) and given the valugs...z,.._, obtained by
successive invocations gf sets X(-r) ... X(-1) tzo - 232 + - - - 4 2,1 - 282" D).27UmodL ... (2(, 1),
232 4oz, -232001)) L o—wmodl. If x(-1) == 0, sets carry(-1) 2%, else sets carry(-1) &
Complexity: Exactlyr*n invocations ofg.

void seed(unsigned long value = 19780503)

Effects: If value == , Setsvalue to 19780503. In any case, with a linear congruential generator lcg(i)
having parameters;., = 2147483563, ajcy = 40014, ¢;cy = 0, andlcg(0) = value , sets x(-r) ... X(-1)

to (leg(1) - 27*)mod 1...(Icg(r) - 27* mod 1, respectively. lfz(—1) == 0, setscarry(—1) = 27,

else setsarry(—1) = 0.

Complexity: O(n - r).
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template<class RealType, int w, int s, int r>
bool operator==(const subtract with_carry<RealType, w, s, r> X,
const subtract_with_carry<RealType, w, s, r> vy);
Returns: true, if and only if x(i-r) == y(j-r) and ... and x(i-1) == y(j-1).
Complexity: O(r)

5.1.4.5 Class templat@iscard_block [tr.rand.eng.disc]
A discard_block engine produces random numbers from some base engine by discarding blocks of
data.

template<class UniformRandomNumberGenerator, int p, int r>
class discard_block

{
public:
Il types
typedef UniformRandomNumberGenerator base_type;
typedef typename base_type::result_type result type;
/I parameter values
static const int block size = p;
static const int used_block = r;
/I constructors and member function
discard_block();
explicit discard_block(const base type & rng);
template<class Gen> discard_block(Gen& g@);
void seed();
template<class Gen> void seed(Gen& Q);
const base type& base() const;
result_type min() const;
result_type max() const;
result_type operator()();
private:
base type b; /I exposition only
int n; /I exposition only
h

The template parametéiniformRandomNumberGenerator  shall denote a class that satisfies all the
requirements of a uniform random number generator, given inftafle 5.1 in flaude®64.0. < p. The
size of the state is the size bfplus 1. The textual representation is the textual representatinfotdidwed

by the value oh.

discard_block()

Effects: Constructs aliscard_block engine. To construct the subobjdxtinvokes its default con-
structor. Sete = 0.
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explicit discard_block(const base type & rng)

Effects: Constructs aliscard_block engine. Initializes with a copy ofrng . Setsn = 0.

template<class Gen> discard_block(Gen)

Effects: Constructs aliscard_block engine. To construct the subobjdgtinvokes theb(g) con-
structor. Sete = 0.

void seed()

Effects: Invokesb.seed() andset:n = 0.

const base_type& base() const

Returns: b

result_type operator()()

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

5.1.4.6 Class templat&or_combine [tr.rand.eng.xor]

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

template<class UniformRandomNumberGeneratorl, int sl1,
class UniformRandomNumberGenerator2, int s2>
class xor_combine
{
public:
Il types
typedef UniformRandomNumberGeneratorl basel type;
typedef UniformRandomNumberGenerator2 base2_type;
typedef /* see below */ result_type;

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

si;
s2;

/I 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;
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result_type min() const;
result_type max() const;
result_type operator()();

private:
basel type bl; /I exposition only
base2_type b2; /Il exposition only
b

The template parametddmiformRandomNumberGeneratorl ~ andUniformRandomNumberGenerator2

shall denote classes that satisfy all the requirements of a uniform random number generator, given in ta-

ble[5.1in clausg 5.1 1. BottniformRandomNumberGeneratorl::result_type andUniformRandomNumberGener:
type shall denote (possibly different) unsigned integral types. The following relation shall Botd:

sl and0 < s2. The size of the state is the size of the statbbiplus the size of the state b2. The

textual representation is the textual representatidsiidbliowed by the textual representationlut.

The memberesult_type is defined to that df/niformRandomNumberGeneratorl::result_-
type andUniformRandomNumberGenerator2::result_type that provides the most storage
[basic.fundamental].

xor_combine()

Effects: Constructs xor_combine engine. To construct each of the subobjédsandb2, invokes their
respective default constructors.

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

Effects: Constructs &or_combine engine. Initialized1 with a copy ofrngl andb2 with a copy of
rng2 .

template<class Gen> xor_combine(Gen& Q)

Effects: Constructs &or_combine engine. To construct the subobjédt invokes théb1(g) construc-
tor. Then, to construct the subobjéd, invokes theb2(g) constructor.

void seed()
Effects: Invokesbl.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 S|mpI|C|ty of interface. When using this class template, however,
it is advisable for at most one of these values to be nonzero. Ifsfbotands2 are nonzero then the low
bits will always be zero.
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5.1.5 Engines with predefined parameters [tr.rand.predef]

typedef linear_congruential< implementation-defined ,
16807, 0, 2147483647>
minstd_randoO;
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 _Ol<float, 24, 10, 24> ranlux_base 01,
typedef subtract with_carry_Ol<double, 48, 10, 24> ranlux64_base_01;

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

typedef discard_block<subtract with_carry Ol<float, 24, 10, 24>, 223, 24>
ranlux3_01;

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

For a default-constructeshinstd_rand0  object, x(10000) =1043618065. For a default-constructed
minstd_rand  object, x(10000) 399268537 .

For a default-constructedt19937 object, x(10000) =8346425566.

For a default-constructedhnlux3  object, x(10000) =5957620. For a default-constructednlux4
object, x(10000) =8587295. For a default-constructednlux3_01 object, x(10000) $957620 - 2724,
For a default-constructe@nlux4_01 object, x(10000) 8587295 - 224,

5.1.6 Classandom_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 tgblg 5.1 in clause]5.1.1). Descriptions are provided here only
for operations on the engines that are not described in one of these tables or for operations where there is
additional semantic information.

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

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

/I constructors, destructors and member functions

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

result_type max() const;

double entropy() const;

result_type operator()();

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

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

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

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

result_type min() const

Returns: numeric_limits<result_type>::min()

result_type max() const

Returns: numeric_limits<result_type>::max()
double entropy() const
Returns: An entropy estimate for the random numbers returned by operator(), in the main¢e to

log,(max() + 1). A deterministic random number generator (e.g. a pseudo-random number engine) has
entropy O.

Throws: Nothing.

result_type operator()()

Returns: A non-deterministic random value, uniformly distributed betweem() 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.

1 The parameter is intended to allow an implementation to differentiate between different sources of randomness.

78



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 clausg 5.11.1). Descriptions are provided here only for operations on the distributions that are not
described in one of these tables or for operations where there is additional semantic information.

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

The algorithms for producing each of the specified distributions are implementation-defined.

5.1.7.1 Class templat@niform_int [tr.rand.dist.iunif]

A uniform_int random distribution produces integer random numbsérsthe ranganin < x < max,
with equal probabilitymin andmax are the parameters of the distribution.

A uniform_int random distribution satisfies all the requirements of a uniform random number generator
(givenintabl¢ 5JL in clauge 5.1.1).
template<class IntType = int>
class uniform_int
{
public:
Il types
typedef IntType input_type;
typedef IntType result_type;

/I constructors and member function

explicit uniform_int(IntType min = 0, IntType max = 9);
result_type min() const;

result_type max() const;

void reset();

template<class UniformRandomNumberGenerator>

result_type

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

result_type

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

3
uniform_int(IntType min = 0, IntType max = 9)

Requires: min < max
Effects: Constructs ainiform_int object.min andmax are the parameters of the distribution.
result_type min() const

Returns: The “min” parameter of the distribution.
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result_type max() const

Returns: The “max” parameter of the distribution.

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

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

5.1.7.2 Clasdernoulli_distribution [tr.rand.dist.bern]

A bernoulli_distribution random distribution producdmol values distributed with probabili-
ties ptrue ) =p and pfalse )= 1-p. p is the parameter of the distribution.

class bernoulli_distribution

{

public:
Il types
typedef int input_type;
typedef bool result_type;

/I constructors and member function

explicit bernoulli_distribution(double p = 0.5);

RealType p() const;

void reset();

template<class UniformRandomNumberGenerator>

result_type operator()(UniformRandomNumberGenerator& urng);

h
bernoulli_distribution(double p = 0.5)

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

RealType p() const

Returns: The “p” parameter of the distribution.

5.1.7.3 Class templatgeometric_distribution [tr.rand.dist.geom]

A geometric_distribution random distribution produces integer values 1 with p(:) = (1 —
p) - pi~1. pis the parameter of the distribution.

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

{
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public:
Il types
typedef RealType input_type;
typedef IntType result_type;

/I constructors and member function

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

void reset();

template<class UniformRandomNumberGenerator>

result_type operator()(UniformRandomNumberGenerator& urng);

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

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

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 valdes 0 with probability distri-
butionp(i) = e~M€@N. meari/i!, wheremeanis the parameter of the distribution.

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

/I constructors and member function

explicit poisson_distribution(const RealType& mean = RealType(1));
RealType mean() const;

void reset();

template<class UniformRandomNumberGenerator>

result_type operator()(UniformRandomNumberGenerator& urng);

3
poisson_distribution(const RealType& mean = RealType(1))

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

Returns: Themeanparameter of the distribution.

5.1.7.5 Class templatdinomial_distribution [tr.rand.dist.bin]

A binomial_distribution random distribution produces integer valdes 0 with p(i) = (’;) pt-
(1 — p)t—i. t andp are the parameters of the distribution.

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

{
public:

Il types
typedef  implementation-defined input_type;
typedef IntType result_type;

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

h

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

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

IntType t() const

Returns: The “t” parameter of the distribution.

RealType p() const

Returns: The “p” parameter of the distribution.

5.1.7.6 Class templateniform_real [tr.rand.dist.runif]

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

A uniform_real random distribution satisfies all the requirements of a uniform random number gener-

ator (given in tablg 5]1 in claufe 5.1.1).
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template<class RealType = double>
class uniform_real
{
public:
Il types
typedef RealType input_type;
typedef RealType result type;

/I constructors and member function
explicit uniform_real(RealType min = RealType(0),
RealType max = RealType(1));
result_type min() const;
result_type max() const;
void reset();
template<class UniformRandomNumberGenerator>
result_type operator()(UniformRandomNumberGenerator& urng);

3
uniform_real(RealType min = RealType(0), RealType max = RealType(1))
Requires: min < |max|.
Effects: Constructs ainiform_real object;min andmax are the parameters of the distribution.

result_type min() const

Returns: The “min” parameter of the distribution.

result_type max() const

Returns: The “max” parameter of the distribution.

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

An exponential_distribution random distribution produces random numbers 0 distributed
with probability density functiom(z) = Ae~**, where) is the parameter of the distribution.

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

/I constructors and member function
explicit exponential_distribution(

const result_type& lambda = result_type(1));
RealType lambda() const;
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void reset();
template<class UniformRandomNumberGenerator>
result_type operator()(UniformRandomNumberGenerator& urng);

k

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

Requires: lambda> 0.

Effects: Constructs arxponential_distribution object withrng as the reference to the under-
lying source of random numberambda is the parameter for the distribution.

RealType lambda() const

Returns: The “\” 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 probabil-
ity density function(1/y/27)oe~(z—mean*/(20*) \wheremeanando are the parameters of the distribution.

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

/I constructors and member function
explicit normal_distribution(const result_type& mean = 0,
const result_type& sigma = 1);
RealType mean() const;
RealType sigma() const;
void reset();
template<class UniformRandomNumberGenerator>
result_type operator()(UniformRandomNumberGenerator& urng);

k

explicit normal_distribution(const result_type& mean = 0,
const result_type& sigma = 1);

Requires: sigma> 0.

Effects: Constructs anormal_distribution object; mean andsigma are the parameters for the
distribution.

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

RealType sigma() const

Returns: The “o” parameter of the distribution.

5.1.7.9 Class templatgamma_distribution [trrand.dist.gamma]

A gamma_distribution random distribution produces random numbers x distributed with probability
density functiorp(z) = 1/T'(a)z*~te~*, wherea is the parameter of the distribution.

template<class RealType = double>
class gamma_distribution

{

public:
Il types
typedef RealType input_type;
typedef RealType result_type;

/I constructors and member function
explicit gamma_distribution(
const result_type& alpha = result_type(1));
RealType alpha() const;
void reset();
template<class UniformRandomNumberGenerator>
result_type operator()(UniformRandomNumberGenerator& urng);

h

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

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

RealType alpha() const

Returns: The “o” parameter of the distribution.

5.2 Mathematical special functions [tr.num.sf]

5.2.1 Additions to header<cmath> synopsis [tr.math.sf.cmath]

The Tablg 5.4 summarizes the functions that are added to head@th> . The detailed signatures are
given in the synopsis.
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Table 5.4: Summary of additions to heademath>

Type Name(s)

Functions:

assoc_laguerre conf_hyperg ellint_ 2 legendre
assoc_legendre cyl bessel i ellint_3 riemann_zeta
beta cyl_bessel j expint sph_bessel
comp_ellint_1 cyl_bessel_k hermite sph_legendre
comp_ellint_2 cyl_neumann hyperg sph_neumann
comp_ellint. 3 ellint_1 laguerre

Each of these functions is provided for arguments of tijpat

signatures added to headammath> are:

namespace std {
namespace trl {

, double , andlong double

/I associated
double

float

long double

/I associated
double

float

long double

Laguerre polynomials:

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

Legendre functions:

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

/I beta function:

double
float
long double

/I (complete)
double

float

long double

/I (complete)
double

float

long double

/I (complete)
double

float

long double

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

elliptic integral of the first kind:
comp_ellint_1(double k);
comp_ellint_1f(float K);
comp_ellint_1l(long double k);

elliptic integral of the second kind:
comp_ellint_2(double k);
comp_ellint_2f(float K);
comp_ellint_2I(long double k);

elliptic integral of the third kind:
comp_ellint_3(double k, double nu);
comp_ellint_3f(float k, float nu);
comp_ellint_3l(long double k, long double nu);
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/I 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);

/I 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);

/I 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);

/I irregular modified cylindrical Bessel functions:

double cyl _bessel k(double nu, double x);

float cyl_bessel kf(float nu, float x);

long double cyl bessel kil(long double nu, long double x);

/I cylindrical Neumann functions;

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

double cyl_neumann(double nu, double Xx);

float cyl_neumannf(float nu, float x);

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

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

double ellint_1(double k, double phi);

float ellint_1f(float k, float phi);

long double ellint_1I(long double k, long double phi);

/I (incomplete) elliptic integral of the second kind:
double ellint_2(double k, double phi);

float ellint_2f(float k, float phi);

long double ellint_2I(long double k, long double phi);

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

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

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

long double ellint_3l(long double k, long double nu, long double phi);

/I exponential integral:

double expint(double x);
float expintf(float x);

long double expintl(long double x);
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/I Hermite polynomials:

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

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

/I hypergeometric functions:

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

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

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

/I Laguerre polynomials:

double laguerre(unsigned n, double x);
float laguerref(unsigned n, float x);

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

/I Legendre polynomials:

double legendre(unsigned |, double Xx);
float legendref(unsigned |, float x);

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

/I Riemann zeta function:

double riemann_zeta(double);
float riemann_zetaf(float);

long double riemann_zetal(long double);

/I spherical Bessel functions (of the first kind):
double sph_bessel(unsigned n, double Xx);
float sph_besself(unsigned n, float x);

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

/I spherical associated Legendre functions:

double sph_legendre(unsigned |, unsigned m, double theta);
float sph_legendref(unsigned |, unsigned m, float theta);

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

/I spherical Neumann functions;
/I 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 Xx);
} /I namespace trl

} /I namespace std

Each of the functions declared above that has one or dmible parameters (thdouble version) shall
have two additional overloads:
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1. a version with eaclouble parameter replaced withflmat parameter (théoat version), and

2. aversion with eactiouble parameter replaced withang double parameter (thtong double
version).

The return type of each sudloat version shall bdloat , and the return type of each suldng
double version shall béong double

Moreover, eacldouble 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 thelouble version has typdong
double , thelong double version is called.

2. Otherwise, if any argument corresponding tdauble parameter in thelouble version has type
double or has an integer type, tluouble version is called.

3. Otherwise, théloat version is called.

5.2.1.1 associated Laguerre polynomials [tr.math.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 arguments
andx.
Returns: Theassoc_laguerre functions return

dm
L (z) = €7 L () .
@) = e L)

5.2.1.2 associated Legendre functions [trmath.sf.PIm]
double assoc_legendre(unsigned |, unsigned m, double Xx);
float assoc_legendref(unsigned I, unsigned m, float x);

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

Effects. These functions compute the associated Legendre functions of their respective ardunments
andx. A domain error occurs ifnis greater thath . A domain error may occur if the magnitude xfis
greater than one.

Returns: Theassoc_legendre  functions return

dm
P (x) = (1 — 2®)™? — Py(x) .
Pe)= (-2 i)
5.2.1.3 beta function [tr.math.sf.beta]
double beta(double x, double y);
float betaf(float x, float y);

long double betal(long double X, long double y);
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Effects: These functions compute the beta function of their respective argumamdy . A domain error
may occur (a) if eithek ory is a negative integer, or (b) if eith&rory is zero.

Returns: Thebeta functions return

L'(z)T'(y)
B =
5.2.1.4 (complete) elliptic integral of the first kind [tr.math.sf.ellK]
double comp_ellint_1(double k);
float comp_ellint_1f(float k);

long double comp_ellint_1I(long double Kk);

Effects. These functions compute the complete elliptic integral of the first kind of their respective argu-
mentsk. A domain error occurs if the magnitudelofs greater than one.

Returns: Thecomp_ellint_1 functions return

TR de
K(k) =F(k,n/2) = _
(k) (k,m/2) /0 1 — k2sin20
5.2.1.5 (complete) elliptic integral of the second kind [trmath.sf.ellEX]
double comp_ellint_2(double K);
float comp_ellint_2f(float k);

long double comp_ellint_2I(long double Kk);

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

Returns: Thecomp_ellint_2 functions return

/2
E(k,7/2) = / 1 — k2sin® 0 d
0

5.2.1.6 (complete) elliptic integral of the third kind [tr.math.sf.ellPx]
double comp_ellint_3(double k, double nu);
float comp_ellint_3f(float k, float nu);

long double comp_ellint_3l(long double k, long double nu);

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

Returns: Thecomp_ellint_3 functions return

dé
1 — vsin20)V/1 — k2sin20

w/2
Ny, k,7/2) :/o (
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5.2.1.7 confluent hypergeometric functions [tr.math.sf.conhyp]

double conf_hyperg(double a, double c, double x) ;
float conf_hypergf(float a, float c, float x) ;
long double conf_hypergl(long double a, long double c, long double x) ;

Effects. These functions compute the confluent hypergeometric functions of their respective argaments
¢, andx. A domain error occurs (a) & is a negative integer, or (b) & is zero.

Returns: Theconf_hyperg functions return

L (e > I'(a+n) z™
Fla;eiz) = T(a) ;0 T(ctn) n!

5.2.1.8 regular modified cylindrical Bessel functions [trmath.sf.I]
double cyl_bessel_i(double nu, double Xx);
float cyl_bessel if(float nu, float x);

long double cyl bessel il(long double nu, long double Xx);

Effects. These functions compute the regular modified cylindrical Bessel functions of their respective
argumentsiu andx. A domain error may occur ¥ is less than zero.

Returns: Thecyl_bessel i functions return

0 T v+2k
l,(x) =1""J,(iz) = (z/2)"

= k! 'v+k+1)
5.2.1.9 cylindrical Bessel functions (of the first kind) [tr.math.sf.J]
double cyl_bessel j(double nu, double x);

float cyl_bessel_jf(float nu, float x);
long double cyl bessel jl(long double nu, long double x);

Effects: These functions compute the cylindrical Bessel functions of the first kind of their respective argu-
mentsnu andx. A domain error may occur ¥ is less than zero.

Returns: Thecyl_bessel | functions return

x k.]? v+2k

— K T(v+k+1)
5.2.1.10 irregular modified cylindrical Bessel functions [trmath.sf.K]
double cyl _bessel k(double nu, double x);
float cyl_bessel kf(float nu, float x);

long double cyl _bessel kil(long double nu, long double x);
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Effects. These functions compute the irregular modified cylindrical Bessel functions of their respective
argumentsiu andx. A domain error may occur i is less zero.

Returns: Thecyl _bessel k  functions return

mloy(2) — L(z)

2 sinvm

T lim |_p(z) — lu()

for non-integraly
K, (x) = (7/2)i*T1(J, (iz) +iN, (iz)) =
for integralv

2 p—v sin pum
5.2.1.11 cylindrical Neumann functions [tr.math.sf.N]
double cyl neumann(double nu, double x);
float cyl_neumannf(float nu, float x);

long double cyl_neumanni(long double nu, long double Xx);

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

Returns: Thecyl_neumann functions return

Ju(z) cosvm — J_,(x)

for non-integral/

sin vw
N, (z) =
Jim 222 COS T — Iu@) g integraly
pn—v S (mw
5.2.1.12 (incomplete) elliptic integral of the first kind [tr.math.sf.ellF]
double ellint_1(double k, double phi);
float ellint_1f(float k, float phi);

long double ellint_1l(long double k, long double phi);

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

Returns: Theellint_1 functions return

¢ do
Flk,¢)= | ————
(k. @) /0 1 — k2sin26

5.2.1.13 (incomplete) elliptic integral of the second kind [tr.math.sf.ellE]
double ellint_2(double k, double phi);
float ellint_2f(float k, float phi);

long double ellint_2l(long double k, long double phi);
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Effects: These functions compute the incomplete elliptic integral of the second kind of their respective
argumentk andphi . A domain error may occur if the magnitudelofs greater than one.

Returns: Theellint_2 functions return

é
E(k, ¢) :/ V1 —Ek2sin?6db .
0

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

long double ellint_3l(long double k, long double nu, long double phi);

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

Returns: Theellint_3 functions return

Ny, k, ¢) = /¢ do
o o (1—vsin20)y1—k2sin20

5.2.1.15 exponential integral [trmath.sf.ei]
double expint(double x);
float expintf(float x);

long double expintl(long double x);

Effects: These functions compute the exponential integral of their respective arguxments
Returns: Theexpint functions return

Ei(x):—/ocet_tdt.

—T

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

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

Effects: These functions compute the Hermite polynomials of their respective argumantx.
Returns: Thehermite functions return

Ho(z) = (—1)"e”” ddmn e

5.2.1.17 hypergeometric functions [tr.math.sf.hyper]
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double hyperg(double a, double b, double c, double x);

float hypergf(float a, float b, float ¢, 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 arguambnts and
X. A domain error may occur if the magnitudeofs greater than or equal to one.

Returns: Thehyperg functions return

I'(c) i Pla+n)T(b+n)z”

F(a,b;c;x) = —.
(a,5:6:) = 5T @) 2" T(etn) ol
5.2.1.18 Laguerre polynomials [tr.math.sf.Ln]
double laguerre(unsigned n, double x);
float laguerref(unsigned n, float x);

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

Effects: These functions compute the Laguerre polynomials of their respective argumamas .
Returns: Thelaguerre  functions return

x dn n_—x
L.(z) =e¢ @(l‘ e ).
5.2.1.19 Legendre polynomials [tr.math.sf.PI]
double legendre(unsigned |, double Xx);
float legendref(unsigned |, float x);

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

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

Returns: Thelegendre functions return

1 d o, .
Pi(z) = T dal ( 1)
5.2.1.20 Riemann zeta function [trmath.sf.riemannzeta]
double riemann_zeta(double Xx);
float riemann_zetaf(float x);

long double riemann_zetal(long double x);

Effects. These functions compute the Riemann zeta function of their respective argumehtdomain
error occurs i is equal to one.
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Returns: Theriemann_zeta functions return

Zk*m forz >1

() = =
9t g1 sin(%x) T(1-2)¢(1—x) forz<1

5.2.1.21 spherical Bessel functions (of the first kind) [tr.math.sf.]]
double sph_bessel(unsigned n, double x);
float sph_besself(unsigned n, float x);

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

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

Returns: Thesph_bessel functions return

in(z) = (77/21‘)1/2Jn+1/2(x) .

5.2.1.22 spherical associated Legendre functions [trmath.sf.YIm]
double sph_legendre(unsigned |, unsigned m, double theta);
float sph_legendref(unsigned |, unsigned m, float theta);

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

Effects: These functions compute the spherical associated Legendre functions of their respective arguments
| , m andtheta . A domain error occurs if the magnitude mois greater thah .

Returns: Thesph_legendre  functions return
Yi"(0,0)

where
@+ 1) (1 —m)H?
dr (I +m)!

[Note: This formulation avoids any need to return non-real numbers. End note.]

Yi"(0,9) =(-1) P (cos 0)e'™? .

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

long double sph_neumannl(unsigned n, long double x);
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Effects. These functions compute the spherical Neumann functions, also known as the spherical Bessel
functions of the second kind, of their respective argumaraadx. A domain error may occur K is less

than zero.

Returns: Thesph_neumann functions return

N (2) = (1/22) PNy (2) -

5.2.2 Additions to header<math.h> synopsis [tr.math.sf.mathh]

The headerkmath.h> shall have sufficient additional using declarations to import into the global name
space all of the function names declared in the previous section.
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Chapter 6

Containers [tr.cont]

6.1 Tuple types [tr.tuple]

This clause describes the tuple library that provides a tuple type as the class teangiatethat 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 Anhex A. Each template
argument specifies the type of an element inttipe . Consequently, tuples are heterogeneous, fixed-size
collections of values.

6.1.1 Header<tuple> synopsis [tr.tuple.synopsis]
template <class Tl = implementation-defined
class T2 = implementation-defined
class TM = implementation-defined class tuple;
template<class T1, class T2, ..., class TM,
class U1, class U2, ..., class UM>

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

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

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

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

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

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

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

template <int I, class T> class tuple_element;

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

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

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

tuple< V1, V2, .., VN>

make_tuple(const T1&, const T2& , ..., const TN&);
template<class T1, class T2, ..., class TN>
tuple<T1&, T2&, ..., TN&> tie(T1l&, T2& , ..., TN&);

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

template<class CharType, class CharTrait,
class T1, class T2, ..., class TN>
basic_istream<CharType, CharTrait>&
operator>>(basic_istream<CharType, CharTrait>&,
tuple<Tl, T2, ..., TN>&);
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tuplemanipl tuple_open( char.type c);
tuplemanip2 tuple_close(  char_type c);
tuple.manip3 tuple_delimiter( char_type c);
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<l, 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 templatauple [tr.tuple.tuple]

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

[Example:Given the instantiatiotuple<int, float, char> , Nis 3. —end example
template <class T1 = implementation-defined
class T2 = implementation-defined
class TM = implementation-defined
class tuple
{
public:
tuple();
explicit tuple(P1, P2, ..., PN); /I iff N >0

tuple(const tuple&);

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

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

tuple& operator=(const tuple&);

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

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

99



6.1.2.1 Construction [tr.tuple.cnstr]

tuple();

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

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

Where, if Ti is a reference type thd?i is Ti , otherwisePi is const Ti&
Requires: Each tuple element typE is copy constructible.
Effects: Copy initializes each element with the value of the corresponding parameter.

tuple(const tuple& u);

Requires: all typesTi shall be copy constructible.
Effects: Copy constructs each elementtttiis  with the corresponding element of

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

Requires: Each typeTi shall be constructible from the corresponding tyje
Effects: Constructs each elementtthis  with the corresponding element of

[Note: In an implementation where one template definition serves for many different valudsfaableif

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 defaultdNtgmore precisely, a metafunction that computsand then

defining the converting copy constructor and assignment only for tuples where the extra parameter in the
source isN. —end notg

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

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

tuple& operator=(const tuple& u);

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

template <class Ul, class U2, ..., class UN>
tuple& operator=(const tuple<U1, U2, ..., UN>& u);

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

template <class Ul, class U2>
tuple& operator=(const pair<Ul, U2>& u);
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Requires: T1 shall be assignable frokdl, T2 shall be assignable frod2. N ==

Effects: Assignsu.first to the first element ofthis andu.second to the second element of

*this

Returns: *this

[Note: There seem to exist (rare) conditions where the converting copy constructor is a better match than
the element-wise construction, even though the user might intend differently. An example of this is if one
is constructing a one-element tuple where the element type is another tupl€ aypeif the parameter
passed to the constructor is not of typebut rather a tuple type that is convertibleTioThe effect of the
converting copy construction is most likely the same as the effect of the element-wise construction would
have been. However, it it possible to compare the 'nesting depths’ of the source and target tuples and decide
to select the element-wise constructor if the source nesting depth is smaller than the target nesting-depth.
This can be accomplished using an enabtemplate 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<Vvl, V2, ..., VN>
make_tuple(const T1& tl1, const T2& t2, ..., const TN& tn);

whereVi is X&, if the cv-unqualified typdi is reference_wrapper<x> , otherwiseVi isTi .

Themake_tuple function template shall be implemented for each different number of arguments from
0 to the maximum number of allowed tuple elements.

Returns: tuple<Vl, V2, ..., VN>(t1, t2, ..., tn)

[Example:

int i; float j;

make_tuple(1, ref(i), cref(j))
creates a tuple of type

tuple<int, int&, const float&>

—end example
template<class T1, class T2, ..., class TN>
tuple<T1&, T2&, ..., TN> tie(T1& t1, T2& t2, ..., TN& tn);

Thetie function template shall be implemented for each different number of arguments from O to the
maximum number of allowed tuple elements.

Returns: tuple<T1&, T2&, ..., TN&>(t1, t2, ..., tn)
[Example:

tie functions allow one to create tuples that unpack tuples into variahtgsore can be used for
elements that are not needed:
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int i; std::string s;
tie(i, ignore, s) = make_tuple(42, 3.14, "C++");

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

tuple_size<T>::value

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

tuple_element<l, T>:type

Requires: 0 < | < tuple_size<T>::value . The program is ill-formed if is out of bounds.
Value: The type of thd th element ofT, where indexing is zero-based.

6.1.2.4 Element access [tr.tuple.elem]

template <int I, class T1, class T2, ..., class TN>
RI get(tuple<Tl, T2, ..., TN>& t);

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

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

Requires: 0 <1 < N. The program is ill-formed if is out of bounds.
Return type: PI. If Tl is a reference type, thé?l is Tl , otherwisePl is const TI&
Returns: A const reference to thieth element ot , where indexing is zero-based.

[Note: Constness is shallow. [Fl is some reference typ¥&, the return type isX&, not const X& .
However, if the element type is non-reference tjpéhe return type isonst T& . This is consistent with
how constness is defined to work for member variables of reference-typed notd

[Note: Implementingget as a member function of tuple, would require using tiraplate  keyword
in invocations where the type of the tuple object is dependent on a template parameter. For example:
t.template get<1>(); —end notg

6.1.2.5 Equality and inequality comparisons [trtuple.eq]
template<class T1, class T2, ..., class TM,
class U1, class U2, .., class UM>

bool operator==(const tuple<T1, T2, ..., TM>& t,
const tuple<Ul, U2, ..., UM>& u);
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Requires: tuple_size<tuple<T1, T2, ..., TM> >:value == tuple_size<tuple<U1,

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

is a valid expression returning a type that is convertibledol .

Return type: bool

Returns: true iff get<i>(t) == get<i>(u) for all i . For any two zero-length tuples andf ,

e == f returnstrue .

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

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

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

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

is a valid expression returning a type that is convertibledol .

Return type: bool

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

e I= f returnsfalse

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

6.1.2.6 <, > comparisons [trtuple.lt]
template<class T1, class T2, ..., class TN,
class U1, class U2, ..., class UN>

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

template<class T1, class T2, ..., class TN,
class U1, class U2, ..., class UN>
bool operator>(const tuple<T1, T2, ..., TN>&,
const tuple<Ul, U2, ..., UN>&);
Requires: tuple_size<tuple<T1, T2, ..., TM> >:value == tuple_size<tuple<U1,
U2, ..., UM> >:value == . For alli , where0 <= i < N, get<i>(t) ©® get<i>(u)

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

Return type: bool

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

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

6.1.2.7 <=and>= comparisons [trtuple.le]
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template<class T1, class T2, ..., class TN,
class U1, class U2, ..., class UN>
bool operator<=(const tuple<Tl, T2, ..., TN>&,
const tuple<Ul, U2, ..., UN>&);

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

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

U2, ..., UM> >:value == . For alli , where0 <= i < N, geti>(t) © get<i>(u)

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

Returns: The result of a lexicographical comparison with betweent and u, defined equivalently
to: (bool)(get<0>(t) © get<0>(u)) && (I((bool)(get<0>(u) © get<0>(t)) ||

t il © Ugasl) , Wherer ;) for some tuple is a tuple containing all but the first elementraf For any
two zero-length tuples andf ,e © f returnstrue .

Notes: The above definitions for comparison operators do not impose the requirement.théar u..;;)

shall be constructed. It may be even impossible, &3 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>& o0s,
const tuple<Tl, T2, ..., TN>& t);

Requires: Foralli =0, 1,..., N-1inos << get<i>(t) is a valid expression.

Effects: Insertst intoos asLt odt 1d... dt , R, whereL is the openingd the delimiter and? the closing
character set by tuple formatting manipulators. Each eletgatutput by invokingps << get<i>(t)

A zero-element tuple is output dsR and a one-element tuple is outputlas, R.

Returns: os

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

Requires: For alli =0, 1, ..., N-1inis >> get<i>(t) is a valid expression.

Effects: Extracts a tuple of the fornit ¢dt d... dt,, R, whereL is the openingd the delimiter and
R the closing character set by tuple formatting manipulators. Each eldaméstextracted by invoking
is >> get<i>(t) . A zero-element tuple expects to extrad® from the stream and one-element tuple
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expects to extrackt o R. If bad input is encountered, calisset_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 desituaitethanipl,
tuple.manip2andtuple manip3are implementation-specified.

tuple.manipl tuple_open(char_type c);
tuplemanip?2 tuple_close(char_type c);
tuple.manip3 tuple_delimiter(char_type c);

Returns: Each of these functions returns an objeadf unspecified type such thatdiut is an instance

of basic_ostream<charT traits> , In is an instance obasic_istream<charT,traits>

andchar_type equalscharT , then the expressioout << s (respectivelyin >> s ) setsc to be the
opening, closing, or delimiter character (depending on the manipulator function called) to be used when
writing tuples intoout (respectively extracting tuples from ).

Notes: Implementations are not required to support these manipulators for streans&zedf(charT)

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

such streams and the implementation does not support tuple formatting manipulators for them.

[Note: The constraint stated in the aboMotes section allows an implementation where the delimiter
characters are stored in space allocateddiipc , which allocates an array édng s. A more general
alternative is to store pointers to the delimiter characters indliec -allocated array, and register a call-

back function (withos_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 sectjon]1.2) to the standard library class tersiglapsir

template<class T1, class T2>
struct tuple_size<pair<Tl, T2> > {
static const int value = 2;

h

template<class T1, class T2>

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

3

template<class T1, class T2>
struct tuple_element<l, pair<Tl, T2> > {
typedef T2 type;

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

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

Return type: If | is0thenPisT1,if | is1 thenPis T2, otherwise the program is ill-formed.
Returns: If | == 0 returnsp.first , otherwise returnp.second

6.1.4 Tuple interface toarray [tr.tuple.arr]

tuple_size<array<T, N> >:value

Type: integral constant expression.
Value: N

tuple_element<l, array<T, N> >:type

Requires 0 <= | < 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);

Requires 0 <= | < N. The program is ill-formed if is out of bounds.
Return type: T&.
Returns: A reference to thé th element ofa, where indexing is zero-based.

template <int I, class T, size_t N> const T& get(const array<T, N>& a);

Requires 0 <= | < N. The program is ill-formed if is out of bounds.
Return type: const T& .
Returns: A const reference to thieth element ofa, where indexing is zero-based.

6.2 Fixed size array [trarray]

6.2.1 Header<array> synopsis [trarray.syn]

namespace trl {
template <class T, size_t N > struct array;
template <class T, size .t N >
bool operator==
(const array<T,N>& X, const array<T,N>& vY);
template <class T, size t N >
bool operator<
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(const array<T,N>& X, const array<T,N>& vY);
template <class T, size t N >
bool operator!=
(const array<T,N>& x, const array<T,N>& vY);
template <class T, size t N >
bool operator>
(const array<T,N>& x, const array<T,N>& vY);
template <class T, size t N >
bool operator>=
(const array<T,N>& x, const array<T,N>& VY);
template <class T, size t N >
bool operator<=
(const array<T,N>& X, const array<T,N>& vY);
template <class T, size .t N >
void swap(array<T,N>& x, array<T,N>& y);

6.2.2 Class templatarray [trarray.array]

The headekarray> defines a class template for storing fixed-size sequences of objectarr@n
supports random access iterators. An instancarafy<T, N> storesN elements of typd, so that
size() == is an invariant. The elements of array are stored contiguously, meaning thadifs
anarray<T, N> thenitobeys the identitga[n] == &a[0] + n forall0 <= n < N.

An array is an aggregate (8.5.1) that can be initialized with the syntax
array a = { initializer-list };

whereinitializer-list is a comma separated list of uphieelements of type convertible-to-T.

Unless specified otherwise, afray operations are as described in 23.1 [lib.container.requirements].
Descriptions are provided here only for operationsaoray that are not described in this clause or for
operations where there is additional semantic information.

The effect of callingront()  orback() for a zero-sized array is implementation defined.
namespace trl {

template <class T, size t N >
struct array {

Il types:

typedef T & reference;
typedef const T & const_reference;
typedef implementation defined iterator;
typedef  implementation defined const_iterator;
typedef size t size_type;
typedef ptrdiff_t difference_type;
typedef T value_type;
typedef std::reverse_iterator<iterator> reverse_iterator;
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typedef std::reverse_iterator<const iterator> const_reverse_iterator;
T elems[N]; /I Exposition only

/I No explicit construct/copy/destroy for aggregate type

void assign(const T& u);

void swap( array<T, N> &);

/I iterators:

iterator begin();
const_iterator begin() const;
iterator end();
const_iterator end() const;
reverse_iterator rbegin();
const_reverse_iterator rbegin() const;
reverse_iterator rend();

const_reverse_iterator rend() const;

/I capacity:

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

/I element access:

reference operator[](size_type n);
const_reference operator[](size_type n) const;
const_reference at(size_type n) const;

reference at(size_type n);
reference front();
const_reference front() const;
reference back();

const_reference back() const;

T * data();
const T * data() const;

k

template <class T, size t N>
bool operator==(const array<T,N>& X,
const array<T,N>& v);
template <class T, size_t N>
bool operator< (const array<T,N>& X,
const array<T,N>& vy);
template <class T, size_t N>
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}

bool operator!=(const array<T,N>& X,
const array<T,N>& vy);
template <class T, size t N>
bool operator> (const array<T,N>& X,
const array<T,N>& v);
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>& v);

/I 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 nangdems is not part ofarray 's interface—end notg

6.2.2.1 array constructors, copy, and assignment

Initialization: The conditions for an aggregate (8.5.1) must be met. Glasy

[tr.array.cons]

relies on the implicitly-

declared special member functions (12.1, 12.4, and 12.8) to satisfy the requirements of table 65.

6.2.2.2 array specialized algorithms

template <class T, size t N>
void swap(array<T,N>& x, array<T,N>& vy);

Effects:

swap_ranges(x.begin(), x.end(), y.begin() );

6.2.2.3 array size

template <class T, size t N>
size_type array<T,N>:size();

Returns: N

6.2.2.4 Zero sized arrays

array shall provide support for the special cd¢e==
In the case thall ==
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e elems is not required.

e 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 containersirdered_set , unordered_map , unordered_-

multiset , andunordered_multimap

Unordered associative containers conform to the requirements for Containers (C++ Standard, 23.1, Con-
tainer requirements), except that the expressions in fable 6.1 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 6.1: Container requirements that are not supported by unordered
associative containers

unsupported expressions

I= b
<b
> b
<= b
>= b

DDV DD

Each unordered associative container is parameterizé¢elpy by a function objectHash that acts as a
hash function for values of typi€ey, and on a binary predicatered that induces an equivalence rela-
tion on values of typ&ey. Additionally, unordered_map andunordered_multimap associate an
arbitrarymapped typd with theKey.

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

Two valueskl andk2 of typeKey are considered equal if the container’s equality function object returns
true when passed those valueskif andk2 are equal, the hash function shall return the same value for
both.

An unordered associative container supparigue keysf it may contain at most one element for each
key. Otherwise, it supportsquivalent keysunordered_set  andunordered_map support unigque

keys. unordered_multiset andunordered_multimap support equivalent keys. In containers
that support equivalent keys, elements with equivalent keys are adjacent to each other.
For unordered_set  andunordered_multiset the value type is the same as the key type. For

unordered_map andunordered_multimap it is equal tostd::pair<const Key, T>
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The elements of an unordered associative container are organizdalgitets 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 container, so that the average number of elements per bucket is kept below a
bound. Rehashing invalidates iterators, changes ordering between elements, and changes which buckets
elements appear in, but does not invalidate pointers or references to elements.

In table[6.2:

Xis an unordered associative container class,an object of type, b is a possibly const object of typé

a_unig is an object of typ&X whenX supports unique keys, eq is an object of typ&X whenX supports
equivalent keysi andj are input iterators that refer talue_type i, j) is a valid rangep and

g2 are valid iterators t@&, q andql are valid dereferenceable iteratorsatdql, g2) is a valid range
ina,r andrl are valid dereferenceable const iteratora to2 is a valid const iterator ta, [r1, r2)

is a valid range im, t is a value of typeX::value _type , k is a value of typekey type , hf is a

possibly const value of typeasher , eq is a possibly const value of typgeey _equal , n is a value of
typesize _type ,andz is a value of typdloat

Table 6.2: Unordered associative container requirements (in addition to

container)

expression Return Type assertion/note/pre/post- complexity
condition

X::key_type Key Key is Assignable and | compile time
CopyConstructible

X::hasher Hash Hash is a unary function object compile time
that take an argument of type
Key and returns a value of typg
std::size t

X::key_equal Pred Pred is a binary predicate that compile time
takes two arguments of type
Key. Pred is an equivalence
relation.

X::local_iterator An iterator type whose cat- A local_iterator object | compile time

egory, value type, difference may be used to iterate through
type, and pointer and refer-a single bucket, but may not b
ence types are the same jasised to iterate across buckets

)

X iterator 'S _
X::const_local_- An iterator type whose cat- A const_local_- compile time
iterator egory, value type, difference iterator object may be

type, and pointer and refer- used to iterate through a single
ence types are the same abucket, but may not be used to
X::const_iterator 's. | iterated across buckets.
X(n, hf, eq) X Constructs an empty containerO(n)
X a(n, hf, eq) with at leasth buckets, usingf
as the hash function aret) as
the key equality predicate.
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X(n, hf)
X a(n, hf)

Constructs an empty containg
with at leasn buckets, usingf
as the hash function ahgy_-
equal() as the key equality
predicate.

erO(n)

X(n)
X a(n)

Constructs an empty containg
with at leastn buckets, using

hasher() as the hash funct

tion andkey_equal()  as the
key equality predicate.

erO(n)

X()
X a

Constructs an empty containg
with an unspecified number g
buckets, usinghasher() as
the hash function andtey -
equal as the key equality
predicate.

erconstant
f

X@, j, n, hf,

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

eq)

Constructs an empty containg
with at leasn buckets, usingf
as the hash function areh as
the key equality predicate, an
inserts elements frorfi, j)

into it.

erAverage
O(N) (v
distance(i,
dj) ), worst
O(N?)

case

case|

X@i, J, n, hf
X a(i, j, n, hf)

Constructs an empty containg
with at leasth buckets, usingf
as the hash function atety -
equal() as the key equality
predicate, and inserts elemer
from[i, j) into it.

erAverage
O(N) (N
distance(i,
D) ), worst
tO(N?)

case

case

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

Constructs an empty containerAverage
with at leastn buckets, using O(N) (N

hasher() as the hash func
tion andkey_equal() as the

+ distance(i,
D) ), worst

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

serts elements fronii, |)
into it.

case

case|

X(i, 1)
X ai, j)

Constructs an empty containgrAverage
with an unspecified number of O(N) (N

buckets, usinghasher() as
the hash function andtey -

distance(i,
D) ), worst

equal as the key equality O(N?)

predicate, and inserts elements

from[i, j) into it.

case

case|
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X(D)
X a(b)

Copy constructor. In addition t

the contained elements, the haskear inb.size()

function, predicate, and max
mum load factor are copied.

D Average case lin-

- worst case
quadratic.

Copy assignment operator. InAverage case lin-
addition to the contained elg-ear inb.size() ,

ments, the hash function, pre

icate, and maximum load factarquadratic.

are copied.

d-worst case

b.hash_function()

hasher

Returns the hash function out ¢fconstant

which b was constructed.

b.key eq()

key equal

Returns the key equality fung- constant

tion out of whichb was con-
structed.

a_unig.insert(t)

pair<iterator,
bool>

Insertst if and only if there

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

of t. The bool compo-
nent of the returned pair indi
cates whether the insertion tak
place, and théerator com-

ponent points to the element

with key equivalent to the key o
t

Average casé(1),

a_eq.insert(t)

iterator

Insertst , and returns an iteratar Average casé(1),
pointing to the newly inserted worst caseO(a_-

element.

unig.size() ).

a.insert(r, t)

iterator

Equivalent to a.insert(t). Retur

value is an iterator pointing to worst caseO(a_-
the element with the key equiva-uniq.size() ).

lentto that oft . The const itera-
torr is a hint pointing to where

the search should start. Imple

mentations are permitted to ig
nore the hint.

n Average casé(1),

a.insert(i, j)

void

are not it-
Equivalent to
for each ele-

Pre: i and j
erators ina.
a.insert(t)
ment in[i,j)

Average case
O(N), where N

is distance(i,

D - Worst
case O(N *

a.size() ).
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a.erase(k) size_type Erases all elements with keyAverage case
equivalent tok. Returns thel O(a.count(k) ).
number of elements erased. | Worst case
O(a.size())
a.erase(r) void Erases the element pointed to byAverage case
r. O(1), worst case
O(a.size() ).
a.erase(rl, r2) void Erases all elements in the rangeiverage case
[r1, r2) O(N), whereN is
distance(rl,
r2) ), worst case
O(a.size() ).
a.clear() void Erases all elements in the copLinear.
tainer. Post: a.size() ==
0
b.find(k) iterator Returns an iterator pointing tp Average case
const_iterator for | an element with key equivalentO(1), worst case
constb. tok,orb.end() ifnosuchel-| O(b.size() ).
ement exists.
b.count(k) size_type Returns the number of elementsAverage case
with key equivalent tc. O(1), worst case
O(b.size() ).
b.equal_range(k) pair<iterator, Returns a range contain-Average case€
iterator> ing all elements with keys O(b.count(k) ).
pair<const_- equivalent to k. Returns| Worst case
iterator, const_- make_pair(b.end(), O(b.size())
iterator> for const| b.end()) if no such elements
b. exist.
b.bucket_count() size type Returns the number of bucketsConstant
thatb contains.¢,
b.max_bucket_- size_type Returns an upper bound on theConstant
count() number of buckets thdt might
ever contain.
b.bucket(k) size_type Returns the index of the bucketConstant
in which elements with key$
equivalent tdk would be found,
if any such element existed.
Post: the return value is in
the range[0, b.bucket_ -
count())
b.bucket_size(n) size_type Pre: n is in the range|0, O(b.bucket_-
b.bucket_count()) Re- | size(n) )
turns the number of elements |n

thent™ bucket.
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b.begin(n) local_iterator ; Pre: n is in the range|O, Constant
const_local_- b.bucket_count())
iterator for  const| Note: [b.begin(n),
b. b.end(n)) is a valid range

containing all of the elements
in then*® bucket.

b.end(n) local_iterator ; Pre: n is in the range|0, Constant
const_local_- b.bucket_count())
iterator for  const
b.load_factor() Ploat Returns the average number pfConstant
elements per bucket.¢,
b.max_load_- float Returns a number that the cop-Constant
factor() tainer attempts to keep the load

factor less than or equal to.
The container automatically in
creases the number of buckets
as necessary to keep the load
factor below this number. Pos}:
return value is positive.

a.max_load_- void Pre: z is positive. Changes the Constant

factor(z) container's maximum load load
factor, usingz as a hint.

a.rehash(n) void Post: a.bucket_count() Average case linA
> a.size() / a.max_- ear ina.size()
load_factor() and | worst case
a.bucket_count() >= quadratic.
n.

Unordered associative containers are not required to support the expressiond 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
operation—end notg

The iterator typesterator and const_iterator of an unordered associative container are of at
least the forward iterator category. For unordered associative containers where the key type and value type
are the same, boflerator 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 iterato(bdlifn) < z * B , whereNis the container’s
size, n is the number of elements insertell,is the container’'s bucket count, azdis the container’s
maximum load factor.
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6.3.1.1 Exception safety guarantees [tr.unord.req.except]

For unordered associative containers,atar()  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 containerssa@p 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 container’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 {

/I Hash function base template
template <class T> struct hash;

/I Hash function specializations

template <> struct hash<bool>;

template <> struct hash<char>;

template <> struct hash<signed char>;
template <> struct hash<unsigned char>;
template <> struct hash<wchar_t>;
template <> struct hash<short>;
template <> struct hash<int>;

template <> struct hash<long>;

template <> struct hash<unsigned short>;
template <> struct hash<unsigned int>;
template <> struct hash<unsigned long>;

template <> struct hash<float>;
template <> struct hash<double>;
template <> struct hash<long double>;

template<class T>
struct hash<T*>

template <class charT, class traits, class Allocator>
struct hash<std::basic_string<charT, traits, Allocator> >;
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6.3.3 Class templatdash [tr.unord.hash]

The function objechash is used as the default hash function by tivordered associative containers
This class template is only required to be instantiable for integer types (3.9.1), floating point types (3.9.1),
pointer types (8.3.1), and (for any valid set of charT, traits, and Alloc such that charT is an integer type)

std::basic_string<charT, traits, Alloc>

template <class T>
struct hash : public std::unary function<T, std::size_ t>

{
h

The return value obperator()
operator() shall not throw exceptions.

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

is unspecified, except that equal arguments yield the same result.

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

6.3.4.1 Headerxunordered_set>  synopsis [tr.unord.syn.set]

namespace trl {
template <class Value,

class Hash = hash<Value>,
class Pred = std::equal_to<Value>,
class Alloc = std::allocator<Value> >

class unordered_set;

template <class Value,

class Hash = hash<Value>,

class Pred = std::equal_to<Value>,

class Alloc = std::allocator<Value> >
class unordered multiset;

}

6.3.4.2 Headerxunordered_map> synopsis [tr.unord.syn.map]

namespace trl {
template <class Key,

class T,

class Hash = hash<Key>,

class Pred = std::equal_to<Key>,

class Alloc = std::allocator<std::pair<const Key, T> > >

class unordered_map;
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template <class Key,

class T,

class Hash = hash<Key>,

class Pred = std::equal_to<Key>,

class Alloc = std::allocator<std::pair<const Key, T> > >
class unordered_multimap;

6.3.4.3 Class templateinordered_set [tr.unord.set]

Anunordered_set isakind of unordered associative container that supports unique keysdqedered_-
set contains at most one of each key value) and in which the elements’ keys are the elements themselves.

An unordered_set  satisfies all of the requirements of a container and of a unordered associative con-
tainer. It provides the operations described in the preceding requirements table for unique keys; that is,
anunordered_set  supports thea_uniq operations in that table, not tree eq operations. For a
unordered_set<Value> thekey type and the value type are botalue . Theiterator and
const_iterator types are both const iterator types. It is unspecified whether or not they are the same
type.

This section only describes operationsworordered_set  that are not described in one of the require-
ment tables, or for which there is additional semantic information.

template <class Value,
class Hash = hash<Value>,
class Pred = std:equal_to<Value>,
class Alloc = std::allocator<Value> >
class unordered_set

{

public:
Il types
typedef Value key_type;
typedef Value value_type;
typedef Hash hasher;
typedef Pred key_equal;
typedef Alloc allocator_type;
typedef typename allocator_type::pointer pointer;
typedef typename allocator_type::const_pointer  const_pointer;
typedef typename allocator_type::reference reference;
typedef typename allocator_type::const_reference const_reference;
typedef  implementation-defined size_type;
typedef  implementation-defined difference_type;
typedef implementation-defined iterator;
typedef  implementation-defined const_iterator;
typedef  implementation-defined local_iterator;
typedef  implementation-defined const_local_iterator;

118



/I construct/destroy/copy
explicit unordered_set(size_type n = implementation-defined
const hasher& hf = hasher(),
const key equal& eql = key_ equal(),
const allocator_type& a = allocator_type());
template <class Inputlterator>
unordered_set(Inputlterator f, Inputlterator I,
size_type n = implementation-defined .
const hasher& hf = hasher(),
const key equal& eql = key_ equal(),
const allocator_type& a = allocator_type());
unordered_set(const unordered_set&);
“unordered_set();
unordered_set& operator=(const unordered_set&);
allocator_type get allocator() const;

/I size and capacity

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

size type max_size() const;

/I iterators

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

const_iterator end() const;

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

void insert(Inputlterator first, Inputlterator last);

void erase(const_iterator position);

size_type erase(const key type& K);

void erase(const_iterator first, const_iterator last);
void clear();

void swap(unordered_set&);
/I observers

hasher hash_function() const;
key equal key eq() const;
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/I lookup
iterator find(const key_type& k);
const_iterator find(const key type& k) const;
size_type count(const key type& k) const;
std::pair<iterator, iterator>
equal_range(const key type& k);
std::pair<const_iterator, const_iterator>
equal_range(const key type& k) const;

/I bucket interface

size_type bucket_count() const;

size_type max_bucket_count() const;
size_type bucket_size(size_type n) 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;

/I hash policy

float load_factor() const;
float max_load_factor() const;
void max_load_factor(float z);
void rehash(size_type n);

k

template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_set<Value, Hash, Pred, Alloc>& X,
unordered_set<Value, Hash, Pred, Alloc>& vy);

6.3.4.3.1 unordered_set  constructors [tr.unord.set.cnstr]

explicit unordered_set(size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key equal& eql = key_ equal(),
const allocator_type& a = allocator_type());

Effects: Constructs an emptynordered_set  using the specified hash function, key equality function,
and allocator, and using at leasbuckets. Ifn is not provided, the number of buckets is implementation
defined.max_load_factor() is 1.0.

Complexity: Constant.

template <class Inputlterator>
unordered_set(Inputlterator f, Inputlterator I,
size_type n = implementation-defined ,
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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 allocator, and using at leasbuckets. (Ifn is not provided, the number of buckets is implementation
defined.) Then inserts elements from the rapfiest , last ). max_load_factor() is 1.0.

Complexity: Average case linear, worst case quadratic.

6.3.4.3.2 unordered_set swap [tr.unord.set.swap]

template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_set<Value, Hash, Pred, Alloc>& X,
unordered_set<Value, Hash, Pred, Alloc>& vy);

Effects: x.swap(y)

6.3.4.4 Class templateinordered_map [tr.unord.map]

Anunordered_map is akind of unordered associative container that supports unique keysdqedered_-
map contains at most one of each key value) and that associates values of anotheapgesd_type
with the keys.

An unordered_map satisfies all of the requirements of a container and of a unordered associative con-
tainer. It provides the operations described in the preceding requirements table for unique keys; that
is, anunordered_map supports thea_uniq operations in that table, not tree eq operations. For

a unordered_map<Key, T> thekey type is Key, the mapped type i¥, and the value type is
std::pair<const Key, T>

This section only describes operationswmordered_map that are not described in one of the require-
ment tables, or for which there is additional semantic information.

template <class Key,

class T,
class Hash = hash<Key>,
class Pred = std::equal_to<Key>,

class Alloc = std::allocator<std::pair<const Key, T> > >
class unordered_map

{

public:
Il types
typedef Key key_type;
typedef std::pair<const Key, T> value_type;
typedef T mapped_type;
typedef Hash hasher;
typedef Pred key equal;
typedef Alloc allocator_type;
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typedef typename allocator_type::pointer pointer;
typedef typename allocator_type::const_pointer  const_pointer;

typedef typename allocator_type::reference reference;

typedef typename allocator_type::const_reference const_reference;

typedef implementation-defined size_type;

typedef  implementation-defined difference_type;
typedef  implementation-defined iterator;

typedef  implementation-defined const_iterator;
typedef  implementation-defined local_iterator;
typedef implementation-defined const_local_iterator;

/I construct/destroy/copy
explicit unordered_map(size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key equal& eql = key_equal(),
const allocator_type& a = allocator_type());
template <class Inputlterator>
unordered_map(Inputlterator f, Inputlterator I,
size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key equal& eql = key_ equal(),
const allocator_type& a = allocator_type());
unordered_map(const unordered_map&);
“unordered_map();
unordered_mapé& operator=(const unordered_map&);
allocator_type get_allocator() const;

/I size and capacity

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

/I iterators

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

const_iterator end() const;

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

void insert(Inputlterator first, Inputlterator last);

void erase(const_iterator position);
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size_type erase(const key type& K);
void erase(const_iterator first, const_iterator last);
void clear();

void swap(unordered_mapé&);

/I observers
hasher hash_function() const;
key _equal key eq() const;

/I 1ookup
iterator find(const key type& K);
const_iterator find(const key type& k) const;
size_type count(const key type& k) const;
std::pair<iterator, iterator>
equal_range(const key type& K);
std::pair<const_iterator, const_iterator>
equal_range(const key type& k) const;

mapped_type& operator[](const key type& Kk);

/I bucket interface

size_type bucket count() const;

size_type max_bucket_count() const;
size_type bucket_size(size_type n);
size_type bucket(const key type& k) 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;

/I hash policy
float load_factor() const;
float max_load_factor() const;
void max_load_factor(float z);
void rehash(size_type n);
3
template <class Key, class T, class Hash, class Pred, class Alloc>

void swap(unordered_map<Key, T, Hash, Pred, Alloc>& x,
unordered_map<Key, T, Hash, Pred, Alloc>& y);

6.3.4.4.1 unordered_map constructors [tr.unord.map.cnstr]

explicit unordered_map(size_type n = implementation-defined ,
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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 allocator, and using at leasbuckets. Ifn is not provided, the number of buckets is implementation
defined.max_load_factor() is 1.0.

Complexity: Constant.
template <class Inputlterator>
unordered_map(Inputlterator f, Inputlterator I,
size type n = implementation-defined ,
const hasher& hf = hasher(),

const key equal& eql = key_equal(),
const allocator_type& a = allocator_type());

Effects: Constructs an emptynordered_map using the specified hash function, key equality function,
and allocator, and using at leasbuckets. (Ifn is not provided, the number of buckets is implementation
defined.) Then inserts elements from the rapfiest , last ). max_load_factor() is 1.0.

Complexity: Average case linear, worst case quadratic.

6.3.4.4.2 unordered_map element access [tr.unord.map.elem]

mapped_type& operator[](const key type& K);

Effects: If theunordered_map does not already contain an element whose key is equival&niriserts
std::pair<const key_type, mapped_type>(k, mapped_type())
Returns: A reference tox.second , wherex is the (unique) element whose key is equivalerk to

6.3.4.4.3 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>& Yy);

Effects: x.swap(y)

6.3.4.5 Class templat@&inordered_multiset [tr.unord.multiset]

An unordered_multiset is a kind of unordered associative container that supports equivalent keys (an
unordered_multiset may contain multiple copies of the same key value) and in which the elements’
keys are the elements themselves.

An unordered_multiset satisfies all of the requirements of a container and of a unordered associa-
tive container. It provides the operations described in the preceding requirements table for equivalent keys;
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that is, anunordered_multiset supports the_eq operations in that table, not tlee uniq opera-
tions. For aunordered_multiset<Value> thekey type and the value type are bottalue . The
iterator andconst_iterator types are both const iterator types. It is unspecified whether or not
they are the same type.

This section only describes operationswrordered_multiset that are not described in one of the
requirement tables, or for which there is additional semantic information.

template <class Value,
class Hash hash<Value>,
class Pred std::equal_to<Value>,
class Alloc = std::allocator<Value> >
class unordered_multiset

{

public:
Il types
typedef Value key type;
typedef Value value_type;
typedef Hash hasher;
typedef Pred key_equal;
typedef Alloc allocator_type;
typedef typename allocator_type::pointer pointer;
typedef typename allocator_type::const_pointer  const_pointer;
typedef typename allocator_type::reference reference;
typedef typename allocator_type:.const_reference const_reference;
typedef  implementation-defined size_type;
typedef  implementation-defined difference_type;
typedef  implementation-defined iterator;
typedef  implementation-defined const_iterator;
typedef implementation-defined local_iterator;
typedef  implementation-defined const_local_iterator;

/I 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 Inputlterator>
unordered_multiset(Inputlterator f, Inputlterator I,
size _type n = implementation-defined ,
const hasher& hf = hasher(),
const key equal& eql = key_equal(),
const allocator_type& a = allocator_type());
unordered_multiset(const unordered_multiset&);
“unordered_multiset();
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unordered_multiset& operator=(const unordered_multiset&);
allocator_type get allocator() const;

/I size and capacity

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

/I iterators

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

const_iterator end() const;

/I modifiers
iterator insert(const value_type& obj);
iterator insert(const_iterator hint, const value_type& obj);
template <class Inputlterator>
void insert(Inputlterator first, Inputlterator last);

void erase(const_iterator position);

size_type erase(const key type& k);

void erase(const_iterator first, const_iterator last);
void clear();

void swap(unordered_multiset&);

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

/I lookup
iterator find(const key type& K);
const_iterator find(const key type& k) const;
size_type count(const key type& k) const;
std::pair<iterator, iterator>
equal_range(const key type& K);
std::pair<const_iterator, const_iterator>
equal_range(const key type& k) const;

/I bucket interface

size_type bucket_count() const;

size_type max_bucket_count() const;
size_type bucket_size(size type n);
size_type bucket(const key type& k) const;
local_iterator begin(size_type n) const;
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const_local_iterator begin(size_type n) const;
local_iterator end(size_type n);
const_local_iterator end(size_type n) const;

/I hash policy

float load_factor() const;
float max_load_factor() const;
void max_load_factor(float z);
void rehash(size_type n);

k

template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_multiset<Value, Hash, Pred, Alloc>& x,
unordered_multiset<Value, Hash, Pred, Alloc>& Yy);

}
6.3.4.5.1 unordered_multiset constructors [tr.unord.multiset.cnstr]
explicit unordered_multiset(size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key equal& eql = key_equal(),
const allocator_type& a = allocator_type());
Effects: Constructs an emptynordered_multiset using the specified hash function, key equality

function, and allocator, and using at leagbuckets. Ifn is not provided, the number of buckets is imple-
mentation definednax_load_factor() is 1.0.

Complexity: Constant.

template <class Inputlterator>
unordered_multiset(Inputlterator f, Inputlterator |,
size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key equal& eql = key_equal(),
const allocator_type& a = allocator_type());

Effects: Constructs an emptynordered_multiset using the specified hash function, key equality
function, and allocator, and using at leagbuckets. (Ifn is not provided, the number of buckets is imple-
mentation defined.) Then inserts elements from the rfiggge  , last ). 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,
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unordered_multiset<Value, Hash, Pred, Alloc>& vy);

Effects: x.swap(y);

6.3.4.6 Class templateinordered_multimap [tr.unord.multimap]

An unordered_multimap is a kind of unordered associative container that supports equivalent keys
(anunordered_multimap may contain multiple copies of each key value) and that associates values
of another typenapped_type with the keys.

An unordered_multimap satisfies all of the requirements of a container and of a unordered associative
container. It provides the operations described in the preceding requirements table for equivalent keys; that
is, anunordered_multimap supports the_eq operations in that table, not ttee uniq operations.

For anunordered_multimap<Key, T> thekey type isKey, the mapped type i§, and the value

type isstd::pair<const Key, T>

This section only describes operationswrordered_multimap that are not described in one of the
requirement tables, or for which there is additional semantic information.

template <class Key,

class T,
class Hash = hash<Key>,
class Pred = std::equal_to<Key>,

class Alloc = std::allocator<std::pair<const Key, T> > >
class unordered_multimap

{
public:

Il types

typedef Key

typedef std::pair<const Key, T>
typedef T

typedef Hash

typedef Pred

typedef Alloc

typedef typename allocator_type::pointer

typedef typename allocator_type::const_pointer

typedef typename allocator_type::reference

key_type;
value_type;
mapped_type;
hasher;
key_equal;
allocator_type;

pointer;
const_pointer;
reference;

typedef typename allocator_type::const_reference const_reference;

typedef implementation-defined
typedef  implementation-defined
typedef  implementation-defined
typedef  implementation-defined
typedef  implementation-defined
typedef implementation-defined

/I construct/destroy/copy
explicit unordered_multimap(size_type n =

128

size_type;
difference_type;

iterator,;
const_iterator;
local_iterator;
const_local_iterator;
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const hasher& hf = hasher(),
const key equal& eql = key_equal(),
const allocator_type& a = allocator_type());
template <class Inputlterator>
unordered_multimap(Inputiterator f, Inputlterator I,
size type n = implementation-defined ,
const hasher& hf = hasher(),
const key equal& eql = key_equal(),
const allocator_type& a = allocator_type());
unordered_multimap(const unordered_multimap&);
“unordered_multimap();
unordered_multimap& operator=(const unordered_multimap&);
allocator_type get_allocator() const;

/I size and capacity

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

/I iterators

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

const_iterator end() const;

/I modifiers
iterator insert(const value_type& obj);
iterator insert(const_iterator hint, const value_type& obj);
template <class Inputlterator>
void insert(Inputlterator first, Inputlterator last);

void erase(const_iterator position);

size_type erase(const key type& K);

void erase(const_iterator first, const_iterator last);
void clear();

void swap(unordered_multimapé&);

/I observers
hasher hash_function() const;
key_equal key_eq() const;

/I lookup

iterator find(const key type& K);
const_iterator find(const key type& k) const;
size_type count(const key type& k) const;

129



std::pair<iterator, iterator>
equal_range(const key type& Kk);

std::pair<const_iterator, const_iterator>
equal_range(const key type& k) const;

/I bucket interface

size_type bucket count() const;

size_type max_bucket_count() const;
size_type bucket_size(size_type n);
size_type bucket(const key type& k) 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;

/I hash policy

float load_factor() const;
float max_load_factor() const;
void max_load_factor(float z);
void rehash(size_type n);

k

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>& v);

6.3.4.6.1 unordered_multimap constructors [tr.unord.multimap.cnstr]

explicit unordered_multimap(size_type n = implementation-defined ,
const hasher& hf = hasher(),
const key equal& eql = key_equal(),
const allocator_type& a = allocator_type());

Effects: Constructs an emptynordered_multimap using the specified hash function, key equality
function, and allocator, and using at leagbuckets. Ifn is not provided, the number of buckets is imple-
mentation definednax_load_factor() is 1.0.

Complexity: Constant.

template <class Inputlterator>
unordered_multimap(Inputiterator f, Inputlterator I,
size type n = implementation-defined ,
const hasher& hf = hasher(),
const key equal& eql = key_equal(),
const allocator_type& a = allocator_type());
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Effects: Constructs an emptynordered_multimap using the specified hash function, key equality
function, and allocator, and using at leagbuckets. (Ifn is not provided, the number of buckets is imple-
mentation defined.) Then inserts elements from the rfiggge  , last ). max_load_factor() is
1.0.

Complexity: Average case linear, worst case quadratic.

6.3.4.6.2 unordered_multimap swap [tr.unord.multimap.swap]
template <class Value, class Hash, class Pred, class Alloc>

void swap(unordered_multimap<Value, Hash, Pred, Alloc>& X,
unordered_multimap<Value, Hash, Pred, Alloc>& v);

Effects: x.swap(y)
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Chapter 7

Regular expressions [tr.re]

7.1 Definitions [tr.re.def]

The following definitions shall apply to this clause:

Collating element: A sequence of one or more characters within the current locale that collate as if they
were a single character.

Finite state machine: An unspecified data structure that is used to represent a regular expression, and
which permits efficient matches against the regular expression to be obtained.

Format specifier: A sequence of one or more characters that is to be replaced with some part of a regular
expression match.

Matched: A sequence of zero or more characters shall be said to be matched by a regular expression when
the characters in the sequence correspond to a sequence of characters defined by the pattern.

Partial match: A match that is obtained by matching one or more characters at the end of a character-
container sequence, but only a prefix of the regular expression.

Primary equivalence class:A set of one or more characters which share the same primary sort key: that is
the sort key weighting that depends only upon character shape, and not accentation, case, or locale specific
tailorings.

Regular expression:A pattern that selects specific strings from a set of character strings.
Sub-expression:A subset of a regular expression that has been marked by parenthesis.

7.2 Requirements [tr.re.req]

This subclause defines requirements on classes representing regular expressioNrgtsTHe class
templateregex_traits<charT> , defined in clause 7.7, satisfies these requirementsid notg

The class templatbasic_regex , defined in clausg 7.8, needs a set of related types and functions to
complete the definition of its semantics. These types and functions are provided as a set of member type-
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defs and functions in the template paramétaits  used by thebasic_regex class template. This
subclause defines the semantics guaranteed by these members.

To specialize théasic_regex template to generate a regular expression class to handle a particular
character container typeéharT , that and its related regular expression traits clasits is passed as a
pair of parameters to theasic_regex template as formal parameterisarT andTraits

In Table[7.1X denotes a traits class defining types and functions for the character containehaype;
u is an object of typeX; v is an object of typeonst X ; p is a value of typeonst charT* ;11 and
I2 are Input Iterators-1 andF2 are forward iterators; is a value of typeonst charT ;s is an object
of type X::string_type ; €S is an object of typeonst X::string_type ; b is a value of type
bool ;I is avalue of typent ; and loc is an object of typX::locale_type

Table 7.1: regular expression traits class requirements

Expression Return Type Assertion / Note / Pre / Post condition

X::char_type charT The character container type used|in
the implementation of class template
basic_regex

X::size_type An unsigned integer type, capable of

holding the length of a null-terminated
string ofcharT s.

X::string_type std::basic_-
string<charT>

X::locale_type Implementation defined A copy constructible type that repre-
sents the locale used by the traits class.

X::char_class_type Implementation defined A bitmask type representing a partic-
ular character classification. Multiple
values of this type can be bitwise-or'ed
together to obtain a new valid value.

X::length(p) X::size_type Yields the smallest such thatpi]
== 0. Complexity is linearini .

v.translate(c) X::char_type Returns a character such that
for any characterd that is to
be considered equivalent toc
then v.translate(c) ==
v.translate(d)

v.translate_- X::char_type For all charactersC that are to be

nocase(c) considered equivalent o when com-

parisons are to be performed without
regard to case, thentranslate_-
nocase(c) == v.translate_-
nocase(C)
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continued from previous page

v.transform(F1, F2)

X::string_type

Returns a sort key for the charag-

ter sequence designated by the ite
tor range[F1, F2) such that if the
character sequencfsl, G2) sorts
before the character sequenfiél,
H2) thenv.transform(G1, G2)

< v.transform(H1, H2)

v.transform_-
primary(F1, F2)

X::string_type

ra-

Returns a sort key for the character se-

guence designated by the iterator ran

[F1, F2) such that if the character

sequencdG1l, G2) sorts before the
character sequendéil, H2) when

ge

character case is not considered then

v.transform_primary(G1,
G2) < v.transform_-
primary(H1, H2)

v.lookup_-
classname(F1, F2)

X::char_class_type

Converts the character sequence de
nated by the iterator rangé&1,F2)
into a bitmask type that can subs
quently be passed tectype . Values
returned fromlookup_classname

can be safely bitwise or'ed together.

5ig-

Returns 0 if the character sequence is

not the name of a character class rec
nized byX. The value returned shall b
independent of the case of the charz
ters in the sequence.

v.lookup_-
collatename(F1,
F2)

X::string_type

Returns a sequence of characters that
represents the collating element can-
sisting of the character sequence desig-

nated by the iterator randgel, F2)
Returns an empty string if the chara
ter sequence is not a valid collating el
ment.

by

v.isctype(c, bool Returnstrue if characterc is a mem-

v.lookup_classname ber of the character class designated

(F1, F2)) the iterator rang¢F1, F2) |, false
otherwise.

v.value(c, 1) int Returns the value represented by the

digit ¢ in basel if the characterc is a
valid digit in basel; otherwise returns
-1 . [Note: the value ofl will only be
8, 10, or 16—end notg
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continued from previous page
u.imbue(loc) X::locale_type Imbuesu with the localeloc and re-
turns the previous locale used hyif
any.
v.getloc() X::locale_type Returns the current locale used byif
any.

The headexregex> defines the class templatgex_traits which shall be capable of being special-
ized for character container typekar andwchar_t , and which satisfies the requirements for a regular
expression traits class. Class templagex_traits is described in clauge 7.7.

7.3 Regular expressions summary [tr.re.sym]

The headekregex> defines a basic regular expression class template and its traits that can handle all
char-like (lib.strings) template arguments.

The headexregex> defines a class template that holds the result of a regular expression match.

The headexregex> defines a series of algorithms that allow an iterator sequence to be operated upon by
a regular expression.

The headexregex> defines two specific template classes, regex and wregex and their special traits.
The headexregex> also defines two iterator types for enumerating regular expression matches.

7.4 Header<regex> synopsis [tr.re.syn]

namespace trl {

namespace regex_constants {

typedef bitmask_type syntax_option_type;

typedef bitmask_type match_flag_type;

typedef  implementation-defined error_type;
} /I namespace regex constants

class regex_error,

template <class charT>
struct regex_traits;

template <class charT,
class traits = regex_traits<charT> >
class basic_regex;

template <class charT, class traits>
void swap(basic_regex<charT, traits>& el,
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basic_regex<charT, traits& e2);

typedef basic_regex<char> regex;
typedef basic_regex<wchar_t> wregex;

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;

template <class Bidirectionallterator>

bool operator == (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

template <class Bidirectionallterator>

bool operator !'= (const sub_match<Bidirectionallterator>& |hs,
const sub_match<Bidirectionallterator>& rhs);

template <class Bidirectionallterator>

bool operator < (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

template <class Bidirectionallterator>

bool operator <= (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

template <class Bidirectionallterator>

bool operator >= (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

template <class Bidirectionallterator>

bool operator > (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

template <class Bidirectionallterator, class traits, class Allocator>
bool operator == (const std::basic_string<
iterator_traits<Bidirectionallterator>::value_type,
traits,
Allocator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator != (const std::basic_string<
iterator_traits<Bidirectionallterator>::value_type,
traits,
Allocator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator < (const std::basic_string<
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iterator_traits<Bidirectionallterator>::value_type,
traits,
Allocator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator > (const std::basic_string<
iterator_traits<Bidirectionallterator>::value_type,
traits,
Allocator>& |hs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator >= (const std::basic_string<
iterator_traits<Bidirectionallterator>::value_type,
traits,
Allocator>& |hs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator <= (const std::basic_string<
iterator_traits<Bidirectionallterator>::value_type,
traits,
Allocator>& lhs,
const sub_match<Bidirectionallterator>& rhs);

template <class Bidirectionallterator, class traits, class Allocator>
bool operator == (const sub_match<Bidirectionallterator>& Ihs,
const std::basic_string<
iterator_traits<Bidirectionallterator>::value_type,
traits,
Allocator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator !'= (const sub_match<Bidirectionallterator>& Ihs,
const std::basic_string<
iterator_traits<Bidirectionallterator>::value_type,
traits,
Allocator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator < (const sub_match<Bidirectionallterator>& Ihs,
const std::basic_string<
iterator_traits<Bidirectionallterator>::value_type,
traits,
Allocator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator > (const sub_match<Bidirectionallterator>& Ihs,
const std::basic_string<
iterator_traits<Bidirectionallterator>::value_type,
traits,
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Allocator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator >= (const sub_match<Bidirectionallterator>& Ihs,
const std::basic_string<
iterator_traits<Bidirectionallterator>::value_type,
traits,
Allocator>& rhs);
template <class Bidirectionallterator, class traits, class Allocator>
bool operator <= (const sub_match<Bidirectionallterator>& Ihs,
const std::basic_string<
iterator_traits<Bidirectionallterator>::value_type,
traits,
Allocator>& rhs);

template <class Bidirectionallterator>
bool operator == (typename iterator_traits<Bidirectionallterator>
::value_type const* |hs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
bool operator != (typename iterator_traits<Bidirectionallterator>
:value_type const* I|hs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
bool operator < (typename iterator_traits<Bidirectionallterator>
::value_type const* Ihs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
bool operator > (typename iterator_traits<Bidirectionallterator>
::value_type const* I|hs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
bool operator >= (typename iterator_traits<Bidirectionallterator>
::value_type const* |hs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
bool operator <= (typename iterator_traits<Bidirectionallterator>
:value_type const* I|hs,
const sub_match<Bidirectionallterator>& rhs);

template <class Bidirectionallterator>
bool operator == (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
::value_type const* rhs);
template <class Bidirectionallterator>
bool operator !'= (const sub_match<Bidirectionallterator>& |hs,
typename iterator_traits<Bidirectionallterator>
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::value_type const* rhs);
template <class Bidirectionallterator>
bool operator < (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
:value_type const* rhs);
template <class Bidirectionallterator>
bool operator > (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
::value_type const* rhs);
template <class Bidirectionallterator>
bool operator >= (const sub_match<Bidirectionallterator>& I|hs,
typename iterator_traits<Bidirectionallterator>
::value_type const* rhs);
template <class Bidirectionallterator>
bool operator <= (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
::value_type const* rhs);

template <class Bidirectionallterator>
bool operator == (typename iterator_traits<Bidirectionallterator>
:value_type const& Ihs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
bool operator != (typename iterator_traits<Bidirectionallterator>
:value_type const& lhs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
bool operator < (typename iterator_traits<Bidirectionallterator>
::value_type const& lhs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
bool operator > (typename iterator_traits<Bidirectionallterator>
::value_type const& lhs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
bool operator >= (typename iterator_traits<Bidirectionallterator>
:value_type const& Ihs,
const sub_match<Bidirectionallterator>& rhs);
template <class Bidirectionallterator>
bool operator <= (typename iterator_traits<Bidirectionallterator>
ivalue_type const& Ihs,
const sub_match<Bidirectionallterator>& rhs);

template <class Bidirectionallterator>

bool operator == (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
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::value_type const& rhs);
template <class Bidirectionallterator>
bool operator !'= (const sub_match<Bidirectionallterator>& |hs,
typename iterator_traits<Bidirectionallterator>
:value_type const& rhs);
template <class Bidirectionallterator>
bool operator < (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
::value_type const& rhs);
template <class Bidirectionallterator>
bool operator > (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
::value_type const& rhs);
template <class Bidirectionallterator>
bool operator >= (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
::value_type const& rhs);
template <class Bidirectionallterator>
bool operator <= (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>
:value_type const& rhs);

template <class charT, class traits, class Bidirectionallterator>
basic_ostream<charT, traits>&
operator << (basic_ostream<charT, traits>& os,
const sub_match<Bidirectionallterator>& m);

template <class Bidirectionallterator,
class Allocator = allocator<
typename iterator_traits<Bidirectionallterator>::value_type > >
class match_results;

template <class Bidirectionallterator, class Allocator>

bool operator == (const match_results<Bidirectionallterator, Allocator>& m1,
const match_results<Bidirectionallterator, Allocator>& m2);

template <class Bidirectionallterator, class Allocator>

bool operator != (const match_results<Bidirectionallterator, Allocator>& m1,
const match_results<Bidirectionallterator, Allocator>& m2);

template <class charT, class traits,
class Bidirectionallterator, class Allocator>
basic_ostream<charT, traits>&
operator << (basic_ostream<charT, traits>& o0s,
const match_results<Bidirectionallterator, Allocator>& m);

template <class Bidirectionallterator, class Allocator>
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void swap(match_results<Bidirectionallterator, Allocator>& m1,
match_results<Bidirectionallterator, Allocator>& mz2);

typedef match_results<const char*> cmatch;

typedef match_results<const wchar_t*> wcmatch;
typedef match_results<string::const_iterator> smatch;
typedef match_results<wstring::const_iterator> wsmatch;

template <class Bidirectionallterator, class Allocator,
class charT, class traits>
bool regex_match(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_match(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_match(const charT* str, match_results<const charT*, Allocator>&
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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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 charT, class Allocator, class traits>
bool regex_search(const charT* str,
match_results<const charT*, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);
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 traits>
bool regex_search(const charT* str
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);
template <class ST, class SA,
class charT, class traits>
bool regex_search(const basic_string<charT, ST, SA>& s,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);
template <class ST, class SA, class Allocator,
class charT, class traits>
bool regex_search(const basic_string<charT, ST, SA>& s,
match_results<typename basic_string<charT, ST, SA>
::const_iterator,
Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

template <class Outputlterator, class Bidirectionallterator,
class traits, class charT>
Outputlterator regex_replace(Outputiterator out,
Bidirectionallterator first,
Bidirectionallterator last,
const basic_regex<charT, traits>& e,
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const basic_string<charT>& fmt,
regex_constants::match_flag type flags
= regex_constants::match_default);
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);

/I regular expression iterators:

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;

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;

} /I namespace trl

7.5 Namespacetd::regex_constants [tr.re.const]
The namespacstd::regex_constants acts as a repository for the symbolic constants used by the
regular expression library.

The namespacgtd::regex_constants defines three typesyntax_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;
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/I 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;
/I these flags are optional, if the functionality is supported
/I then the flags shall take these names.
static const syntax_option_type basic;

static const syntax_option_type extended,;
static const syntax_option_type awk;

static const syntax_option_type grep;

static const syntax_option_type egrep;

} /I namespace regex_constants
} /I namespace trl

The type syntaoption type is an implementation defined bitmask typg4.3.2.1.2). Setting its elements
has the effects listed in talfle ¥.2, a valid value of tgpetax_option_type will always have exactly
one of the elementSCMAScript , basic , extended , awk, grep , egrep , set.

Table 7.2:syntax_option_type effects

Element Effect if set

icase Specifies that matching of regular expressions against a char-
acter container sequence shall be performed without regard to
case.

nosubs Specifies that when a regular expression is matched against a

character container sequence, then no sub-expression matches
are to be stored in the supplied mat@sults structure.
optimize Specifies that the regular expression engine should pay more at-
tention to the speed with which regular expressions are matched,
and less to the speed with which regular expression objects are
constructed. Otherwise it has no detectable effect on the |pro-
gram output.

collate Specifies that character ranges of the form “[a-b]” should be lo-
cale sensitive.
ECMAScript Specifies that the grammar recognized by the regular expression

engine uses its normal semantics: that is the same as that given
in the ECMA-262[[9].
basic Specifies that the grammar recognized by the regular expression
engine is the same as that used by POSIX basic regular expres-
sions[13] in IEEE Std 1003.1-2001, Portable Operating System

Interface (POSIX ), Base Definitions and Headers, Section 9,

Regular Expressions .
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Specifies that the grammar recognized by the regular expres-
sion engine is the same as that used by POSIX extended regular
expressiond [13] in IEEE Std 1003.1-2001, Portable Operating
System Interface (POSIX ), Base Definitions and Headers, Sec-
tion 9, Regular Expressions .
Specifies that the grammar recognized by the regular expression
engine is the same as that used by POSIX utility awk in IEEE
Std 1003.1-2001.[13].
Specifies that the grammar recognized by the regular expression
engine is the same as that used by POSIX utility grep in IEEE
Std 1003.1-2001. [13].
Specifies that the grammar recognized by the regular expression
engine is the same as that used by POSIX utility grep when given
the -E option in IEEE Std 1003.1-2001 [13].

extended

awk

grep

egrep

7.5.2 Bitmask Typeregex_constants::match_flag_type [tr.re.matchflag]
namespace trl { namespace regex_constants{

typedef bitmask_type regex_constants::match_flag_type;

static
static
static
static
static
static
static
static
static
static
static
static
static
static
static

const
const
const
const
const
const
const
const
const
const
const
const
const
const
const

regex_constants:
regex_constants:
regex_constants:
regex_constants:
regex_constants:
regex_constants:
regex_constants:
regex_constants:
regex_constants:
regex_constants:
regex_constants:
regex_constants:
regex_constants:

regex_constants

regex_constants:

:match_flag_type
:match_flag_type
:match_flag_type
‘match_flag_type
:match_flag_type
:match_flag_type
:match_flag_type
‘match_flag_type
‘match_flag_type
:match_flag_type
:match_flag_type
:match_flag_type
:match_flag_type
:match_flag_type
‘match_flag_type

} /I namespace regex_constants
} /I namespace trl

The typeregex_constants::match_flag_type
Matching a regular expression against a sequence of charfuotrslast)

the normal rules of ECMA-262 [9], modified according to the effects listed in {able 7.3 for any bitmask

elements set.
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match_default =
match_not_bol;
match_not_eol;
match_not_bow;
match_not_eow;
match_any;
match_not_null;

0;

match_continuous;

match_partial;
match_prev_avail;

format_default = 0;

format_sed;
format_perl;
format_no_copy;
format_first_only;

is an implementation defined bitmask tygé7.3.2.1.2).

proceeds according to
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Table 7.3: regex_constants::match_flag_type effects
when obtaining a match against a character container sequence
[first,last)
Element Effect if set
matchdefault No effect.
matchnot.bol The first character in the sequerifiest, last) is treated
as though itis not at the beginning of a line, so the chardtter
in the regular expression shall not mafttst, first)
matchnot eol The last character in the sequetfiiest, last) is treated
as though it is not at the end of a line, so the chard@er in
the regular expression shall not majtdst, last)
matchnot.bow The expressiofi\b" is not matched against the sub-sequence
[first,first).
matchnot eow The expressiofi\b” should not be matched against the suib-
sequence [last,last).
matchany If more than one match is possible then any match is an accept-
able result.
matchnot.null The expression does not match an empty sequence.
matchcontinuous The expression only matchs a sub-sequence that begins at first .
matchpartial If no match is found, then it is acceptable to return a ma
[from, last) where from!=last, if there exists some sequence of
characters [from,to) of which [from,last) is a prefix, and whi
would result in a full match.
matchprev.avail - -first is a valid iterator position. When this flag is set then the

flags matchnot bol and matcmot bow are ignored by the reg
ular expression algorithnis 7111 and iterafors7.12.

formatdefault

When a regular expression match is to be replaced by a
string, the new string is constructed using the rules used by

ECMAScript replace function in ECMA-262 9], part 15.4.1

String.prototype.replace. In addition, during search and rep
operations all non-overlapping occurrences of the regular
pression are located and replaced, and sections of the inpu
did not match the expression, are copied unchanged to the o
string.

formatsed

When a regular expression match is to be replaced by a
string, the new string is constructed using the rules used by
POSIX sed utility in IEEE Std 1003.1-2001 [13].

formatperl

When a regular expression match is to be replaced b
new string, the new string is constructed using an imy
mentation defined superset of the rules used by the
MAScript replace function in ECMA-262[9], part 15.4.1
String.prototype.replace.
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formatno_copy

During a search and replace operation, sections of the

expression are not copied to the output string.

charac-

ter container sequence being searched that do match the regular

formatfirst.only

first occurrence of the regular expression is replaced.

When specified during a search and replace operation, only the

7.5.3

Implementation definederror_type

namespace trl { namespace regex_constants {

typedef implementation defined error_type;

static
static
static
static
static
static
static
static
static
static
static
static
static

const
const
const
const
const
const
const
const
const
const
const
const
const

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;

} I/ namespace regex_constants
} /I namespace trl

The typeerror_type

error_type  represent the error conditions as described in {able 7.4:
Table 7.4: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 @
ing escape.

error_backref

The expression contained an invalid backreference.

error_brack

The expression contained mismatchiednd] .

error_paren

The expression contained mismatcliednd) .

error_brace

The expression contained mismatcKednd}

error_badbrace

The expression contained an invalid range { aexpression.
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error_range The expression contained an invalid character range, for exam-
ple[b-a]

error_space There was insufficient memory to convert the expression into a
finite state machine.

error_badrepeat One of*?+{ was not preceded by a valid regular expression.

error_complexity The complexity of an attempted match against a regular expres-
sion exceeded a pre-set level.

error_stack There was insufficient memory to determine whether the regular
expression could match the specified character sequence.

7.6 Classregex_error [tr.re.badexp]

class regex_error : public std::runtime_error

{

public:
explicit regex_error(regex_constants::error_type ecode);
regex_constants::error_type code() const;

k

The classegex_error  defines the type of objects thrown as exceptions to report errors from the regular
expression library.

regex_error(regex_constants:.error_type ecode);

Effects: Constructs an object of clagsgex_error
Postcondition: ecode == code()

regex_constants::error_type code() const;

Returns: The error code that was passed to the constructor.

7.7 Class templataegex_traits [tr.re.traits]

template <class charT>
struct regex_traits

{

public:
typedef charT char_type;
typedef std::size t size_type;
typedef std::basic_string<char_type> string_type;
typedef std:locale locale_type;
typedef bitmask_type char_class_type;
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regex_traits();

static size_type length(const char_type* p);

charT translate(charT c¢) const;

charT translate_nocase(charT c) const;

template <class Forwardlterator>
string_type transform(Forwardlterator first,
Forwardlterator last) const;

template <class Forwardlterator>
string_type transform_primary(Forwardlterator first,
Forwardlterator last) const;

template <class Forwardlterator>
char_class_type lookup_classname(Forwardlterator first,
Forwardlterator last) const;

template <class Forwardlterator>
string_type lookup_collatename(Forwardlterator first,
ForwardlIterator last) const;

bool isctype(charT ¢, char_class_type f) const;

int value(charT ch, int radix) const;

locale_type imbue(locale_type I);

locale_type getloc()const;

3
The class templateegex_traits is capable of being specialized for the typdsmr andwchar_t

and satisfies the requirements for a regular expression traits|class (7.2).

typedef bitmask_type char_class_type;

The typechar_class_type is used to represent a character classification and is capable of holding an
implementation specific set returned lbpkup_classname

static size_type length(const char_type* 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)

template <class Forwardlterator>
string_type transform(Forwardlterator first,
Forwardlterator last) const;

Effects:

string_type str(first, last);
return use_facet<collate<charT> >(getloc()).transform(
&*str.begin(), &*str.end());
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template <class Forwardlterator>
string_type transform_primary(Forwardlterator first,
Forwardlterator last) const;

Effects. if typeid(use_facet<collate<charT> >)

== typeid(collate_byname<charT>) and the form of the sort key returned loyllate_-
byname<charT>::transform(first, last) is known and can be converted into a primary sort
key then returns that key, otherwise returns an empty string.

template <class Forwardlterator>
char_class_type lookup_classname(Forwardlterator first,
Forwardlterator last) const;

Returns: an unspecified value that represents the character classification named by the character sequence
designated by the iterator ranfiest, 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.

Notes: Forregex_traits<char> , atleastthe nameéd” ,"w" ,"s" ,"alnum" ,"alpha" ,"blank"
"entr* ,"digit" ,"graph" ,"lower" ,"print" ,"punct" ,"space" ,"upper" and"xdigit"
shall be recognized. Foegex_traits<wchar_t> , atleastthe namésd" ,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 recognized.

template <class Forwardlterator>
string_type lookup_collatename(Forwardlterator first,
Forwardlterator last) const;

Returns: a sequence of one or more characters that represents the collating element consisting of the
character sequence designated by the iterator riimge last) . Returns an empty string if the
character sequence is not a valid collating element.

bool isctype(charT ¢, char_class_type f) const;

Effects: Determines if the characteris a member of the character classification representdd by

Returns: Convertsf into a valuem of type std::ctype_base::mask in an unspecified manner,
and returngrue if use_facet<ctype<charT> >(getloc()).is(c, m) istrue . Otherwise
returnstrue if f bitwise or'ed with the result of callintpokup_classname  with an iterator pair that
designates the character sequéenee isnotequaltoOand == '_' , oriff bitwise or'ed with the result
of callinglookup_classname  with an iterator pair that designates the character sequbrag" is
not equal to 0 and is one of an implementation-defined subset of the characters for vgsichce(c,

getloc()) returnstrue , otherwise returnfalse
int value(charT ch, int radix) const;

Precondition: The value ofradix shall be 8, 10, or 16.

Returns: the value represented by the digitin baseradix if the charactechis a valid digit in baseadix;
otherwise returns -1.

locale_type imbue(locale_type loc);
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Effects: Imbuesthis with a copy of the localéoc . [Note: callingimbue with a different locale than
the one currently in use invalidates all cached data heldhisy . — end notg

Returns: if no locale has been previously imbued then a copy of the global locale in effect at the time of
construction othis , otherwise a copy of the last argument passdcdhtaue .

Postcondition: getloc() == loc

locale_type getloc()const;

Returns: if no locale has been imbued then a copy of the global locale in effect at the time of construction
of this , otherwise a copy of the last argument passedthtuue .

7.8 Class templatébasic_regex [tr.re.regex]

For a char-like typeharT , the template cladsasic_regex describes objects that represent a regular
expression constructed from a sequenceldrT s. In the rest of this clauseharT denotes such a

given char-like type. Storage for the regular expression is allocated and freed as necessary by the member
functions of clasbasic_regex

Objects of type specialization tWasic_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 expressiote: jmplementations will typically declare

some function template as friendshasic_regex to achieve this—end notg

The regular expression grammar recognized by class teniydate_regex is described in clauge 7]13.
The functions described in this clause report errors by throwing exceptions afelger_error
template <class charT,

class traits = regex_traits<charT> >
class basic_regex

{
public:
Il types:
typedef charT value_type;
typedef regex_constants::syntax_option_type flag_type;
typedef typename traits::locale type locale_type;

/I constants:

static const regex_constants::syntax_option_type 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;
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I/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 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;

/I 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, flag type f);

basic_regex(const basic_regex&);

template <class ST, class SA>

explicit basic_regex(const basic_string<charT, ST, SA>& p,
flag_type f = regex_constants::ECMAScript);

template <class Inputlterator>

basic_regex(Inputlterator first, inputlterator last,
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, ST, SA>& p);

/I capacity:
bool empty() const;
unsigned mark_count() const;

I
/I modifiers:
basic_regex& assign(const basic_regex& that);
basic_regex& assign(const charT* ptr,
flag_type f = regex_constants::ECMAScript);

basic_regex& assign(const charT* p, size type len, flag_type f);
template <class string_traits, class A>
basic_regex& assign(

const basic_string<charT, string_traits, A>& s,

flag_type f = regex_constants::ECMAScript);
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template <class Inputlterator>
basic_regex& assign(Inputlterator first, Inputlterator last,
flag_type f = regex_constants::ECMAScript);

/I const operations:

flag_type flags() const;

/I locale:

locale_type imbue(locale_type loc);
locale_type getloc() const;

/I 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;

/I these flags are optional, if the functionality is supported

/I then the flags shall take these names.

static const regex_constants::syntax_option_type basic
= regex_constants::basic;

static const regex_constants::syntax_option_type extended
= regex_constants::extended;

static const regex_constants::syntax_option_type awk
= regex_constants::awk;

static const regex_constants::syntax_option_type grep
= regex_constants::grep;

static const regex_constants::syntax_option_type egrep
= regex_constants::egrep;

The static constant members are provided as synonyms for the constants declared in namgspace
constants ; for each constant of typsyntax_option_type declared in namespagegex_-
constants  aconstant with the same name, type and value shall be declared within the sbapie of
regex .

7.8.2 basic_regex constructors [tr.re.regex.construct]
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basic_regex();

Effects: Constructs an object of clabasic_regex . The postconditions of this function are indicated
in Table[ 7.5

Table 7.5:basic_regex() effects

Element | Value
empty() true

basic_regex(const charT* p,
flag_type f = regex_constants::ECMAScript);

Requires: p shall not be a null pointer.
Throws: regex_error if pis not a valid regular expression.

Effects: Constructs an object of clabmsic_regex ; the object’s internal finite state machine is con-
structed from the regular expression contained in the arralyaflT of lengthchar_traits<charT>::length(p)
whose first element is designated flayand interpreted according to the fldgghe postconditions of this
function are indicated in Table7.6.

Table 7.6: basic_regex(const charT* p, flag_type f)

effects
Element Value
empty() false
flags() f
mark_count() The number of marked sub-expressions within
the expression.

basic_regex(const charT* p, size_type len,
flag_type f);

Requires: p shall not be a null pointer.
Throws: regex_error  if pis not a valid regular expression.

Effects: Constructs an object of cladmsic_regex ; the object’s internal finite state machine is con-
structed from the regular expression contained in the sequence of chajactptden) , and interpreted
according the flags specifiedinThe postconditions of this function are indicated in Tablg 7.7

Table 7.7: basic_regex(const charT* pl, size type

len, flag_type f) effects
Element Value
empty() false
flags() f
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mark_count() The number of marked sub-expressions with
the expression.

n

basic_regex(const basic_regex& e);

Effects: Constructs an object of clabasic_regex as a copy of the objeet. The postconditions of this
function are indicated in Table 7.8

Table 7.8:basic_regex(const basic_regex& e) effects
Element Value
empty() e.empty
flags() e.flags()
mark_count() e.mark_count()

template <class ST, class SA>
basic_regex(const basic_string<charT, ST, SA>& s,
flag_type f = regex_constants::ECMAScript);

Throws: regex_error  if s is not a valid regular expression.

Effects: Constructs an object of clabmsic_regex ; the object’s internal finite state machine is con-
structed from the regular expression contained in the strjramd interpreted according to the flags speci-
fied inf . The postconditions of this function are indicated in Tabl¢ 7.9

Table 7.9:basic_regex(const basic_string&) effects
Element Value
empty() false
flags() f
mark_count() The number of marked sub-expressions within
the expression.

template <class Forwardlterator>
basic_regex(Forwardlterator first, Forwardlterator last,
flag_type f = regex_constants::ECMAScript);

Throws: regex_error if the sequencéirst, last) is not a valid regular expression.

Effects: Constructs an object of cladssic_regex ; the object’s internal finite state machine is con-
structed from the regular expression contained in the sequence of chajfactersast) , and inter-
preted according to the flags specified inThe postconditions of this function are indicated in T@ble]7.10.

155



Table 7.10: basic_regex(Forwardlterator first,
Forwardlterator last, flag_type f, const
Allocator&) effects

Element Value

empty() false

flags() f

mark_count() The number of marked sub-expressions within the [ex-
pression.

basic_regex& operator=(const basic_regex& e);

Effects: Returns the result aissign(e.str(), e.flags())

basic_regex& operator=(const charT* ptr);

Requires: ptr shall not be a null pointer.
Effects: Returns the result adssign(ptr)

template <class ST, class SA>
basic_regex& operator=(const basic_string<charT, ST, SA>& p);

Effects: Returns the result assign(p)

7.8.3 basic_regex capacity [tr.re.regex.cap]

bool empty() const;

Effects: Returns true if the object does not contain a valid regular expression, otherwise false .

unsigned mark_count() const;

Effects: Returns the number of marked sub-expressions within the regular expresion.

7.8.4 basic_regex assign [tr.re.regex.assign]

basic_regex& assign(const basic_regex& that);

Effects: Returnsassign(that.str(), that.flags())

basic_regex& assign(const charT* ptr,
flag_type f = regex_constants::ECMAScript);

Effects: Returnsassign(string_type(ptr), f)

basic_regex& assign(const charT* ptr, size t len,
flag_type f = regex_constants::ECMAScript);

Effects: Returnsassign(string_type(ptr, len), f)
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template <class string_traits, class A>
basic_regex& assign(const basic_string<charT, string_traits, A>& s,
flag_type f = regex_constants::ECMAScript);

Throws: regex_error  if s is not a valid regular expression.
Returns: *this

Effects: Assigns the regular expression contained in the ssingterpreted according the flags specified
in f . The postconditions of this function are indicated in Table[7.11.

Table 7.11: basic_regex& assign(const basic_-

string<charT, string_traits, A>& s, flag_type

f) effects

Element Value

empty() false

flags() f

mark_count() The number of marked sub-expressions within the [ex-
pression.

template <class Inputlterator>
basic_regex& assign(Inputlterator first, Inputlterator last,
flag_type f = regex_constants::ECMAScript);

Requires: The typelnputlterator corresponds to the Input Iterator requiremef&i(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 tassign .

7.8.6 basic_regex locale [tr.re.regex.locale]

locale_type imbue(locale_type loc);

Effects: Returns the result dfaits_inst.imbue(loc) wheretraits_inst is a (default initial-
ized) instance of the template type argumigaits  stored within the object. Calls tmbue invalidate
any currently contained regular expression.

Postcondition: empty() == true

locale_type getloc() const;
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Effects: Returns the result dfaits_inst.getloc() wheretraits_inst is a (default initialized)
instance of the template parameti@its  stored within the object.

7.8.7 basic_regex swap [tr.re.regex.swap]

void swap(basic_regex& e) throw();

Effects: Swaps the contents of the two regular expressions.

Postcondition: *this  contains the regular expression that wagjre contains the regular expression
that was in*this

Complexity: constant time.

7.8.8 basic_regex non-member functions [tr.re.regex.nonmemb]

7.8.8.1 basic_regex non-member swap [tr.re.regex.nmswap]

template <class charT, class traits>
void swap(basic_regex<charT, traits>& lhs,
basic_regex<charT, traits>& rhs);

Effects: Callslhs.swap(rhs)

7.9 Class templatesub_match [tr.re.submatch]

Class templatesub_match denotes the sequence of characters matched by a particular marked sub-
expression.

template <class Bidirectionallterator>
class sub_match
: public std::pair<Bidirectionallterator, Bidirectionallterator>
{
public:
typedef typename iterator_traits<Bidirectionallterator>::value_type
value_type;
typedef typename iterator_traits<Bidirectionallterator>::difference_type
difference_type;
typedef Bidirectionallterator
iterator;

bool matched;

difference_type length()const;
operator basic_string<value_type>()const;
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basic_string<value_type> str()const;

int compare(const sub_match& s)const;
int compare(const basic_string<value_type>& s)const;
int compare(const value_type* s)const;

7.9.1 sub_match members [tr.re.submatch.members]

difference_type length();
Returns: (matched ? distance(first, second) : 0)
operator basic_string<value_type>()const;

Returns: (matched ? basic_string<value_type>(first, second) :
basic_string<value_type>())

basic_string<value_type> str()const;

Returns: (matched ? basic_string<value_type>(first, second) :
basic_string<value_type>())

int compare(const sub_match& s)const;

Returns: str().compare(s.str())

int compare(const basic_string<value_type>& s)const;

Returns: str().compare(s)

int compare(const value_type* s)const;

Returns: str().compare(s)

7.9.2 sub_match non-member operators [tr.re.submatch.op]

template <class Bidirectionallterator>
bool operator == (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs.compare(rhs) ==

template <class Bidirectionallterator>
bool operator !'= (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs.compare(rhs) = 0
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template <class Bidirectionallterator>
bool operator < (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs.compare(rhs) < 0

template <class Bidirectionallterator>
bool operator <= (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs.compare(rhs) <= 0

template <class Bidirectionallterator>
bool operator >= (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs.compare(rhs) >= 0

template <class Bidirectionallterator>
bool operator > (const sub_match<Bidirectionallterator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs.compare(rhs) > 0

template <class Bidirectionallterator, class traits, class Allocator>
bool operator == (const
basic_string<iterator_traits<Bidirectionallterator>::value_type, traits,
Allocator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs == rhs.str()

template <class Bidirectionallterator, class traits, class Allocator>
bool operator != (const
basic_string<iterator_traits<Bidirectionallterator>::value_type, traits,
Allocator>& |hs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs != rhs.str()

template <class Bidirectionallterator, class traits, class Allocator>
bool operator < (const
basic_string<iterator_traits<Bidirectionallterator>::value_type, traits,
Allocator>& |hs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs < rhs.str()

template <class Bidirectionallterator, class traits, class Allocator>
bool operator > (const
basic_string<iterator_traits<Bidirectionallterator>::value_type, traits,
Allocator>& |hs,
const sub_match<Bidirectionallterator>& rhs);
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Returns: Ihs > rhs.str()

template <class Bidirectionallterator, class traits, class Allocator>
bool operator >= (const
basic_string<iterator_traits<Bidirectionallterator>::value_type, traits,
Allocator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs >= rhs.str()

template <class Bidirectionallterator, class traits, class Allocator>
bool operator <= (const
basic_string<iterator_traits<Bidirectionallterator>::value_type, traits,
Allocator>& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs <= rhs.str()

template <class Bidirectionallterator, class traits, class Allocator>
bool operator ==
const sub_match<Bidirectionallterator>& lhs,
const basic_string<iterator_traits<Bidirectionallterator>::value_type,
traits, Allocator>& rhs);

Returns: Ihs.str() == rhs

template <class Bidirectionallterator, class traits, class Allocator>
bool operator = (
const sub_match<Bidirectionallterator>& Ihs,
const basic_string<iterator_traits<Bidirectionallterator>::value_type,
traits, Allocator>& rhs);

Returns: Ihs.str() != rhs

template <class Bidirectionallterator, class traits, class Allocator>
bool operator < (
const sub_match<Bidirectionallterator>& Ihs,
const basic_string<iterator_traits<Bidirectionallterator>::value_type,
traits, Allocator>& rhs);

Returns: Ihs.str() < rhs

template <class Bidirectionallterator, class traits, class Allocator>
bool operator > (
const sub_match<Bidirectionallterator>& |hs,
const basic_string<iterator_traits<Bidirectionallterator>::value_type,
traits, Allocator>& rhs);

Returns: Ihs.str() > rhs
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template <class Bidirectionallterator, class traits, class Allocator>
bool operator >= (
const sub_match<Bidirectionallterator>& lhs,
const basic_string<iterator_traits<Bidirectionallterator>::value_type,
traits, Allocator>& rhs);

Returns: Ihs.str() >= rhs

template <class Bidirectionallterator, class traits, class Allocator>
bool operator <= (
const sub_match<Bidirectionallterator>& Ihs,
const basic_string<iterator_traits<Bidirectionallterator>::value_type,
traits, Allocator>& rhs);

Returns: Ihs.str() <= rhs

template <class Bidirectionallterator>
bool operator ==
typename iterator_traits<Bidirectionallterator>::value_type
const* l|hs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs == rhs.str()

template <class Bidirectionallterator>
bool operator = (
typename iterator_traits<Bidirectionallterator>::value_type
const* |hs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs != rhs.str()

template <class Bidirectionallterator>
bool operator < (
typename iterator_traits<Bidirectionallterator>::value_type
const* I|hs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs < rhs.str()

template <class Bidirectionallterator>
bool operator > (
typename iterator_traits<Bidirectionallterator>::value_type
const* lhs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs > rhs.str()

template <class Bidirectionallterator>
bool operator >= (
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typename iterator_traits<Bidirectionallterator>::value_type
const* |hs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs >= rhs.str()

template <class Bidirectionallterator>
bool operator <= (
typename iterator_traits<Bidirectionallterator>::value_type
const* |hs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs <= rhs.str()

template <class Bidirectionallterator>
bool operator == (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type
const* rhs);

Returns: Ihs.str() == rhs

template <class Bidirectionallterator>
bool operator !'= (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type
const* rhs);

Returns: Ihs.str() != rhs

template <class Bidirectionallterator>
bool operator < (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type
const* rhs);

Returns: Ihs.str() < rhs

template <class Bidirectionallterator>
bool operator > (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type
const* rhs);

Returns: Ihs.str() > rhs

template <class Bidirectionallterator>
bool operator >= (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type
const* rhs);

Returns: Ihs.str() >= rhs

template <class Bidirectionallterator>
bool operator <= (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type
const* rhs);
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Returns: Ihs.str() <= rhs

template <class Bidirectionallterator>
bool operator ==
typename iterator_traits<Bidirectionallterator>::value_type
const& lhs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs == rhs.str()

template <class Bidirectionallterator>
bool operator = (
typename iterator_traits<Bidirectionallterator>::value_type
const& lhs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs != rhs.str()

template <class Bidirectionallterator>
bool operator < (
typename iterator_traits<Bidirectionallterator>::value_type
const& lhs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs < rhs.str()

template <class Bidirectionallterator>
bool operator > (
typename iterator_traits<Bidirectionallterator>::value_type
const& Ihs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs > rhs.str()

template <class Bidirectionallterator>
bool operator >= (
typename iterator_traits<Bidirectionallterator>::value_type
const& |hs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs >= rhs.str()

template <class Bidirectionallterator>
bool operator <= (
typename iterator_traits<Bidirectionallterator>::value_type
const& lhs,
const sub_match<Bidirectionallterator>& rhs);

Returns: Ihs <= rhs.str()
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template <class Bidirectionallterator>
bool operator == (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type
const& rhs);

Returns: Ihs.str() == rhs

template <class Bidirectionallterator>
bool operator != (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type
const& rhs);

Returns: Ihs.str() != rhs

template <class Bidirectionallterator>
bool operator < (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type
const& rhs);

Returns: Ihs.str() < rhs

template <class Bidirectionallterator>
bool operator > (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type
const& rhs);

Returns: Ihs.str() > rhs

template <class Bidirectionallterator>
bool operator >= (const sub_match<Bidirectionallterator>& I|hs,
typename iterator_traits<Bidirectionallterator>::value_type
const& rhs);

Returns: Ihs.str() >= rhs

template <class Bidirectionallterator>
bool operator <= (const sub_match<Bidirectionallterator>& Ihs,
typename iterator_traits<Bidirectionallterator>::value_type
const& rhs);

Returns: Ihs.str() <= rhs

template <class charT, class traits, class Bidirectionallterator>
basic_ostream<charT, traits>&
operator << (basic_ostream<charT, traits>& o0s
const sub_match<Bidirectionallterator>& m);

Returns: (os << m.str())
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7.10 Class templatenatch_results [tr.re.results]

Class templatenatch_results denotes a collection of character sequences representing the result of
a regular expression match. Storage for the collection is allocated and freed as necessary by the member
functions of classnatch_results

The class templatmatch_results  satisfies the requirements of a Sequence, as specified in [lib.sequence.regmts],
except that only operations defined for const-qualified Sequences are supported.

Thesub_match object stored at index 0 represents sub-expression 0; that is to say the whole match. In
this case theub_match membematched is always true, unless a partial match was obtained as a result
of the flagregex_constants::partial_match being passed to a regular expression algorithm, in
which case membeamnatched is false, and the membefgst andsecond represent the character
range that formed the partial match. Teeb_match object stored at inder denotes what matched

the marked sub-expressionwithin the matched expression. If the sub-expressiogparticipated in a
regular expression match then wh_match membematched evaluates to true, and membérst
andsecond denote the range of charactgfisst, second) which formed that match. Otherwise
matched is false, and membefgst andsecond pointto the end of the sequence that was searched.
[Note: Thesub_match objects representing different sub-expressions that did not participate in a regular
expression match need not be distireénd notg

template <class Bidirectionallterator,
class Allocator
= allocator<sub_match<Bidirectionallterator> >
class match_results
{
public:
typedef sub_match<Bidirectionallterator>
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;
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/I construct/copy/destroy:

explicit match_results(const Allocator& a = Allocator());
match_results(const match_results& m);
match_results& operator=(const match_results& m);
“match_results();

Il size:

size_type size() const;

size_type max_size() const;

bool empty() const;

/I 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;
const_reference operator[](size_type n) const;

const_reference prefix() const;

const_reference suffix() const;
const_iterator begin() const;
const_iterator end() const;
/I format:
template <class Outputlterator>
Outputlterator format(Outputlterator 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);

7.10.1 match_results constructors [tr.re.results.const]

In all matchresults constructors, a copy of the Allocator argument is used for any memory allocation
performed by the constructor or member functions during the lifetime of the object.

match_results(const Allocator& a = Allocator());

Effects: Constructs an object of clagsatch_results . The postconditions of this function are indicated
in Table[7.12
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Table 7.12: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 clagsatch_results , as a copy ofm

match_results& operator=(const match_results& m);
Effects: Assignsmto *this . The postconditions of this function are indicated in T@ble]7.13

Table 7.13:match_results assignment operator effects

Element Value
empty() m.empty()
size() m.size()
str(n) m.str(n)  for all integersn < m.size
prefix() m.prefix()
suffix() m.suffix()
(*this)[n] m[n] for all integersn < m.size
length(n) m.length(n)  for all integersn < m.size
position(n) m.position(n) for all integersn < m.size
7.10.2 match_results size [tr.re.results.size]

size_type size() const;

Returns: One plus the number of marked sub-expressions in the regular expression that was matched.

size_type max_size()const;

Returns: The maximum number cfub_match elements that can be storedtthis

bool empty()const;

Returns: size() ==

7.10.3 match_results element access [tr.re.results.acc]

difference_type length(size _type sub = 0O)const;

Returns: (*this)[sub].length()
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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((*this)[sub])

const_reference operator[](size_type n) const;

Returns: A reference to theub_match object representing the character sequence that matched marked
sub-expression. If n == 0 then returns a reference tsab_match object representing the character
sequence that matched the whole regular expression> size() thenreturns aub_match object
representing an unmatched sub-expression.

const_reference prefix()const;
Returns: A reference to theub_match object representing the character sequence from the start of the
string being matched/searched, to the start of the match found.

const_reference suffix()const;
Returns: A reference to theub_match object representing the character sequence from the end of the
match found to the end of the string being matched/searched.

const_iterator begin()const;

Returns: A starting iterator that enumerates over all the marked sub-expression matches sttisd in

const_iterator end()const;

Returns: A terminating iterator that enumerates over all the marked sub-expression matches stored in
*this

7.10.4 match_results reformatting [tr.re.results.reform]

Outputlterator format(Outputlterator out,
const string_type& fmt,
regex_constants::match_flag_type flags

= regex_constants::format_default);

Requires: The typeOQutputlterator conforms to the Output Iterator requirements [24.1.2] .

Effects: Copies the character sequerjfrat.begin(), fmt.end()) to Outputlteratorout . For

each format specifier or escape sequencémn, replace that sequence with either the character(s) it
represents, or the sequence of characters witthis  to which it refers. The bitmasks specified in

flags determines what format specifiers or escape sequences are recognized, by default this is the format
used by ECMA-262[9], part 15.4.11 String.prototype.replace.

Returns: out .
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string_type format(const string_type& fmt,
regex_constants::match_flag type flags
= regex_constants::format_default);

Effects: Returns a copy of the strirfgnt . For each format specifier or escape sequendmin replace

that sequence with either the character(s) it represents, or the sequence of charactershigthirto

which it refers. The bitmasks specifiedflags determines what format specifiers or escape sequences
are recognized, by default this is the format used by ECMA-262 [9], 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.
Postcondition: *this  contains the sequence of matched sub-expressions that wibet in that  con-
tains the sequence of matched sub-expressions that witesn .

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 oféges_error . If such an
exceptiore is thrown,e.code() shall return eitheregex_constants::error_complexity or
regex_constants::error_stack

7.11.2 regex_match [tr.re.alg.match]

template <class Bidirectionallterator, class Allocator,
class charT, class traits>
bool regex_match(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);

170



Requires: TypeBidirectionallterator satisfies the requirements of a Bidirectional Itera§@e(1.4).

Effects: Determines whether there is an exact match between the regular expressind all of the
character sequengfirst, last) , parameteflags is used to control how the expression is matched
against the character sequence. Rettnues if such a match existfalse otherwise.

Postconditions: If the function returndalse , then the effect on parametaris unspecified, otherwise
the effects on parameterare given in tablg 7.14.

Table 7.14: 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[O0].first first

m[0].second last

m[0].matched true if a full match was found, anthlse 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 set

quence that matched sub-expressiorlternatively,
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-expressioilternatively,
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 matcHalse oth-
erwise.

template <class Bidirectionallterator,
class charT, class traits>
bool regex_match(Bidirectionallterator 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 instancewdtch_results< Bidirectionallterator
> what , and then returning the result ifgex_match(first, last, what, e, flags)

171



template <class charT, class Allocator, class traits>
bool regex_match(const charT* str,
match_results<const charT*, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

Returns: regex_match(str,
str + char_traits<charT>::length(str), m, e, flags)

template <class ST, class SA, class Allocator,
class charT, class traits>
bool regex_match(const basic_string<charT, ST, SA>& s,
match_results<typename basic_string<charT, ST, SA>:.const_iterator, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag type flags
= regex_constants::match_default);

Returns: regex_match(s.begin(), s.end(), m, e, flags)

template <class charT, class traits>
bool regex_match(const charT* str,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

Returns: regex_match(str,
str + char_traits<charT>::length(str), e, flags)

template <class ST, class SA, class charT, class traits>
bool regex_match(const basic_string<charT, ST, SA>& s,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

Returns: regex_match(s.begin(), s.end(), e, flags)

7.11.3 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);

Requires: TypeBidirectionallterator meets the requirements of a Bidirectional Iterator (24.1.4).
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Effects: Determines whether there is some sub-sequence Wiitshlast) that matches the regular
expressiore, parameteflags is used to control how the expression is matched against the character
sequence. Returigle if such a sequence existajse otherwise.

Postconditions: If the function returndalse , then the effect on parameteris unspecified, otherwise
the effects on parameterare given in tablg 7.15.

Table 7.15: Effects ofegex_search  algorithm

Element Value

m.size() 1 + e.mark_count()

m.empty() false

m.prefix().first first

m.prefix().last m[O].first

m.prefix().matched m.prefix().first 1=
m.prefix().second

m.suffix().first m[0].second

m.suffix().last last

m.suffix().matched m.suffix().first =
m.suffix().second

m[0].first The start of the sequence of characters that matched
the regular expression

m[0].second The end of the sequence of characters that matched
the regular expression

m[0].matched true if a full match was found, anthlse 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 set
quence that matched sub-expressioilternatively,
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-expressioilternatively,
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 matcHalse oth-
erwise.

template <class charT, class Allocator, class traits>
bool regex_search(const charT* str, match_results<const charT*, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

Returns: The result oregex_search(str,
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str + char_traits<charT>::length(str), m, e, flags)

template <class ST, class SA, class Allocator,
class charT, class traits>
bool regex_search(const basic_string<charT, ST, SA>& s,
match_results<typename basic_string<charT, ST, SA>:.const_iterator, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

Returns: The result ofregex_search(s.begin(), s.end(), m, e, flags)

template <class iterator, class charT, class traits>
bool regex_search(iterator first, iterator last,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

Effects: Behaves “as if” by constructing an objeghat of typematch_results<Bidirectionallterator>
and then returning the result cégex_search(first, last, what, e, flags)

template <class charT, class traits>
bool regex_search(const charT* str
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

Returns: regex_search(str, str + char_traits<charT>::length(str),
e, flags)

template <class ST, class SA,
class charT, class traits>
bool regex_search(const basic_string<charT, ST, SA>& s,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags
= regex_constants::match_default);

Returns: regex_search(s.begin(), s.end(), e, flags)

7.11.4 regex_replace [tr.re.alg.replace]

template <class Outputlterator, class Bidirectionallterator,
class traits, class charT>
Outputlterator
regex_replace(Outputlterator out,
Bidirectionallterator first,
Bidirectionallterator last,
const basic_regex<charT, traits>& e,
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const basic_string<charT>& fmt,
regex_constants::match_flag type flags
= regex_constants::match_default);

Effects: Constructs aegex_iterator objectregex_iterator<Bidirectionallterator,

charT, traits> i(first, last, e, flags) , and uses to enumerate through all of the
matchesm of type match_results<Bidirectionallterator> that occur within the sequence
[first, last) . If no such matches are found alfflags & regex_constants::format_-

no_copy) then callsstd::copy(first, last, out) . Otherwise, for each match found!(flags

& regex_constants::format_no_copy) callsstd::copy(m.prefix().first, m.prefix().second,
out) , andthen callsn.format(out, fmt, flags) . Finally, if I(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. ifags & 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 objedtasic_string<charT> result , callsregex_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 Class templateegex_iterator [tr.re.regiter]

The class templateegex_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.
regex_iterator finds (usingregex_search ) successive regular expression matches within the se-
guence from which it was constructed. After it is constructed, and everydpeetor++ is used, the

iterator finds and stores a valuerohtch_results<Bidirectionallterator> . If the end of the
sequence is reachea@ex_search returnsfalse ), the iterator becomes equal to the end-of-sequence
iterator value. The default constructor constructs an end-of-sequence iterator object, which is the only le-
gitimate iterator to be used for the end condition. The resudpefator*  on an end-of-sequence iterator

is not defined. For any other iterator value a conatch_results<Bidirectionallterator>&

is returned. The result afperator->  on an end-of-sequence iterator is not defined. For any other iter-
ator value econst match_results<Bidirectionallterator>* is returned. It is impossible

to store things intaegex_iterator s. Two end-of-sequence iterators are always equal. An end-of-
sequence iterator is not equal to a non-end-of-sequence iterator. Two non-end-of-sequence iterators are
equal when they are constructed from the same arguments.
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template <class Bidirectionallterator,
class charT = iterator_traits<Bidirectionallterator>::value_type,
class traits = regex_traits<charT> >
class regex_iterator
{
public:
typedef basic_regex<charT, traits>
regex_type;
typedef match_results<Bidirectionallterator>
value_type;
typedef typename ptrdiff_t difference_type;
typedef const value_type*
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:
/I these members are shown for exposition only:
Bidirectionallterator begin,
end;
const regex_type* pregex;
regex_constants::match_flag_type flags;
match_results<Bidirectionallterator> match;

h

A regex_iterator object that is not an end-of-sequence iterator holtera-length matchH 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 (such as$’ ,’ \b’, ' \B'). —end

notq
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7.12.1.1 regex_iterator constructors [tr.re.regiter.cnstr]

regex_iterator();

Effects: Constructs an end-of-sequence iterator.

regex_iterator(Bidirectionallterator a, Bidirectionallterator b,
const regex_type& re,
regex_constants::match_flag_type m

= regex_constants::match_default);

Effects: Initializes begin andend to point to the beginning and the end of the target sequence, sets
pregex to&re, setsflags tof, then callsegex_search(begin, end, match, *pregex,
flags) . If this call returndalse the constructor setghis to the end-of-sequence iterator.

Postconditions:*this == that

7.12.1.2 regex_iterator comparisons [tr.re.regiter.comp]

bool operator==(const regex_iterator& right);

Returns: true if *this andright are both end-of-sequence iterators drafjin == right.begin ,
end == rightend ,pregex == right.pregex ,flags == right.flags , andmatch[0]
== right.match[0] , otherwisefalse

bool operator!=(const regex_iterator& right);
Effects: Returnd(*this == right)
7.12.1.3 regex_iterator dereference [tr.re.regiter.deref]

const value_type& operator*();

Returns: match .

const value_type* operator->();

Returns: &match .

7.12.1.4 regex_iterator increment [tr.re.regiter.incr]

regex_iterator& operator++();

Effects: Constructs a local variablgart  of type Bidirectionallterator and initializes it with
the value ofmatch[0].second
If the iterator holds a zero-length match astrt == end the operator set&his to the end-of-

sequence iterator and returtibis
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Otherwise, if the iterator holds a zero-length match the operatorregjés<_search(start, end,

match, *pregex, flags | regex_constants::match_not_null | regex_constants::match_-
continuous) . If the call returndrue the operator returnighis . Otherwise the operator increments
start 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 operatdiagets to flags | regex_-
constants::match_prev_avail and callgegex_search(start, end, match, *pregex,

flags) . If the call returndalse the iterator setsthis to the end-of-sequence iterator. The iterator
then returngthis

In all cases in which the call tregex_search  returnstrue , match.prefix().first shall be
equal to the previous value ofiatch[0].second , and for each index in the half-open rang0,
match.size()) for which match[i].matched is true, matchli].position() shall return
distance(begin, matchli].first])

[Note: this means thatnatchli].position() gives the offset from the beginning of the target se-

guence, which is often not the same as the offset from the sequence passed in thegek teearch
—end notg

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 mfgex_search  will not be called—end notg

regex_iterator operator++(int);

Effects:
regex_iterator tmp = *this;
++(*this);
return tmp;
7.12.2 Class templateegex_token_iterator [tr.re.tokiter]
The class templateegex_token_iterator is an iterator adapter; that is to say it represents a new

view of an existing iterator sequence, by enumerating all the occurrences of a regular expression within that
sequence, and presenting one or more sub-expressions for each match found. Each position enumerated
by the iterator is asub_match class template instance that represents what matched a particular sub-
expression within the regular expression.

When classegex_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 vala&ch_results<Bidirectionallterator>

position  and sets the internal coultto zero. It also maintains a sequerstds which contains a list
of the sub-expressions which will be enumerated. Every tperator++ is used the countlis incre-
mented; ifN exceeds or equatsibs.size() , then the iterator increments memipasition  and sets
countNto zero.

If the end of sequence is reach@dgition  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
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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 resulbpkrator*  on an end-of-sequence iterator is not defined.

For any other iterator value @nst sub_match<Bidirectionallterator>& is returned. The

result ofoperator->  on an end-of-sequence iterator is not defined. For any other iterator vednsta
sub_match<Bidirectionallterator>* is returned.

Itis impossible to store things integex_iterator s. Two end-of-sequence iterators are always equal.
An end-of-sequence iterator is not equal to a non-end-of-sequence iterator. Two non-end-of-sequence
iterators are equal when they are constructed from the same arguments.

template <class Bidirectionallterator,
class charT = iterator_traits<Bidirectionallterator>::value_type,
class traits = regex_traits<charT> >

class regex_token_iterator

{
public:
typedef basic_regex<charT, traits>
regex_type;
typedef sub_match<Bidrectionallterator>
value_type;

typedef ptrdiff_t difference_type;

typedef const value_type*
pointer;

typedef const value_type&
reference;

typedef std::forward_iterator_tag
iterator_category;

regex_token_iterator();
regex_token_iterator(Bidirectionallterator 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)[N],
regex_constants::match_flag_type m
= regex_constants::match_default);
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regex_token_iterator(const regex_token_iterator&);
regex_token_iterator& operator=(const regex_token_iterator&);
bool operator==(const regex_token_iterator&);
bool operator!=(const regex_token_iterator&);
const value_type& operator*();
const value_type* operator->();
regex_token_iterator& operator++();
regex_token_iterator operator++(int);
private: /I 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;

h

A suffix iteratorpoints to a final sequence of characters at the end of the target sequence. In a suffix
iterator the memberesult  holds a pointer to the data membsuffix , the value of the member
suffix.match istrue , suffix.first points to the beginning of the final sequence, suiifix.second
points to the end of the final sequence.

[Note: for a suffix iterator, data membsuffix.first is the same as the end of the last match found,
andsuffix.second is the same as the end of the target sequen@nd notg

Thecurrent matchs (*position).prefix() if subs[N] == -1 , or(*position)[subs[N]]

for any other value o$ubs[N]

7.12.2.1 regex_token_iterator constructors [tr.re.tokiter.cnstr]

regex_token_iterator();

Effects: Constructs the end-of-sequence iterator.

regex_token_iterator(Bidirectionallterator 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,

180



const int (&submatches)[R],
regex_constants::match_flag_type m
= regex_constants::match_default);

Effects: The first constructor initializes the membsubs to hold the single valusubmatch . The
second constructor initializes the membBabs to hold a copy of the argumestibmatches . The third
constructor initializes the membsubs to hold a copy of the sequence of integer values pointed to by the
iterator rangg&submatches, &submatches + R)

Each constructor then seléto 0, andposition  to position_iterator(a, b, re, f) L f
position  is not an end-of-sequence iterator the constructorrestdt  to the address of the current
match. Otherwise if any of the values storeditbs is equal to -1 the constructor séthis  to a suffix
iterator that points to the randa, b) , otherwise the constructor setthis 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, dtlifs andright are both

suffix iterators anduffix == right.suffix ; otherwise returnfalse if *this  orright is an
end-of-sequence iterator or a suffix iterator. Otherwise retmmes if position == right.position ,
N == rightN ,andsubs == right.subs . Otherwise returnfalse

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

const value_type* operator->();

Returns: result

7.12.2.4 regex_token_iterator increment [tr.re.tokiter.incr]

regex_token_iterator& operator++();

Effects: Constructs a local variabfgev of typeposition_iterator and initializes it with the value
of position

If *this is a suffix iterator, set¢his to an end-of-sequence iterator.

Otherwise, ifN + 1 < subs.size() , incrementsN and setgesult  to the address of the current
match.
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Otherwise, setdlto 0 and incrementposition . If position  is not an end-of-sequence iterator the
operator setgesult  to the address of the current match.

Otherwise, if any of the values stored subs is equal to -1 andrev.suffix().length() is
not O the operator setshis to a suffix iterator that points to the ranff@ev.suffix().first,
prev.suffix().second)

Otherwise, setsthis  to an end-of-sequence iterator.
Returns: *this

regex_token_iterator& operator++(int);

Effects: Constructs a copymp of *this , then callst++(*this)
Returns: tmp.

7.13 Modified ECMAScript regular expression grammar|tr.re.grammar]

The regular expression grammar recognized by class teniidaie regex is that specified by ECMA-
262 [9], except as specified below.

Objects of type specialization bfsic_regex store within themselves a default-constructed instance of
theirtraits ~ template parameter, henceforth referred ttraiss_inst . Thistraits_inst object

is used to support localization of the regular expressii@sic_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 ]

ClassAtom ::

ClassAtomNoDash
ClassAtomExClass
ClassAtomCollatingElement
ClassAtomEquivalence

The following new productions are then added:

ClassAtomExClass ::
[ ClassName :]

ClassAtomCollatingElement ::
[. ClassName .]

ClassAtomEquivalence ::
[= ClassName =]
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ClassName ::
ClassNameCharacter
ClassNameCharacter ClassName

ClassNameCharacter ::
SourceCharacter but not one of "." "=" ""

The production€lassAtomExClass , ClassAtomCollatingElement andClassAtomEquivalence
provide the equivalent functionality to the same features in POSIX regular expressions [13].

The regular expression grammar may be modified byraggx_constants::syntax_option_-
type flags specified when constructing an object of type specializatittasit regex according to
the rules in tablE7]2.

A ClassName production when used i€lassAtomExClass is not valid if the value returned by
traits_inst.lookup_classname for that name is zero. The names recognized as GlidsName s
are determined by the type of the traits class, but at least the following names shall be recajninred;
alpha , blank , cntrl , digit , graph , lower , print , punct , space , upper , xdigit ,d,s,w.
In addition the following expressions shall be equivalent:

\d and [[:digit:]]
\D and [T:digit:]]
\s and [[:space:]]
\S and [:space:]]
\w and [ _[:alnum:]]

\W and ["_[:alnum:]]

The results from multiple calls twaits_inst.lookup_classname can be bitwise OR’ed together
and subsequently passedtaist_inst.isctype

A ClassName production when used in@lassAtomCollatingElement production is not valid if
the value returned blyaits_inst.lookup_collatename for that name is an empty string.

A ClassName production when used in @lassAtomEquivalence production is not valid if the
value returned byraits_inst.lookup_collatename for that name is an empty string or if the
value returned btraits_inst.transform_primary for the result of the call traits_inst.lookup_-

collatename is an empty string.

When the sequence of characters being transformed to a finite state machine contains an invalid class name
the translator shall throw an exception object of typgex_error

If the CV of a UnicodeEscapeSequenisegreater than the largest value that can be held in an object of
typecharT the translator shall throw an exception object of typgex_error . [Note: this means that
values of the fornfuxxxx" that do not fit in a character are invalie=end notg
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Where the regular expression grammar requires the conversion of a sequence of characters to an integral
value, this is accomplished by callitiits_inst.value

The behavior of the internal finite state machine representation when used to match a sequence of characters
is as described in ECMAScriit/[9]. The behavior is modified according to any nilagltype flagg 7.5]2
specified when using the regular expression object in one of the regular expression aldorithms 7.11. The
behavior is also localized by interaction with the traits class template parameter as follows:

e During matching of a regular expression finite state machine against a sequence of characters, two
characterg andd are compared using the following rules:

1. if (flags() & regex_constants::icase) the two characters are equatriits_-
inst.translate_nocase(c) == traits_inst.translate_nocase(d) ;

2. otherwise, iflags() & regex_constants::collate) the two characters are equal
if traits_inst.translate(c) == traits_inst.translate(d) ;

3. otherwise, the two characters are equal if= d.

e During matching of a regular expression finite state machine against a sequence of characters, com-
parison of a collating elementrangé-c2 against a characteris conducted as follows: ffags()
& regex_constants::collate is false then the characteris matched iftl <= ¢ && ¢
<= ¢2, otherwisec is matched in accordance with the following algorithm:

string_type strl = string_type(1,
flags() & icase ? traits_inst.translate_nocase(cl)
. traits_inst.translate(cl);
string_type str2 = string_type(1,
flags() & icase ? traits_inst.translate_nocase(c2)
. traits_inst.translate(c2);
string_type str = string_type(1,
flags() & icase ? 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())
<= ftraits_inst.transform(str2.begin(), str2.end());

e During matching of a regular expression finite state machine against a sequence of characters, testing
whether a collating element is a member of a primary equivalence class is conducted by first convert-
ing the collating element and the equivalence class to sort keys traitsg):transform_-
primary , and then comparing the sort keys for equality.

e During matching of a regular expression finite state machine against a sequence of characters, a

characterc is a member of a character class designated by an iterator ffrsge last) if
traits_inst.isctype(c, traits_inst.lookup_classname(first, last)) is
true .
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Chapter 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 typéong long in C99 is replaced in this clause by the tydeonglong , which

behaves like a signed integer type that occupies at least 64 bits. Any header containing a declaration
that uses Longlong shall provide an idempotent definition ofonglong .

2. Any use of the typansigned long long in C99is replaced in this clause by the typél onglong ,
which behaves like an unsigned integer type with the same number of hilsoaglong . Any
header containing a declaration that uséf onglong shall provide an idempotent definition of

_ULonglong .
3. Any use of the type qualifigestrict 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>& Xx);
template<class T>

complex<T> atan(complex<T>& Xx);

template<class T>
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complex<T> acosh(complex<T>& Xx);
template<class T>

complex<T> asinh(complex<T>& X);
template<class T>

complex<T> atanh(complex<T>& Xx);
template<class T>

complex<T> fabs(complex<T>& Xx);

}

8.1.2 Function acos [tr.c99.cmplx.acos]

Effects. Behaves the same as C99 functaatos , defined in subclause 7.3.5.1.

8.1.3 Function asin [tr.c99.cmplx.asin]

Effects: Behaves the same as C99 functaasin , defined in subclause 7.3.5.2.

8.1.4 Function atan [tr.c99.cmplx.atan]

Effects: Behaves the same as C99 functaaian , defined in subclause 7.3.5.3.

8.1.5 Function acosh [tr.c99.cmplx.acosh]

Effects. Behaves the same as C99 functaatosh , defined in subclause 7.3.6.1.

8.1.6 Function asinh [tr.c99.cmplx.asinh]

Effects. Behaves the same as C99 functaasinh , defined in subclause 7.3.6.2.

8.1.7 Function atanh [tr.c99.cmplx.atanh]

Effects. Behaves the same as C99 functaaianh , defined in subclause 7.3.6.3.

8.1.8 Function fabs [tr.c99.cmplx.fabs]

Effects. Behaves the same as C99 functaabs , defined in subclause 7.3.8.1.

8.1.9 Additional Overloads [tr.c99.cmplx.over]

The following function templates shall have additional overloads:
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arg
conj
imag
norm
polar
real

The additional overloads shall be sufficient to ensure:
1. Ifthe argument has tygeng double , then itis effectively cast toomplex<long double>

2. Otherwise, ifthe argument has tyg@uble or an integer type, then itis effectively castimmplex<double>

3. Otherwise, if the argument has tyff@at , then it is effectively cast toomplex<float>

Template functiorpow shall have additional overloads sufficient to ensure, for a call with at least one
argument of typeomplex<T> :

1. If either argument has typmmplex<long double> or typelong double , then both argu-
ments are effectively cast twmmplex<long double>

2. Otherwise, if either argument has tygemplex<double> , double , or an integer type, then both
arguments are effectively castecomplex<double>

3. Otherwise, if either argument has typemplex<float> or float , then both arguments are
effectively cast tacomplex<float>

8.2 Header<ccomplex> [tr.c99.ccmplx]

The header behaves as if it simply includes the heademplex> .

8.3 Headercomplex.h> [tr.c99.cmplxh]

The header behaves as if it includes the headeomplex> , and provides sufficientsingdeclarations to
declare in the global namespace all function and type names declared or defined in the ceegbéex> .

8.4 Additions to header<cctype> [tr.c99.cctype]

8.4.1 Synopsis [tr.c99.cctype.syn]
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namespace std {

}

namespace trl {
int isblank(int ch);

}

8.4.2 Function isblank

Functionisblank  behaves the same as C99 functisiolank

8.5

Additions to header<ctype.h>

[tr.c99.cctype.blank]

, defined in subclause 7.4.1.3.

[tr.c99.ctypeh]

The header behaves as if it includes the headetype> , and provides sufficient additionasingdecla-
rations to declare in the global namespace the additional function name declared in the<heygher> .

8.6

Header<cfenv>

8.6.1 Synopsis

namespace std {

namespace trl {
Il types

typedef <object type> fenv _t;
typedef <integer type fexcept t;

int
int
int
int
int
int
int
int
int
int
int

}

/I functions
feclearexcept(int except);
fegetexceptflag(fexcept_t *pflag, int except);
feraiseexcept(int except);
fesetexceptflag(const fexcept t *pflag, int except);
fetestexcept(int except);

fegetround(void);
fesetround(int mode);

fegetenv(fenv_t *penv);
feholdexcept(fenv_t *penv);
fesetenv(const fenv_t *penv);
feupdateenv(const fenv_t *penv);

}

188

[tr.c99.cfenv]

[tr.c99.cfenv.syn]



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]

The header defines all functions, types, and macros the same as C99 subclause 7.6.

8.7 Header<fenv.h>

[tr.c99.fenv]

The header behaves as if it includes the heaaéenv> , and provides sufficientising declarations to
declare in the global namespace all function and type names declared or defined in thecbfesmler .

8.8 Additions to header<cfloat>

The header defines the macros:

DECIMAL_DIG
FLT_EVAL_METHOD

the same as C99 subclause 5.2.4.2.2.

8.9 Additions to header<float.h>

The header behaves as if it defines the additional macros definedflaat>
<cfloat>

189

[tr.c99.cfloat]

[tr.c99.floath]

by including the header



8.10 Additions to header<ios> [tr.c99.i0S]

8.10.1 Synopsis [tr.c99.i0s.5yN]

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 ios_base::scientific, iapase::floatfield)—.
Returns: str .

[Note adding the format flag hexfloat to class_base cannot be done without invading namespace std,

so only the named manipulator is provided. Note also that the more obvious usébaki@shex 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 scientifi@nd notg

8.11 Header<cinttypes> [tr.c99.cinttypes]

8.11.1 Synopsis [tr.c99.cinttypes.syn]
#include <cstdint>

namespace std {
namespace trl {
Il types
typedef struct {
intmax_t quot, rem;
} imaxdiv_t;

/I 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);
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intmax_t strtoimax(const char * s, char **endptr, int base);
uintmax_t strtoumax(const char *s, char **endptr, int base);
intmax_t wcstoimax(const wchar_t *s, wchar_t **endptr, int base);
uintmax_t wcstoumax(const wchar_t *s, wchar_t **endptr, int base);

}
}

The header also defines numerous macros of the form:

PRKd i 0 u x X}FAST LEASTK8 16 32 64}
PRd i 0 u x X{MAX PTR}

SCN{d i 0 u x}[FAST LEAST8 16 32 64}
SCN{d i 0 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 heawémttypes> , and provides sufficienising declara-
tions to declare in the global namespace all function and type names declared or defined in the header
<cinttypes>

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 defiratirinits> by including the header
<climits>

8.15 Additions to header<locale> [tr.c99.locale]

In subclause 22.2.2.2.2, Table 58 Floating-point conversions, after the line:

191



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 withamr %Aconversion specifier, and that the scan
functions match hexadecimal floating-point fields witthgconversion specifie—end notg

8.16 Additions to header<cmath> [tr.c99.cmath]

8.16.1 Synopsis [tr.c99.cmath.syn]

namespace std {

namespace trl {

Il types
typedef <floating-type> double_t;
typedef <floating-type> float_t;

/I 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);
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long double erfl(long double x);

double erfc(double x);
float erfcf(float x);
long double erfcl(long double x);

double exp2(double x);
float exp2f(float Xx);
long double exp2l(long double x);

double expml(double x);
float expmlf(float x);
long double expm1ll(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 2z);
float fmaf(float x, float y, float z);
long double fmal(long double x, long double y, long double 2);

double fmax(double x, double vy);
float fmaxf(float x, float y);
long double fmaxl(long double x, long double vy);

double fmin(double x, double vy);
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 Ilgammaf(float x);
long double Igammal(long double x);

long long llrint(double Xx);

long long lIrintf(float x);
long long lIrintl(long double x);
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long long llround(double x);
long long llroundf(float x);
long long llroundi(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 Irint(double x);
long Irintf(float x);
long lIrintl(long double x);

long Iround(double x);
long Iroundf(float x);
long Iroundl(long double x);

double nan(const char *str);
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 vy);
long double nextafterl(long double x, long double vy);

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 vy);
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);
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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 roundi(long double x);

double scalbin(double x, long ex);
float scalbinf(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);

/I C99 macros defined as C++ templates

template<class
bool

template<class
bool
template<class
bool
template<class
bool
template<class
bool
template<class
bool

template<class
bool
template<class
bool
template<class

T
signbit(T x);

T
fpclassify(T Xx);
™

isfinite(T x);
T>

isinf(T x);

>

isnan(T Xx);
T>

isnormal(T x);

T>

isgreater(T x, T vy);

>

isgreaterequal(T x, T v);
T>

195



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 v);

}
}

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
math_errhandling

8.16.2 Definitions [tr.c99.cmath.def]

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]

The function templates:

template<class T>
bool signbit(T x);
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template<class
bool
template<class
bool
template<class
bool
template<class
bool
template<class
bool

template<class
bool
template<class
bool
template<class
bool
template<class
bool
template<class
bool
template<class
bool

T>
fpclassify(T x);
T

isfinite(T x);
>

isinf(T x);

T>

isnan(T Xx);
T

isnormal(T Xx);

T>

isgreater(T x);
T
isgreaterequal(T Xx);
T>

isless(T Xx);

T>

islessequal(T x);
T>
islessgreater(T x);
T>

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]

The following functions shall have additional overloads:

acos
acosh
asin
asinh
atan
atan2
atanh
cbrt

ceil
copysign
cos

cosh

erf

erfc
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exp
exp2
expml
fabs
fdim
floor
fma
fmax
fmin
fmod
frexp
hypot
log

ilogb
Idexp
lgamma
lIrint
lIround
log10
loglp
logb

Irint
Iround
nearbyint
nextafter
nexttoward
pow
remainder
remquo
rint
round
scalbin
scalbn
sin

sinh

sqrt

tan

tanh
tgamma
trunc

Each of the above functions shall have an overload with all parameters ofloygde replaced with
long double . If the return type of the above function is tydeuble , the return type of the overload
shall belong double

Each of the above functions shall also have an overload with all parameters didypke replaced with
float . If the return type of the above function is tydeuble , the return type of the overload shall be
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float
Moreover, there shall be additional overloads sufficient to ensure:

1. If any argument corresponding talauble parameter has tygeng double |, then all arguments
corresponding tadouble parameters are effectively castitmg double

2. Otherwise, if any argument corresponding tdoauble parameter has typgouble or an integer
type, then all arguments correspondingltuble parameters are effectively castdouble .

3. Otherwise, all arguments correspondingltaible parameters are effectively castftoat

8.17 Additions to header<math.h> [tr.c99.mathh]

The header behaves as if it includes the headenath> , and provides sufficient additionakingdecla-
rations to declare in the global namespace all the additional template function, function, and type names
declared or defined in the headamath> .

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 definetbtdarg> by including the header
<cstdarg>

8.20 The headerxcstdbool> [tr.c99.cbool]

The header simply defines the macro:

__bool_true_false_are_defined

as defined in C99 subclause 7.16.

8.21 The headexstdbool.h> [tr.c99.boolh]

The header behaves as if it defines the additional macro definecsthool> by including the header
<cstdbool>
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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; /I optional
typedef <signed integer type> intl6 _t; /I optional
typedef <signed integer type> int32_t; /I optional
typedef <signed integer type> int64 t; /I optional

typedef <signed integer type> int_fast8_t;
typedef <signed integer type> int_fast1l6 _t;
typedef <signed integer type> int fast32_t;
typedef <signed integer type> int_fast64 t;

typedef <signed integer type> int_least8_t;
typedef <signed integer type> int_least16 t;
typedef <signed integer type> int_least32 _t;
typedef <signed integer type> int_least64 t;

typedef <signed integer type> intmax_t;
typedef <signed integer type> intptr_t;

typedef <unsigned integer type> uint8 t; /I optional
typedef <unsigned integer type> uintl6 t; /I optional
typedef <unsigned integer type> uint32_t; /I optional
typedef <unsigned integer type> uint64._t; /I optional

typedef <unsigned integer type> uint_fast8 t;
typedef <unsigned integer type> uint_fastl6 t;
typedef <unsigned integer type> uint_fast32_t;
typedef <unsigned integer type> uint_fast64_t;

typedef <unsigned integer type> uint_least8 t;
typedef <unsigned integer type> uint_leastl6 t;
typedef <unsigned integer type> uint_least32_t;
typedef <unsigned integer type> uint_least64 t;

typedef <unsigned integer type> uintmax_t;
typedef <unsigned integer type> uintptr_t;
}

}

The header also defines numerous macros of the form:
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INT[FAST LEASTK8 16 32 64} MIN

[U]INT[FAST LEASTE8 16 32 64} MAX

INT{MAX PTR}_MIN

[U]INT{MAX PTR}_MAX

{PTRDIFF SIG_ATOMIC WCHAR WINTH_MAX _MIN}
SIZE_MAX

plus function macros of the form:
[UIINT{8 16 32 64 MAX} C

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 headstdint> , and provides sufficienisingdeclarations to
declare in the global namespace all type names defined in the hezaidint>

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.
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8.24.3 Additional format specifiers [tr.c99.cstdio.spec]

The formatted output functions shall support the additional conversion specifications specified in C99 sub-
clause 7.19.6.1.

The formatted input functions shall support the additional conversion specifications specified in C99 sub-
clause 7.19.6.2.

[Note These include the conversion specifiador hexadecimal floating-point) arfe] and the conversion
qualifiershh, h, Il ,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 headerstdio.h> [tr.c99.stdioh]

The header behaves as if it includes the headstdio> , and provides sufficient additionasingdecla-
rations to declare in the global namespace all added function names defined in thedostiier

8.25 Additions to header<cstdlib> [tr.c99.cstdlib]

8.25.1 Synopsis [tr.c99.cstdlib.syn]

namespace std {
namespace trl {
Il types
typedef struct {
_Longlong quot, rem;
} lidiv_t;

/I functions
_Longlong llabs(long long i);
lIdiv_t lldiv(_Longlong numer, _Longlong denom);

_Longlong atoll(const char *s);
_Longlong strtoll(const char *s, char **endptr, int base);
_ULonglong strtoull(const char *s, char **endptr, int base);

float strtof(const char *s, char **endptr);
long double strtold(const char *s, char **endptr);

/I overloads
_Longlong abs(_Longlong i);
lldiv_t div(_Longlong numer, _Longlong denom);

}
}
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8.25.2 Definitions [tr.c99.cstdlib.def]

The header defines all added types and functions, other than the overlcaus ahddiv , 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 functilaibs , defined in subclause 7.20.6.1.

8.25.4 Functiondiv [tr.c99.cstdlib.div]

lldiv_t div(_Longlong numer, _Longlong denom);

Effects. Behaves the same as C99 functilolivn.  , 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 headstdlib> , and provides sufficient additionaking
declarations to declare in the global namespace all added type and function names defined in the header
<cstdlib>

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 providatomplex> and<cmath>
by "sufficient” additional overloads—end notg

8.28 Header<tgmath.h> [tr.c99.tgmathh]

The header effectively includes the headertemplex.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 specifief®, e, F,g,G h,r,R t, T, u, V, andz, and the modifiers
E andO. —end notg
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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 functionvcsftime  shall support the additional conversion specifiers and modifiers speci-
fied 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 healdio> . —end notg

8.31 Additions to header<wchar.h> [tr.c99.wcharh]

The header behaves as if it includes the headerchar> , and provides sufficient additionasingdecla-
rations to declare in the global namespace all added function names defined in thedoeader> .
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8.32 Additions to header<cwctype> [tr.c99.cwctype]

8.32.1 Synopsis [tr.c99.cwctype.syn]
namespace std {
namespace trl {
int isbwlank(wint_t ch);

}
}

8.32.2 Functioniswblank [tr.c99.cwctype.iswblank]

Functioniswblank behaves the same as C99 functiswblank , 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 additionasingdecla-
rations to declare in the global namespace the additional function name declared in theheatgre> .
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Annex A

Implementation quantities [tr.limits]

The maximum number of arguments that can be forwardekfrence_wrapper (clausd 2.1)2) is
implementation defined. This limit should be at least 10.

The member function adaptarem_fn (clausg 3.R) is passed a pointer to a member function that takes
arguments. The maximum valuenfs implementation defined.

The number of placeholder types in namespateplaceholders , and the maximum number of
arguments that can be passed twrad function object (clause 3.3), are implementation defined. Recom-
mended minimum values are:

e Number of placeholder types in namespade placeholders —9.

e Number of arguments that can be passedhid function object — 10.

Nmax, the maximum number of function call arguments supported by class terfiplation  (clausg 3.4),
is implementation defined. Implementations are encouraged to support at least 10 arguments.

The maximum number of elements in one tuple type (clause 6.1) is implementation defined. This limit
should be at least 10.
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