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TECHNICAL REPORT

ISO/IEC TR 19768:2007(E)

1 Scope [tr.int

ro|

This Technical Report describes extensions to the Ct+ standard library that is described, 1 the Interpational

Standard for the C++ programming language [14].

This Technical Report is non-normative. Some of the library components in this Technical Report may be copsidered

for stapdardization in a future version of C++, but they are not currently part of any C++ standard. Som¢ of the

compopents in this Technical Report may never be standardized, and others may be standardized in a substantially
changdd form.

The ggal of this Technical Report is to build more widespread existing practice for an expanded C++ gtandard

library} It gives advice on extensions to those vendors who wish to provide them.

1.1 Relation to C++ Standard Library Introduction [tr.des¢ription]

Unlesq otherwise specified, the whole of the ISO C++ Standard Library introduction [lib.library] is included in this

Technical Report by reference.

1.2 Categories of extensions [tr.intro.ext]

This Technical Report describes four generalycategories of library extensions:

1. Ngw requirement tables, such.a$.the regular expression traits requirements in 7.2. These are not |directly
expressed as software; they specify the circumstances under which user-written components will intefoperate
with the components descgibed in this Technical Report.

2. Ngw library components (types and functions) that are declared in entirely new headers, such as the class
teplates in the <unordered set> header (6.3.4.1).

3. Ngw library components declared as additions to existing standard headers, such as the mathematicall special
fupctionssadded to the headers <cmath> and <math.h> in 5.2.1 and 5.2.2

4. Alditions to standard library components, such as the extensions to class std::pair in 6.1.4.

New headers are distinguished from extensions to existing headers by the title of the synopsis clause. In the first case,

the title is of the form “Header <foo> synopsis”, and the synopsis includes all namespace scope declarations
contained in the header. In the second case, the title is of the form “Additions to header <foo> synopsis” and the
synopsis includes only the extensions, i.e. those namespace scope declarations that are not present in the C++
standard [14].

© ISO/IEC 2007 — All rights reserved


https://iecnorm.com/api/?name=ee3a0eba23f997fb34fc542d96f35a47

ISO/IEC TR 1

9768:2007(E)

1.3 Namespaces and headers

Scope 2

1.3 Namespaces and headers

[tr.intro.namespaces]

1 Since the extensions described in this Technical Report are not part of the C++ standard library, they should not be
declared directly within namespace std. Unless otherwise specifed, all components described in this Technical Report
are declared in namespace std::trl. [Nofe: Some components are declared in subnamespaces of namespace std::trl.
—end note]

2 Unless
with s
std::.

3 Even Wwhen an extension is specified as additions to standard headers (the third category in #:2), vendors shi

simply

to be standard conforming, because the new names, even within a namespace, could confliet with user macro
note] Users should be required to take explicit action to have access to library extensions.

4 It is rpcommended either that additional declarations in standard headers be\protected with a macro thg
definefl by default, or else that all extended headers, including both new _headers and parallel versions of
headerfs with non-standard declarations, be placed in a separate directory that/is not part of the default search

otherwise specified, references to other entities described in this Technical Report are assumed to-be.
d::trl::, and references to entities described in the International Standard are assumed to be ‘qualif]

add declarations to standard headers in a way that would be visible to users by default.”[ Note: That w

[ualified
ed with

buld not
buld fail
5. —end

t is not
standard
bath.
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2 General Utilities [tr.util]

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

The following subclauses describe reference wrappers and smart pointers, as summarized in Table 1.

Table 1: Utilities library summary

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

namgspace std {
namaipace trl {
tegmplate <class T> class reference_wrapper;

tIplate <class T> reference_wrapper<T> ref (T&);
plate <class T> refereneé.wrapper<const T> cref(const T&);

template <class T> reférefnce_wrapper<T> ref (reference_wrapper<T>) ;
template <class T> greference_wrapper<const T> cref (reference_wrapper<T>);
} //|namespace trl
} //jnamespace std

2.1.2 [Class template reference_wrapper [tr.util.refwrp.refwrp]

templlate| <class T> class reference_wrapper

: public unary_function<T1, R> // see below
: pubitc pimary_functionrkTH; T2 R> 77 See betow
{
public :
// types

typedef T type;
typedef see below result_type; // Notalways defined

© ISO/IEC 2007 — All rights reserved 3
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2.1 Reference wrappers

General Utilities 4

V4

construct/copy/destroy

explicit reference_wrapper (T&) ;
reference_wrapper (const reference_wrapper<T>& x);

V4

assignment

reference_wrapper& operator=(const reference_wrapper<T>& x) ;

V4

operator T& () const;
T4 get() const;

4
t
t

op
};

1 refer
2 refer

3 The teq
type T

-/

—

4 The te
only if|

-/

)

-/

2.1.2.1

explid

access

invocation

plate <class T1, class T2, ..., class TN>
ename result_of<T(T1, T2, ..., TN)>::type
erator() (T1&, T2&, ..., TN&) const;

bnce_wrapper<T> is a CopyConstructible and Assignable wrapper around a reference to an object of t

bnce_wrapper has a weak result type ([3.3]).

s any of the following:

function type or a pointer to function type taking onesargument of type T1 and returning R

ype of the pointer to member function
class type that is derived from std: :unary_function<T1, R>

mplate instantiation reference_wrapper<T> shall be derived from std::binary_function<T1,
the type T is any of the following:

function type or a pointer to finction type taking two arguments of types T1 and T2 and returning R

pointer to member function with cv-qualifier cv and taking one argument of type T2; the type T1 is c4
 is the return type of the pointer to member function

class type thatds derived from std: :binary_function<T1, T2, R>

reference_wrapper construct/copy/destroy [tr.util.refw

it ‘zéference_wrapper (T& t);

ype T.

hplate instantiation reference_wrapper<T> shall be derived4rom std: :unary_function<T1, R> only if the

pointer to member function type with cv-qualifie¥’ev and no arguments; the type T1 is cv T* and R is the return

T2, R>

T* and

"p.const]

1 Effects: Constructs a reference_wrapper object that stores a reference to t.

2 Throws: nothing.

refere

nce_wrapper (const reference_wrapper<T>& x);

3 Effects: Constructs a reference_wrapper object that stores a reference to x.get ().
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2.1 Reference wrappers

Throws: nothing.

2.1.2.2

refere

reference_wrapper assignment [tr.util.refwrp.assign]

nce wrapper& operator=(const reference wrapper<T>& x):

]

A

2.1.2.3

operat
1
y

T& get

A

2.1.24

templ
typ

]

§
\

2.1.2.5

templa
]

A

Throws: Nothing.

Throws: nothing.

Throws: nothing.

Postconditions: *this stores a reference to x.get ().

reference_wrapper access [tr.util.refwr)

or T& () const;

Returns: The stored reference.
[hrows: nothing.

() const;

Returns: The stored reference.

rence_wrapper: :operator,(). Implementations are permitted to support reference_wrapper fui
ocation through multiple everloaded operators or through other means.

reference_wrapper helper functions [tr.util.refwrp

te <class T>~reference_wrapper<T> ref(T& t);

Returnsireference_wrapper<T>(t)

b.access]

reference_wrapper invocation [tr.util.refwrp.invoke]
e <class T1, class T2, ..., class TN>»
ame result_of<T(T1, T2, ..., TN)>:i{type operator() (T1& al, T2%& al, ..., TN& aN) const;
Returns: INVOKE (get (), al, a2,(y.., aN).([3.3])
Vote: operator () is described forexposition only. Implementations are not required to provide an actpal ref-

ction in-

helpers]

template <class T> reference_wrapper<T> ref(reference_wrapper<T>t);

Returns: ref (t.get())

Throws: nothing.

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

© ISO/IEC 2007 — All rights reserved
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2.2

Smart pointers General Utilities 6

Returns: reference_wrapper <const T>(t)

Throws: nothing.

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

5

6

7

8
2.2
221

eturns: cref (£ ga‘!’(\\ .

Throws: nothing.

namgspace std {
namgspace trl {

//|[2.2.2] Class bad_weak_ptr
cllass bad_weak_ptr;

//|[2.2.3] Class template shared_ptr
tegmplate<class T> class shared_ptr;

//|[2.2.3.6] shared_ptr comparisons

template<class T, class U> bool operator==(shared @tr<T> const& a, shared_ptr<U> const& b
tiplate«;lass 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)

//[2.2.3.8] shared_ptr specialized algorithms
template<class T> void swap(shared_ptr<T»& a, shared_ptr<T>& b);

//[2.2.3.9] shared_ptr casts

template<class T, class U> shared ptr<T> static_pointer_cast(shared_ptr<U> const& r);
tiplat(%class T, class U> shared_ptr<T> dynamic_pointer_cast(shared_ptr<U> const& r);
template<class T, class U>~shared_ptr<T> const_pointer_cast(shared_ptr<U> const& r);

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

/1[2.2.3.10] shaned_ptr get_deleter
template<class D, class T> D* get_deleter(shared_ptr<T> const& p);

/[2.2.4] Class template weak_ptr
te’nplate<c1ass T> class weak_ptr;

Additions to header <memory> synopsis [tratil.smartptr.s

Smart pointers [tr.util.smartptr]

lynopsis]

// [2.2.4.6] weak_ptr comparison
template<class T, class U> bool operator<(weak_ptr<T> const& a, weak_ptr<U> const& b);

// [2.2.4.7] weak_ptr specialized algorithms
template<class T> void swap(weak_ptr<T>& a, weak_ptr<T>& b);
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2.2 Smart pointers

// [2.2.5] Class enable_shared_from_this

template<class T> class enable_shared_from_this;
} // namespace trl
} // namespace std

2.2.2

namgspace std {
namgspace trl {

public:
bad_weak_ptr();

} //|namespace trl
} //|namespace std

An exgeption of type bad_weak_ptr is thrown by the shared_ptr constructor taking a weak_ptr.

bad_weak_ptr();

2.2.3

The sh
shared
the res

name
nam
t

pu

Fostconditions: what () returns "trl::bad_weak_ptr".

Throws: nothing.

ss bad_weak_ptr: public std::exception

Class template shared_ptr [tr.util.smartpty

ownership; the last remaining owner of thie pointer is responsible for destroying the object, or otherwise
urces associated with the stored pointer.

space std {

space trl {

plate<class T> class shared_ptr {
blic:

typedef T elementstype;

/ [2.2.3.1] constructors

shared_ptzA)

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

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

'hnA_na-;Lv_P-l-v- [fr util cmnrfpfr weakptr]

~shared]

ared_ptr class template stores a pointer;-isually obtained via new. shared_ptr implements sempantics of

releasing

TeMpIatecIass 1> eXplicit ShHared_ptr(Weak_ptIT> COnsSty T);
template<class Y> explicit shared_ptr(auto_ptr<¥>& r);

// [2.2.3.2] destructor
~shared_ptr();

// [2.2.3.3] assignment
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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);

// [2.2.3.4] modifiers
void swap(shared ptr& r);

};
/

t
t

V4

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

/ [2.2.3.5] observers

T+ get() const;

T& operator*() const;

T* operator->() const;

long use_count() const;

bool unique() const;

operator unspecified-bool-type () const;

[2.2.3.6] shared_ptr comparisons

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

t}splate<class T, class U> bool operator==(shared_ptr<T> ‘const& a, shared_ptr<U> const& b

[2.2.3.7] shared_ptr I/O

template<class E, class T, class Y>

V4

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

[2.2.3.8] shared_ptr specialized algorithms

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

V4

[2.2.3.9] shared_ptr casts

t
t

V4

plate<class T, class U>.shared_ptr<T> dynamic_pointer_cast(shared_ptr<U> const& r);
plate<class T, clas$ U> shared_ptr<T> const_pointer_cast(shared_ptr<U> const& 1);

t}splate<class T, class U>.shared_ptr<T> static_pointer_cast(shared_ptr<U> const& r);

[2.2.3.10] shared_ptr get_deleter

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

/4
/4

2 Specia

namespace tipt
namespace std

izations of shared_ptr shall be CopyConstructible, Assignable, and LessThanComparable, allowing

in stan

dard containers. Specializations of shared_ptr shall be convertible to bool, allowing their use in|

their use
boolean

expressions and declarations in conditions. The template parameter T of shared_ptr may be an incomplete type.

3 [Example:

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

{

// do something with px
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9 General Utilities 2.2 Smart pointers

—end example.]

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

shared ptr();

Effects: Constructs an empty shared_ptr object.
Fostconditions: use_count() == 0 && get() == 0.
Throws: nothing.

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

Requires: p shall be convertible to T*. Y shall be a complete type. The expression deélete p shall be well-formed,
ghall have well defined behavior, and shall not throw exceptions.

Effects: Constructs a shared_ptr object that owns the pointer p.
Fostconditions: use_count () == 1 && get() == p.

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

Exception safety: If an exception is thrown, delete ps.called.

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

equires: p shall be convertible to T*. D shall be CopyConstructible. The copy constructor and desfructor of

shall not throw exceptions. The expression d (p) shall be well-formed, shall have well defined behayior, and
hall not throw exceptions.

Jffects: Constructs a shared_ptr object that owns the pointer p and the deleter d.
ostconditions: use_count ON\== 1 && get() == p.

hrows: bad_alloc, or.an implementation-defined exception when a resource other than memory could not be
btained.

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

shared ptr(sharedlptr const& r);
template<class{ Y>' shared_ptr(shared_ptr<Y> const& r);

equires: For the second constructor Y* shall be convertible to Tx.

ffects: If r is empty, constructs an empty shared_ptr object; otherwise, constructs a shared_ptr object that
shares ownership with r.

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

Throws: nothing.

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

© ISO/IEC 2007 — All rights reserved 9
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18 Requires: Y* shall be convertible to T*.
19 Effects: Constructs a shared_ptr object that shares ownership with r and stores a copy of the pointer stored in
r.
20 Postconditions: use_count () == r.use_count().
21 Throws: bad_weak_ptr when r.expired().
22 Exception safety: If an exception is thrown, the constructor has no effect.

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

23 Requires: r.release () shall be convertible to T*. Y shall be a complete type. The expression delete rfrelease()
ghall be well-formed, shall have well defined behavior, and shall not throw exceptidns.

24 Effects: Constructs a shared_ptr object that stores and owns r.release().
25 Fostconditions: use_count () == 1&&r.get() == 0.
26 Throws: bad_alloc, or an implementation-defined exception when a¥esource other than memory could not be
btained.
27 Exception safety: If an exception is thrown, the constructor lras\no effect.
2.2.3.2] shared_ptr destructor [tr.util.smartptr.shared.dest]

“shared_ptr();
1 Fffects:
— If xthis is empty, there are nowside effects.

— If *this shares ownership-with another shared_ptr instance (use_count() > 1), decrement that in-
stance’s use count.

— Otherwise, if *this'owns a pointer p and a deleter d, d (p) is called.
— Otherwise, *this owns a pointer p, and delete p is called.

2 Throws: nothing.

2.2.3.3] ghared_ptr assignment [tr.util.smartptr.share]l.assign]

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

1 Effects: Equivalent to shared_ptr (r) .swap (*this).

2 Returns: xthis.

10 © ISO/IEC 2007 — Al rights reserved
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[Note: The use count updates caused by the temporary object construction and destruction are not observable side
effects, so the implementation may meet the effects (and the implied guarantees) via different means, without

creating a temporary. In particular, in the example:

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

P =P
qQ = Pp;

Both assignments may be no-ops. —end note]

2.2.34| shared_ptr modifiers

void

void

swap (shared_ptr& r);

Effects: Exchanges the contents of *this and r.
Throws: nothing.

rleset () ;

Effects: Equivalent to shared_ptr () . swap (*this).

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

Effects: Equivalent to shared_ptr(p) . swap (*thigs).

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

Effects: Equivalent to shared_ptr (p, .d)--swap (*this).

2.2.3.5| shared_ptr observers

Tx ge() const;

Throws: nothing)

T& opgrator*()/const;

equires: get () 1= 0.

erurns: xget ().

Returns: the stored pointer. Returns a null pointer if *this is empty.

[tr.util.smartptr.sharled.mod]

[tr.util.smartptr.sha

Throws: nothing.

red.obs]

Notes: When T is void, attempting to instantiate this member function renders the program ill-formed. [Note:
Instantiating shared_ptr<void> does not necessarily result in instantiating this member function. —end note]

T* operator->() const;

© ISO/IEC 2007 — All rights reserved
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2.2 Smart pointers General Utilities 12
Requires: get () != 0.
Returns: get ().
Throws: nothing.
long use—count-O—consts
eturns: the number of shared_ptr objects, *this included, that share ownership with *this, or.Q Wh¢n *this
ik empty.
hrows: nothing.
ote: use_count () is not necessarily efficient. Use only for debugging and testing purposes, not for pfoduction
ode. —end note]
bool unique() const;
eturns: use_count () ==
hrows: nothing.
ote: unique () may be faster than use_count (). If you are using unique () to implement copy on [write, do
ot rely on a specific value when get () == 0. —end note]
operatior unspectfied-bool-type () const;
eturns: an unspecified value that, when used in bool¢an contexts, is equivalent to get () != 0.
hrows: nothing.
ote: This conversion operator allows shared_ptr objects to be used in boolean contexts. [Examplg: if (p
&& p->valid()) —end example.] One'possible choice for the return type is a pointer to member function,
which avoids many of the implicit ceniversion pitfalls of a bool or void* return type. —end note]
2.2.3.6| shared_ptr comparison [tr.util.smartptr.shafed.cmp]
template<class T, class/U> bool operator==(shared_ptr<T> const& a, shared_ptr<U> const& b);
eturns: a.get() == b.get ().
hrows: nothing.
template<class*T, class U> bool operator!=(shared_ptr<T> const& a, shared_ptr<U> const& b);
etuins: a.get() !'= b.get().

Throws: nothing.
template<class T, class U> bool operator<(shared_ptr<T> const& a, shared_ptr<U> const& b);
Returns: an unspecified value such that

— operator< is a strict weak ordering as described in [lib.alg.sorting];
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pointers

— under the equivalence relation defined by operator<, !(a < b) && !(b < a), two shared
stances are equivalent if and only if they share ownership or are both empty.

Throws: nothing.

_ptr in-

[Note: Defining a comparison operator allows shared_ptr objects to be used as keys in associative containers.

Fend niore]

2.2.3.7| shared_ptr I/O [tr.util.smartptr.shared.io]

templ
bas

dte<class E, class T, class Y>
ilc_ostream<E, T>& operator<< (basic_ostream<E, T>& os, shared_ptr<Y> const& P);

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

Returns: os.

2.2.3.8] shared_ptr specialized algorithms [tr.util.smartptr.shai

templ

ate<class T> void swap(shared_ptr<T>& a, shared_ptr<T>& b);
Effects: Equivalent to a.swap (b).

Throws: nothing.

2.2.3.9| shared_ptr casts [tr.util.smartptr.sha

templ

templ

© IS0/

ate<class T, class U> shared_ptr<T>“static_pointer_cast(shared_ptr<U> const& r);
Requires: The expression staticilcast<T*>(r.get ()) shall be well-formed.

Returns: If r is empty, an efnpty shared_ptr<T>; otherwise, a shared_ptr<T> object that stores s
ast<T*>(r.get ()) and'shares ownership with r.

Throws: nothing.

ote: The seerningly equivalent expression shared_ptr<T>(static_cast<T*>(r.get())) will e
sult in undefined behavior, attempting to delete the same object twice. —end note]

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

equires: The expression dynamic_cast<T*>(r.get ()) shall be well-formed and shall have well de]

ed.spec]

red.cast]

tatic_-

ventually

fined be-

DAVATaY

Returns:

— When dynamic_cast<T*>(r.get ()) returns a nonzero value, a shared_ptr<T> object that stores a copy

of it and shares ownership with r;

— Otherwise, an empty shared_ptr<T> object.

IEC 2007 — All rights reserved
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Throws: nothing.

[Note: The seemingly equivalent expression shared_ptr<T>(dynamic_cast<T*>(r.get())) will eventually

result in undefined behavior, attempting to delete the same object twice. —end note]

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

equires: The expression const_cast<T*>(r.get ()) shall be well-formed.

eturns: If r is empty, an empty shared_ptr<T>; otherwise, a shared_ptr<T> object that-stores fonst_-

ast<T*>(r.get ()) and shares ownership with r.

hrows: nothing.

ote: The seemingly equivalent expression shared_ptr<T>(const_cast<T*>(r.get())) will eyentually

sult in undefined behavior, attempting to delete the same object twice. —end note]

2.2.3.1D get_deleter [tr.util.smartptr.getdeleter]

template<class D, class T> D* get_deleter(shared_ptr<T> const& Ppls

224

1 The weak_ptr class template stores a weak reference to an object that is already managed by a shared_ptr. |
the objpct, a weak_ptr can be converted to a shazed_ptr using the member function lock.

nam
nam
t
{

public:

14

Returns: If p owns a deleter d of type cv-unqualified D, returns-&d;/otherwise returns 0.

Throws: nothing.

space std {
aipace trl {

plate<class T> class weak_ptr

typedef T element_type;

/ constructors

weak_ptr();

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

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

‘S destructor

Class template weak_ptr [tr.util.smartptr.weak]

[0 access

weak_DptLIrlJ,

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

// observers

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

};

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

// |specialized algorithms

template<class T> void swap(weak_ptr<T>& a, weak_ptr<T>& b);
} //|namespace trl
} //|namespace std

Specializations of weak_ptr shall be CopyConstructible, Assignable, and\L.essThanComparable, allowing th¢ir use in
standaid containers. The template parameter T of weak_ptr may be andneomplete type.

2.24.1] weak_ptr constructors [tr.util.smartptr.wegk.const]

weak_ptr();

Effects: Constructs an empty weak_ptr object.
Fostconditions: 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);

Requires: For the second\and third constructors, Y* shall be convertible to Tx*.

Effects: If r is empty; constructs an empty weak_ptr object; otherwise, constructs a weak_ptr object that shares
@wnership with r and stores a copy of the pointer stored in r.

Postconditions~use_count () == r.use_count().

Throwssnething.

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

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

Throws: nothing.
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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);

1 Effects: Equivalent to weak_ptr(r) .swap (*this).
2 Throws: nothing.
3 otes: The implementation may meet the effects (and the implied guarantees) via different means, withgut creat-

ing a temporary.

2.2.4.4 weak_ptr modifiers [tr.util.smartptr.weak.mod]
void swap(weak_ptr& r);
1 Effects: Exchanges the contents of *this and r.
2 Throws: nothing.
void reset();

3 Effects: Equivalent to weak_ptr () .swap (*this).

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

long use_count() const;

1 Returns: 0 if *this is empty; otherwise, the number of shared_ptr instances that share ownership with *this.
2 Throws: nothing.
3 [INote: use_count ()-isnot necessarily efficient. Use only for debugging and testing purposes, not for pfoduction

dode. —end note]

bool expired() coust;

4 Returns:use_count () ==
5 Throws: nothing.
6 Note: expired() may be faster than use_count (). —end note]

shared_ptr<T> lock() const;
7 Returns: expired() 7 shared_ptr<T>() : shared_ptr<T>(*this).

8 Throws: nothing.

16 © ISO/IEC 2007 — Al rights reserved
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pointers

2.2.4.6 weak_ptr comparison

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

Returns: an unspecified value such that

[

[Note: Allows weak_ptr objects to be used as keys in associative containers. —end nofe]

2.24.7

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

A

2.2.5
A clas

obtain

[Exam{

stru
{
};

int main()

sh

a.
a.

—end

Throws: nothing.

Effects: Equivalent to a.swap(b).

Throws: nothing.

saared_ptr<X> q = p~>shared_from_this();
s

— opnerator<is astrict weak ordering as described in [lib alo sortingl:
I o T Fel od

[tr.util.smartptr.weak.cmp]

— under the equivalence relation defined by operator<, ! (a < b) && !(b < a), two weak_ptr
are equivalent if and only if they share ownership or are both empty.

weak_ptr specialized algorithms [tr.util.smartptr.we

T can inherit from enable_shared_from_this<T>.to inherit the shared_from_this member func
n shared_ptr instance pointing to *this.

ble:

ct X: public enable_shared_from_this<X>

ared_ptr<X> p(new X);

ert(p == q);
sert (! (p < qIN&& !(q < p)); /p and q share ownership

xamples]

nam

space std {

nstances

ak.spec]

Class template enable_shared_from_this [tr.util.smartptr.enab]

ions that

name
te

pr

space Tl 1

mplate<class T> class enable_shared_from_this {

otected:

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();

© ISO/IEC 2007 — All rights reserved
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public:

}.

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

} // namespace trl
} // namespace std

The template parameter T of enable_shared_from_this may be an incomplete type.

enabld shared_from_this();

enabl

enabld_shared_from_this<T>& operator=(enable_shared_from_this<T> const&)s

: la possible implementation is shown below:

_shared_from_this(enable_shared_from_this<T> const&);
Effects: Constructs an enable_shared_from_this<T> object.

p

Throws: nothing.

Returns: *this.

Throws: nothing.

_shared_from_this();
Jffects: Destroys *this.

hrows: nothing.

_ptr<T> shared_from_this();
_ptr<T const> shared_from_this() const;

equires: enable_shared_from_this<T> shall be an accessible base class of T. *this shall be a sub
n object t of type T. There shall be at-least one shared_ptr instance p that owns &t.

eturns: A shared_ptr<T> objectr that shares ownership with p.

ostconditions: r.get () ==_ghis.

ate<class T> class enable_shared_from_this

te:
k_ptr<T> "\ ‘weak_this;

cted:
bY¥esshared_from_this() {}

object of

o115 COIST &) 1}

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); }
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};

14 The shared_ptr constructors that create unique pointers can detect the presence of an enable_shared_from_this
base and assign the newly created shared_ptr to its __weak_this member. —end note]
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Function objects [tr.func]

This cl

The fo

the pollymorphic function wrapper function, as summarized in Table 2.

lowing subclauses describe class template result_of, function template mem_f£x function object bin

Table 2: Function object library summary

] Subclause Header(s) \
3.4 result_of <functional>
3.5mem_fn <functional>

3.6 Function object binders Kfunctional>
3.7 Function object wrappers, <functional>

huse defines components for creating and manipulating function objects, and for higher=order programming.

Hers, and

3.1 Definitions [tr.func.def]
The following definitions apply to this clause:

A call fignature is the name of a return type followed by a parenthesized comma-separated list of zero or more grgument
types.

A call Wrapper is an object of a call-wrapper type.

A call wrapper type is a type that holds a callable object and supports a call operation that forwards to that objgct.

A callgble object is an object\of a callable type.

A callgble type is a pointef to function, a pointer to member function, a pointer to member data, or a class type whose

objectq can appearimmiediately to the left of a function call operator.

A targ

3.2 Additions to <functional> synopsis [tr.f]

t objectiis-the callable object held by a call wrapper object.

unc.syn]

nam

space Std T

namespace trl {

V4

[3.4] class template result_of

template <class FunctionCallType> class result_of;

V4

[3.5] function template mem_£n

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

© ISO/IEC 2007 — All rights reserved
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3.3

Requirements Function objects 22

// [3.6] Function object binders
template<class T> struct is_bind_expression;
template<class T> struct is_placeholder;

template<class F, class T1, ..., class TN> unspecified bind(F £, T1 t1, ., TN tN);
teEplate<c1ass R, class F, class T1, ..., class Tn> unspecified bind(F f, T1 ti, ., TN [tN);
namespace placeholders {
/ M is the implementation-defined number of placeholders
extern unspecified _1;
extern unspecified _2;
extern unspecified _M;
}
//\[3.7] polymorphic function wrappers
cllass bad_function_call;
tegmplate<class Function> class function;
template<class Function>
void swap(function<Function>&, function<Fundétion>&);
template<class Functionl, class Function2X
void operator==(const function<Functienl>&, const function<Function2>&);
template<class Functionl, class Function2>
void operator!=(const function<Funetionl>&, const function<Function2>&);
template <class Function>
bool operator==(const function<Function>&, unspecified-null-pointer-type);
template <class Function>
bool operator==(unspecified-null-pointer-type, const function<Function>&);
template <class Funetion>
bool operator!=(comst function<Function>&, unspecified-null-pointer-type);
template <classt\Funiction>
bool operatort=(unspecified-null-pointer-type, const function<Function>&);
} //jnamespacetxl
} //|namespacestd
3.3 HRequirements [tr.funcirequire]
Define INVOKE (£, t1, t2, ..., tN) as follows:

— (t1.%xf)(t2,

— ((xt1) . %£) (£2,

reference to an object of type T or a reference to an object of a type derived from T;

., tN) when f is a pointer to a member function of a class T and t1 is an object of type T or a

., tN) when f is a pointer to a member function of a class T and t1 is not one of the types
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3.4 Function return types

described in the previous item;

— t1.*f when £ is a pointer to member data of a class T and t1 is an object of type T or a reference to an object of
type T or a reference to an object of a type derived from T;

— (*t1) .*f when f is a pointer to member data of a class T and t1 is not one of the types described in the previous

1
— 1

Define

CIIT,
(t1, t2, ..., tN) in all other cases.

INVOKE (£, t1, t2, ..., tN, R) as INVOKE(f, t1, t2, ..., tN) implicitly convertedto R.

If a calll wrapper ([3.1]) has a weak result type the type of its member type result_type is baSed-on the typg

wrappe

1’s target object ([3.1]):

turn type of T;

iff T is a pointer to member function, result_type shall be a synonym for\the'return type of T;

iff T is a class type with a member type result_type, then result_gype shall be a synonym for T: :r

ype;
therwise result_type shall not be defined.

T of the

T is a function, reference to function, or pointer to function type, result_typée shall be a synonyin for the

psult_-

Every tall wrapper [3.1] shall be CopyConstructible. A simplé_ call wrapper is a call wrapper that is Assigrjable and
whose [copy constructor and assignment operator do not throw exceptions. A forwarding call wrapper is a calll wrapper
that caf be called with an argument listt1, t2, ..., tN'whereeach ti isan lvalue. The effect of calling a fofwarding
call wrppper with one or more arguments that are rvaluesds implementation defined. [Note: in a typical implementation
forwargling call wrappers have overloaded function calloperators of the form
template<class T1, class T2, ..., class\IN>
R operator() (Ti& t1, T2& t2, ..., TN&*tN) cv-qual;
—end note]
3.4 Hunction return types [tr.func.ret]
namgspace std {
namgspace trl {
template <clags-\FunctionCallTypes> /' F(T1, T2, ..., TN)
cllass resultwof {
public :
/ types
ypedef see below type;
} .
} // namespace trl
} // namespace std
Given an rvalue f of type F and values t1, t2, ..., tNoftypesT1, T2, ..., TN, respectively, the type member

is the result type of the expression f (t1, t2,

a reference type, and rvalues otherwise.

© ISO/IEC 2007 — All rights reserved
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1

3.5 Function template mem_fn

Function objects 24

The implementation may determine the type member via any means that produces the exact type of the expression
t2, ..., tN) for the given types. [Note: The intent is that implementations are permitted to use special
compiler hooks —end note]

f(t1,

If F is not a function object defined by the standard library, and if either the implementation cannot determine the type

of the expression f(t1, t2,

., tN) or the expression is ill-formed, the implementation shall use the following

process$ to determine the type member:
1. If F is a function pointer or function reference type, type shall be the return type of the function-type:
2. If F is a member function pointer type, type shall be the return type of the member function. type.
3. IfFis a possibly cv-qualified class type with a member type result_type, type shall bettypename F::result_-
type.
4. If F is a possibly cv-qualified class type with no member named result_type orifitypename F::resullt_type
ik not a type:
(a) If N=0 (no arguments), type shall be void.
(b) If N>0, type shall be typename F::template result<F(T4;0T2,..., TN)>::type.
5. (Qtherwise, the program is ill-formed.
3.5 FHunction template mem_fn [tr.funcfmemfn]
template<class R, class T> unspecified mem_fn(R T:%* pm);
Returns: A simple call wrapper ([3.1]) £ such that the expression £(t, a2, ..., aN) is equivalenjt to IN-
VOKE (pm, t, a2, ..., aN) ([3.3]). £ shall have a nested type result_type that is a synonym for the return
tiype of pm when pm is a pointer to member.function.
The simple call wrapper shall be derived from std: :unary_function<cv T*, Ret> when pm is a pointer to
member function with cv-qualifieriev and taking no arguments, where Ref is pm’s return type.
The simple call wrapper shall be derived from std::binary_function<cv T, T1, Ret> wher pm is a
pointer to member function.with cv-qualifier cv and taking one argument of type T1, where Ret is pn}’s return
tiype.
Throws: Nothing.
Notes: Implementations may implement mem_£fn as a set of overloaded function templates.
3.6 FHunctionobject binders [tr.func.bind]
3.6 dedcribes a uniform mechanism for binding arguments of function objects
3.6.1 Class template is_bind_expression [tr.func.bind.isbind]
namespace std {
namespace trl {

template<class T> struct is_bind_expression {

static const bool value = see below;

© ISO/IEC 2007 — All rights reserved


https://iecnorm.com/api/?name=ee3a0eba23f997fb34fc542d96f35a47

ISO/IEC TR 19768:2007(E)

25 Function objects 3.6 Function object binders

3
} // namespace trl
} // namespace std

1 is_bind_expression can be used to detect function objects generated by bind. bind uses is_bind_expression to
detect fubexpressions. USers may SpeciatiZze Uins lempiate 1o indicate that a type shoutd be treated as a subexpiession in
a bind|call.

statid const bool value;

2 true if T is a type returned from bind, false otherwise.

3.6.2 |Class template is_placeholder [tr.func.bind.isplace]

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

} //|namespace trl
} //|namespace std

1 is_plpceholder can be used to detect the standard placehelders _1, _2, and so on. bind uses is_placehplder to
detect placeholders. Users may specialize this template-te/indicate a placeholder type.

statid const int value;

2 Yalue is J if T is the type of std: :tri=iplaceholders: :_J, 0 otherwise.
3.6.3 |Function template bind [tr.func.bipd.bind]
template<class F, class Til,“class T2, ...., class TN>
unsgectified bind(F £{ TT t1, T2 t2, ..., TN tN);
1 Requires: F and\Ti shall be CopyConstructible. INVOKE (f, wl, w2, ..., wN) ([3.3]) shall be a valid ex-
ression forg§ome values wi, w2, ..., wN.
2 eturns~A forwarding call wrapper g with a weak result type ([3.3]). The effect of g(ul, u2, ..., M) shall
e INVOKE (£, v1, v2, ..., vN, result_of<F cv (V1, V2, ..., VN)>::type), where cv r¢gpresents
e ev-qualifiers of g and the values and types of the bound arguments v1, v2, ..., vN are deternined as

specified below.

template<class R, class F, class T1, class T2, ...., class TN>
unspecified bind(F £, T1 t1, T2 t2, ..., TN tN);
3 Requires: F and T1i shall be CopyConstructible. INVOKE (£, wl, w2, ..., wN) shall be a valid expression for
some values wl, w2, ..., wN.
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Returns: A forwarding call wrapper g with a nested type result_type defined as a synonym for R. The effect of

g(ul, u2, ..., uM) shall be INVOKE (f, v1, v2, ..., vN, R), where the values and types of the bound
arguments vli, v2, ..., vNare determined as specified below.
The values of the bound arguments v1, v2, ..., vN and their corresponding types V1, V2, ..., VN depend on

the type of the corresponding argument ti of type Ti in the call to bind and the cv-qualifiers cv of the call wrapper g
as follqws:

if ti is of type reference_wrapper<T> the argument is ti.get () and its type Vi is T&;

the value of std::trl::is_bind_expression<Ti>::value is true the argument is‘¢i(ul, up, ...,
M) and its type Vi is result_of<Ti cv (Ul&, U2%&, ..., UM&)>::type;

iff the value j of std::trl::is_placeholder<Ti>::value is not zero the argument’is uj and its type Vi is
j&

— ¢therwise the value is ti and its type Viis Ti cv &.

3.6.4 [Placeholders [tr.func.bind.place]

namgspace std {
namaipace trl {
espace placeholders {
/ M is the implementation-defined number of placeholders
-1
extern unspecified _2;

n

extern unspecified

extern unspecified _M;

} //|namespace trl
} //|namespace std

All plagceholder types shall be DefaultConstructible and CopyConstructible, and their default construgtors and
copy censtructors shall not throw exceptions. It is implementation defined whether placeholder types are Assignable.
Assignable placeholders™\copy assignment operators shall not throw exceptions.

3.7 Polymorphic function wrappers [tr.fuc.wrap]
3.7 dedcribes a polymorphic wrapper class that encapsulates arbitrary function objects.

3.7.1 |Classbad_function_call [tr.func.wrap|badcall]

An exgeption of type bad_function_call is thrown by function: : operator () ([3.7.2.4]) when the function wrap-
per object has no target.

namespace std {

namespace trl {
class bad_function_call : public std::exception
{
public:
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};
/4
/4

// [3.7.1.1] constructor
bad_function_call();

namespace trl
namespace std

3.7.1.1

bad_£fu

1

3.7.2

nam
nam

V4

bad_function_call constructor

nction_call();

Lffects: constructs a bad_function_call object.

Class template function

space std {
space trl {
Function type R (T1, T2, ..., TN), 0 < N < Nmax

template<class Function>

cl

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

blic:
typedef R result_type;

/ [3.7.2.1] construct/copy/destroy

lexplicit function();

function(unspecified-null-pointer-type);
function(const function&);
template<class F> function(F);

function& operator=(const“\function&) ;

function& operator=(unspecified-null-pointer-type);
template<class F> fuhction& operator=(F);

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

~function();

Y [3.7.2.24 function modifiers
void swap(function&);

KI8.7.2.3] function capacity

[tr.func.wrap.badc;lll.const]

[tr.func.wrap.func]

Operator UM3Spectfied—bool-type () Const;

// [3.7.2.4] function invocation
R operator() (T1, T2, ..., TN) const;

// [3.7.2.5] function target access
const std::type_info& target_type() const;
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template <typename T> Tx target();
template <typename T> const T* target() const;

private:

};

V4

// [3.7.2.6] undefined operators

template<class Function2> bool operator==(const function<Function2>&);

template<class Function2> bool operator!=(const function<Function2>&);

[3.7.2.7] Null pointer comparisons

tegmplate <class Function>

bool operator==(const function<Function>&, unspecified-null-pointer-type);

template <class Function>

bool operator==(unspecified-null-pointer-type, const function<Function>&);

template <class Function>

bool operator!=(const function<Function>&, unspecified-null-pognter-type);

template <class Function>

V4

bool operator!=(unspecified-null-pointer-type, const function<Function>&);

[3.7.2.8] specialized algorithms

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

} //|namespace trl
} //|namespace std

1 The function class template provides polymorphig wrappers that generalize the notion of a function pointer. I’rappers
can stope, copy, and call arbitrary callable objects\(f3.1]), given a call signature ([3.1]), allowing functions to be fiirst-class
objecty.

2 A fundtion object £ of type F is Callable:for argument types T1, T2, ..., TN and a return type R, if, giveh lvalues
t1l, tR, ..., tNoftypesTi, T2, .., TN, respectively, INVOKE (£, t1, t2, ..., tN) is well-form¢d ([3.3])
and, if R is not void, convertible to'R.

3 The function class template'is a call wrapper ([3.1]) whose call signature ([3.1]) is R(T1, T2, ..., TN).
3.7.2.1] function construct/copy/destroy [tr.func.wrap.fpnc.con]
explidit function();

1 Postconditions: '*this.

2 Throws: nothing.
function(unspecified-null-pointer-type);

3 Postconditions: '*this.

4 Throws: nothing.
function(const function& f);

28
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Postconditions: '*this if ! f; otherwise, *this targets a copy of f.target ().

Throws: shall not throw exceptions if £’s target is a function pointer or a function object passed via reference_-

wrapper. Otherwise, may throw bad_alloc or any exception thrown by the copy constructor of the stored
function object.

template<class F> function(F f);

Requires: £ shall be callable for argument types T1, T2, ..., TN and return type R.
Fostconditions: ' *this if any of the following hold:

— £ is a NULL function pointer.

— £ is a NULL member function pointer.

— F is an instance of the function class template, and ! £

therwise, *this targets a copy of f if £ is not a pointer to member function, and targets a copy of mem_|{fn (f) if
{ is a pointer to member function.

g

Throws: shall not throw exceptions when f is a function pointef.or a reference_wrapper<T> for[some T.
Dtherwise, may throw bad_alloc or any exception thrown by F’s’copy constructor.

functilon& operator=(const function& f);
Jffects: function(f) .swap(*this);
eturns: *this
functilon& operator=(unspecified-null-pointér-type);
Jffects: If *this != NULL, destroys the target of this.
ostconditions: ! (xthis).
eturns: *this
template<class F> function&, ‘operator=(F f);
Jffects: function(f) . swap (xthis);
eturns: xthis
template<class,F> function& operator=(reference_wrapper<F> f);

JféetsT function(f) . swap (*xthis);

Returns: *this
Throws: nothing.
~“function();

Effects: If *this != NULL, destroys the target of this.
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3.7.2.2 function modifiers

void swap(function& other);

3.7.2.3] function capacity [tr.func.wrap.fi

operatior unspecified-bool-type () const

3.7.24| function invocation [tr.func.wrap.!

R operfator () (T1 t1, T2 t2, ..., TN tN) const

3.7.2.5| function target access [tr.func.wrap.fu

const

Returns: If xthis'has a target of type T, typeid(T); otherwise, typeid(void).
Throws: nething.

template<typename T> T* target();
template<typename T> const T* target() const;

Requires: T is a function object type that is Callable ([3.7.2]) for parameter types T1, T2,

Returns: if *this has a target, returns a value that will evaluate true in a booleaf context; otherwise,
yalue that will evaluate false in a boolean context. The value type returned shall not be convertible to j

donversions (e.g., to int) that can occur with bool are not allowed, eliminating some sources of user e
possible implementation choice for this type is pointer-to-membef.)——end note]

Effects: INVOKE (£, t1, t2, ..., tN, RA\([3.3]), where f is the target object ([3.1]) of *this.
Returns: nothing, if R is void, otherwise.the return value of INVOKE (£, t1, t2, ..., tN, R).

Throws: bad_function_call if !*this; otherwise, any exception thrown by the wrapped function ob}

Effects: interchanges the targets of *this and other.

[tr.func.wrap.func.mod]

{nrows. nowning.

Throws: nothing.

[[INote: This conversion can be used in contexts where a bool is expected-(€.g., an if condition); however]

std: :type_info& target_type() const;

nnc.cap]

returns a
nt.

implicit
fror. One

unc.inv]

ect.

nc.targ]

type R.

Returns: If type () == typeid(T), a pointer to the stored function target; otherwise a null pointer.

Throws: nothing.

., TN and return
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3.7.2.6

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

template<class Function2> bool operator==(const function<Function2>&) ;
template<class Function2> bool operator!=(const function<Function2>&);

These member functions shall be left undefined.

[INote: the boolean-like conversion opens a loophole whereby two function instances can be comparg

3.7.2.7

templa
bool]

templa
bool]

)i

templa
booll

templa
booll

]

A

3.7.2.8

templa
void

]

r !=. These undefined void operators close the loophole and ensure a compile-time error. —endmote]

null pointer comparison operators [tr.fuiné.wrap.func

te <class Function>
operator==(const function<Function>& f, unspecified-null-pointer-typeq;

te <class Function>
operator==(unspecified-null-pointer-type, const function<Function>& f);

Returns: ' f.

[hrows: nothing.

te <class Function>
operator!=(const function<Function>& f, unspectfied-null-pointer-type);

te <class Function>
operator!=(unspecified-null-pointer-type,Lconst function<Function>& f);

Returns:  (bool) f.

Throws: nothing.

specialized algorithms [tr.func.wrap.

[te<class Function>
swap (function<Function>& f1, function<Function>& £2);

Lffects: £1 . swap (2)

d via ==

nullptr]

func.alg]
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Metaprogramming and type traits [tr.meta]

This cl
of type
at com

The fo
types,

41 R

A Una
plate t)
Defau
with thi
ing des
A Bina
templal
be Def

with thi
being d

A Tran

huse describes components used by C++ programs, particularly in templates, to supporthe‘widest possi

bile time.

lowing subclauses describe type traits requirements, unary type traits, traits that describe relationships
ind traits that perform transformations on types, as summarized in Table 3

Table 3: Type traits library summary

Subclause Header(s) \
4.1 Requirements
4.5 Unary type traits <type_traits>
4.6 Relationships between types <type_traits>

4.7 Transformations between types <type_traits>

equirements [tr.met

ryTypeTrait is a template that describes a property of a type. It shall be a class template that takes
pe argument and, optionally, additional arguments that help define the property being described. It
| tConstructible and derived, directly or indirectly, from an instance of the template integral _const
e arguments to the template integral_constant determined by the requirements for the particular pro
cribed.

ryTypeTrait is a template that describes a relationship between two types. It shall be a class template that
e type arguments ‘and, optionally, additional arguments that help define the relationship being describeq
ultConstructible and derived, directly or indirectly, from an instance of the template integral_consta
e arguments,fo the template integral_constant determined by the requirements for the particular rel
escribed:

sfarmationTypeTrait is a template that modifies a property of a type. It shall be a class template that {

ble range
s, optimise template code usage, detect type related user errors, and perform type inference and transfprmation

between

a.rqmts]

bne tem-
shall be
ant (4.3),
perty be-

akes two
. It shall
Int (4.3),
htionship

akes one

templa

e type argument and, optionally _additional arguments that help define the modification. It shall definel

a nested

type named type, which shall be a synonym for the modified type.

4.2 Header <type_traits> synopsis [tr.meta.typ

name
name
V4

space std {
space trl {
[4.3] helper class:
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template <class T, T v> struct integral_constant;
typedef integral_constant<bool, true> true_type;
typedef integral_constant<bool, false> false_type;

// [4.5.1] primary type categories:

template <class

T>

struct

is_void;

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

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

<class
<class
<class
<class
<class
<class
<class
<class
<class
<class
<class
<class
<Class
&class
Kclass
<class

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

>
T>
T>
>
T>
>

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

struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct

struct
struct
struct
struct
struct
struct

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

is_integral;
is_floating_point;
is_array;

is_pointer;

is_reference;
is_member_object_pointer;

is_member_function_pointer;

is_enum;
is_union;
is_class;
is_function;

is_arithmetic;
is_fundamental;
is_object;
is_scalar;
is_compound;
is_member_pointer;

is_const;

is_volatile}

is_pod;

is_emptys
is_poelymorphic;
issabstract;
has_trivial_constructor;
has_trivial_copy;
has_trivial_assign;
has_trivial_destructor;
has_nothrow_constructor;
has_nothrow_copy;
has_nothrow_assign;
has_virtual_destructor;
is_signed;

is_unsigned;

bldbb
template <class
template <class

T
>
T,

// [4.6] type relations:
template <class T, class U> struct is_same;

template <class Base, class Derived> struct is_base_of;

34

SCIructT

struct

T - -y
TIIgIMent_oT,

rank;

unsigned I = 0> struct extent;
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template <class From, class To> struct is_convertible;

// [4.7.1] 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;

//\[4.7.2] reference modifications:
tI:plate <class T> struct remove_reference;
template <class T> struct add_reference;

//|[4.7.3] array modifications:
template <class T> struct remove_extent;
tegmplate <class T> struct remove_all_extents;

//|[4.7.4] pointer modifications:
template <class T> struct remove_pointer;
template <class T> struct add_pointer;

//|[4.8] other transformations:

template <std::size_t Len, std::size_t Align> struct aligned_storage;
} //|namespace trl
} //|namespace std

4.3 Helper classes [tr.meta.help]

template <class T, T v>
struyct integral_constant

{
gtatic const T value = v;
Hypedef T value_type;
Hypedef integral_constant<T,v> type;

};

typIef integral_constant<bool, true> true_type;
typgdef integral_comstant<bool, false> false_type;

The cljiss templatédntegral_constant and its associated typedefs true_type and false_type are used as base
classes|to define'the interface for various type traits.

4.4 (eneralRequirements [tr.meta.requifements]

Tables '4;=5;6;amd-8defimetype predicates—Eachtype predicate pred<T>—shatt-beaUraryfypefrait (41, derived
directly or indirectly from true_type if the corresponding condition is true, otherwise from false_type. Each type
predicate pred<T, U> shall be a BinaryTypeTrait (4.1), derived directly or indirectly from true_type if the corre-
sponding condition is true, otherwise from false_type.

Table 7 defines various type queries. Each type query shall be a UnaryTypeTrait (4.1), derived directly or indirectly
from integral_constant<std::size_t, value>, where value is the value of the property being queried.
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3 Tables 9, 10, 11, and 12 define type transformations. Each transformation shall be a TransformationTrait (4.1).

4 Table 13 defines a template that can be instantiated to define a type with a specific alignment and size.

4.5 Unary Type Traits

[tr.meta.unary]

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

2 For all of the class templates X declared in this clause, instantiating that template with a template-argumentthat
templafe specialization may result in the implicit instantiation of the template argument if and only if the.semai

requirg that the argument must be a complete type.

4.5.1 |Primary Type Categories

is a class
htics of X

[tr.meta.unary.cat]

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

2 For any given type T, the result of applying one of these templates to T and to cv-qualified T shall yield the sanpe result.

3 The behavior of a program that adds specializations for any of the class templatesddefined in this clause is undg

fined.

4 [Note: |For any given type T, exactly one of the primary type categories hasfa yalue member that evaluates[to true.
—end pote]
Table 4: Primary Type Category Predicates
] Template Condition Comments
template <class T> T is void
st[:]rtct is_void;
template <class T> T i8\an integral type
st:“tct is_integral; (Ibasic.fundamental])
template <class T> T is a floating point type
st::‘tct is_floating_point; ([basic.fundamental])
template <class T> T is an array type Class template array ([[6.2])
stllr*tct is_array; ([basic.compound]) is not an array type.
template <class T> T is a pointer type Includes function pointgrs,
st:"‘tct is_pointer; ([basic.compound]) but not pointers to members.
template <class T> T is a reference type Includes references to
stlllr‘tct is_references ([basic.fundamental]) functions.
template <class\T> T is a pointer to data member
st:”‘tct is_member_object_pointer;
template <¢lass T> T is a pointer to member
stlzlrtct is-member_function_pointer; function
temtlate <class T> T is an enumeration type
strpctYis_enum; ([basic.compound])
template <class T> T is a union type
struct is_union; ([basic.compound])
template <class T> T is a class type but not a union
struct is_class; type ([basic.compound])

36
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template <class T>
struct is_function;

T is a function type
([basic.compound])

4.5.2 Composite type traits

[tr.meta.unary.comp]

These femplates provide convenient compositions of the primary type categories, corresponding to the descripti

in sectjon [basic.types].

For any

ns given

given type T, the result of applying one of these templates to T, and to cv-qualified T shall yi¢ld the sarhe result.

The behavior of a program that adds specializations for any of the class templates defined in thig elause is und¢fined.

Table 5: Composite Type Category Predicates

] Template Condition Comments
template <class T> T is an arithmetic type
strjuct is_arithmetic; ([basic.fundamental]),
template <class T> T is a fundamental type
st:-‘tct is_fundamental; ([basic.fundamental])
template <class T> T is an object-type
st;]_“‘tct is_object; ([basic.types]
template <class T> T is a sealar type
sti‘tct is_scalar; ([basic:types])
template <class T> T.i%a compound type
st:"‘tct is_compound; ([basic.compound])
template <class T> T is a pointer to a member or
strjuct is_member_pointer; member function
4.5.3 |Type properties [tr.meta.unary.prop]
These femplates provide access to some of the more important properties of types.

It is unspecified whether the-library defines any full or partial specialisations of any of these templates. A program may

speciallise any of these templates on a user-defined type, provided the semantics of the specialisation match th

for the[template in its desctiption.

Table 6: Type Property Predicates

se given

] Template Condition Preconditions
template <class T> T is const-qualified
struct is_const; ([basic.qualifier])
template <class T> T is volatile-qualified
struct is_volatile; ([basic.qualifier])
template <class T> T is a POD type T shall be a complete type.
struct is_pod; ([basic.types])
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template <class T>
struct is_empty;

T is an empty class ([class]) T shall be a complete type.

strjuct is_abstract;

template <class T> T is a polymorphic class T shall be a complete type.
struct is_polymorphic; ([class.virtual])
template <clagss T> T 1s an abstract class T shallbe a r‘nmplpfp type.

([class.abstract])

temﬁlate <class T>

strjuct has_trivial_constructor; is trivial ([class.ctor])

The default constructor for T T shall be a complete’type.

temtlate <class T>

struct has_trivial_copy;

The copy constructor for Tis T shall be acémplete type.
trivial ([class.copy])

ten\tlate <class T>

struct has_trivial_assign;

The assignment operator for T shall\be’a complete type.
T is trivial ([class.copy])

temtlate <class T>

strjuct has_trivial_destructor; ([class.dtor])

The destructor for T is trivial _. T shall be a complete type.

temblate <class T>

strjict has_nothrow_constructor; has an empty exception

The default constructor for T.¥" T shall be a complete type.

specification or can Otherwise
be deduced never o throw an
exception

template <class T>

struct has_nothrow_copy;

The copy eonstructor for T T shall be a complete type.
has an empty exception
specification or can otherwise
be deduced never to throw an
exception

template <class T>

struct has_nothrow_assign;

The assignment operator for T shall be a complete type.
T has an empty exception

specification or can otherwise
be deduced never to throw an

exception
template <class T> T has a virtual destructor T shall be a complete type.
stllr*tct has_virtual_destructor; ([class.dtor])

template <class T>
struct is_signed;

T is a signed integral type
([basic.fundamental])

temblate <class\I>
strjuct is_ungigned;

T is an unsigned integral type
([basic.fundamental])

Table 7: Type Property Queries

Template

value

template <class T>
struct alignment_of;

An integer value representing the number of bytes of the alignment of objects
of type T; an object of type T may be allocated at an address that is a multiple of
its alignment ([basic.types]).

Precondition: T shall be a complete type.
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template <class T> An integer value representing the rank of objects of type T ([dcl.array]). [Note:
struct rank; The term “rank” here is used to describe the number of dimensions of an array

type. —end note]
template <class T, An integer value representing the extent (dimension) of the I’th bound of
unsigned T = 0> nhjf‘(‘fQ of type T(R34) Ifthe type T is not an arrav type has rank of less than
struct extent; I,orif I == 0and T is of type “array of unknown bound of U,” then"value
shall evaluate to zero; otherwise value shall evaluate to the numberof elements
in the I’th array bound of T. [Note: The term “extent” here is used.fo degcribe
the number of elements in an array type —end note]

[Example:

// the following assertions hold:

assdrt (rank<int>::value == 0);
ass%t (rank<int[2]>::value == 1);
assdgrt (rank<int [] [4]>::value == 2);

—end ¢xample]
[Example:

// the following assertions hold:
assert (extent<int>::value == 0);
assart (extent<int [2]>::value == 2);
assdrt (extent<int [2] [4]>::value == 2);
assert (extent<int[] [4]>::value == 0);

assegrt ((extent<int, 1>::value) == 0);

assdrt ((extent<int[2], 1>::value) == 0)
asseart ((extent<int [2] [4], 1>::value)~== 4);
assdgrt ((extent<int [J [4], 1>::value)v== 4);

—end ¢xample]

4.6 Relationships between types [tr.meta.rel]

Table 8: Type Relationship Predicates

] Template Condition Comments
templlate <eclass T, class U> T and U name the same
struct iS_ same; type
templlaté, <class Base, class Derived> Base is a base class of Preconditions: Base and Dexived
struct—Ts—base—of; Perived \[blabb.dmivcd]) shattbe bUlll}J‘lCtC iypcb.
or Base and Derived
name the same type
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template <class From, class To> An imaginary lvalue of Special conversions involving
struct is_convertible; type From is implicitly string-literals and null-pointer

convertible to type To constants are not considered
([conv]) ([conv.array], [conv.ptr], and
[convmem]) No function-parameter
adjustments ([dcl.fct]) are‘'made to
type To when determining whether
From is convertible fo| To; this
implies that if type(To is a fupction
type or an array, type, then the
condition is.false.
See beloyw.
1 The expression is_convertible<From,To>: :value is ill-formed if:
— Type From is an incomplete type ([basic.types]).
— Type To is an incomplete or abstract type ([basic.types]).
— The conversion is ambiguous. An example of an ambigu6us conversion is a type From that has mulfiple base
classes of type To ([class.member.lookup]).
— Type To is of class type and the conversion would\invoke a non-public constructor of To ([class.ac¢ess] and
[class.conv.ctor]).
— Type From is of class type and the conversion would invoke a non-public conversion operator|of From
([class.access] and [class.conv.fct]).
2 Except that:
— When From is void and To is net void then value is false.
— When To is void then yalue is true.
4.7 Transformations between types [tr.me}a.trans]
1 This syb-clause contains‘templates that may be used to transform one type to another following some predefingd rule.
2 Each of the templates\in this header shall be a TransformationTrait (4.1).
4.7.1 |Const-volatile modifications [tr.meta.frans.cv]
Table 9: Const-volatile modifications

] Template Comments \
template <class T> The member typedef type shall be the same as T except that any top level
struct remove_const; const-qualifier has been removed. [Example: remove_const<const

volatile int>::type evaluates to volatile int, whereas
remove_const<const int*>is const int*. —end example]

40
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4.7 Transformations between types

temp
stru

late <class T>
ct remove_volatile;

The member typedef type shall be the same as T except that any top lev

el

volatile-qualifier has been removed. [Example: remove_volatile<const

volatile int>::type evaluates to const int, whereas

remove_volatile<volatile int*>isvolatile int*. —end example]

template <class T> The member tvppdm" type shall be the same as T except that anv top level
struct remove_cv; cv-qualifier has been removed. [Example: remove_cv<const volatile
int>: :type evaluates to int, whereas remove_cv<const volatile [int*>
is const volatile int*. —end example]
templlate <class T> If T is a reference, function, or top level const-qualified type;.thén type phall be
struct add_const; the same type as T, otherwise T const.
templlate <class T> If T is a reference, function, or top level volatile-qualifiedtype, then type shall
strukt add_volatile; be the same type as T, otherwise T volatile.
templlate <class T> The member typedef type shall be the same type as add_const<typenfame
struct add_cv; add_volatile<T>::type>: :type.
4.7.2 |Reference modifications [tr.meta.trans.ref]
Table 10: Reference modifications
] Template Comments \
templlate <class T> The member typedef type shall be the same as T, except any reference qualifier
strukct remove_reference; has been removed.
templlate <class T> If T is a reference type, then the member typedef type shall be T, otherwfise T& .
strukt add_reference;
4.7.3 |Array modifications [tr.meta.trans.arr]
Table 11: Array modifications
Template Comments
templlate <class T> If T is “array of U”, the member typedef type shall be U, otherwise T. Fdr
strufct remove_extént; multidimensional arrays, only the first array dimension is removed. For § type
“array of const U”, the resulting type is const U.
templlate <class~T> If T is “multi-dimensional array of U”, the resulting member typedef tyge is U,
struct otherwise T.
remofre_alliextents;
[Example

// the following assertions 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));
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—end example]

[Example

// the following assertions hold:
assert((is_same<remove_all_extents<int>::type, int>::value));

ass is_
ass

ove all extents<int[2]>: -tyne
= = T

int>- cyvalne)) .

t ((is_same<remove_all_extents<int[2] [3]>::type, int>::value));
assegrt ((is_same<remove_all_extents<int[] [3]>::type, int>::value));

—end ¢xample]
4.7.4 |Pointer modifications [tr.meta.trans.ptr]
Table 12: Pointer modifications
Template Comments \
templlate <class T> The member typedef type shall be the same.as T, except any top level
strufct remove_pointer; indirection has been removed. Note: pointers to members are left unchapged by
remove_pointer.
templlate <class T> The member typedef type shall be)the same as
struct add_pointer; remove_reference<T>: :typex if T is a reference type, otherwise T*.
4.8 Qther transformations [tr.meta.trams.other]
Table 13: Other transformations
] Template Condition Comments \
templlate <std::size_t Len, Len is'nonzero. Align is equal The member typedef type shall|be a
std::size_t Align> toalignment_of<T>::value POD type suitable for use as
struct aligned_storage; for some type T. uninitialized storage for any objg¢ct
whose size is at most Len and whose
alignment is a divisor of Align.
[Note: [a typical implementation would define type as:
union type
{
unsigned-char __datal[Len];
Alligper )__align;
};

where Aligner is the smallest POD type for which alignment_of<Aligner>::value is Align. —end note]

4.9 Implementation requirements

[tr.meta.req]

The behaviour of all the class templates defined in <type_traits> shall conform to the specifications given, except
where noted below.
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[Note: The latitude granted to implementers in this clause is temporary, and is expected to be removed in future revisions
of this document. —end note]

If the implementation cannot differentiate between class and union types, then the class templates is_class and is_-

union

shall be defined as follows:

tem;
temp

1. | T e PR | Ll
[rate cTTaSS—T sSTruact—rs—CTrassS—t

late <class T> struct is_union {};

If the ijmplementation cannot detect polymorphic types, then the class template is_polymorphic shall be d

follow§:

temp

If the i

temp

with n
type (
It is un
It is un|
is_p
is_p
is_p
It is un

has |

late <class T> struct is_polymorphic {};

mplementation cannot detect abstract types, then the class template is_abstract shall be defined as fo

late <class T> struct is_abstract {};
If the implementation cannot determine whether a type T has a virtual destriictor, e.g. a pure library implen
compiler support, then has_virtual_destructor<T> shall be defived, directly or indirectly, from
t.1).
specified under what circumstances, if any, is_empty<T> ;+value evaluates to true.
specified under what circumstances, if any, is_pod<T>: *value evaluates to true, except that, for all ty
0d<T>::value == is_pod<remove_extent<T>::type>i:value
0d<T>::value == is_pod<T const volatile>::¥alue
0d<T>::value >= (is_scalar<T>::value ||%Is_void<T>::value)
specified under what circumstances, if any;-has_trivial_*<T>::value evaluates to true, except tha
trivial_*<T>::value == has_triwyial_x<remove_extent<T>::type>::value
trivial_*<T>::value >= is_pod<T>::value

has_|

It is un

There

complg
of com|
ticular
are imj

specified under what circumstances, if any, has_nothrow_*<T>: : value evaluates to true.

hre trait templates whese*semantics do not require their argument(s) to be completely defined, nor d
teness in any way,affect the exact definition of the traits class template specializations. However, in thg
piler support these-traits cannot be implemented without causing implicit instantiation of their argument
is_class,isSzenum, and is_scalar. For these templates, it is unspecified whether their template arg]
licitly ingtantiated when the traits class is itself instantiated.

efined as

lows:

hentation
false_-

pes T:

oes such
absence
s; in par-
ument(s)
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5 Numerical facilities

[tr.num]

This cl

The fo|
Table 1

4.

Table 14: Numerical library summary

Subclause Header(s) |

5.1 Random number generation <random>

5.2 Mathematical special functions (U<cmath>

<math.h>

huse descibes components that C+ programs may use to perform numerical and semingmerical operatipns.

lowing subclauses describe random number generators and mathematical special“functions, as summprized in

5.1 Random number generation [tr.rand]
This sybclause defines a facility for generating random numbers.
5.1.1 |Requirements [tr.rpnd.req]
In tablg 15, X denotes a uniform random number generator class returning objects of type T, u is a value of X, dnd vis a
(possifly const ) value of X.
Table\l5: Uniform random number generator requirements

] expression return type pre/post-condition complekity

X::fesult_type T T is an arithmetic type compile-titne

[basic.fundamental]
u() T — amortized
constant
v.min() T Returns a value that is less than or constant

equal to all values potentially

returned hy r\Pa-ra+n-r(\ The

return value of this function shall

not change during the lifetime of v.
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|

expression

return type

pre/post-condition

complexity |

v.max () T

If std: :numeric_-

1limits<T>::is_integer, returns
a value that is greater than or equal
to all values potentially returned by

constant

Operator (), OUICIWISE, Telumms a
value that is strictly greater than all
values potentially returned by
operator (). In any case, the
return value of this function shall
not change during the lifetime of @

2 In tabl
of X, v

b 16, X denotes a pseudo-random number engine class returning objects of type T, t is a value of T, u i
is an lvalue of X, s is a value of integral type, g is an Ivalue of a type other than X that defines a zero-

s a value
irgument

functign object returning values of unsigned integral type, x and y are (possibly.const) values of X, os is an lvalue of the
type ofl some class template specialization basic_ostream<charT, traits>/and is is an lvalue of the typq of some
class tgmplate specialization basic_istream<charT, traits>, where charT and traits are constrained according
to [lib.strings] and [lib.input.output].
3 A pseudo-random number engine x has a state x (1) at any given time.* The specification of each pseudo-randonh number
engine|defines the size of its state in multiples of the size of its result_type, given as an integral constant expression.
Table 16: Pseudo-random number~engine requirements (in addi-
tion to uniform random numbep-generator, CopyConstructible, and
Assignable)
] expression return type pre/post-condition complexity \
X0 — creates an engine with the same O'(size of sfate)
initial state as all other
default-constructed engines of type
X in the program.
X(s o creates an engine with the initial O'(size of sfate)
internal state determined by s
X(g — creates an engine with the initial O (size of state)
internal state given by the results of
successive invocations of g.
Throws what and when g throws.
u.sded() void post: u == X() O'(size of state)
u.sded(s) void sets the internal state of u so thatu  same as X (js)
== X(s).

46

© ISO/IEC 2007 — All rights reserved


https://iecnorm.com/api/?name=ee3a0eba23f997fb34fc542d96f35a47

47 Numerical facilities

ISO/IEC TR 19768:2007(E)

5.1 Random number generation

] expression

return type

pre/post-condition

complexity

u.seed(g) void

post: The internal state of u is the
same as if u had been newly
constructed by X u(g). If an
invocation of g throws an

same as X (

g)

EXCeption, that eXception is
rethrown. Further use of u (except
destruction) is undefined until a
seed member function has been
executed without throwing an
exception.

u() T

given the state u(i) of the engine,
computes u(i+1), sets thesstate to
u(i+1), and returns some output
dependent on u(i+1)

amortized
constant

X =97y bool

Given the currentstate x (1) of x
and the currentstate y (j) of y,
returns true if x(i+k) is equal to
y (j+k) fofall integer k >= 0,
false otherwise.

O'(size of s

tate)

x '3y bool

1(K)== y)

O'(size of s

tate)

os 4< x

reference to the type of os

rites the textual representation 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 character set to the
space character. In the output,
adjacent numbers are separated by
one or more space characters. post:
The os . fmtflags and fill character
are unchanged.

O'(size of s

tate)

reference to the type of is

sets the state v(i) of v as
determined by reading its textual
representation from is. pre: The
textual representation was
previously written using an os
whose imbued locale and whose
type’s template specialization

arcuments charT and traits ere
) e S\

O'(size of s

tate)

the same as those of is. post: The
is.fintflags are unchanged.

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

— The constructor template<class Gen> X(Gen& g) shall have the same effect as X(static_cast<Gen>(g))
if Gen is a fundamental type.

— The member function of the form template<class Gen> void seed(Gen& g) shall have the same effect as

(D L:d.bJ..b_LaO.D U Gﬂll (5) ) if Gdll ib d fuu\,‘laulcutal tyPC.
[Note: [The casts make g an rvalue, unsuitable for binding to a reference, to ensure that overload resolution Will select
the verjson of seed that takes a single integer argument instead of the version that takes a reference to @jfunctign object.
—end pote]
If a texfual representation was written by os << x and that representation was read by is >> wythen x == v, provided
that nolintervening invocations of x or v have occurred.
In tabl¢ 17, X denotes a random distribution class returning objects of type T, u is a value of X, x is a (possibly const)
value ¢f X, e is an lvalue of an arbitrary type that meets the requirements of a uniform random number generator,
returnipg values of type U, os is an lvalue of the type of some class template speeialization basic_ostreamgcharT,
trait$>, and is an lvalue of the type of some class template specialization baSi¢_istream<charT, traits>, where
charTland traits are constrained according to [lib.strings] and [lib.input.6utput].
Table 17: Random distribution requirements (in addition to
CopyConstructible, and Assignable)
expression return type pre/post-condition complexity
X::input_type U — compile-titpe
u.rdset () void subsequent uses of u do not depend  constant
on values produced by e prior to
invoking reset.
u(e T the sequence of numbers returned amortized
by successive invocations with the constant nymber
same object e is randomly of invocatipns of
distributed with some probability e
density function p (x)
os 4< x reference to the type of os  writes a textual representation for O'(size of state)
the parameters and additional
internal data of the distribution x to
os. post: The os. fmtflags and fill
character are unchanged.
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expression return type pre/post-condition complexity \

is >> u reference to the type of is  restores the parameters and O (size of state)

additional internal data of the
distribution u. pre: is provides a
textual representation that was

Previously Written using an os
whose imbued locale and whose
type’s template specialization
arguments charT and traits were
the same than those of is. post:
The is.fintflags are unchanged.

Additi
or not

that representation is restored into the same or a different object y of the same typewising is >> y, repeated iny

of y(e

In the
that sal
Distr

The efi
is one
the val

The efi
is one

The efi
is one

5.1.2

nam
nam
V4

tegmplate<class \UniformRandomNumberGenerator, class Distribution>

V4

nal requirements: The sequence of numbers produced by repeated invocations.of x (e) does not changd

produce the same sequence of random numbers as would repeated invocations of x (e).

following subclauses, a template parameter named UniformRandomNumberGenerator shall denot
isfies all the requirements of a uniform random number generator. Moreover, a template parametg
i bution shall denote a type that satisfies all the requiremeiits, of a random distribution.

ect of instantiating a template that has a template type parameter named RealType is undefined unless

e of e.min () shall be 0 and the value of e.max (),shall be 1.

ect of instantiating a template that has a template type parameter named IntType is undefined unless
f short, int, long, or their unsigned variants.

ect of instantiating a template that has\a template type parameter named UIntType is undefined unless
f unsigned short, unsigned, int, or unsigned long.

Header <random> synopsis [tr.rand.S

space std {
space trl {
[5.1.3] Class teniplate variate_generator

class vafiate_generator;

[5.1.4.1) Class template linear_congruential

te[:plate<class IntType, IntType a, IntType c, IntType m>
— ntiatl;

V4

whether

s << xisinvoked between any of the invocations x (e). If a textual representation is written using os £< x and

ocations

e a type
r named

that type

bf float, double, or long double. If std: :numMeric_limits<X::input_type>::is_integer is false,

that type

that type

lynopsis]

[5.1.4.2] Class template mersenne_twister

template<class UIntType, int w, int n, int m, int r,

UIntType a, int u, int s, UIntType b, int t, UIntType c, int 1>
class mersenne_twister;
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// [5.1.4.3] Class template subtract_with_carry
template<class IntType, IntType m, int s, int r>
class subtract_with_carry;

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

/[5.1.4.5] Class template discard_block
tegmplate<class UniformRandomNumberGenerator, int p, int r>
class discard_block;

//|[5.1.4.6] Class template xor_combine

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

//|[5.1.6] Class random_device
cllass random_device;

/[5.1.7.1] Class template uniform_int
template<class IntType = int>
class uniform_int;

/\[5.1.7.2] Class bernoulli_distribution
cllass bernoulli_distribution;

//|[5.1.7.3] Class template geometric_distribution
tgmplate<class IntType = int, class RealType = double>

class geometric_distribution;

/\[5.1.7.4] Class template poisson_distribution
tegmplate<class IntType = in%, Class RealType = double>
class poisson_distributioen;

/[5.1.7.5] Class templatebinomial_distribution
tegmplate<class IntType = int, class RealType = double>
class binomial_distribution;

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

L L7 71 ] L b L L .
// [F-1.7.7 TS5 ICmprult CAPUTICTINIUL_ULSITTURLLUTY
template<class RealType = double>

class exponential_distribution;

// [5.1.7.8] Class template normal_distribution

template<class RealType = double>
class normal_distribution;
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// [5.1.7.9] Class template gamma_distribution
template<class RealType = double>
class gamma_distribution;
} // namespace trl
} // namespace std

5.1.3 |[Class template variate_generator [tr.rand.var]

A varjate_generator produces random numbers, drawing randomness from an underlying unifesi.fandon) number
generafor and shaping the distribution of the numbers corresponding to a distribution function.

template<class Engine, class Distribution>
clags variate_generator
{
publfic:
typedef Engine engine_type;
edef see below engine_value_type;
edef Distribution distribution_type;
edef typename Distribution::result_type result_type;

o ot ot

variate_generator(engine_type eng, distribution_type dV;

rIult_type operator() () ;
template<class T> result_type operator() (T valué)y

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

dilstribution_type& distribution®) ;
comst distribution_type& distribution() const;

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

};
The template argument for the parameter Engine shall be of the form U, U&, or U*, where U denotes a class thaf satisfies
all the fequirements ofia tniform random number generator. The member engine_value_type shall name U
Specializations of ¥ariate_generator satisfy the requirements of CopyConstructible and Assignable.

Except] wheresspecified otherwise, the complexity of all functions specified in this section is constant. No|function
descrifed in.this section except the constructor throws an exception.

variate_generatortengime_type eng,; distribution_type )

Effects: Constructs a variate_generator object with the associated uniform random number generator eng and
the associated random distribution d.

Complexity:Sum of the complexities of the copy constructors of engine_type and distribution_type.

Throws:If and what the copy constructor of Engine or Distribution throws.
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result_type operator() ()

engin

const

const

514

Returns: distribution() (e)

Complexity: Amortized constant.

Notes: The sequence of numbers produced by the uniform random number generator e, se, is obtained from

the sequence of numbers produced by the associated uniform random number generator eng, sehg
Iows: Consider the values of numeric_limits<T>::is_integer for T both Distribution;:iinp
dnd engine_value_type: :result_type. If the values for both types are true, then se is identical
Dtherwise, if the values for both types are false, then the numbers in Seng are divided by/engine (
1 engine() .min() to obtain the numbers in se. Otherwise, if the value for engine_value’ type::r
type is true and the value for Distribution: :input_type is false, then the numbers in seng are d
g¢ngine() .max() - engine().min() + 1 to obtain the numbers in se. Otherwise, the mapping fron|
e is implementation-defined. In all cases, an implicit conversion from engine_fralue_type: :result

li stribution: :input_type is performed. If such a conversion does not exist, the program is ill-formed.
templ

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

Returns: distribution() (e, value). For the semantics of e, see thé description of operator () ().

_value_type& engine()

eturns: A reference to the associated uniform random number generator.
ngine_value_type& engine() const

eturns: A reference to the associated uniform random number generator.
ilbution_type& distribution()

eturns: A reference to the associated rahdom distribution.
istribution_type& distribution() const

eturns: A reference to the assoctated random distribution.

_type min() const
recondition:distribution() .min () is well-formed.
eturns: distribution() .min()

_type max()\ const
recondition: distribution() .max() is well-formed

etirns: distribution() .max()

, as fol-
ht_type
to Seng.

.max ()
bsult_-
vided by
1\ Seng to
| type to

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

Except where specified otherwise, the complexity of all functions specified in the following sections is constant. No
function described in this section, except the constructor and seed functions taking a zero-argument function object,
throws an exception.
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The class templates specified in this section satisfy all the requirements of a pseudo-random number engine (given in
table 16), 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 declared static 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 template linear_congruential [tr.rand.erlg.lcong]

A lingar_congruential engine produces random numbers using a linear function x(i+1) := (a * x(i)|+¢) mpd m.

namgspace trl {
tegmplate<class UIntType, UIntType a, UIntType c, UlntType m>
cllass linear_congruential
{
public:

/ types

typedef UIntType result_type;

/ parameter values

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

/ constructors and member function
explicit linear_congruential (unsigned long xO.% 1);
template<class Gen> linear_congruential(Gen& g);
void seed(unsigned long x0 = 1);
template<class Gen> void seed(Gen& g);
result_type min() const;
result_type max() const;
result_type operator()();

};
}

The template parameter UInt Type shall denote an unsigned integral type large enough to store values up to (m-1). If the
templafe parameter m is 0, the;modulus m used throughout this section is std: :numeric_limits<UIntType>| :max()
plus 1| [Note: The restltyiS not representable as a value of type UIntType. —end note] Otherwise, the [template
paramgters a and c shall be less than m.

The sige of the staté\x(i) is 1. The textual representation is the value of x(i).

explidit ldinear_congruential (unsigned long x0 = 1)

Effects: Constructs a 1inear_congruential engine and invokes seed (x0).

void seed(unsigned long x0 = 1)

Effects: If c mod m = 0 and x0 mod m = 0, sets the state x (i) of the engine to 1 mod m, else sets the state of the
engine to x0 mod m.

template<class Gen> linear_congruential(Gen& g)
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6 Effects: If c mod m = 0 and g() mod m = 0, sets the state x (1) of the engine to 1 mod m, else sets the state of the
engine to g() mod m.
7 Complexity: Exactly one invocation of g.
5.1.4.2[ CTIass templafe mersenne_twister [tr.rand.ehg.mers]

1 A mergenne_twister engine produces random numbers o(x(i)) using the following computation, performed modulo
2", umfis a value with only the upper w-r bits set in its binary representation. 1m is a value with only its/lower |r bits set
in its binary representation. rshift is a bitwise right shift with zero-valued bits appearing in the high’bits of the result.
Ishift 1§ a bitwise left shift with zero-valued bits appearing in the low bits of the result.

— Y(@) = (x(i-n) bitand um) | (x(i-(n-1)) bitand 1m)
— 1Iff the lowest bit of the binary representation of y(i) is set, x(i) = x(i-(n-m)) xor (y(i) rshift 1) xor a; otheffwise x(i)
F x(i-(n-m)) xor (y(i) rshift 1).

— 41(1) = x(1) xor ( x(1) rshift u)

2(1) = z1() xor ( (z1() Ishift s) bitand b )
3(1) = z2(i) xor ( (z2(i) Ishift t) bitand c )
— ¢(x(1)) = z3(1) xor ( z3() rshift 1)

template<class UIntType, int w, int n, int m, int X
UIntType a, int u, int s, UIntType b, int/t, UIntType c, int 1>
clags mersenne_twister
{
publiic:

// [types

typedef UIntType result_type;

N

I

// |parameter values

stfatic const int word_size~=w;
sjztic const int state_size/= n;
stlatic const int shiftlsize = m;
stfatic const int mask bits = r;
sjztic const UIntType parameter_a = a;
stlatic const in%, output_u = u;
stlatic const/int output_s = s;
sj:tic const) UIntType output_b
stlatic eonst int output_t = t;
sq:tic const UIntType output_c

b;

c;
stlat¥c/const int output_1l = 1;

// constructors and member function
mersenne_twister();

explicit mersenne_twister (unsigned long value);
template<class Gen> mersenne_twister (Gen& g);
void seed();

void seed(unsigned long value);
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template<class Gen> void seed(Gen& g);
result_type min() const;
result_type max() const;
result_type operator()();
};

The te]nplate parameter UIntType shall denote an unsigned integral type large enough to store values up,t¢ 2% — 1.
Also, the following relations shall hold: 1 <m <n. 0 <ru,s,t,l <w.0<a,b,c <2"—1.

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

Effects: Constructs a mersenne_twister engine and invokes seed ().

explidit mersenne_twister(unsigned long value)

Effects: Constructs a mersenne_twister engine and invokes seed (valugy.

template<class Gen> mersenne_twister(Gen& g)

Effects: Given the values zp...z,—1 obtained by successive inyocations of g, sets x(-n) ... x(-1) t¢ zop mod

A

... z,—1 mod 2",
Complexity: Exactly n invocations of g.

void sgeed()

Effects: Invokes seed (5489UL).

void deed(unsigned long v)

Effects: Sets x(—n) to vmod2”. Then, iteratively, sets

x(—n+1i) = [i+ 1812433253 (x(—n+i— 1) xor (x(—n+i—1) rshift (w—2)))] mod 2"
fori=1...n—1.

Complexity: O(n)

template<class UIntType, int w, int n, int m, int r,

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

5.1.4.3 Class template subtract_with_carry

Returnsex(i-n) == y(j-n) and...and x(i-1) == y(j-1)

Notes;Assumes the next output of x is o(x(i)) and the next output of y is o(y(j)).

Complexity: O(n)

[tr.rand.eng.sub]

A subtract_with_carry engine produces integer random numbers using the computation x (1) = (x(i-s) —x(i-r) —
carry(i-1))modm and setting carry (i) = 1 if x(i-s) —x(i-r) — carry(i-1) <0, else carry(i) =0.
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temp
clas
{
publ
/

ty

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

ic:
types
pedef IntType result_type;

V4

S
st

V4

sy

t
vo

parameter values

sjztic const IntType modulus = m;

tic const int long_lag = r;
atic const int short_lag = s;

constructors and member function
btract_with_carry(Q);

ejﬁliCit subtract_with_carry(unsigned long value);

plate<class Gen> subtract_with_carry(Gen& g);
id seed(unsigned long value = 19780503ul);

t

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

regsult_type min() const;
result_type max() const;
result_type operator()();

};
2 The template parameter IntType shall denote a signed integrahtype large enough to store values up to m. The flollowing
relatiop shall hold: 0 < s < r. Let w be the number of bits*in-the binary representation of m.
3 The sige of the state is r. The textual representation is'the values of x(i-r), ..., x(i-1), carry(i-1), in that order.
subtract_with_carry()

4 )
explig

5 ),

it subtract_with_carry(unsigned long value)

template<class Gen> subtract_with_carry(Gen& g)

6 1
q

ffects: Constructs a subtract_with-carry engine and invokes seed ().

ffects: Constructs a subtract with_carry engine and invokes seed (value).

ffects: With n = (fn++31) /32 (rounded downward) and given the values z . . . Z,.,—1 Obtained by succesgive invo-
ations of g, sets%(-1) ... x(-1)to (z0- 2% 4+ +z,_1- 222" DYmodm ... (zper—n- 22+ -+ 2psr_1 - 2320V ) mod m.
If x(-1) == 0_sets carry(-1) = 1, else sets carry(-1) = 0.

7 Complexity-"Exactly r*n invocations of g.
void seed(unsigned long value = 19780503)
8 Effects: If value == 0, sets value to 19780503. In any case, with a linear congruential generator lcg(i) having
parameters m;., = 2147483563, a;., = 40014, ¢;ce = 0, and Icg(0) = value, sets x(-r) ... x(-1) to Icg(1) mod m
... leg(r) mod m, respectively. If x(-1) == 0, sets carry(-1) = 1, else sets carry(-1) = 0.
9 Complexity: O(r)

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

56
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bool operator==(const subtract_with_carry<IntType, m, s, r> & x,
const subtract_with_carry<IntType, m, s, r> & y)

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

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

Complexity: O(r)

5.1.4.4 Class template subtract_with_carry_01 [tr.rand.epg.subl]

A subtract_with_carry_01 engine produces floating-point random numbers using x (i) ,=/(x(i-s) - xf(i-r) -
carry[i-1)) mod 1; and setting carry(i) = 27" if x(i-s) - x(i-r) - carry(ir1) < O, else carfy(i) =
0.

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

// [types

typedef RealType result_type;

// |parameter values

stfatic const int word_size = w;
stlatic const int long_lag = r;
stlatic const int short_lag = s;

// |constructors and member function

tract_with_carry_010);

licit subtract_with_carry_01(unsigned long value);
plate<class Gen> subtract_with’>carry_01(Gen& g);
id seed(unsigned long value=-19780503);
plate<class Gen> void seed(Gen& g);

sult_type min() const;

sult_type max() consty

sult_type operator()\();

H R &g 0 n

};

The following relationshall hold: 0 < s < r.

The siZe of the-state is r. With n = (w+31)/32 (rounded downward) and integer numbers z[k, j] such that x(i —f) « 2" =
2[k, 0]+ [k, 1] %232+ z[k,n — 1] ¥ 232"~ 1) the textual representation is the values of z[r,0], ...z[r,n—1],...z[1,0],}..z[1,n—
1],carrly(#571) % 2", in that order. [Note: The algorithm ensures that only integer numbers representable in 32 bits are
written. —end note]

subtract_with_carry_01()

Effects: Constructs a subtract_with_carry_01 engine and invokes seed ().

explicit subtract_with_carry_O1(unsigned long value)
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5 Effects: Constructs a subtract_with_carry_01 engine and invokes seed (value).

template<class Gen> subtract_with_carry_01(Gen& g)

6 Effects: With n = (w+ 31)/32 (rounded downward) and given the values zp ...z,,— obtained by successive
invocations of g, sets x(-r) ... x(-1) to (zg-232+~~-+z,,_1 ~232<”’1)\ 27"modl ... (z(p 1y 22+ F 21

32("_1>) -27"modl. If x(-1) == 0, sets carry(-1) = 27", else sets carry(-1) = 0.

7 Complexity: Exactly r*n invocations of g.

void sleed(unsigned long value = 19780503)

8 Effects: If value == 0, sets value to 19780503. In any case, with a linear congruential‘generator lcg(
fparameters my, = 2147483563, a;., = 40014, c;cq = 0, and Icg(0) = value, sets x(-r) ... x(-1) to
27"y mod 1...(Icg(r)-27") mod 1, respectively. If x(—1) == 0, sets carry(—1)=<27", else sets carry(
9 Complexity: O'(n-r).
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, I> J);
10 Returns: true, if and only if x(i-r) == y(j-r) and ... and x(i-1)=<y(j-1).
11 Complexity: O(r)
5.1.4.5| Class template discard_block [tr.rand.
1 A disg¢ard_block engine produces random numbers from some base engine by discarding blocks of data.

template<class UniformRandomNumberGenerator, int p, int r>

clas

{
publl
V4
t
V4

S

V4

sj:tic const/int’ block_size = p;

s discard_block

ic:
rypes

tﬂgedef UniformRandomNumbérGenerator base_type;

edef typename base type::result_type result_type;

parameter values

tic constyint used_block r;

construetors and member function

di

scard_block();

1) having

(leg(1) -
1) =0.

bng.disc]

ex
ex

PLICIT dISCard_DIOCKICOIIST Dase_typed ITNg),
plicit discard_block(unsigned long s);

template<class Gen> discard_block(Gen& g);

vo

id seed();

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

(ef0)
re

58

nst base_type& base() const;
sult_type min() const;
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result_type max() const;
result_type operator() ();

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

The template parameter UniformRandomNumberGenerator shall denote a class that satisfies all the requirenjents of a

uniforr
1. The

discarn

]

1
explig
1
explid

]

h random number generator, given in table 15 in clause 5.1.1. 0 < r < p. The size of the state isthe size
textual representation is the textual representation of b followed by the value of n.

d_block()

. = 0.
it discard_block(const base_type& rng)
Lffects: Constructs a discard_block engine. Initializes b with a copy.of rng. Setsn = 0.

it discard_block(unsigned long s)

0.

templagte<class Gen> discard_block(Gen)

]

Lffects: Constructs a discard_block engine. Jo'construct the subobject b, invokes the b(g) construct
0.

void geed()

]

const
),

resuld

1
i

5.1.4.6

ffects: Invokes b.seed () and sets no= 0.
base_type& base() const

Returns: b

_type operator ().()

Lfects: If n >=\\r; invokes b (p-r) times, discards the values returned, and sets n = 0. In any c
ncrements r_and returns b () .

Class template xor_combine [tr.rand

bf b plus

Lffects: Constructs a discard_block engine. To construct the subobject b, invokes-its default construgtor. Sets

ifects: Constructs a discard_block engine. To construct/thessubobject b, invokes the b(s) constructgr. Sets n

r. Sets n

hse, then

eng.xor]

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

temp

clas

{

late<class UniformRandomNumberGeneratorl, int si,
class UniformRandomNumberGenerator2, int s2>
s xor_combine
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public:
// types
typedef UniformRandomNumberGeneratorl basel_type;
typedef UniformRandomNumberGenerator2 base2_type;
typedef see below result_type;

// |parameter values

S
S

// [constructors and member function

H B O 0O o g o XK M M

H

priviate:

]
b

}

The template parameters UniformRandomNumberGeneratorl and UniformRandomNumberGenerator?2 shg

classes
Unifo
denote
state is
of bl f

The m
the typ,
in clau

xor_combine ()

sl;
s2;

tic const int shiftil
tic const int shift2

_combine();

_combine(const basel_type & rngl, const base2_type & rng2);
_combine (unsigned long s);
plate<class Gen> xor_combine(Gen& g);
id seed();

plate<class Gen> void seed (Gen& g);
st basel_type& basel() const;

st base2_type& base2() const;
sult_type min() const;

sult_type max() const;

sult_type operator()();

sel_type bil; // exposition only
se2_type b2; // exposition only

that satisfy all the requirements of a uniform random number generator, given in table 15 in clause 5.
rmRandomNumberGeneratorl: :result_type and UniformRandomNumberGenerator2: :result_1
(possibly different) unsigned integraltypes. The following relation shall hold: 0 < s1 and 0 < s2. The s
the size of the state of b1 plug.the'size of the state of b2. The textual representation is the textual repre
bllowed by the textual representation of b2.

pmber result_type is defined to be either the type UniformRandomNumberGeneratorl ::result
e UniformRandomNumberGenerator2 ::result_type, whichever one provides the most storage. (A
ke [basic.fundamental].)

ffects: .Constructs a xor _combine engine. To construct each of the subobjects b7 and b2, invokes their r
efault gonstructors.

[l denote
.1. Both
ype shall
ze of the
kentation

| type or
s defined

pspective

Effects: Constructs a xor_combine engine. Initializes b with a copy of rng1 and b2 with a copy of rng2.

xor_combine (unsigned long s)

Effects: Constructs a xor_combine engine. To construct the subobject b/, invokes the b1 (s) constructor. Then,
to construct the subobject b2, invokes the b2 (s+1) constructor [Note: If both b1 and b2 are of the same type,
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both engines should not be initialized with the same seed. —end note]

template<class Gen> xor_combine(Gen& g)

Effects: Constructs a xor_combine engine. To construct the subobject b/, invokes the b1l (g) constructor. Then,
to construct the subobject b2, invokes the b2(g) constructor.

void seed()
Jffects: Invokes b1.seed () and b2.seed().
const |basel_type& basel() const
eturns: bl
const |[pase2_type& base2() const
eturns: b2
result_type operator() ()

eturns: (b1() << s1) =~ (b2() << s2).

ote: Two shift values are provided for simplicity of intefface. When using this class template, howg¢ver, it is

ddvisable for at most one of these values to be nonzero\(If both s1 and s2 are nonzero then the low|bits will
dlways be zero.) It is also advisable for the unshifted engine to have the property that max () is 2" — 1 —min() for
jome n, and for the shift applied to the other enging to be no greater than n.

An xor_combine that does not meet these conditions may have significantly worse uniformity propeities than
dither of the component engines it is based.on."—end note]

5.1.5 |Engines with predefined parameters [tr.rand.predef]

typedef
typegdef

typedef

typIef
typedef

linear_congruential<emplementation-defined, 16807, 0, 2147483647> minstd_randO;
linear_congruential&implementation-defined, 48271, 0, 2147483647> minstd_rand;

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

subtract_with_carry_O1<float, 24, 10, 24> ranlux_base_01;
subtract_with_carry_Ol<double, 48, 10, 24> ranlux64_base_01;

typedef dIsTard_bIoCKISUDtTaCct _With_CarryRimpLementation-—aefined , (124), 10, 24>, 223724

typedef

typedef
typedef

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

discard_block<subtract_with_carry_01<float, 24, 10, 24>, 223, 24> ranlux3_01;
discard_block<subtract_with_carry_01<float, 24, 10, 24>, 389, 24> ranlux4_01;
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For a default-constructed minstd_randO object, x(10000) = 1043618065. For a default-constructed minstd_rand

object,

x(10000) = 399268537.

For a default-constructed mt 19937 object, x(10000) = 4123659995.

For a default-constructed ranlux3 object, x(10000) = 5957620. For a default-constructed ranlux4 object, x(10000)

= 858

ranlu

5.1.6

A ran
numbe
that arg

If impl
pseudo

29)5. For a derault-constructed ranluxs_0O1 object, X(10UUU) = 3957620 - 2 ﬁ4. For a derault-co
k4_01 object, x(10000) = 8587295 -2,

lom_device produces non-deterministic random numbers. It satisfies all the requirements ‘of a unifor
[ generator (given in table 15 in clause 5.1.1). Descriptions are provided here only for 0operations on thg
not described in one of these tables or for operations where there is additional semantic information.

bmentation limitations prevent generating non-deterministic random numberssthe implementation may
-random number engine.

clags random_device

{
publ]
V4

ic:
rypes

typedef unsigned int result_type;

V4

I
I
do
re

pri
T
VO

};

explig

1

A

resuldt

constructors, destructors and member functions

ult_type min() const;
sult_type max() const;
uble entropy() const;

sult_type operator()();

eaplicit random_device(const std::string& tokén\= implementation-defined);
§

te:
dom_device(const random_deyice& );
id operator=(const random>device& ) ;

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

Lffects: Constructs-a random_device non-deterministic random number engine. The semantics and def
f the token parameter are implementation-defined."

Throws«A.Value of some type derived from exception if the random_device could not be initialized.

_type min() const

hstructed

Class random_device [tr.rar:li.device]

random
b engines

employ a

ult value

Returns: numeric_limits<result_type>::min()

result

_type max() const

Returns: numeric_limits<result_type>: :max()

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

entropy() const

Returns: An entropy estimate for the random numbers returned by operator(), in the range min () to log, (max () +
1). A deterministic random number generator (e.g. a pseudo-random number engine) has entropy 0.

Throws: Nothing.

resuly_type operator() ()
Returns: A non-deterministic random value, uniformly distributed between min() and max ();yinclusfve. It is
implementation-defined how these values are generated.
Throws: A value of some type derived from exception if a random number could not bé abtained.
5.1.7 |Random distribution class templates [tr.rand.dist]
The cljiss templates specified in this section satisfy all the requirements of a raiidom distribution (given in [tables in
clause [5.1.1). Descriptions are provided here only for operations on the distributions that are not described {n one of
these tables or for operations where there is additional semantic informatio.
Given @n object whose type is specified in this subclause, if the lifetime ofthe uniform random number generatof 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 distributionsiare’implementation-defined.
5.1.7.1] Class template uniform_int [tr.rand.djst.iunif]
A uniform_int random distribution produces integet\random numbers x in the range min < x < max, wjth equal
probabjlity. min and max are the parameters of the distribution.
A uniform_int random distribution satisfies @ll"the requirements of a uniform random number generator [given in
table 1p in clause 5.1.1).
template<class IntType = int>
clags uniform_int
{
publfic:
// types

t

V4

t;rEedef IntType imput_type;

edef IntTypelresult_type;

constructors\and member function

e

rgsult_type min() const;
regsultstype max() const;

liciteumiform_int (IntType min = O, IntType max = 9);

vo
te
te

};

1d I'esSetil),

mplate<class UniformRandomNumberGenerator>

result_type operator () (UniformRandomNumberGenerator& urng);

mplate<class UniformRandomNumberGenerator>

result_type operator() (UniformRandomNumberGenerator& urng, result_type n);
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uniform_int (IntType min = 0, IntType max = 9)

Requires: min < max

Effects: Constructs a uniform_int object. min and max are the parameters of the distribution.

resuly
1
resuly
1
resuly

)i
\
1

5.1.7.2

A berr
p(fals

clasls bernoulli_distribution

{
publ]
V4

t

tﬂgedef int input_type;

_Ttype min() const

Returns: The “min” parameter of the distribution.

_type max() const

Returns: The “max” parameter of the distribution.

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

Returns: A uniform random number x in the range 0 <= x < n. [Note: This allows a variate_generat
vith a uniform_int distribution to be used with std: :random_shufflef.see [lib.alg.random.shuffl
ote]

poulli_distribution random distribution producesbool values distributed with probabilities p(true
e) = 1-p. p is the parameter of the distribution.

ic:
types

edef bool result_type;

constructors and member function

};

berno

licit bernoulli_distribution(double p = 0.5);

ble p() const;

id reset();

plate<class UniformRandomNumberGenerator>

esult_type, operator () (UniformRandomNumberGenerator& urng) ;

1¥_distribution(double p = 0.5)

br object
. —end

Class bernoulli_distribution [tr.rand.dfst.bern]

) =pand

Requires: 0 <p <1

Effects: Constructs a bernoulli_distribution object. p is the parameter of the distribution.

double p() const

9

Returns: The “p” parameter of the distribution.
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5.1.7.3 Class template geometric_distribution

A geometric_distribution random distribution produces integer values i > 1 with p(i) = (1 —p)-p

i—1

parameter of the distribution.

template<class IntType = int, class RealType = double>
Clambxlc_ulbu;uubiou

{

[tr.rand.dist.geom]

. pis the

public:

// types
tyjpedef RealType input_type;
t;’Eedef IntType result_type;

// |constructors and member function

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

vaid reset();

template<class UniformRandomNumberGenerator>

result_type operator () (UniformRandomNumberGenerator& urng)s;

};

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

Requires: 0 <p <1

Effects: Constructs a geometric_distribution object; p is the parameter of the distribution.

RealType p() const

5.1.7.4] Class template poisson_distiribution [tr.rand.dist.pois]

99

Returns: The “p” parameter of the distribution.

A poigson_distribution random distribution produces integer values i > O with probability distribution

i
mean _mean

p(l):Te ’

where [nean is the parameter of the distribution.

template<class) IntType = int, class RealType = double>
clags poisson_distribution

{

publfic®

// types
typedef RealType input_type;
typedef IntType result_type;

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

};

poissor—eistributienteonst—healEypet—mean—RealType
2 equires: mean > 0

3 Jffects: Constructs a poisson_distribution object; mean is the parameter of the distribution.

RealType mean() const

4 Returns: The mean parameter of the distribution.

5.1.7.5| Class template binomial_distribution [tr.randdist.bin]

I Abingmial_distribution random distribution produces integer values i >0\with
. n i —{
p(i) = <l> - (1=p)" A

where | and p are the parameters of the distribution.

template<class IntType = int, class RealType = double>
clags binomial_distribution
{
publlic:
// |types
tyjpedef implementation-defined inputitype;
tﬂgedef IntType result_type;

// [constructors and member function

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

1Type p() const;

id reset();

plate<class UnfiformRandomNumberGenerator>

esult_type operator () (UniformRandomNumberGenerator& urng);

G < W H O

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

2 eqiures: 0 <p<landt >0.

3 Effects: Constructs a binomial_distribution object; t and p are the parameters of the distribution.

IntType t() const

4 Returns: The “t” parameter of the distribution.

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

5.1.7.6

Class template uniform_real [tr.rand.dist.runif]

A uniform_real random distribution produces floating-point random numbers x in the range min < x < max, with

equal grobability. min and max are the parameters of the distribution.
A uniform_real random distribution satisfies all the requirements of a uniform random number gen€rator [given in
table 1p in clause 5.1.1).
template<class RealType = double>
clags uniform_real
{
publfic:
// [types
typedef RealType input_type;
tﬂgedef RealType result_type;
// |constructors and member function
explicit uniform_real(RealType min = RealType(0), RealTypemax = RealType(1));
rgzult_type min() const;
result_type max() const;
vaid reset();
template<class UniformRandomNumberGenerator>
result_type operator () (UniformRandomNumberGenerator& urng);
};
uniforn_real (RealType min = RealType(0), RealType max = RealType(1))
Requires: min < max.
Effects: Constructs a uniform_real object; min and max are the parameters of the distribution.
resuly_type min() const
Returns: The “min” parameter of the distribution.
result type max() const
Returns: Themax” parameter of the distribution.
5.1.7.7| Class‘template exponential_distribution [tr.rand.{ist.exp]
An exponéntial distribution random distribution produces random numbers x > 0 distributed with probability

density function

p(x) =Ae

where A is the parameter of the distribution.

temp
clas

late<class RealType = double>
s exponential_distribution
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{
pu

};

expo

Real

blic:

// types

typedef RealType input_type;
typedef RealType result_type;

// |constructors and member function

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

RgalType lambda() const;

vaid reset();

template<class UniformRandomNumberGenerator>

result_type operator () (UniformRandomNumberGenerator& urng) ;

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

Requires: lambda > 0.

f random numbers. lambda is the parameter for the distribution.

Type lambda() const

Returns: The “A” parameter of the distribution.

5.1.7.8] Class template normal_distribution

Effects: Constructs an exponential_distribution object with rug-as the reference to the underlyirlg source

[tr.rand.dit.norm]

A normal_distribution random distribution praduces random numbers x distributed with probability dengity func-

tion

L (—mean)?/(202)

pix) = py ,

where jnean and ¢ are the parameters.6fithe distribution.

template<class RealType = double>
clasls normal_distribution

{

public:

};

// [types
typedef Reallype input_type;
tﬂgedef RealType result_type;

// lconstiuétors 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);
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explicit normal_distribution(const result_type& mean

Requires: sigma > 0.

0, const result_type& sigma = 1);

Effects: Constructs a normal_distribution object; mean and sigma are the parameters for the distribution.

RealTyjpe mean() const
eturns: The “mean” parameter of the distribution.
RealTyppe sigma() const

Returns: The “o” parameter of the distribution.

5.1.7.9] Class template gamma_distribution

A gampa_distribution random distribution produces random numbers x distributed with probability density|

(o)
where [ is the parameter of the distribution.

template<class RealType = double>
clasls gamma_distribution
{
publlic:

// [types
tyjpedef RealType input_type;
tzﬁedef RealType result_type;

// [constructors and member function

X

(x—le—x

)

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

RegalType alpha() consts
vdid reset();
tegmplate<class UniformRandomNumberGenerator>

explidit gamma_distribution(const result_type& alpha

result_type ‘operator () (UniformRandomNumberGenerator& urng) ;

result_type(1));

[tr.rand.distjgammal]

Requires: alpha > U.

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

RealType alpha() const

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

5.2.1 Additions to header <cmath> synopsis

[tr.num.sf]

[tr.num.sf.cmath]

Table 18 summarizes the functions that are added to header <cmath>. The detailed signatures are given in the synopsis.

Each of-these-funettorrsts-provided of-argHmetso ype oataotnore A Trong—aouoTre: "‘i‘:-“‘
header|[<cmath> are:

namgspace std {

namespace trl {
//|[5.2.1.1] associated Laguerre polynomials:
dguble assoc_laguerre(unsigned n, unsigned m, double x);
flloat assoc_laguerref (unsigned n, unsigned m, float x);
long double assoc_laguerrel(unsigned n, unsigned m, long double x);
//|[5.2.1.2] associated Legendre functions:
daguble assoc_legendre(unsigned 1, unsigned m, double x);
float assoc_legendref (unsigned 1, unsigned m, float x);
long double assoc_legendrel(unsigned 1, unsigned m, long double x);
//|[5.2.1.3] beta function:
double beta(double x, double y);
flloat betaf (float x, float y);
long double betal(long double x, long double y)y
//\[5.2.1.4] (complete) elliptic integral of the first kind:
double comp_ellint_1(double k) ;
float comp_ellint_1f(float k) ;
long double comp_ellint_11(long double’ k) ;
/[5.2.1.5] (complete) elliptic integral of tiie’second kind:
double comp_ellint_2(double k) ;
flloat comp_ellint_2f(float k) ;
long double comp_ellint_21(long double k);
//[5.2.1.6] (complete) elliphic integral of the third kind:
double comp/ellint_3(double k, double nu);
flloat comp.ellint_3f(float k, float nu);
long double scomp_ellint_31(long double k, long double nu);
H\[5.2. 1. 7]-confluent hypergeometric functions:
doublée conf_hyperg(double a, double c, double x);
float conf_hypergf (float a, float c, float x);
lo g aouole onf_ ypergil{1lomng double 4, 10IIg double C, I1ong double XJ,

/' [5.2.1.8] regular modified cylindrical Bessel functions:

double cyl_bessel_i(double nu, double x);

float cyl_bessel_if(float nu, float x);

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

© ISO/IEC 2007 — All rights reserved


https://iecnorm.com/api/?name=ee3a0eba23f997fb34fc542d96f35a47

ISO/IEC TR 19768:2007(E)

71 Numerical facilities 5.2 Mathematical special functions

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

double cyl_bessel_j(double nu, double x);

float cyl_bessel_jf(float nu, float x);

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

// [5.2.1.10] irregular modified cylindrical Bessel functions:

double cyl_bessel_k(double nu, double x);
flloat cyl_bessel_kf (float nu, float x);
long double cyl_bessel_kl(long double nu, long double x);

/\[5.2.1.11] cylindrical Neumann functions;

// leylindrical Bessel functions (of the second kind):

double cyl_neumann(double nu, double x);

flloat cyl_neumannf (float nu, float x);

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

H\[5.2.1.12] (incomplete) elliptic integral of the first kind:

double ellint_1(double k, double phi);

flloat ellint_1f(float k, float phi);

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

/\[5.2.1.13] (incomplete) elliptic integral of the second kind.:

double ellint_2(double k, double phi);

flloat ellint_2f (float k, float phi);

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

/|[5.2.1.14] (incomplete) elliptic integral of the third*kind:

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

flloat ellint_3f(float k, float'au, float phi);

long double ellint_31(long double k3 long double nu, long double phi);

//\[5.2.1.15] exponential integral:

double expint (double-x)\

float expintf (float\x) ;

long double expintl(long*double x);

//|[5.2.1.16] Hermite polynomials:

dduble hermite (unsigned n, double x);

flloat hermitef (unsigned n, float x);

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

/[5.2.4.17] hypergeometric functions:
double hyperg(double a, double b, double c, double x);

flo=t hypc;sf(fluqt T, o=t ’u, o=t T o=t A),
long double hypergl(long double a, long double b, long double c,
long double x);

// [5.2.1.18] Laguerre polynomials:

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

/
do
fl
lo

/
do
bl
10

/
do
bl
1o

/
do
£
1o

/
/
do
£
1o

/4

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

[5.2.1.19] Legendre polynomials:

uble legendre(unsigned 1, double x);

oat legendref (unsigned 1, float x);

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

[5.2.1.20] Riemann zeta function:

uble riemann_zeta(double);

oat riemann_zetaf (float);

ng double riemann_zetal(long double);

[5.2.1.21] spherical Bessel functions (of the first kind):

uble sph_bessel (unsigned n, double x);

oat sph_besself (unsigned n, float x);

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

[5.2.1.22] spherical associated Legendre functions:

uble sph_legendre(unsigned 1, unsigned m, double thetad);
oat sph_legendref (unsigned 1, unsigned m, float theta);
ng double sph_legendrel(unsigned 1, unsigned m, long double theta);

[5.2.1.23] spherical Neumann functions;

spherical Bessel functions (of the second kind):
uble sph_neumann(unsigned n, double x)g
oat sph_neumannf (unsigned n, float (%) ;

ng double sph_neumannl(unsigned n, long ‘double x);
// namespace trl
namespace std

Table 18: Additions to header <cmath> synopsis

] Type Name(s)

Functions:

agsec_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

3 Eacho
additio

nal overloads:

1. aversion with each double parameter replaced with a float parameter (the £1loat version), and

2. aversion with each double parameter replaced with a long double parameter (the long double version).

4 The return type of each such float version shall be f1loat, and the return type of each such long double version shall
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be long double.

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

1. First, if any argument corresponding to a double parameter in the double version has type long double, the
ong double version 18 called.

2. Qtherwise, if any argument corresponding to a double parameter in the double version has typedoub}e or has
4n integer type, the double version is called.

3. (Qtherwise, the float version is called.

Each of the functions declared above shall return a NaN (Not a Number) if any argument value is a NaN, byt it shall
not refort a domain error. Otherwise, each of the functions declared above shall report\a"domain error for jpst those
argumgnt values for which:

— the function description’s Returns clause explicitly specifies a domain, and\those arguments fall outside fhe spec-
ified domain; or

— the corresponding mathematical function value has a non-zero imaginary component; or
— the corresponding mathematical function is not mathematically’defined.”

Unless|otherwise specified, a function is defined for all finite valdes, for negative infinity, and for positive infinjity.

5.2.1.1] associated Laguerre polynomials [tr.num|sf.Lnm]
double assoc_laguerre (unsigned n, umsigned m, double x);
float assoc_laguerref (unsigned ns\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 n, i, and x.

Returns: The assoc_laguerre functions return

m
L™ (x) = (_1)'";7,” Lysm(x), forx>0.
X

Note: Theeffect of calling each of these functions is implementation-defined if n >= 128.

5.2.1.2] ~associated Legendre functions [tr.nunln.sf.le]
double assoc_legendre (unsigned 1, unsigned m, double x);
float assoc_legendref (unsigned 1, unsigned m, float x);

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

2 A mathematical function is mathematically defined for a given set of argument values if it is explicitly defined for that set of argument values or
if its limiting value exists and does not depend on the direction of approach.
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1 Effects: These functions compute the associated Legendre functions of their respective arguments 1, m, and x.

2 Returns: The assoc_legendre functions return

P = (1-2)"2 S0P, forx >0,

Note: The effect of calling each of these functions is implementation-defined if 1 >= 128.

5.2.1.3| beta function [tr.num.sf.beta]
double beta(double x, double y);
float betaf (float x, float y);
long double Dbetal(long double x, long double y);
1 Effects: These functions compute the beta function of their respective argumients x and y.
2 Returns: The beta functions return
B(a.y) — LOTO)
" Tafy)
5.2.1.4] (complete) elliptic integral of the first kind [tr.num.sf.ellK]
doubld comp_ellint_1(double k);
float comp_ellint_1f(float k);
long double comp_ellint_11(long double k)3

1 ]

2 ),

Lffects: These functions compute the complete elliptic integral of the first kind of their respective argum

Returns: The comp_ellint_1.functions return

do

/2
K(k) = F(k,7/2) = /0 Nt

ents k.

5.2.1.5| (complete) elliptic integral of the second kind [tr.num/sf.ellEx]
doublsg comp_ellint_2(double k) ;
float comp_ellint_2f (float k);
long double comp_ellint_21(long double k);
1 Effects: These functions compute the complete elliptic integral of the second kind of their respective arguments k.
2 Returns: The comp_ellint_2 functions return

74

/2
E(k,m/2) = / V1—k%sin®0d6 .
0
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5.2.1.6 (complete) elliptic integral of the third kind [tr.num.sf.ellPx]
double comp_ellint_3(double k, double nu);

float
long double

comp_ellint_3f(float k, float nu);
comp_ellint_31(long double k, long double nu);

FIfecTs:
4nd n.

Returns: The comp_ellint_3 functions return

These TUncTions COMPUIE e COMPITIE SHIPTT MIegrat of e third Kind of heir Tespective argpments k

do

—vsin?0)V/1 - k2sin’ 6

N(v,k,7/2) :/Om(l

5.2.1.7| confluent hypergeometric functions [tr.num.sflconhyp]

doublqg
float
long double

X.

Returns: The conf _hyperg functions return

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

Effects: These functions compute the confluent hypergeometric functions of their respective arguments ja, ¢, and

5.2.1.8] regular modified cylindrical Bessel functions [tr.pum.sf.I]

doublse
float
long double

Returns: The cyl _bessel_i functions return

Noté/The effect of calling each of these functions is implementation-defined if nu >= 128.

cyl_bessel_i(double nw, double x);
cyl_bessel_if (floagp fiu; float x);
cyl_bessel_il(lodg double nu, long double x);

Effects: These functions‘eompute the regular modified cylindrical Bessel functions of their respective afguments
nu and x.

oo X v+2k
() =iy fin) = Y 2

2 forx>0.
A T(vk+1) t=

5.2.1.9 cylindrical Bessel functions (of the first kind) [tr.num.sf.J]

double
float
long double

cyl_bessel_j(double nu, double x);
cyl_bessel_jf(float nu, float x);
cyl_bessel_jl(long double nu, long double x);
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5.2.1.

Effects: These functions compute the cylindrical Bessel functions of the first kind of their respective arguments

nu and x.

Returns: The cyl_bessel_j functions return

§ (/)

[N 0.
IV A T— Lt TOTX A%

= KT(v+k+1) 7 -

Note: The effect of calling each of these functions is implementation-defined if nu >= 128.

1D irregular modified cylindrical Bessel functions [tr.n

doubld cyl_bessel_k(double nu, double x);
float cyl_bessel_kf(float nu, float x);

long

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

Effects: These functions compute the irregular modified cylindrical Bessel'functions of their respective a
nu and x.

Returns: The cyl_bessel_k functions return

7 1L (0) — Iy (x)

5 ey , for x > 0 and non-integral v
sin

Ky (x) = (/2)i"* (Jy (ix) +iNy (ix)) = | |
& lim M7 for x > 0 and integral v
2 p—v sin U7

Note: The effect of calling each of these-functions is implementation-defined if nu >= 128.

5.2.1.1]1 cylindrical Neumann functions [tr.n

doubl
float
long

cyl_neumann(deuble nu, double x);
cyl_neumannf(float nu, float x);
uble cyl_neumannl{long double nu, long double x);

Jffects: Thesedunctions compute the cylindrical Neumann functions, also known as the cylindrical Bes
ons of the $econd kind, of their respective arguments nu and x.

eturnse=Fhe cyl_neumann functions return

( Jyv(x)cosvm —J_y(x)

forx >0 and nnn-intpgrnl v

m.sf.K]

guments

him.sf.N]

sel func-

SInvV7w
Ny (x) =

lim Ju(x)cosum —J_;(x)

i , forx >0 and integral v
u—v sin

Note: The effect of calling each of these functions is implementation-defined if nu >= 128.
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5.2.1.12 (incomplete) elliptic integral of the first kind [tr.num.sf.ellF]
double ellint_1(double k, double phi);

float ellint_1f(float k, float phi);

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

Lfects: These tunctions compute the incomplete elliptic integral of the first kind of their respective arghments k
dnd phi (phi measured in radians).

Returns: The ellint_1 functions return

¢ de
F(k,9) :/ ——— for|k| < 1.
0 \/1—k2sin’6
5.2.1.18 (incomplete) elliptic integral of the second Kkind [tr.num.sf.ellE]
doublég ellint_2(double k, double phi);
float ellint_2f(float k, float phi);

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

Effects: These functions compute the incomplete elliptic integral of the second kind of their respective afguments
¥ and phi (phi measured in radians).

Returns: The ellint_2 functions return

9
E(k,d)):/o [ —K2sin>0d6, for [k < 1.

5.2.1.1¢ (incomplete) elliptic integral of ‘the third kind [tr.num.sf.ellP]
double ellint_3(double k,\double nu, double phi);
float ellint_3f(float k, /float nu, float phi);

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

Effects: These functions compute the incomplete elliptic integral of the third kind of their respective argyments k,
nu, and phi (phi measured in radians).

Returns: Thé.el1int_3 functions return

¢ do
ﬂ(v,k,¢):/ , for |k] <1.
0 (1—vsin®0)v/1—k%sin’6
5.2.1.15 exponential integral [tr.num.sf.ei]
double expint (double x);
float expintf (float x);

long double expintl(long double x);
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1 Effects: These functions compute the exponential integral of their respective arguments x.
2 Returns: The expint functions return

oo ,—I
. e
Ei(x) = —/ —dr.
x t

5.2.1.16 Hermite polynomials [tr:num.sf.Hn]

doubld hermite(unsigned n, double x);

float hermitef (unsigned n, float x);

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

1 Effects: These functions compute the Hermite polynomials of their respective arguments n and x.
2 Returns: The hermite functions return
B a2 db o
H,(x) = (—1)"" P

3 Note: The effect of calling each of these functions is implementatien-defined if n >= 128.

5.2.1.17 hypergeometric functions [tr.num.sf.hyper]

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

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

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

1 Effects: These functions compute the hypergeometric functions of their respective arguments a, b, c, and x.
2 Returns: The hyperg functions return
I'(c) I'(a —|— n)(b+n
F(a,b;c;x) = Z ) ¥ .
a)l'(b) =, I'(c+ n) n!
5.2.1.18 Laguerre polynomials [tr.num.sf.Ln]
double lagherre (unsigned n, double x);
float laguerref (unsigned n, float x);
long double.NTaguerrel(unsigned n, long double x);
1 Effects: These functions compute the Laguerre polynomials of their respective arguments n and x.
2 Returns: The laguerre functions return
X dn
n_—x
L.(x) = e (x"e™), forx>0.
3 Note: The effect of calling each of these functions is implementation-defined if n >= 128.
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5.2.1.19 Legendre polynomials [tr.num.sf.P1]
double legendre(unsigned 1, double x);
float legendref (unsigned 1, float x);

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

Effects: These functions compute the Legendre polynomials of their respective arguments 1 and x.

Returns: The legendre functions return

1 d o,

P[(.x) = Ww(x — 1)6, for |x| § 1.

Note: The effect of calling each of these functions is implementation-defined if ¥ >= 128.

5.2.1.20 Riemann zeta function [tr.num.sf.riemannzeta]
doubld riemann_zeta(double x);
float riemann_zetaf (float x);

long double riemann_zetal(long double x);
Effects: These functions compute the Riemann zeta fungetion of their respective arguments x.

Returns: The riemann_zeta functions return

Z kK, forx > 1
k=1
Cx) =
X x—1 e x
2 51n(7)1"(1 —x)¢(1—x), forx<1

5.2.1.21 spherical Besselfunctions (of the first kind) [tr.pum.sf.j]
doubl sph_bessél(unsigned n, double x);
float sph-besself (unsigned n, float x);

long double sph'bessell(unsigned n, long double x);

Jffects: These functions compute the spherical Bessel functions of the first kind of their respective arghments n
nd.x,

Returns: The sph_bessel functions return

in(x) = (717/2)()1/2.]"+1/2(x), forx > 0.

Note: The effect of calling each of these functions is implementation-defined if n >= 128.
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5.2.1.22 spherical associated Legendre functions [tr.num.sf.YIm]

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

long

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

4nd theta (theta measured in radians).

Returns: The sph_legendre functions return
Y{'(6,0)
Wwhere

— a2 _
Y7'(0,9)=(-1)" [%;:UM} P"(cos @)™, fafilm| < ¢.

[INote: This formulation avoids any need to return non-real numbers. —enddiote]

INote: The effect of calling each of these functions is implementation-défined if 1 >= 128.

FffecTs— These TUncTtions COMpUIE e Spherical associated Legendre TUnctons of UeiT Tespective arguments 1, m,

5.2.1.28 spherical Neumann functions [tr.num.sf.n]

double sph_neumann(unsigned n, double x);

float
long

5.2.2

sph_neumannf (unsigned n, float x);
double sph_neumannl(unsigned n, long double ()}

Effects: These functions compute the spherical Neiimann functions, also known as the spherical Bessel
f the second kind, of their respective arguments'n and x.

Returns: The sph_neumann functions retutn

fn(x) = (71/2x) 2N, o (x),  forx > 0.

Note: The effect of calling each of these functions is implementation-defined if n >= 128.

The hepder <math . h>shall have sufficient additional using declarations to import into the global name space
functiogn names deglared in the previous section.

unctions

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

all of the
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6 Containers

[tr.cont]

This clpuse describes components that C++ programs may use to organize collections of information.

The following subclauses describe tuples, fixed size arrays, and unordered associated centainers, as summprized in

Table 19.

6.1 uple types

Table 19: Container library summary

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

6.3 Unordered associative containers <functional>
<unordered_set>
<unordered_map>

tr.tuple]

6.1 dedcribes the tuple library that providesca tuple type as the class template tuple that can be instantiated with any
numbe} of arguments. An implementation ¢an set an upper limit for the number of arguments. The minimyim value
for thi§ implementation quantity is défined in Annex A. Each template argument specifies the type of an elem¢nt in the
tuple| Consequently, tuples are heterogeneous, fixed-size collections of values.

6.1.1 |Header <tuple> synopsis

namgspace std {
namgspace trl {

//[6.1.3] Classtemplate tuple
tegmplate <Class T1 = unspecified,

class T2

class TM

unspectfied,

unspectfied> class tuple;

[tr.tuple.synopsis]

// [6.1.3.2] Tuple creation functions
const unspecified ignore;

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

tuple<Vi, V2,

.» VN> make_tuple(const T1&, const T2& , ..., const TN&);
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template<class T1, class T2, ..., class

V4

tuple<Ti&, T2%&,

[6.1.3.3] Tuple helper classes

template <class T> class tuple_size;

tdmplate <int I, class T> class tuple_element;

V4

template <int I, class T1, class T2,

template <int I, class T1, class T2,

V4

N>

., TN&> tie(T1&, T2& , ..., TN&);

[6.1.3.4] Element access

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

PJ get(const tuple<T1, T2, ..., TN>&);

[6.1.3.5] relational operators

template<class T1, class T2, ..., class

bool operator==(const tuple<T1, T2,

template<class T1, class T2, ..., class

bool operator<(const tuple<Ti, T2,

template<class T1, class T2, ..., class

bool operator!=(const tuple<Ti, T2,

template<class T1, class T2, ..., class

bool operator>(const tuple<T1l, T2,

template<class T1, class T2, ..., class

bool operator<=(const tuple<T1, T2j

template<class T1, class T2, .., class

/4
/4

6.1.2

bool operator>=(const tuple<Ti, T2,
namespace trl
namespace std

Additions to header <utility> synopsis

namgspace std f
namgspace tpl™{

template
template

<class T> class tuple_size; //forward declaration
<int I, class T> class tuple_element; //forward declaration

., class TN>
., class TN>
TM, class Ul, class U2, \\% class UM>
., TM>&, const tuple<Ul,)U2, ..., UM>&);
T™, class Ul, class U2, ..., class UM>
., TM>&, const tuple<U1l, U2, ..., UM>&);
T™, class d1,Yclass U2, ..., class UM>
., TM>& sconst tuple<Ul, U2, ..., UM>&);
™, €lass Ul, class U2, ..., class UM>
L% IM>&, const tuple<U1l, U2, ..., UM>&);
T™, class Ul, class U2, ..., class UM>
., TM>&, const tuple<Ul, U2, ..., UM>&);
T™, class Ul, class U2, ..., class UM>
., TM>&, const tuple<Ul, U2, ..., UM>&);
[tr.tuple.synopsis.pair]

te plate <Class 11, Class 127 STIUcCt tuple_Sizesstd.  palrsll, 1zZ- ~;

template
template

V4

see below for definition of “P”.

<class T1, class T2> struct tuple_element<0, std::pair<T1, T2> >;
<class T1, class T2> struct tuple_element<l, std::pair<T1, T2> >;

template<int I, class T1, class T2> P& get(std::pair<T1l, T2>&);
template<int I, class T1, class T2> const P& get(const std::pair<T1, T2>&);

82
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} // namespace trl
} // namespace std

6.1.3 Class template tuple

M denote : ed-u :
numbef of template arguments specified in an instantiation.

[Example: Given the instantiation tuple<int, float, char>, Nis 3. —end example]

template <class T1 = unspecified,
class T2 = wunspecified,
class TM = unspecified>
clasls tuple
{
publlic:

tuple();

explicit tuple(P1, P2, ..., PN); /iff N>0

tuple(const tuple&);
plate <class Ul, class U2, ..., class UN> tuple(coust tuple<Ul, U2, ..., UN>&);
template <class Ul, class U2> tuple(const pair<U1l, U2>&); /N ==

ot

tuple& operator=(const tuple&);
plate <class Ul, class U2, ..., class UN>~tuple& operator=(const tuple<Ul, U2,
template <class Ul, class U2> tuple& operator=(const pair<Ul, U2>&); /iff N==2

ot

6.1.3.1] Construction

tuple(];

Requires: Each type Ti shall\bé default constructible.

Effects: Default initializes each element.

tuple(P1l, P2, ..., PN);

where Pi is T3 if Ti is a reference type, or const Ti& otherwise.
Requires:\Edch type Ti shall be copy constructible.

Effécts=’Copy initializes each element with the value of the corresponding parameter.

[tr.tuple.tuple]

notes the

., UN}&);

[tr.tuple.cnstr]

tuple(const tuple& u);
Requires: Each type Ti shall be copy constructible.
Effects: Copy constructs each element of *this with the corresponding element of u.

template <class Ul, class U2, ..., class UN> tuple(const tuple<Ul, U2, ..., UN>& u);
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Requires: Each type Ti shall be constructible from the corresponding type Ui.

Effects: Constructs each element of *this with the corresponding element of u.

[Note: In an implementation where one template definition serves for many different values for N, enable_if
can be used to make the convertlng constructor and a551gnment operator ex1st only in the cases where the source

equires: T1 shall be constructible from U1, T2 shall be constructible from U2. N ==

Jffects: Constructs the first element with u.first and the second element with w.seeond.
tupled] operator=(const tuple& u);
equires: Each type Ti shall be assignable.
Jffects: Assigns each element of u to the corresponding element of *this.
eturns: *this
template <class Ul, class U2, ..., class UN> tuple& operapor=(const tuple<U1l, U2, ..., UN>& u
equires: Each type Ti shall be assignable from the corresponding type Ui.

Jffects: Assigns each element of u to the corresponding element of *this.

template <class Ul, class U2> tuple& operator=(const pair<Ul, U2>& u);
equires: T1 shall be assignable from-U1, T2 shall be assignable from U2. N == 2.
Jffects: Assigns u.first to the\first element of *this and u.second to the second element of *this.
eturns: *this

ote: There are rar€ conditions where the converting copy constructor is a better match than the elen
¢onstruction, even\though the user might intend differently. An example of this is if one is constructir
¢lement tuple where the element type is another tuple type T and if the parameter passed to the construc
of type T, bot'rather a tuple type that is convertible to T. The effect of the converting copy constructio
kely the.same as the effect of the element-wise construction would have been. However, it it possible to
the “n€sting depths” of the source and target tuples and decide to select the element-wise constructor if t}

template
nverting

]

ent-wise
g a one-
[or is not
) is most
compare
e source

esting depth is smaller than the target nesting- depth This can be accomplished using an enable_if tellnplate or

1 1o £ d ¢ J
T LUUID TOT uuuoucuuuu u.lul)u.u\.o (4727 IHJLCJ

6.1.3.2 Tuple creation functions [tr.tuple.creation]

template<class T1, class T2, ..., class TN>
tuple<Vl, V2, ..., VN> make_tuple(const T1& t1, const T2& t2, ..., const TN& tn);
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where Vi is X& if the cv-unqualified type Ti is reference_wrapper<X>, otherwise Vi is Ti.

The make_tuple function template shall be implemented for each different number of arguments from O to the
maximum number of allowed tuple elements.

Returns: tuple<Vi, V2, ..., VN>(t1, t2, ..., tn).

[

[«

templa
tup]]

1

\

[§

6.1.3.3

Fxample:

int i; float j;

make_tuple(l, ref(i), cref(j))
reates a tuple of type

tuple<int, int&, const float&>

—end example)

te<class T1, class T2, ..., class TN>
e<T1&, T2&, ..., TN> tie(T1& t1, T2& t2, ..., TN& tn);

umber of allowed tuple elements.

Returns: tuple<T1&, T2&, ..., TN&>(t1l, t2, 3., tn). When an argument t; is ignore, assig
alue to the corresponding tuple element has no effeet:

Fxample: tie functions allow one to create tuples that unpack tuples into variables. ignore can be
lements that are not needed:

int i; std::string s;
tie(i, ignore, s) = make_tuple(42, 3.14, "C++");
/i == 42 s == "C++"

—end example)

Tuple helper classes [tr.tuplg

tuple

size<T>: :value
equiresT-is an instantiation of class template tuple.

ype:, integral constant expression.

[he tie function template shall be implemented for each different'number of arguments from O to the nhaximum

ning any

used for

. helper]

Value: Number of elements in T.

tuple_

element<I, T>::type

Requires: 0 < I < N. The program is ill-formed if I is out of bounds.

Value: The type of the Ith element of T, where indexing is zero-based.
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6.1.3.4 Element access
template <int I, class T1, class T2, ..., class TN>
RJ get(tuple<Tl, T2, ..., TN>& t);

Requires: 0 < I < N. The program is ill-formed if I is out of bounds.

[tr.tuple.elem]

eturn type: RJ, where J=I+1. If TJ is a reference type, then RJ is TJ, otherwise RJ is TJ&.
eturns: A reference to the Ith element of t, where indexing is zero-based.

e <int I, class T1, class T2, ..., class TN>
t(const tuple<T1, T2, ..., TN>& t);

equires: 0 < I < N. The program is ill-formed if I is out of bounds.
eturn type: PJ, where J=I+1. If TJ is a reference type, then PJ is TJ, otherwise PJ is const TJ&.
eturns: A const reference to the Ith element of t, where indexing is zerosbased.

ote: Constness is shallow. If TJ is some reference type X&, the retdrn type is X&, not const X&. Ho

efined to work for member variables of reference type. —end note.]

wever, if

e element type is non-reference type T, the return type is const:\T&. This is consistent with how constness is

ote: The reason get is a nonmember function is thaf if*this functionality had been provided as a|member
nction, invocations where the type depended on a template parameter would have required using the template
eyword. —end note]
6.1.3.5| Relational operators [tr.tuple.rel]
e<class T1, class T2, ..., clag§s TN, class Ul, class U2, ..., class UN>
operator==(const tuple<T1, I2, ..., TN>& t, const tuple<Ul, U2, ..., UN>& u);
equires: For all i, where O(<="1 < N, get<i>(t) == get<i>(u) is a valid expression returning a [type that
convertible to bool.
eturns: true iff gefd>(t) == get<i>(u) for all i. For any two zero-length tuples e and f, e == [f returns
rue.
Jffects: The€lementary comparisons are performed in order from the zeroth index upwards. No comparisons or

lement a¢cesses are performed after the first equality comparison that evaluates to false.

e<clags T1, class T2, ..., class TN, class Ul, class U2, ..., class UN>
operator<(const tuple<T1l, T2, ..., TN>& t, const tuple<Ul, U2, ..., UN>& u);

Requires: For all 1, where 0 <= i < N, get<i>(t) < get<i>(u) is a valid expression returning a type that is

convertible to bool.

Returns: The result of a lexicographical comparison between t and u. The result is defined as: (bool) (get<0>(t)
< get<0>(u)) || (!(bool) (get<0>(u) < get<0>(t)) && tui < i), where ry,; for some tuple r is a
tuple containing all but the first element of r. For any two zero-length tuples e and f, e < f returns false.
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template<class T1, class T2, ..., class TM, class Ul, class U2,
., TM>& t, const tuple<U1l, U2, ..., UM>& u);

bool operator!=(const tuple<T1, T2,

Returns: ' (t == u).

template<class T1, class T2, ..., class TN, class Ul, class U2,

., class UM>

., class UN>

booll operator>(const tuple<TI, T2,

Returns: u < t.

template<class T1, class T2, ..., class TN, class Ul, class U2,
., TN>& t, const tuple<U1l, U2, ..., UN>& 4)}

bool| operator<=(const tuple<T1l, T2,
Returns: ' (u < t)
template<class T1, class T2, ..., class TN,

bool| operator>=(const tuple<T1l, T2,

Returns: ' (t < u)

., IN>& t, const tuple<Ul, U2, ..., UN>& u);

., class UN>

., class UN>
., TN>& t, const tuple<U1l, U2, L. !, UN>& u);

[Note: [The above definitions for comparison operators do not require t,1. (01 U,j;) to be constructed. It may not even be
possible, as t and u are not required to be copy constructible. Also, all comparison operators are short circuited; they

do not perform element accesses beyond what is required to determine the result of the comparison. —end notg]

6.1.4 |Pairs

These femplates are extensions to the standard library class template std: :pair.

tuple_size<pair<T1, T2> >::value

Yalue: 2.

tuple_Jelement<0, pair<T1, T2>.>::type
Yalue: the type T1,
tuple_Jelement<1l, pair<T1l, T2> >::type

Yalue: theltype T2.

template<int) I, class T1l, class T2>
P& get(pdir<T1, T2>&);

Returns: integral constant expression:

[tr.tuple.pairs]

template<int I, class T1, class T2>
const P& get(const pair<T1l, T2>&);

Return type: If T == OthenPis T1,if I == 1 then P is T2, and otherwise the program is ill-formed.

Returns: If I == O returns p.first, otherwise returns p.second.

© ISO/IEC 2007 — All rights reserved

87


https://iecnorm.com/api/?name=ee3a0eba23f997fb34fc542d96f35a47

ISO/IEC TR 19768:2007(E)

6.2 Fixed size array

Containers 88

6.2 Fixed size array [tr.array]
6.2.1 Header <array> synopsis [tr.array.syn]
namespace std {
namespace trl {
//1[6.2.2] Class template array
template <class T, size_t N > struct array;
// |\Array comparisons
template <class T, size_t N> bool operator== (const array<T,N>& x, const array<F;N>& y);
template <class T, size_t N> bool operator!= (const array<T,N>& x, const array<T,N>& y);
template <class T, size_t N> bool operator< (const array<T,N>%& x, const arxray<T,N>& y);
template <class T, size_t N> bool operator> (const array<T,N>& x, const array<T,N>& y);
template <class T, size_t N> bool operator<= (const array<T,N>& x, const array<T,N>& y);
template <class T, size_t N> bool operator>= (const array<T,N>& x,, comnst array<T,N>& y);
//1[6.2.2.2] Specialized algorithms
template <class T, size_t N > void swap(array<T,N>& x, array<T,N>& y);
//1[6.2.2.5] Tuple interface to class template array
template <class T> class tuple_size; //forward declaration
template <int I, class T> class tuple_element; //forward declaration
tI:plate <class T, size_t N> struct tupleysize<array<T, N> >;
template <int I, class T, size_t N> struct tuple_element<I, array<T, N> >;
template <int I, class T, size_t N> T& get( array<T, N>&);
template <int I, class T, size_t N> const T& get(const array<T, N>&);
} //|namespace trl
} //|namespace std
6.2.2 |Class template array [tr.arrgdy.array]
1 The hdader <array> defines &.class template for storing fixed-size sequences of objects. An array supports ran-
dom adcess iterators. An irnistance of array<T, N> stores N elements of type T, so that size() == N is an {nvariant.
The el¢ments of an arr@ay) are stored contiguously, meaning that if a is an array<T, N> then it obeys thg identity
&a[n]|== &al[0] +.nforall0 <= n < N.
2 An artay is an aggregate ([dcl.init.aggr]) that can be initialized with the syntax
arrgy a & {*initializer-list };

where initializer-list 1s a comma separated list of up to N elements whose types are convertible to T.

3 Unless otherwise specified, all array operations are as described in [lib.container.requirements]. Descriptions are pro-
vided here only for operations on array that are not described in that clause or for operations where there is additional
semantic information.

4 The effect of calling front () or back() for a zero-sized array is implementation defined.
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namespace trl {
template <class T, size_t N >
struct array {

// types:

typedef T & reference;
typedef const T & const_reference;
typedef implementation defined iterator;
typedef <mplementation defined const_iterator;

typedef size_t

typedef ptrdiff_t

typedef T

typedef std::reverse_iterator<iterator>
typedef std::reverse_iterator<const_iterator>

T elems [N]; // Exposition only

/ No explicit construct/copy/destroy for aggregate type
void assign(const T& u);

void swap( array<T, N> &);

/ iterators:

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

const_reverse_iterator rbegin() const);
reverse_iterator rend();
const_reverse_iterator rend() ‘¢const;

/ capacity:

size_type size() const;
size_type max_size()t\const;
bool empty () ~eoust;

/ element accessy

reference operator[] (size_type n);
const_reference operator[](size_type n) const;
const .reference at(size_type n) const;

size_type;
difference_type;
value_type;
reverse_iterator;
const_reverse_iterator;

reference at(size_type n);
reference front();

b - - AN o
VIISU_LTITITILT 11IVUIIL\/ CUIIS UL,
reference back() ;

const_reference back() const;

T * data();
const T * data() const;
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[Note: The member variable elems is shown for exposition only, to empahasize that array is a class aggregate. The

name elems is not part of array’s interface. —end note]

6.2.2.1 _array constructors, copy, and assignment

[tr.array.cons]

The cdnditions for an aggregate ([dcl.init.aggr]) shall be met. Class array relies on the implicitly-decls
cial m¢mber functions ([class.ctor], [class.dtor], and [class.copy]) to conform to the container requitements

[lib.coftainer.requirements].
6.2.2.2] array specialized algorithms
template <class T, size_t N> void swap(array<T,N>& x, array<T,N>& y);

Effects:

swap_ranges (x.begin(), x.end(), y.begin() );

6.2.2.3| array size

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 case.N==
In the ¢ase that N == 0, begin() == end.()) == unique value.

6.2.2.5| Tuple interface to class template array
tuple_Jsize<array<T, N> >::valué
Return type: integral eenstant expression.

Value: N

tuple_jelement<I farray<T, N> >::type
equires:0"<= 1 < N. The program is ill-formed if I is out of bounds.

alue The type T.

[tr.array

[tr.an

[tr.ar

ired spe-
table in

.special]

ray.size]

ray.zero]

[tr.array.tuple]

template <int I, class T, size_t N> T& get(array<T, N>& a);
Requires: 0 <= I < N. The program is ill-formed if I is out of bounds.
Returns: A reference to the Ith element of a, where indexing is zero-based.

template <int I, class T, size_t N> const T& get(const array<T, N>& a);
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Requires: 0 <= I < N. The program is ill-formed if I is out of bounds.
Return type: const T&.

Returns: A const reference to the Ith element of a, where indexing is zero-based.

6.3 Unordered associative containers [Ltr.hash]
[trou

6.3.1 |Unordered associative container requirements rd.req]

Unordgred associative containers provide an ability for fast retrieval of data based on keys. The worst-case complexity
for mast operations is linear, but the average case is much faster. The library provides fouf\unordered agsociative
contairjers: unordered_set, unordered_map, unordered_multiset, and unordered_multimap.

Unordgred associative containers conform to the requirements for Containers ([lib.containér.requirements]), e4cept that
the expressions in table 20 are not required to be valid, where a and b denote valuesof a type X, and X is an unordered
associdtive container class:

Table 20: Container requirements that are not required/for unordered
associative containers

] unsupported expressions |

P e e e

Each upordered associative container is parameterized by Key, by a function object Hash that acts as a hash|function
for valpes of type Key, and by a biniary predicate Pred that induces an equivalence relation on values of type Key.
Additignally, unordered_map andwnordered_multimap associate an arbitrary mapped type T with the Key.

A hashf function is a function«ebject that takes a single argument of type Key and returns a value of type std: {size_t.

Two vdlues k1 and k2 of type Key are considered equal if the container’s equality function object returns trjue when
passed|those values. If'k! and k2 are equal, the hash function shall return the same value for both.

An ungrdered assogciative container supports unique keys if it may contain at most one element for each key. Otherwise,
it suppprts equivalent keys. unordered_set and unordered_map support unique keys. unordered_multiset and
unorderedimultimap support equivalent keys. In containers that support equivalent keys, elements with efjuivalent
keys ate*adjacent to each other.

For unordered_set and unordered_multiset the value type is the same as the key type. For unordered_map and
unordered_multimap itis std: :pair<const Key, T>.

The elements of an unordered associative container are organized into buckets. 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,
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changes ordering between elements, and changes which buckets elements appear in, but does not invalidate pointers or
references to elements.

9 In table 21: X is an unordered associative container class, a is an object of type X, b is a possibly const object of type
X, a_uniq is an object of type X when X supports unique keys, a_eq is an object of type X when X supports equivalent
keys, i and j are input iterators that refer to value_type, [i, j) is a valid range, p and g2 are valid iterators to a, q

and q1|are valid dereferenceable iterators to a, [q1l, g2) is a valid range in a, r and r1 are valid dereferencea

J

ble const

iteratofs to a, r2 is a valid const iterator to a, [r1, r2) isa valid range in a, t is a value of type X: : value) type, k is
a valug of type key_type, hf is a possibly const value of type hasher, eq is a possibly const value of fype key_equal,
n is a alue of type size_type, and z is a value of type float.
Table 21: Unordered associative container requirements (in addition to
container)
expression return type assertion/note pre/post-condition complexity
X::Hey_type Key Key shall be Assignable and compile tie
CopyConstructdbile
X::Rasher Hash Hash shall be.a-tnary function compile tire
object type such that the expression
hf (k) has type std: :size_t.
X::Rey_equal Pred Pred(shall be a binary predicate compile time
that¢akes two arguments of type
Key. Pred is an equivalence
relation.
X::Jocal_iterator An iterator type whose A local_iterator object may be  compile tirhe
category, value type, used to iterate through a single
difference type,-afd bucket, but may not be used to
pointer and reference iterate across buckets.
types are the same as
X::iterator’s.
X::donst_local_- An iterator type whose A const_local_iterator object compile time
itegator category, value type, may be used to iterate through a
difference type, and single bucket, but may not be used
pointer and reference to iterate across buckets.
types are the same as
X::const_iterator’s.
X(n,)| hf, eq) X Constructs an empty container with ~ &'(n)
X a(n, hf,>eq) at least n buckets, using hf as the
hash function and eq as the key
equality predicate.
X(n, hD) X Constructs an empty container with ~ &'(n)
X a(n, hf) at least n buckets, using hf as the
hash function and key_equal () as
the key equality predicate.
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] expression return type assertion/note pre/post-condition complexity
X(n) X Constructs an empty container with ~ &'(n)
X a(n) at least n buckets, using hasher ()
as the hash function and
key_equal() as the key equality
predicate.
X0 X Constructs an empty container with  constant
X a an unspecified number of buckets,
using hasher () as the hash
function and key_equal as the key,
equality predicate.
X(@d) j, n, hf, eq) X Constructs an empty container with  Average case
X a(i, j, n, hf, eq) at least n buckets, using hf<as.the O(N) (N is
hash function and eq asthe key distance(i,
equality predicate, and/inSerts j)), worst fase
elements from [i4) into it. O(N?)
X(i) j, n, hf) X Constructs an ¢mpty container with ~ Average case
X a(i, j, n, hf) at least n bugkets, using hf as the O(N) (N is
hash function and key_equal() as distance(i,
the key-equality predicate, and j)), worst fase
insépts'€lements from [i, j)into ~ O(N?)
it.
X1y j, n) X Constructs an empty container with ~ Average calse
X adi, j, n) at least n buckets, using hasher () O(N) (N is
as the hash function and distance(i,
key_equal () as the key equality j)), worst fase
predicate, and inserts elements O(N?)
from [i, j) intoit.
X(i) ) X Constructs an empty container with ~ Average case
X a(i, j) an unspecified number of buckets, O(N) (N is
using hasher () as the hash distance(i,
function and key_equal as the key  j)), worst fase
equality predicate, and inserts O(N?)
elements from [i, j) intoit.
X(b X Copy constructor. In addition to the =~ Average case
X a(b) contained elements, copies the hash  linear in
function, predicate, and maximum b.size() |worst
load factor. case quadritic.
a =|b X Copy assignment operator. In Average case
o Hion a ntoinad o Lnagerin
copies the hash function, predicate, b.size(), worst
and maximum load factor. case quadratic.
b.hash_function() hasher Returns b’s hash function. constant
b.key_eq() key_equal Returns b’s key equality predicate.  constant
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|

expression

return type

assertion/note pre/post-condition

complexity |

a_uniq.insert(t)

pair<iterator, bool>

Inserts t if and only if there is no
element in the container with key
equivalent to the key of t. The
bool component of the returned

Average case
O'(1), worst case
O(a_uniq
.size()).

pair indicates whether the mserton
takes place, and the iterator
component points to the element
with key equivalent to the key of t.

a_ed.insert(t) iterator Inserts t, and returns an iterator Average calse
pointing to the newly inserted O(1), worsg case
element. O(a_eq
.size()).
a.igsert(q, t) iterator Equivalent to a.insert(t)-Return Average case

value is an iterator painting to the
element with the key, equivalent to
that of t. The iferator q is a hint
pointing to where the search should
start. Implémentations are
permitted to ignore the hint.

0'(1), worsf case
O(a.sizef)).

a.igsert(r, t)

const_iterator

Equivalent to a.insert(t). Return
yalue is an iterator pointing to the
element with the key equivalent to
that of t. The iterator r is a hint
pointing to where the search should
start. Implementations are
permitted to ignore the hint.

Average case
O'(1), worsg case
O(a.sizef)).

a.igsert(i, j) void Pre: i and j are not iterators in a. Average case
Equivalent to a.insert (t) for O(N), where N is
each element in [i,j). distancef(i,
j). Worst ¢ase
ON *
a.size(Q).
a.efase (k) size_type Erases all elements with key Average calse
equivalent to k. Returns the O'(a.count (k)).
number of elements erased. Worst case
O(a.sizef)).
a.enase(q) iterator Erases the element pointed to by q.  Average case

Return value is the iterator

mmmediatel follownog o neras- ¢
TOOWiH

O'(1), worsf case

o
11111111111111 Y TTO WS- §PHo—o

the erasure.

Cilasizel)).

a.erase(r)

const_iterator

Erases the element pointed to by r.
Return value is the iterator
immediately following r prior to
the erasure.

Average case
O(1), worst case
O(a.size()).
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] expression return type assertion/note pre/post-condition complexity
a.erase(ql, q2) iterator Erases all elements in the range Average case
[q1, g2). Return value is the linear in
iterator immediately following the = distance(ql,
erased elements prior to the g2), worst case
Crasure. Uta.size)).
a.egase(rl, r2) const_iterator Erases all elements in the range Average, case
[r1, r2). Return value is the linear in
iterator immediately following the = distance(r1l,
erased elements prior to the r2), worst|case
erasure. O(a.sizef)).
a.clear() void Erases all elements in the container.  Linear.
Post: a.size() ==
b.find (k) iterator; Returns an iterator pointing to an Average case
const_iterator for element with key equivalént to k, or ~ &'(1), worst case
const b. b.end () if no sueh'element exists.  O(b.sizel)).
b.cdunt (k) size_type Returns the nufmbert of elements Average case
with key equaivalent to k. 0(1), worst case
O(b.size()).
b.equal_range (k) pair<iterator, Returns a range containing all Average case
iterator>; eletments with keys equivalent tok.  &'(b.count (k)).
pair<const_iterator, Returnsmake_pair(b.end(), Worst case
const_iterator> for b.end()) if no such elements O(b.size[)).
const b. exist.
b.bycket_count () size_type Returns the number of buckets that ~ Constant
b contains.
b.mgx_bucket_count() size_type Returns an upper bound on the Constant
number of buckets that b might
ever contain.
b.bycket (k) sizeltype Returns the index of the bucket in Constant
which elements with keys
equivalent to k would be found, if
any such element existed. Post: the
return value shall be in the range
[0, b.bucket_count()).
b.bycket_sizé(m) size_type Pre: n shall be in the range [0, O(b.buckpt_-
b.bucket_count()). Returns the size(n))
number of elements in the n"
bucket.
b . bE BJ..].J. (11) 1Ub<11_j. L€l atluLl, PIC. Il Dilall bC ill tllC 1augc [O ) CUllbtallt

const_local_iterator
for const b.

b.bucket_count ()). Note:
[b.begin(n), b.end(n)) isa
valid range containing all of the
elements in the n™ bucket.
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] expression return type assertion/note pre/post-condition complexity \
b.end(n) local_iterator; Pre: n shall be in the range [0, Constant
const_local_iterator b.bucket_count()).
for const b.
b.load_factor() float Returns the average number of Constant
€lements per bucket.
b.mgdx_load_factor() float Returns a positive number that the Constant

container attempts to keep the load

factor less than or equal to. The

container automatically increases

the number of buckets as necessafy

to keep the load factor below, this

number.

a.mgx_load_factor(z) void Pre: z shall be positive /Changes Constant
the container’s maximuni load load

factor, using z as a-hint.

a.rdhash(n) void Post: a.bucket~count () > Average case
a.size() ¢ linear in
a.max_load_factor() and a.size() Jworst
a.buckét_count() >= n. case quadritic.
Unordgred associative containers are not required to suppert'the expressions a == bora != b. [Note: This i because

the corjtainer requirements define operator equality in'terms of equality of ranges. Since the elements of an upordered
associdtive container appear in an arbitrary order, range equality is not a useful operation. —end note]

The itdrator types iterator and const_iterator of an unordered associative container are of at least thg forward
iteratot category. For unordered associative containers where the key type and value type are the same, both iterator
and copst_iterator are const iterators.

The ingert members shall not affect the validity of references to container elements, but may invalidate all it¢rators to
the corftainer. The erase members shall invalidate only iterators and references to the erased elements.

The ingert members shall-net’ affect the validity of iterators if (N+n) < z * B, where N is the number of elgments in
the conjtainer prior to the irisert operation, n is the number of elements inserted, B is the container’s bucket count, and z
is the dontainer’s maximum load factor.

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

For unprd€red associative containers, no clear () function throws

an exception. No erase() function throws an
exceptiol umie AT TXCEPLO OWTT by e COMainer s HasiTor Pr bj i

Cd OD]C diny).

For unordered associative containers, if an exception is thrown by any operation other than the container’s hash function
from within an insert () function inserting a single element, the insert () function has no effect.

For unordered associative containers, no swap 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).
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4 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]

namgSpace scd {

namgspace trl {
//|[6.3.3] Hash function base template
template <class T> struct hash;

//|\Hash function specializations

plate <> struct hash<bool>;

plate <> struct hash<char>;

plate <> struct hash<signed char>;
plate <> struct hash<unsigned char>;
plate <> struct hash<wchar_t>;

plate <> struct hash<short>;

plate <> struct hash<unsigned short>;
plate <> struct hash<int>;

plate <> struct hash<unsigned int>;
plate <> struct hash<long>;

plate <> struct hash<unsigned long>;

o o o o o o o o o o o

<> struct hash<float>;
<> struct hash<double>;
plate <> struct hash<long double>;

o o
g ‘o
=
oo
ot o
o o

tegmplate<class T> struct hash<T*>;

tgmplate <> struct hash<std::string>;
I:plate <> struct hash<std::ustring>;

} //|namespace trl

} //|namespace std

6.3.3 |Class template hash [tr.unord.hash]

1 The urjordered associative containers defined in this clause use specializations of hash as the default hash function.
This clpss template‘is only required to be instantiable for integer types ([basic.fundamental]), floating point types ([ba-
sic.funflamental}); pointer types ([dcl.ptr]), and std: :string and std: :wstring.

templates<class T>

structhash——pubticstdumary_function<t;—stdTsize—t

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

};

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

6.3.4 Unordered associative container classes [tr.unord.unord]
6.3.4.1 Header <unordered_set> synopsis [tr.unord.syn.set]
namespace std {
namgspace trl {
//|[6.3.4.3] Class template unordered_set
tegmplate <class Value,
class Hash = hash<Value>,
class Pred = std::equal_to<Value>,
class Alloc = std::allocator<Value> >
class unordered_set;
//[6.3.4.5] Class template unordered_multiset
tegmplate <class Value,
class Hash = hash<Value>,
class Pred = std::equal_to<Value>,
class Alloc = std::allocator<Value> >
class unordered_multiset;
template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_set<Value, Hash, Pred, Alloc& X%,
unordered_set<Value, Hash, Pred, Allec>& y);
template <class Value, class Hash, class Pred; class Alloc>
void swap(unordered_multiset<Value, Hash,»Pred, Alloc>& x,
unordered_multiset<Value, Hash, Pred, Alloc>& y);
} //jnamespace trl
} //|namespace std
6.3.4.2 Header <unordered_map> Synopsis [tr.unord.syn.map]
namgspace std {
namgspace trl {
//[6.3.4.4] Class templatesimordered_map
template <class Key,
class\\T,
class. Hash = hash<Key>,
Class Pred = std::equal_to<Key>,
class Alloc = std::allocator<std::pair<const Key, T> > >
class hnordered_map;

// Fo3=61 Class temptare nnordered _Tiimap
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;

98
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template <class Key, class T, class Hash, class Pred, class Alloc>

void swap(unordered_map<Key, T, Hash, Pred, Alloc>& x,
unordered_map<Key, T, Hash, Pred, Alloc>& y);

template <class Key, class T, class Hash, class Pred, class Alloc>

/4
/4

6.3.4.3

An un
most 0

An ung
the opg

a_uni

type arj
they ar|

This se

which

temp

void swap(unordered_multimap<Key, T, Hash, Pred, Alloc>& x,
unordered_multimap<Key, T, Hash, Pred, Alloc>& y);

namespace trl

namespace std

Class template unordered_set

rdered_set is an unordered associative container that supports unique keys (an unordered_set cd
he of each key value) and in which the elements’ keys are the elements themselves.

rdered_set satisfies all of the requirements of a container and of an unordered associative container. It
rations described in the preceding requirements table for unique keysythat'is, an unordered_set sup
) operations in that table, not the a_eq operations. For an unordered_set<Value> the key type and
e both Value. The iterator and const_iterator types are both censt iterator types. It is unspecified
e the same type.

ction only describes operations on unordered_set that ate.not described in one of the requirement tabl
here is additional semantic information.

late <class Value,

[tr.upord.set]

ntains at

provides
ports the
the value
whether

es, or for

class Hash
class Pred
class Alloc
clags unordered_set

hash<Value>,
std::equal_to<Value>,
std::allocator<Value> >

{

publlic:
// [types
typedef Value key_type;
typedef Value value_type;
tyjpedef Hash hasher;
typedef Pred key_equal;
tyjpedef Alloc allocator_type;
tyjpedef typename, allocator_type::pointer pointer;
typedef typemame allocator_type::const_pointer const_pointer;
typedef typéname allocator_type::reference reference;
tyjpedef «typename allocator_type::const_reference const_reference;
typedef smplementation-defined size_type;
typedef implementation-defined difference_type;

typedef implementation-defined
typedef implementation-defined
typedef implementation-defined
typedef implementation-defined
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// 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>

ordered_set (InputIterator f, Inputlterator 1,

size_type n = tmplementation-defined,

const hasher& hf = hasher(),

const key_equal& eql = key_equal(),

const allocator_type& a = allocator_type());
ordered_set(const unordered_set&);
ordered_set();
ordered_set& operator=(const unordered_set&) ;
alflocator_type get_allocator() const;

//|size and capacity

bool empty() const;

e_type size() const;
e_type max_size() const;

ilerator begin();

const_iterator begin() const;

itlerator end () ;

const_iterator end() const;

// |modifiers

std: :pair<iterator, bool> insert(const{value_type& obj);

iferator insert(iterator hint; const value_type& obj);
const_iterator insert(const_iterater hint, const value_type& obj);
template <class InputIterator>\void insert(InputIterator first, InputIterator last);
iferator erase(iterator position);

const_iterator erase(const_iterator position);

silze_type erase(const key_type& k);

iflerator eraseliterator first, iterator last);

const_iterator erase(const_iterator first, const_iterator last);
vaid clear()4

void swap(unordered_set&);

// lobsérvers

halst 1 1 — VAN -
IICT [IaSII_IulIcCIOoII() COIIST,

key_equal key_eq() const;

// lookup

iterator find(const key_type& k);
const_iterator find(const key_type& k) const;
size_type count(const key_type& k) const;
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explid

d::pair<iterator, iterator> equal_range(const key_type& k);
d::pair<const_iterator, const_iterator> equal_range(const key_type& k) const;

bucket interface
ze_type bucket_count() const;
ze_type max_bucket_count() const;

ze_type bucket_size(size_type n) const;
ze_type bucket(const key_type& k) const;
cal_iterator begin(size_type n);
nst_local_iterator begin(size_type n) const;

cal_iterator end(size_type n);
nst_local_iterator end(size_type n) const;
hash policy

oat load_factor() const;

oat max_load_factor() const;
id max_load_factor(float z);
id rehash(size_type n);

late <class Value, class Hash, class Pred, class Alloc>
id swap(unordered_set<Value, Hash, Pred, Alloc>& x4
unordered_set<Value, Hash, Pred, Alloc>& y);

it unordered_set(size_type n = implementation-defined,
const hasher& hf =(Hasher(),
const key_equal&“eql = key_equal(),
const allocater type& a = allocator_type());

ffects: Constructs an empty unordered_set using the specified hash function, key equality function
pcator, and using at least nm.buckets. If n is not provided, the number of buckets is implementation
lax_load_factor () returns 1.0.

Complexity: Constant:

template <class Inputlterator>

unorj

dered_set(InputIterator f, InputIterator 1,
size_type n = implementation-defined,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),

const allocator tvpe& a = allocator type()):
="JI - J I 4

1 unordered_set constructors [tr.unord.set.cnstr]

, and al-
defined.

Effects: Constructs an empty unordered_set using the specified hash function, key equality function, and allo-
cator, and using at least n buckets. (If n is not provided, the number of buckets is implementation defined.) Then
inserts elements from the range [f, 1).max_load_factor () returns 1.0.

Complexity: Average case linear, worst case quadratic.
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6.3.4.3.2 unordered_set swap [tr.unord.set.swap]

template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_set<Value, Hash, Pred, Alloc>& x,
unordered_set<Value, Hash, Pred, Alloc>& y);

1 jjects: x.swap(y).

6.3.4.4] Class template unordered_map [tr.undrd.map]

1  An un¢rdered_map is an unordered associative container that supports unique keys (an unordered_map cdntains at
most ope of each key value) and that associates values of another type mapped_type with the keys.

2 Anundrdered_map satisfies all of the requirements of a container and of an unordered.associative container. It|provides
the opgrations described in the preceding requirements table for unique keys; that is; an unordered_map supports the
a_unig operations in that table, not the a_eq operations. For an unordered_map<Key, T> the key type is|Key, the
mappefl type is T, and the value type is std: :pair<const Key, T>.

3 This s¢ction only describes operations on unordered_map that are not deseribed in one of the requirement tables, or for
which fhere is additional semantic information.

template <class Key,
class T,
class Hash
class Pred
class Alloc
clasls unordered_map

hash<Key>,
std::equal_to<Key>,
std::allocator<std::pair<const Key, T> > >

{

publlic:
// types
typedef Key key_type;
typedef std::pair<const Key, T> value_type;
typedef T mapped_type;
tyjpedef Hash hasher;
tyjpedef Pred key_equal;
typedef Alloc allocator_type;
tyjpedef typename @llocator_type::pointer pointer;
typedef typename, allocator_type::const_pointer const_pointer;
typedef typemame allocator_type::reference reference;
typedef typéname allocator_type::const_reference const_reference;
tyjpedef «emplementation-defined size_type;
typedef smplementation-defined difference_type;
t entation—defined Tterators
typedef implementation-defined const_iterator;
typedef implementation-defined local_iterator;
typedef <mplementation-defined const_local_iterator;

// construct/destroy/copy
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());
template <class Inputlterator>
unordered_map(InputIterator f, InputIterator 1,
size_type n = implementation-defined,

const hasher& hf = hasher(),

const key_equal& eql = key_equal(),

const allocator_type& a = allocator_type());
unordered_map (const unordered_map&) ;

unordered_map() ;

unordered_map& operator=(const unordered_map&) ;
alflocator_type get_allocator() const;

// Isize and capacity

bogol empty() const;
size_type size() const;
e_type max_size() const;

iferator begin();

const_iterator begin() const;

itlerator end();

const_iterator end() const;

// |modifiers

std: :pair<iterator, bool> insert(const value type& obj);

iflerator insert(iterator hint, const value_type& obj);
const_iterator insert(const_iterator'lint, const value_type& obj);
template <class Inputlterator> void insert(Inputlterator first, InputIterator last);
ilerator erase(iterator, position);

const_iterator erase(const.iterator position);

silze_type erase (constukey_type& k);

itlerator erase(iterator first, iterator last);
const_iterator erase(const_iterator first, const_iterator last);
vaid clear();

vaid swap(unerdered_mapk) ;

// lobservers
hasher{ hash_function() const;

kay.equal key_eq() const;
// lookup
iterator find(const key_type& k);

const_iterator find(const key_type& k) const;

size_type count(const key_type& k) const;

std::pair<iterator, iterator> equal_range(const key_type& k);
std::pair<const_iterator, const_iterator> equal_range(const key_type& k) const;

© ISO/IEC 2007 — All rights reserved

103


https://iecnorm.com/api/?name=ee3a0eba23f997fb34fc542d96f35a47

ISO/IEC TR 19768:2007(E)

6.3 Unordered associative containers

Containers 104

ma

/
si
si
si
si
1o
cq
10
cq

V4
£1
£1
Vo
Vo

temp
VO

6.3.44

explid

template <class Inputlterator>

unorj

pped_type& operator[](const key_type& k);

bucket interface
ze_type bucket_count() const;
ze_type max_bucket_count() const;

ze_type bucket_size(size_type n);

ze_type bucket(const key_type& k) const;
cal_iterator begin(size_type n) const;
nst_local_iterator begin(size_type n) const;
cal_iterator end(size_type n);
nst_local_iterator end(size_type n) const;

hash policy

oat load_factor() const;

oat max_load_factor() const;
id max_load_factor(float z);
id rehash(size_type n);

[late <class Key, class T, class Hash, class Pred, class-Alloc>
id swap(unordered_map<Key, T, Hash, Pred, Alloc>& &3
unordered_map<Key, T, Hash, Pred, Alloc>%& y);

it unordered_map(size_type n = implementation-defined,
const hasher& hf =(Hasher(),
const key_equal&“eql = key_equal(),
const allocater type& a = allocator_type());

ffects: Constructs an empty unerdered_map using the specified hash function, key equality function
pcator, and using at least nm.buckets. If n is not provided, the number of buckets is implementation
lax_load_factor () returns 1.0.

Complexity: Constant:

dered_map(InputIterator f, InputIterator 1,
size_type n = implementation-defined,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),

const allocator tvpe& a = allocator type()):
="JI —"J I 4

1 unordered_map constructors [tr.unord.mgp.cnstr]

, and al-
defined.

3 Effects: Constructs an empty unordered_map using the specified hash function, key equality function, and allo-
cator, and using at least n buckets. (If n is not provided, the number of buckets is implementation defined.) Then
inserts elements from the range [f, 1).max_load_factor () returns 1.0.

4 Complexity: Average case linear, worst case quadratic.

104
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6.3.4.4.2 unordered_map element access [tr.unord.map.elem]

mapped_type& operator[] (const key_type& k);

Effects: If the unordered_map does not already contain an element whose key is equivalent to k, inserts the value
std: :pair<const key_type, mapped_type>(k, mapped_type()).

]

6.3.44

templa
void

6.3.4.5

An ung
may cd

An un
It prov
multi
the kej

types.

This se
or for ¥

temp

Returns: A reference to x . second, where x is the (unique) element whose key is equivalent to % .

te <class Key, class T, class Hash, class Pred, class Alloc>
swap (unordered_map<Key, T, Hash, Pred, Alloc>& x,
unordered_map<Key, T, Hash, Pred, Alloc>& y);

Lifects: x . swap (y).

rdered_multiset is an unordered associative container that supports equivalent keys (an unordered_
ntain multiple copies of the same key value) and in which each element’s key is the element itself.

rdered_multiset satisfies all of the requirements of ‘& container and of an unordered associative g
des the operations described in the preceding requirements table for equivalent keys; that is, an unor
et supports the a_eq operations in that table, not the'a_uniq operations. For an unordered_multiset
F type and the value type are both Value. Th€'iterator and const_iterator types are both cons
t is unspecified whether they are the same type.

ction only describes operations on unordered_multiset that are not described in one of the requireme

vhich there is additional semantic infosmation.
late <class Value,

class Hash = hash<Value>,

class Pred = std:wequal_to<Value>,

class Alloc = stdt:allocator<Value> >

clags unordered_multiset

3 unordered_map swap [traanord.mgp.swap]

Class template unordered_multiset [tr.unord.multiset]

hultiset

ontainer.
Hered_-
KValue>
t iterator

nt tables,

{

public:
// types
typedef Value key_type;
typedef Value value_type;
tylpedef Hash hasher;
typedef Pred key_equal;
t I ALIOC alloCator_type,
typedef typename allocator_type::pointer pointer;
typedef typename allocator_type::const_pointer const_pointer;
typedef typename allocator_type::reference reference;
typedef typename allocator_type::const_reference const_reference;
typedef implementation-defined size_type;
typedef implementation-defined difference_type;
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typedef implementation-defined iterator;
typedef implementation-defined const_iterator;
typedef implementation-defined local_iterator;

typedef implementation-defined

V4

const_local_iterator;

construct/destroy/copy

explicit unordered_multiset(size_type n = implementation-defined,

const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

template <class Inputlterator>

un
“u
un

all

/
bg

unordered_multiset (InputIterator f, InputIterator 1,

size_type n = implementation-defined,

const hasher& hf = hasher(),

const key_equal& eql = key_equal(),

const allocator_type& a = allocator_type())
ordered_multiset(const unordered_multiset&);
mordered_multiset();
ordered_multiset& operator=(const unordered_multiset&) ;
locator_type get_allocator() const;

size and capacity
0l empty() const;

si

e_type size() const;
e_type max_size() const;

// literators

iferator begin();

const_iterator begin() const;

itlerator end();

const_iterator end() const;

// modifiers

iferator insert(const \value_type& obj);

iflerator ingert(iterator hint, const value_type& obj);
const_iterator dnseért(const_iterator hint, const value_type& obj);
tegmplate <class ‘Inputlterator> void insert(Inputlterator first, InputIterator last);
iferator erase(iterator position);

const_iterator erase(const_iterator position);

sizextype erase(const key_type& k);

i LT dtUJ. L dDC(J'.tUJ. dtUJ. fj.L Dt F) itCL atUJ. ldbt) F)

CO
vo

vo

V4

nst_iterator erase(const_iterator first, const_iterator last);
id clear();

id swap(unordered_multiset&);

observers
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hasher hash_function() const;
key_equal key_eq() const;

// lookup

iterator find(const key_type& k);

const_iterator find(const key_type& k) const;

ilze_type count(const key_type& k) const;

::pair<iterator, iterator> equal_range(const key_type& k);
::pair<const_iterator, const_iterator> equal_range(const key_type& k) const;

ilze_type bucket_count() const;

ilze_type max_bucket_count() const;

ilze_type bucket_size(size_type n);

ilze_type bucket(const key_type& k) const;
lgcal_iterator begin(size_type n) const;
const_local_iterator begin(size_type n) const;
lgcal_iterator end(size_type n);
const_local_iterator end(size_type n) const;

// lhash policy

flloat load_factor() const;
flloat max_load_factor() const;
void max_load_factor(float z);
vaid rehash(size_type n);

template <class Value, class Hash, class Runed, class Alloc>
void swap(unordered_multiset<Value, Hash, Pred, Alloc>& x,
unordered_multiset<Value, “Hash, Pred, Alloc>& y);

6.3.4.5|1 unordered_multiset(constructors [tr.unord.multiset.cnstr]

explidit 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 empty unordered_multiset using the specified hash function, key equality fungtion, and
dllocatot;-and using at least n buckets. If n is not provided, the number of buckets is implementation| defined.
fax_ltead_factor () returns 1.0.

omplexity: Constant.

template <class Inputlterator>
unordered_multiset (InputIterator f, InputIterator 1,
size_type n = implementation-defined,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),

© ISO/IEC 2007 — All rights reserved 107


https://iecnorm.com/api/?name=ee3a0eba23f997fb34fc542d96f35a47

ISO/IEC TR 19768:2007(E)

108

6.3 Unordered associative containers

Containers 108

const allocator_type& a = allocator_type());

Effects: Constructs an empty unordered_multiset using the specified hash function, key equality function, and
allocator, and using at least n buckets. (If n is not provided, the number of buckets is implementation defined.)
Then inserts elements from the range [f, 1).max_load_factor() returns 1.0.

-l 1 . A 1. 1 .
UIMpPIEALLy. AVl dgl UCASUTIIT AL, WUIST TASU {Uaul datit.

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,

6.3.4.6| Class template unordered_multimap [tr.unord.m

Anunqrdered_multimap is an unordered associative container that supports equivalent keys (an unordered_

may cqntain multiple copies of each key value) and that associates values of another type mapped_type with the keys.

An un

It provjdes the operations described in the preceding requirements table for equivalent keys; that is, an unor

multi
T> the

This section only describes operations on unordered_“multimap that are not described in one of the requireme
or for which there is additional semantic information.

template <class Key,

clags unordered_multimap

Effects: x.swap(y) ;

unordered_multiset<Value, Hash, Pred, Alloc>& y);

prdered_multimap satisfies all of the requirements of a‘container and of an unordered associative

Il{ap supports the a_eq operations in that table, not the'a_uniq operations. For an unordered_multim
ey type is Key, the mapped type is T, and the value type is std: :pair<const Key, T>.

class T,

class Hash = hash<Key>;

class Pred stdrequal_to<Key>,

class Alloc = std:+allocator<std::pair<const Key, T> > >

nltimap]

nultimap

ontainer.
Hered_-
hp<Key,

nt tables,

Key key_type;

std:'pair<const Key, T> value_type;

T mapped_type;

Hash hasher;

Pred key_equal;

ALL1OC alloCator_type,

typename allocator_type::pointer pointer;

typename allocator_type::const_pointer const_pointer;
typedef typename allocator_type::reference reference;
typedef typename allocator_type::const_reference const_reference;
typedef implementation-defined size_type;
typedef implementation-defined difference_type;
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typedef implementation-defined iterator;
typedef implementation-defined const_iterator;
typedef implementation-defined local_iterator;
typedef implementation-defined const_local_iterator;

// |construct/destroy/copy
licit unordered_multimap(size_type n = implementation-defined,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());
template <class Inputlterator>
ordered_multimap(InputIterator f, InputIterator 1,
size_type n = wmplementation-defined,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());
ordered_multimap(const unordered_multimap) ;
ordered_multimap() ;
ordered_multimap& operator=(const unordered_multimap&) ;
alflocator_type get_allocator() const;

//|size and capacity

bool empty() const;

e_type size() const;
e_type max_size() const;

iflerator begin() ;

const_iterator begin() const;

itlerator end () ;

const_iterator end() const;

// |modifiers

iferator insert(const ¥alue_type& obj);

rator insert(iterator hint, const value_type& obj);
st_iterator insert(const_iterator hint, const value_type& obj);
plate <classtInputIterator> void insert(InputIterator first, InputIterator last);

o+ o

rator erase(iterator position);

st_iterator erase(const_iterator position);

e_type erase(const key_type& k);

rator erase(iterator first, iterator last);

H w0 oo

o - L ——ie - - - ——e - 3 FELY
COITST_ITeIrator €Irasc(CUnSt_Iterator IIrst, COnST_ITErator Itfast/,

void clear();
void swap(unordered_multimap&) ;

// observers
hasher hash_function() const;
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y_equal key_eq() const;
lookup
erator find(const key_type& k);

nst_iterator find(const key_type& k) const;
ze_type count (const key_type& k) const;

S
S

// |bucket interface

::pair<iterator, iterator> equal_range(const key_type& k);
::pair<const_iterator, const_iterator> equal_range(const key_type& k) const;

silze_type bucket_count() const;

silze_type max_bucket_count() const;

silze_type bucket_size(size_type n);

size_type bucket(const key_type& k) const;

lgcal_iterator begin(size_type n) const;

const_local_iterator begin(size_type n) const;

ldcal_iterator end(size_type n);

const_local_iterator end(size_type n) const;

// |hash policy

flloat load_factor() const;

flloat max_load_factor() const;

void max_load_factor(float z);

vaid rehash(size_type n);

};
template <class Key, class T, class Hash, ckass Pred, class Alloc>
void swap(unordered_multimap<Key, T, Hash, Pred, Alloc>& x,
unordered_multimap<Key, T,:Hash, Pred, Alloc>& y);
6.3.4.6{1 unordered_multimap constructors [tr.unord.multimgp.cnstr]
explidit unordered_multimap(size.type n = implementation-defined,

const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

1 Effects: Constructstan empty unordered_multimap using the specified hash function, key equality fundtion, and
dllocator, and.using at least n buckets. If n is not provided, the number of buckets is implementation| defined.
nax_load—factor () returns 1.0.

2 Complexify: Constant.

template\ <class Inputlterator>
unordered_multimap(InputIterator f, InputIterator 1,
size_type n = implementation-defined,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());
3 Effects: Constructs an empty unordered_multimap using the specified hash function, key equality function, and

110
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allocator, and using at least n buckets. (If n is not provided, the number of buckets is implementation defined.)
Then inserts elements from the range [f, 1).max_load_factor() returns 1.0.

Complexity: Average case linear, worst case quadratic.

6.3.4.6[2  unordered_multimap swap [frunord.multimgp.swap]

template <class Key, class T, class Hash, class Pred, class Alloc>
void swap(unordered_multimap<Key, T, Hash, Pred, Alloc>& x,
unordered_multimap<Key, T, Hash, Pred, Alloc>& y);

Effects: x.swap (y).
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7 Regular expressions [tr.re]

This clpuse describes components that C+ programs may use to perform operations involving fegular expressign match-
ing and searching.

7.1 Definitions [tr.re.def]
The following definitions shall apply to this clause:

Collatipg element: A sequence of one or more characters within the current locale that collate as if they werg a single
characfer.

Finite ftate machine: An unspecified data structure that is used tosepresent a regular expression, and which permits
efficienjt matches against the regular expression to be obtained.

Formaf specifier: A sequence of one or more characters thatlis to be replaced with some part of a regular expression
match.

Match¢d: A sequence of zero or more characters shall be\said to be matched by a regular expression when the characters
in the §equence correspond to a sequence of charactérs defined by the pattern.

Primarty equivalence class: A set of one or mote.characters which share the same primary sort key: that is thg sort key
weightjng that depends only upon charactershape, and not accentation, case, or locale specific tailorings.

Reguldy expression: A pattern that seleets 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 [fr.re.req]

This sybclause defines requirements on classes representing regular expression traits. [Note: The class template fregex_-
traits, defined in clause 7.7, satisfies these requirements. —end note]

The class template, basic_regex, defined in clause 7.8, needs a set of related types and functions to complete the
definition of its-semantics. These types and functions are provided as a set of member typedefs and functiopns in the
templafe parameter traits used by the basic_regex class template. This subclause defines the semantics gyaranteed
by thege miembers.

To specialize class template basic_regex for a character container CharT and its related regular expression traits class
Traits, use basic_regex<CharT, Traits>.

In Table 22 X denotes a traits class defining types and functions for the character container type charT; u is an object
of type X; v is an object of type const X; p is a value of type const charT*; I1 and I2 are Input Iterators; F1
and F2 are forward iterators; c is a value of type const charT; s is an object of type X: :string_type; cs is an
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object of type const X::string_type; b is a value of type bool; I is a value of type int; cl is an object of type
X::char_class_type, and loc is an object of type X: : locale_type.

Table 22: regular expression traits class requirements

expl:essinn

Return T : ron Note [ ProlP R

: {char_type

charT

The character container type used in the
implementation of class template basit_ reg

string_type

std::basic_-
string<charT>

locale_type

A copy constructible
type

A type that represents the locale used by the t1
class.

aits

char_class_type

A bitmask type
[lib.bitmask.types].

A bitmask type representing a particular charg
classification.

cter

length(p)

std::size_t

Yields the smallesti-Such that p[i] == 0.
Complexity is-linear in i .

.translate(c)

X::char_type

Returns a character such that for any characte
that is ta.be-considered equivalent to c then
v.translate(c) == v.translate(d).

.translate_nocase(c)

X::char_type

Foer.all characters C that are to be considered
equivalent to ¢ when comparisons are to be
performed without regard to case, then
v.translate_nocase(c) ==
v.translate_nocase(C).

.transform(F1, F2)

X::string.type

Returns a sort key for the character sequence
designated by the iterator range [F1, F2) su
that if the character sequence [G1, G2) sorts
before the character sequence [H1, H2) then
v.transform(Gl, G2) < v.transform(H
H2).

h

V.1
F2

ransform_primary(F1,

X::string_type

Returns a sort key for the character sequence
designated by the iterator range [F1, F2) su
that if the character sequence [G1, G2) sorts
before the character sequence [H1, H2) whe
character case is not considered then
v.transform_primary(Gl, G2) <
v.transform_primary(H1, H2).

h

=

v.]
F2

ookupcollatename(F1,

X::string_type

Returns a sequence of characters that represen
the collating element consisting of the charact

cr

seaguence-decsianatad hy tha 1t
SeqHenece-aest £hatee BYy—te—+H

F2). Returns an empty string if the character
sequence is not a valid collating element.

>
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|

expression

Return Type

Assertion / Note / Pre / Post condition

v.lookup_classname(F1,

X::char_class_-

Converts the character sequence designated by the

F2) type iterator range [F1,F2) into a value of a bitmask
type that can subsequently be passed to isctype.
Values returned from lookup_classname can be
biTwise or ed Together; the resultng vaiue
represents membership in either of the
corresponding character classes. Returns 07if the
character sequence is not the nameof a‘Charagter
class recognized by X. The value weturned shall be
independent of the case of the_oharacters in thp
sequence.
v.3isctype(c, cl) bool Returns true if character{c is a member of one of
the character classeg-designated by c1, false
otherwise.
v.falue(c, I) int Returns the valuerepresented by the digit ¢ in|base
1 if the character c is a valid digit in base [;
otherwise returns —1. [Note: the value of I will
only,bé.8, 10, or 16. —end note]
u.imbue (loc) X::locale_type Imbues u with the locale 1oc and returns the
previous locale used by u if any.
v.getloc() X::locale_type Returns the current locale used by v, if any.
[Note: [Class template regex_traits satisfies the requirements for a regular expression traits class when it is specialized
for char or wchar_t. This Class template is described in the header <regex>, and is described in clause 7[/. —end
note)
7.3 Regular expressions summary [tf.re.sum]
The hepder <regex> defines a basic.régular expression class template and its traits that can handle all char-like|template
argumgnts ([lib.strings]).
The hepder <regex> defines @a-class template that holds the result of a regular expression match.
The header <regex> defines a series of algorithms that allow an iterator sequence to be operated upon by p regular
expresgion.
The hepder <regex> defines two specific template classes, regex and wregex, and their special traits.
The hepder Kregex> also defines two iterator types for enumerating regular expression matches.
7.4 Headér <regex> synopsis [tr.re.syn]
namespace std {
namespace trl {
// [7.5] Regex constants

namespace regex_constants {

typedef bitmask_type syntax_option_type;
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}

/
cl

typedef bitmask_type match_flag_ type;
typedef implementation-defined error_type;
// namespace regex_constants

[7.6] Class regex_error
ass regex_error;

V4

[7.7] Class template regex_traits

tegmplate <class charT> struct regex_traits;

/7

[7.8] Class template basic_regex

tegmplate <class charT, class traits = regex_traits<charT> > class basic_regeXy

t

V4

tzﬁedef basic_regex<char> regex;

edef basic_regex<wchar_t> wregex;

[7.8.6] basic_regex swap

template <class charT, class traits>

4

void swap(basic_regex<charT, traits>& el, basic_regex<charT;) traits>& e2);

[7.9] Class template sub_match

template <class Bidirectionallterator>

class sub_match;

c o o o

4

edef sub_match<const charx*> csubumatch;
edef sub_match<const wchar_tx*> wcesub_match;
edef sub_match<string::const_iterator>% ‘ssub_match;
edef sub_match<wstring::const_iteraten> wssub_match;

[7.9.2] sub_match non-member operators

template <class Bilter>

bool operator==(const sub_match<Bilter>& lhs, const sub_match<Bilter>& rhs);

template <class Bilter>

bool operator!=(const sub/match<Bilter>& lhs, const sub_match<Bilter>& rhs);

template <class Bilter>

bool operator<(const sub_match<Bilter>& lhs, const sub_match<Bilter>& rhs);

template <class Bilter>

bool operator<=(const sub_match<Bilter>& lhs, const sub_match<Bilter>& rhs);

template <class Bilter>

bool operator>=(const sub_match<BiIter>& lhs, const sub_match<Bilter>& rhs);

template.<class Bilter>

bool( operator>(const sub_match<Bilter>& lhs, const sub_match<BiIlter>& rhs);

template <class Bilter, class ST, class SA>

bool operator==(const basic_string<typename iterator_traits<Bilter>::value_type, ST,

const sub_match<BiIter>& rhs);

template <class Bilter, class ST, class SA>

bool operator!=(const basic_string<typename iterator_traits<Bilter>::value_type, ST,

const sub_match<BiIter>& rhs);

SA>& 1lhs,

SA>& 1hs,
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template <class Bilter, class ST, class SA>
bool operator<(const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& lhs,
const sub_match<Bilter>& rhs);
template <class Bilter, class ST, class SA>
bool operator>(const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& lhs,
const sub_match<Bilter>& rhs);
tdmplate <class Bilter, class ST, class SA>
bool operator>=(const basic_string<typename iterator_traits<Bilter>::value_type, ST} SAY& lhs,
const sub_match<Bilter>& rhs);
tegmplate <class Bilter, class ST, class SA>
bool operator<=(const basic_string<typename iterator_traits<Bilter>::value_typé, ST, SA%& lhs,
const sub_match<Bilter>& rhs);

template <class Bilter, class ST, class SA>
bool operator==(const sub_match<Bilter>& 1lhs,
const basic_string<typename iterator_traits<Bilter>!:value_type, ST, SAX& rhs);
tegmplate <class Bilter, class ST, class SA>
bool operator!=(const sub_match<Bilter>& 1lhs,
const basic_string<typename iterator_traits<Bilter>::value_type, ST, SAX& rhs);
tegmplate <class Bilter, class ST, class SA>
bool operator<(const sub_match<Bilter>& 1lhs,
const basic_string<typename iteratorxtraits<Bilter>::value_type, ST, SA>§ rhs);
tegmplate <class Bilter, class ST, class SA>
bool operator>(const sub_match<Bilter>& 1lhs,
const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& rhs);
tegmplate <class Bilter, class ST, class SA>
bool operator>=(const sub_match<Bilter>& ‘lhs,
const basic_string<typename iterator_traits<Bilter>::value_type, ST, SAX& rhs);
tegmplate <class Bilter, class ST, class SA>
bool operator<=(const sub_match<Bilter>& 1lhs,
const basic_strimg<typename iterator_traits<Bilter>::value_type, ST, SAX& rhs);

template <class Bilter>

bool operator==(typename.iterator_traits<Bilter>::value_type const* lhs,
cons®, sub_match<BiIter>& rhs);

template <class Bilter>

bool operator!=(typename iterator_traits<Bilter>::value_type const* lhs,
Const sub_match<Bilter>& rhs);

template <class Bilter>

bool operator<(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);

t1$plate Kclass Bilter>

ool operator>(typename iterator_traits<Bilter>::value_type const* lhs,

const aub_l‘natuh Bifter &, J.hb) s
template <class Bilter>
bool operator>=(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<BiIter>& rhs);
template <class Bilter>
bool operator<=(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);
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template <class Bilter>
bool operator==(const sub_match<Bilter>& 1lhs,
typename iterator_traits<BiIter>::value_type const* rhs);
template <class Bilter>
bool operator!=(const sub_match<Bilter>& lhs,
typename iterator_traits<BiIter>::value_type const* rhs);
template <class Bilter>
bool operator<(const sub_match<Bilter>& 1lhs,
typename iterator_traits<Bilter>::value_type const* rhs);
tgmplate <class Bilter>
bool operator>(const sub_match<Bilter>& lhs,
typename iterator_traits<Bilter>::value_type const* rhs);
template <class Bilter>
bool operator>=(const sub_match<Bilter>& lhs,
typename iterator_traits<BiIter>::value_type constx/rhs);
template <class Bilter>
bool operator<=(const sub_match<Bilter>& 1lhs,
typename iterator_traits<BiIter>::value_typé) const* rhs);

template <class Bilter>

bool operator==(typename iterator_traits<Bilter>:;value_type const& lhs,
const sub_match<Bilter>& rhs);

template <class Bilter>

bool operator!=(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& nhs);

template <class Bilter>

bool operator<(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<BiItér>& rhs);

template <class Bilter>

bool operator>(typename iteratortraits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);

template <class Bilter>

bool operator>=(typename.iterator_traits<Bilter>::value_type const& lhs,
cons®, sub_match<BiIter>& rhs);

template <class Bilter>

bool operator<=(typename iterator_traits<Bilter>::value_type const& lhs,
Const sub_match<Bilter>& rhs);

template <class Bilter>
bool operator==(const sub_match<Bilter>& 1lhs,
typename iterator_traits<BiIter>::value_type const& rhs);

template <class Bilter>
= —meatch<Biiter>4—tiss

typename iterator_traits<BiIter>::value_type const& rhs);
template <class Bilter>
bool operator<(const sub_match<Bilter>& 1lhs,
typename iterator_traits<Bilter>::value_type const& rhs);
template <class Bilter>
bool operator>(const sub_match<Bilter>& 1lhs,
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typename iterator_traits<Bilter>::value_type const& rhs);
template <class Bilter>
bool operator>=(const sub_match<Bilter>& 1lhs,
typename iterator_traits<BiIter>::value_type const& rhs);
template <class Bilter>
bool operator<=(const sub_match<Bilter>& lhs,

typename iterator_traits<BiIter>::value_type const& rhs);

template <class charT, class ST, class Bilter>
basic_ostream<charT, ST>&
operator<<(basic_ostream<charT, ST>& os, const sub_match<Bilter>& m);

//|[7.10] Class template match_results
template <class Bidirectionallterator,

class Allocator = allocator<sub_match<BidirectionalIterator> > >
class match_results;

edef match_results<const char*> cmatch;
edef match_results<const wchar_tx*> wcmatch;
edef match_results<string::const_iterator> smatch;
edef match_results<wstring::const_iterator> wsmatchy

ot o o

// |match_results comparisons

tegmplate <class Bidirectionallterator, class Allocator>

bool operator== (const match_results<Bidiredtionallterator, Allocator>& mi,
const match_results<Bidinéctionallterator, Allocator>& m2);

tegmplate <class Bidirectionallterator, class' Allocator>

bool operator!= (const match_results<Bidirectionallterator, Allocator>& mi,
const match_results<BidirectionalIlterator, Allocator>& m2);

//|[7.10.6] match_results swap

tegmplate <class Bidirectionallterator, class Allocator>

void swap(match_results<Bidirectionallterator, Allocator>& ml,
match_results<BidirectionalIlterator, Allocator>& m2);

/\[7.11.2] Function templdte‘regex_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,

template)<class BidirectionalIlterator, class charT, class traits>
b;:l Tegex_match(BidirectionalIlterator first, BidirectionalIterator last,

regex_constants: :match_flag_type flags = regex_constants::match_default

— . 1 L) - P 2
CUIIST OaSICTITCECXSCIars, CIartsSou ©,

regex_constants: :match_flag type flags = regex_constants::match_default);

template <class charT, class Allocator, class traits>
bool regex_match(const charT* str, match_results<const charT*, Allocator>& m,
const basic_regex<charT, traits>& e,

regex_constants: :match_flag _type flags = regex_constants::match_default);

template <class ST, class SA, class Allocator, class charT, class traits>
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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);
tegmplate <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);

/\[7.11.3] Function template regex_search
tegmplate <class Bidirectionallterator, class Allocator, class charTj _class traits>
bool regex_search(Bidirectionallterator first, Bidirectionalltérator last,
match_results<Bidirectionallterator, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants: :match_flag_type flags<='regex_constants::match_default);
template <class BidirectionalIlterator, class charT, class-traits>
bool regex_search(BidirectionalIlterator first, Bidirectionallterator last,
const basic_regex<charT, traits>&’e,
regex_constants: :match_flag stype flags = regex_constants::match_default);
tegmplate <class charT, class Allocator, class ‘txaits>
bool regex_search(const charT* str,
match_results<const charT*, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants:umatch_flag_type flags = regex_constants::match_default);
template <class charT, class traits>
bool regex_search(const charT*xstr,
const basic-regex<charT, traits>& e,
regex_constants: :match_flag type flags = regex_constants::match_default);
tegmplate <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);
tegmplate <class\ST, class SA, class Allocator, class charT, class traits>
bool regexssearch(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);

// [7.11.4] Function template regex_replace
template <class Outputlterator, class Bidirectionallterator, class traits, class charT>
OutputIterator
regex_replace(OutputIterator out,
Bidirectionallterator first, Bidirectionallterator last,
const basic_regex<charT, traits>& e,
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e

7.5

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,

V4

tegmplate <class Bidirectionallterator,

const basic_string<charT>& fmt,
regex_constants: :match_flag_type flags = regex_constants::match_default);

[7.12.1] Class template regex_iterator
class charT = typename iterator_traits<Bidirectionallterator>::value type,

class traits = regex_traits<charT> >
class regex_iterator;

c o o o

4

template <class Bidirectionallterator,

edef regex_iterator<const char*> cregex_iterator;
edef regex_iterator<const wchar_t*> wcregex_iteraton;
edef regex_iterator<string::const_iterator> sregex_iterator;
edef regex_iterator<wstring::const_iterator> wsregex_iterator;

[7.12.2] Class template regex_token_iterator
class charT = typename iterator_traits<Bidirectionallterator>::value_type,

class traits = regex_traits<charT> >
class regex_token_iterator;

§§d'd'd'd'

N

The nal

pace pi
of thes

7.5.1

edef regex_token_iterator<const char*> cregex_token_iterator;

edef regex_token_iterator<const wchar.at*> wcregex_token_iterator;
edef regex_token_iterator<string::cOnst_iterator> sregex_token_iterator;

edef regex_token_iterator<wstring::const_iterator> wsregex_token_iterator;
namespace trl

namespace std

amespace trl: :regex_constants [tr.

nespace trl: :regéx)constants holds symbolic constants used by the regular expression library. Thi
ovides three types, syntax_option_type, match_flag_type, and error_type, along with several

e types.

Bitmask(Type syntax_option_type [tr.re

nam

t

space trl { namespace regex_constants {
edef bitmask_type syntax_option_type;

e.const]

S names-
onstants

.synopt]

st
st
st
st
st
st
st

dallIC COIST SyntaX _OPLIOI_type 1Casec,
atic const syntax_option_type nosubs;
atic const syntax_option_type optimize;
atic const syntax_option_type collate;
atic const syntax_option_type ECMAScript;
atic const syntax_option_type basic;

atic const syntax_option_type extended;
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static const syntax_option_type awk;
static const syntax_option_type grep;
static const syntax_option_type egrep;
} // namespace regex_constants
} // namespace trl

1 The type syntax_option_type is an implementation defined bitmask type ([lib.bitmask.types]). Setting‘ts glements
has thq effects listed in table 23. A valid value of type syntax_option_type shall have exactly one of the elements
ECMAS¢ript, basic, extended, awk, grep, egrep, set.

Table 23: syntax_option_type effects

| Element Effect(s) if set
icase Specifies that matching of regular expressions against a chatacter container se-
quence shall be performed without regard to case.
nosubs Specifies that when a regular expression is matched dgairist a character container

sequence, no sub-expression matches are to be_stored in the supplied match_-
results structure.

optimize Specifies that the regular expression engine should pay more attention to the speed
with which regular expressions are matched, and less to the speed with which
regular expression objects are construgted. Otherwise it has no detectable effect
on the program output.

collate Specifies that character ranges of. the form “[a-b]” should be locale sensitive.

ECMAScript  Specifies that the grammar recognized by the regular expression engine is that
used by ECMAScript in ECMA-262 [7], as modified in [7.13].

basic Specifies that the grammar recognized by the regular expression engine is that
used by POSIX basice.xegular expressions [ 1] in IEEE Std 1003.1-2001, Portable
Operating System, Interface (POSIX ), Base Definitions and Headers, Section 9,
Regular Expressions .

extended Specifies that'the grammar recognized by the regular expression engine is that
used by BOSIX extended regular expressions [ 1] in IEEE Std 1003.1-2001,
Portable Operating System Interface (POSIX ), Base Definitions and Headers,
Séction 9, Regular Expressions .

awk Specifies that the grammar recognized by the regular expression engine is that
used by POSIX utility awk in IEEE Std 1003.1-2001 [11].

grep Specifies that the grammar recognized by the regular expression engine is that
used by POSIX utility grep in IEEE Std 1003.1-2001 [11].

egrep Specifies that the grammar recognized by the regular expression engine is that
used by POSIX utility grep when given the -E option in IEEE Std 1003.1-
2001 [11].

7.5.2 Bitmask Type regex_constants: :match_flag_type [tr.re.matchflag]

namespace trl { namespace regex_constants{
typedef bitmask_type regex_constants::match_flag_type;
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const
const
const
const
const
const
const
const
const
const
const
const
const

static
static
static
static
static
sdatic
stlatic
stlatic
sjztic
stlatic
stlatic
sjztic

stlatic

match_flag_type
match_flag_type
match_flag_type
match_flag_type
match_flag_type
match_flag_type
match_flag_type
match_flag_type
match_flag_type
match_flag_type
match_flag_type
match_flag_type
match_flag_type

match_default = 0;
match_not_bol;
match_not_eol;
match_not_bow;
match_not_eow;
match_any;
match_not_null;
match_continuous;
match_prev_avail;
format_default = O;
format_sed;
format_no_copy;
format_first_only;

} //|namespace regex_constants

} //|namespace trl

The type regex_constants::match_flag_type is an implementation defined bitmask type ([lib.bitmas]
Matching a regular expression against a sequence of characters [first, dast) proceeds according to the ru
grammiar specified for the regular expression object, modified according-te the effects listed in table 24 for any

elemerts set.

Table 24: regex_constants::matchiflag_type effects when ob-
taining a match against a character container sequence [first,last).

K.types]).
es of the

bitmask

Element Effect(s) if set |
match_not_bol The first character in the sequence [first, last) is treated as though it is nof
at the beginning of @jline, so the character "~" in the regular expression shall nof

match [first, “first).

match_not_eol

The last character in the sequence [first, last) is treated as though it is nof
at the end-ofa line, so the character "$" in the regular expression shall not match
[last,\last).

match_not_bow

The expression "\b" is not matched against the sub-sequence [first,first).

match_not_eow

The expression "\b" should not be matched against the sub-sequence [last,last).

match_any

If more than one match is possible then any match is an acceptable result.

match_not_null

The expression does not match an empty sequence.

match_contingous

The expression only matchs a sub-sequence that begins at first .

match_pfey: avail

--first is a valid iterator position. When this flag is set then the flags match_
not_bol and match_not_bow are ignored by the regular expression algorithms 7.1
and iterators 7.12.

format_default

When a regular expression match is to be replaced by a new string, the new string

is constructed using the rules used by the ECMAScript replace function in ECMA-
262 [7], part 15.4.11 String.prototype.replace. In addition, during search and re-
place operations all non-overlapping occurrences of the regular expression are
located and replaced, and sections of the input that did not match the expression
are copied unchanged to the output string.
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format_sed

When a regular expression match is to be replaced by a new string, the new string
is constructed using the rules used by the POSIX sed utility in IEEE Std 1003.1-
2001 [11].

format_no_copy

During a search and replace operation, sections of the character container se-
quence hping searched that do not match the rpgnlnr expression shall not be copie

to the output string.

format_first_only

When specified during a search and replace operation, only the first occurrenee of
the regular expression shall be replaced.

7.5.3 |[Implementation defined error_type [tr.re.err]

t

stlatic const error_type error_collate;

tic const error_type error_ctype;

tic const error_type error_escape;

tic const error_type error_backref;

tic const error_type error_brack;

tic const error_type error_paren;

tic const error_type error_brace;

tic const error_type error_badbrace;

tic const error_type error_range;

tic const error_type error_space;

tic const error_type error_badrepeat;
stlatic const error_type error_complexity;
stlatic const error_type error_stack;

} //|namespace regex_constants

n n n n o o nu n nn

} //|namespace trl

1 Thetype error_type is an implementation defined enumeration type ([lib.enumerated.types]). Values of type
type rgpresent the error conditions described in table 25:

namgspace trl { namespace regex_constants {
jpedef tmplementation defined error_type;

Table 25: error_type values in the C locale

] Value

Error condition

error_cohlate

The expression contained an invalid collating element name.

errorsctype

The expression contained an invalid character class name.

error_escape

The expression contained an invalid escaped character, or a trailing escape.

error_backref

The expression contained an invalid back reference.

error_brack

The expression contained mismatched [ and ].

error_paren

The expression contained mismatched ( and ).

error_brace

The expression contained mismatched { and }

error_badbrace

The expression contained an invalid range in a {} expression.

error_range

The expression contained an invalid character range, such as [b-a] in most en-
codings.

124

Error_-—

© ISO/IEC 2007 — All rights reserved


https://iecnorm.com/api/?name=ee3a0eba23f997fb34fc542d96f35a47

ISO/IEC TR 19768:2007(E)

125 Regular expressions 7.6

Class regex_error

error_space There was insufficient memory to convert the expression into a finite state ma-

chine.

error_badrepeat  One of *7+{ was not preceded by a valid regular expression.

error_complexity The complexity of an attempted match against a regular expression exceeded a

nre-set level
I

match the specified character sequence.

error_stack There was insufficient memory to determine whether the regular expression ¢ould

7.6 (

lass regex_error

clasls regex_error : public std::runtime_error

{
publl

1]

};

The cl
library

regex |

]

regex |

7.7 (

temp
stry

publ]

ot

ct ot ot

ic:

explicit regex_error(regex_constants::error_type ecode);

egex_constants: :error_type code() const;

error (regex_constants: :error_type ecode);
L{fects: Constructs an object of class regex_error.

Postcondition:: ecode == code()

constants::error_type code() const;

Returns: The error code that was passed-to‘the constructor.

lass template regex_traits

late <class charT>
ct regex_traits

ic:

ypedef charT char_type;
ypedef stdsjbasic_string<char_type> string_type;
ypedef stdy:locale locale_type;
ypedef-bzimask_type char_class_type;

[tr.re{badexp]

iss regex_error defines the type of objects thrown as exceptions to report errors from the regular expression

[tr.re.traits]

gexstraits();
j:EtTC_STﬂTTSTZE_T_TEngtn\Const THar—type* P

C
C
t

t

harT translate(charT c) const;
harT translate_nocase(charT c) const;
emplate <class ForwardIterator>
string_type transform(ForwardIterator first, ForwardIterator last) const;
emplate <class ForwardIterator>
string_type transform_primary(ForwardIterator first, ForwardIterator last)
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t

t

emplate <class ForwardIterator>

string_type lookup_collatename(ForwardIterator first, ForwardIterator last) const;
emplate <class ForwardIterator>

char_class_type lookup_classname(ForwardIterator first, ForwardIterator last) const;

bool isctype(charT c, char_class_type f) const;

i

nt value(charT ch, int radix) const;

1
1

};

The sp
ments

typeddf bitmask_type char_class_type;

.

statig

]

charT

charT

templj;e <class ForwardIterator>

str

]

templj;e <class ForwardIlterator>

str

)

\

nentation specific set returned by lookup_classname.

ocale_type imbue(locale_type 1);
ocale_type getloc()const;

pcializations regex_traits<char> and regex_traits<wchar_t> shall be valid and shallsatisfy the
for a regular expression traits class (7.2).

[he type char_class_type is used to represent a character classification and)is capable of holding 3

std::size_t length(const char_type* p);
Returns: char_traits<charT>::length(p);
‘translate(charT c) const;

Returns: (c).

translate_nocase(charT c) const;

Returns: use_facet<ctype<charT> >(getloc()) .tolower(c).

g_type transform(ForwardIterator first, ForwardIterator last) const;
ffects:

string_type str(first, last);
return use_facet<collaté<charT> >(getloc()).transform(&*str.begin(), &*str.end());

g_type transform_primary(ForwardIterator first, ForwardIterator last) const;

Lifects: if typeid(use_facet<collate<charT> >) == typeid(collate_byname<charT>) and
f the sort\key returned by collate_byname<charT> ::transform(first, last) is known and ca
erted-into a primary sort key then returns that key, otherwise returns an empty string.

templgte, <class ForwardIterator>

require-

n imple-

the form
h be con-

stri

ng_type lookup_collatename(ForwardIterator first, ForwardIterator last) const;

Returns: a sequence of one or more characters that represents the collating element consisting of the character
sequence designated by the iterator range [first, last). Returns an empty string if the character sequence is
not a valid collating element.

templa

te <class ForwardIterator>
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char_class_type lookup_classname(ForwardIterator first, ForwardIterator last) const;

Returns: an unspecified value that represents the character classification named by the character sequence desig-
nated by the iterator range [first, 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: For regex_traits<char>, at least the names "d", "w", "s", "alnum", "alpha", "blank!y '|cntrl",
1digit", "graph", "lower", "print", "punct", "space", "upper" and "xdigit" shall be re€ognhjzed. For
Tegex_traits<wchar_t>, at least the names L"d", L"w", L"s", L"alnum", L"alpha", L"blank", L'|cntrl",
I"digit", L"graph", L"lower", L"print", L"punct", L"space", L"upper" and L"xdigit!" shall be recog-
ized.

bool ilsctype(charT c, char_class_type f) const;
Jffects: Determines if the character c is a member of the character classification répresented by f.

eturns: Converts f into a value m of type std: : ctype_base: :mask in an‘ufispecified manner, and retufrns true
use_facet<ctype<charT> >(getloc()).is(c, m) is true. Otherwise returns true if £ bitwjse or’ed
ith the result of calling lookup_classname with an iterator pair thatydesignates the character sequenge "w" is
otequalto O and ¢ == ’_’, orif f bitwise or’ed with the result of calling lookup_classname with ah iterator
air that designates the character sequence "blank" is not equal'to O and c is one of an implementation-defined
ubset of the characters for which isspace(c, getloc()J returns true, otherwise returns false.

int value(charT ch, int radix) const;
recondition: The value of radix shall be 8, 10, or/16.

eturns: the value represented by the digit ¢h in base radix if the character ch is a valid digit in bake radix;
therwise returns -1.

localeg_type imbue(locale_type loc);

Jffects: Imbues this with a copy,of the locale loc. [Note: calling imbue with a different locale than the one
urrently in use invalidates all gached data held by *this. — end note]

eturns: if no locale has been previously imbued then a copy of the global locale in effect at the time of ¢onstruc-
on of *this, otherwise a copy of the last argument passed to imbue.

ostcondition: getloc() == loc.
localg _type getloc()const;

etyrinss if no locale has been imbued then a copy of the global locale in effect at the time of constrpiction of
thdis, otherwise a copy of the last argument passed to imbue.

7.8 Class template basic_regex [tr.re.regex]

For a char-like type charT, specializations of class template basic_regex represent regular expressions constructed
from character sequences of charT characters. In the rest of 7.8, charT denotes a given char-like type. Storage for a
regular expression is allocated and freed as necessary by the member functions of class basic_regex.
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2 Objects of type specialization of basic_regex are responsible for converting the sequence of charT objects to an
internal representation. It is not specified what form this representation takes, nor how it is accessed by algorithms that
operate on regular expressions. [Note: implementations will typically declare some function templates as friends of

basic_regex to achieve this —end note]

3 The fu

template <class charT,
class traits =
clasls basic_regex

regex_

traits<charT> >

{
publlic:
types:
Hypedef charT value_type;
Hypedef regex_constants::syntax_option_type flag_type;
Hypedef typename traits::locale_type locale_type;

[7.8.1] constants

128

atic const regex_constants::syntax_option_type icase = regex_constants::icase;

atic const regex_constants::syntax_option_type nosubs =\regex_constants::nosubs;

atic const regex_constants::syntax_option_type optimize = regex_constants::optimize;
atic const regex_constants::syntax_option_type collate = regex_constants::collate;

atic const regex_constants::syntax_option_type €CMAScript = regex_constants::ECMAScript;
atic const regex_constants::syntax_option_type\basic = regex_constants::basic;

atic const regex_constants::syntax_option_type extended = regex_constants::extended;
atic const regex_constants::syntax_optiontype awk = regex_constants::awk;

atic const regex_constants::syntax_option_type grep = regex_constants::grep;

atic const regex_constants::syntax_option_type egrep = regex_constants::egrep;

[7.8.2] construct/copy/destroy
asic_regex();
xplicit basic_regex(const charT* p, flag_type f = regex_constants::ECMAScript);
ﬂzsic_regex(const charT#* p size_t len, flag type f);
sic_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);
Hemplate <clas®, InputIterator>
basic_regex(InputIterator first, InputIterator last,
flag_type f = regex_constants::ECMAScript);

ol ox

“Ppasil_regex();

bIsIT_Tegex¥ operator=(const basic_Tegexy)]

basic_regex& operator=(const charT* ptr);

template <class ST, class SA>

basic_regex& operator=(const basic_string<charT, ST, SA>& p);

/ [7.8.3] assign

basic_regex& assign(const basic_regex& that);
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7.8.1

statfic const regex_constants::syntax_option_type icase = regex_constants::icase;

statfic const regex_constants::syntax_option_type{hosubs = regex_constants: :nosubs;

statlic const regex_constants::syntax_option_type optimize = regex_constants::optimize;
statlic const regex_constants::syntax_optionXtype collate = regex_constants::collate;
staflic const regex_constants::syntax_optidn_type ECMAScript = regex_constants::ECMAScript;
statlic const regex_constants::syntax_option_type basic = regex_constants::basic;

statlic const regex_constants::syntax_option_type extended = regex_constants::extended;
statlic const regex_constants::syntaxZoption_type awk = regex_constants::awk;

statlic const regex_constants::syntax_option_type grep = regex_constants::grep;

statfic const regex_constants+isyntax_option_type egrep = regex_constants::egrep;

basic_regex& assign(const charTx* ptr, flag_type f = regex_constants::ECMAScript);
basic_regex& assign(const charT* p, size_t 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) ;

template <class Inputlterator>
basic_regex& assign(InputIterator first, Inputlterator last,

flag_type f = regex_constants::ECMAScript);

[7.8.4] const operations
nsigned mark_count() const;
lag_type flags() const;

[ ]

[7.8.5] locale
lUocale_type imbue(locale_type loc);
ocale_type getloc() const;

)

[7.8.6] swap
void swap(basic_regex&);

basic_regex constants [tr.re.regex.const]

The stdtic constant members are'provided as synonyms for the constants declared in namespace regex_constlants.

7.8.2

basic_regex();

basic_fregex(const charT* p, flag_type f = regex_constants::ECMAScript);

basic_regex constructors [tr.re.regex.cgnstruct]

Effects: Constructs an object of class basic_regex that does not match any character sequence.

Requires: p shall not be a null pointer.
Throws: regex_error if p is not a valid regular expression.

Effects: Constructs an object of class basic_regex; the object’s internal finite state machine is constructed from
the regular expression contained in the array of charT of length char_traits<charT>::length(p) whose first
element is designated by p, and interpreted according to the flags f.
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basic

basic

templ

templ
bas

Postconditions: £lags() returns £. mark_count () returns the number of marked sub-expressions within the

expression.

_regex(const charT* p, size_t len, flag type f);

Requires: p shall not be a null pointer.

hrows: regex_error if p is not a valid regular expression.

Jffects: Constructs an object of class basic_regex; the object’s internal finite state machine iscConstrug
e regular expression contained in the sequence of characters [p, p+len), and interpretediaccording
pecified in f.

ostconditions: £lags () returns £. mark_count () returns the number of marked sub-expressions W
Xpression.

egex(const basic_regex& e);
Jffects: Constructs an object of class basic_regex as a copy of the objeet,e.
ostconditions: £lags () and mark_count () return e.flags () and.e”mark_count (), respectively.

e <class ST, class SA>
ilc_regex(const basic_string<charT, ST, SA>& s,
flag_type f = regex_constants::ECMAScript);

hrows: regex_error if s is not a valid regular expression.

Jffects: Constructs an object of class basic_regex; the object’s internal finite state machine is construg
e regular expression contained in the string.&, and interpreted according to the flags specified in £.

Fostconditions: £lags () returns f. mark._count () returns the number of marked sub-expressions W
gxpression.

gte <class ForwardIterator>
ilc_regex(ForwardIterator (first, ForwardIterator last,
flag_type f = regex_constants::ECMAScript);

Throws: regex_errorif the sequence [first, last) is not a valid regular expression.

Effects: Construets an object of class basic_regex; the object’s internal finite state machine is construg

ags specified in f.

Fostconditions: £lags() returns £. mark_count () returns the number of marked sub-expressions w
gxpression.

ted from
the flags

ithin the

ted from

ithin the

ted from

re regular expression contained in the sequence of characters [first, last), and interpreted according to the

ithin the

basic_regex& operator=(const basic_regex& e);

Effects: Returns the result of assign(e).

basic_regex& operator=(const charT* ptr);

Regquires: ptr shall not be a null pointer.
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Effects: Returns the result of assign (ptr).

template <class ST, class SA>

basi

c_regex& operator=(const basic_string<charT, ST, SA>& p);

Effects: Returns the result of assign(p).

7.8.3

basic_|

basic|

basic_|
1

templa
basi

q

1

9

temply
basi]

]

basic_regex assign [tr.re.xrege

regex& assign(const basic_regex& that);

ffects: Copies that into *this and returns *this.

regex& assign(const charT* ptr, flag_type f = regex_constants::ECMAScript);

Returns: assign(string_type(ptr), f).

regex& assign(const charT* ptr, size_t len, flag_type f ,=\regex_constants::ECMAScript);
Returns: assign(string_type(ptr, len), f).

te <class string_traits, class A>
c_regex& assign(const basic_string<charT, string_traits, A>& s,
flag_type f = regex_constantg: *ECMAScript) ;

[(hrows: regex_error if s is not a valid regular@xpression.
Returns: *this.

ffects: Assigns the regular expression contained in the string s, interpreted according the flags specifie
n exception is thrown, *this is unchanged.

Postconditions: If no exceptionis-thrown, flags () returns £ and mark_count () returns the number o
ub-expressions within the expfession.

te <class InputIterator>
c_regex& assign(InputIterator first, Inputlterator last,
flag_type f = regex_constants::ECMAScript);

Returns-assign(string_type(first, last), f).

Requires: THe'type InputIterator corresponds to the Input Iterator requirements ([lib.input.iterators]).

K.assign]

Postconditions: £lags () and mark_count () return that.flags() and that.mdxrk-count (), respectively.

din f. If

f marked

7.8.4

basic_regex constant operafions [fr.re.regex.operations]

unsigned mark_count() const;

Effects: Returns the number of marked sub-expressions within the regular expression.

flag_t

ype flags() const;
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Effects: Returns a copy of the regular expression syntax flags that were passed to the object’s constructor or to the
last call to assign.

7.8.5

basic_regex locale [tr.re.regex.locale]

1ocalJ_type imbue (locale_type loc);

1

[«

local¢d

]

7.8.6

Lffects: Returns the result of traits_inst.imbue(loc) where traits_inst is a (default initialized
f the template type argument traits stored within the object. After a call to imbue the basic_regd
oes not match any character sequence.

_type getloc() const;

ffects: Returns the result of traits_inst.getloc() where traits_inst is a(default initialized) in

the template parameter traits stored within the object.

basic_regex swap [tr.re.reg

void swap(basic_regex& e);

)
1

b

7.8.7
7.8.7.1

templa
void

]

79 (

Class t

Lffects: Swaps the contents of the two regular expressions.

Postcondition: *this contains the regular expression that was in e, e contains the regular expression th
this.

Complexity: constant time.

basic_regex non-member functions [tr.re.regex.n

basic_regex non-member swap [tr.re.regex.

te <class charT, class traits>
swap(basic_regex<charT, traits>& lhs, basic_regex<charT, traits>& rhs);

ffects: Calls 1hs . swap(rhs).

instance
bx object

stance of

bX.swap]

At was in

memb]

mswap]

lass templaté:sub_match [tr.re.subpmatch]

pmplate sub_match denotes the sequence of characters matched by a particular marked sub-expression

templlate| <class Bidirectionallterator>

claﬂs sub_match : public std::pair<Bidirectionallterator, BidirectionalIterator>

{

public:
typedef typename iterator_traits<BidirectionalIlterator>::value_type value_type;
typedef typename iterator_traits<Bidirectionallterator>::difference_type difference_type;
typedef Bidirectionallterator iterator;

bool matched;
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difference_type length() const;
operator basic_string<value_type>() const;
basic_string<value_type> str() const;

int compare(const sub_match& s) const;

int compare(const basic_string<value_type>& s) const;
int compare(const value_type* s) const;

};

7.9.1 |sub_match members
differfence_type length();

eturns: (matched ? distance(first, second) : 0).
operator basic_string<value_type>()const;

eturns: matched 7 basic_string<value_type>(first, second)
basic_|string<value_type> str()const;

eturns: matched 7 basic_string<value_type>(firsty" second)
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)cons®t,

Returns: str() .compare(s):

7.9.2 |sub_match non-member operators

template <class Bilber>

bool| operator==(const sub_match<Bilter>& lhs, const sub_match<Bilter>& rhs);

eturns:‘Lhs . compare (rhs) ==

templatel <cYass Bilter>

booll opérator!=(const sub_match<Bilter>&% lhs, const sub_match<Bilter>& rhs);

[tr.ré.submatch.members]

basic_string<value_type>().

basic_string<value_type>().

[tr.re.submatch.op]

Returns:1hs . compare(rhs) != 0.

template <class Bilter>

bool operator<(const sub_match<BiIter>& lhs, const sub_match<Bilter>& rhs);

Returns: 1hs.compare(rhs) < 0.

© ISO/IEC 2007 — All rights reserved

133


https://iecnorm.com/api/?name=ee3a0eba23f997fb34fc542d96f35a47

ISO/IEC TR 19768:2007(E)

7.9 Class template sub_match Regular expressions

134

template <class Bilter>
bool operator<=(const sub_match<Bilter>& lhs, const sub_match<Bilter>& rhs);

4 Returns: 1hs . compare(rhs) <= 0.

template <class Bilter>
boo

atch<bllter-,«& rnsj),

5 eturns: lhs.compare(rhs) >= 0.

template <class Bilter>
boo operator>(const sub_match<BiIter>& lhs, const sub_match<Bilter>& rhs);

6 eturns: lhs.compare(rhs) > O.

template <class Bilter, class ST, class SA>
bool] operator==(const basic_string<typename iterator_traits<Bilter>::gfalue_type, ST, SA>& 1j
const sub_match<Bilter>& rhs);

7 eturns: 1hs == rhs.str().

template <class Bilter, class ST, class SA>
bool| operator!=(const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& 1}
const sub_match<Bilter>& rhs);

8 Returns: 1hs !'= rhs.str().

template <class Bilter, class ST, class SA>
bool] operator<(const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& lhg
const sub_match<BiIter>& rhs):

9 Returns: 1hs < rhs.str().

template <class Bilter, class ST, class SA>
bool] operator>(const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& lhsg
const sub_match<Bilter>& rhs);

10 Returns: 1hs > rhs.str().

template <class Bilter,\class ST, class SA>
bool] operator>=(const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& 1Y
const sub_match<Bilter>& rhs);

11 Returns: Xhs >= rhs.str().

template <class Bilter, class ST, class SA>

booll operator<=(const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& 1}

const sub_match<Bilter>& rhs);
12 Returns: 1hs <= rhs.str().

template <class Bilter, class ST, class SA>
bool operator==(const sub_match<Bilter>& 1lhs,

const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& rhs);
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Returns: 1hs.str()

template <class Bilter,
bool operator!=(const
const

== rhs.

class ST, class SA>
sub_match<Bilter>& 1lhs,

basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& rhs);

n 23 AY
mperarrty. L1115 . S5LL ()

template <class Bilter,

1 3
= LIIS.

class ST, class SA>

bool] operator<(const sub_match<Bilter>& lhs,

const basic_string<typename iterator_traits<Bilter>::value_type, ST} SA>& rhg

eturns: 1hs.str()

template <class Bilter,

< rhs.

class ST, class SA>

bool] operator>(const sub_match<Bilter>& lhs,

Returns: 1hs.str()

template <class Bilter,
bool] operator>=(const
const

Returns: 1hs.str()

template <class Bilter,
bool] operator<=(const
const

Returns: 1hs.str()

template <class Bilter>

> rhs.

class ST, class SA>
sub_match<Bilter>& lhs,

basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& r}

>= rhs.

class ST, class SA>
sub_match<Bilter>& lhs,

basic_string<typename terator_traits<Bilter>::value_type, ST, SA>& r}

<= rhs.

bool] operator==(typename iterator_traits<Bilter>::value_type constx*

const

template <class Bilter>

sub_match<Bilter>& rhs);

Returns: 1hs == rhs.str().

booll operator!=(typename iterator_traits<Bilter>::value_type constx*

const

template <class Bilter>

sub_match<BiIter>& rhs);

Returns: 1hs)!'= rhs.str().

const basic_string<typename iterator_traits<Bilter>::yalue_type, ST, SA>& rhg

lhs,

lhs,

bool| operator<(typename iterator_traits<Bilter>::value_type const* lhs,

const sub_match<BiIter>& rhs);

Returns: 1hs < rhs.

template <class Bilter>

str().

bool operator>(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);

Returns: 1hs > rhs.

str().
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template <class Bilter>

bool operator>=(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);
Returns: 1hs >= rhs.str().
template—<ctass—Bifter
bool| operator<=(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);
eturns: lhs <= rhs.str().
template <class Bilter>
bool] operator==(const sub_match<Bilter>& lhs,
typename iterator_traits<Bilter>::value_type const* rhs) ;
eturns: lhs.str() == rhs.
template <class Bilter>
bool] operator!=(const sub_match<BiIter>& lhs,
typename iterator_traits<Bilter>::value_type comst* rhs);

Returns: 1hs.str() '= rhs.

template <class Bilter>
booll operator<(const sub_match<Bilter>& lhs,

Returns: 1hs.str() < rhs.

template <class Bilter>
bool] operator>(const sub_match<Bilter>& ths,

Returns: 1hs.str() > rhs.

template <class Bilter>
booll operator>=(const sub_match<BiIter>& lhs,
typename-iterator_traits<Bilter>

Returns: 1hs.strl{()) >= rhs.

template <class Bilter>
booll operator<s(const sub_match<Bilter>& lhs,
typename iterator_traits<Bilter>

Refurns: 1hs.str() <= rhs.

typename iterator_traits<Bilter>::value_type const* rhs);

typename iterator_traits<Bilter>::value_type const* rhs);

::value_type const* rhs);

::value_type const* rhs);

template <class Bilter>
bool operator==(typename iterator_traits<Bilter>
const sub_match<Bilter>& rhs);

Returns: 1hs == rhs.str().

template <class Bilter>

::value_type const& lhs,
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bool operator!=(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<BiIter>& rhs);

Returns: 1hs !'= rhs.str().

template <class Bilter>

bOOl‘Up'EITLTUT\‘(‘ty‘pm Tterator—trarts<BiTter>Tvatue_type const& 1irs;

const sub_match<Bilter>& rhs);

Returns: 1hs < rhs.str().

template <class Bilter>
bool| operator>(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<BiIter>& rhs);

Returns: 1hs > rhs.str().

template <class Bilter>
bool| operator>=(typename iterator_traits<Bilter>::value_type const&“\lhs,
const sub_match<Bilter>& rhs);

Returns: 1hs >= rhs.str().

template <class Bilter>
bool| operator<=(typename iterator_traits<Bilter>::value/stype const& lhs,
const sub_match<Bilter>& rhs);

Returns: 1hs <= rhs.str().

template <class Bilter>
boo]] operator==(const sub_match<Bilter>& -lhs,
typename iterator_traits<Bilter>::value_type const& rhs);

Returns: 1hs.str() == rhs.

template <class Bilter>
boo]] operator!=(const sub_match<Bilter>& 1lhs,
typename,iterator_traits<Bilter>::value_type const& rhs);

Returns: 1hs.str()( %= rhs.

template <class Bilter>
boo]] operator<(const sub_match<Bilter>& 1lhs,
typename iterator_traits<BiIter>::value_type const& rhs);

Returns:Nlhs .str() < rhs.

templaten<class Bilter>
bool operator>(const sub_match<Bilter>& 1lhs,
typename iterator_traits<Bilter>::value_type const& rhs);

Returns: 1hs.str() > rhs.

template <class Bilter>
bool operator>=(const sub_match<BilIter>& 1lhs,
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typename iterator_traits<Bilter>::value_type const& rhs);

Returns: 1hs.str() >= rhs.

template <class Bilter>
bool operator<=(const sub_match<Bilter>& 1lhs,

template <class charT, class ST, class Bilter>
basilc_ostream<charT, ST>&
operfator<<(basic_ostream<charT, ST>%& os, const sub_match<Bilter>& m);

7.10

Class tpmplate match_results denotes a collection of character sequences-representing the result of a regula
sion mptch. Storage for the collection is allocated and freed as necessarynby the member functions of class
match|results.

The cldss template match_results shall satisfy the requirementsof*a Sequence, as specified in [lib.sequence
except[that only operations defined for const-qualified Sequencéy’are supported.

The syb_match object stored at index O represents sub-éxpression 0, i.e. the whole match. In this case th
match|[member matched is always true. The sub_match object stored at index n denotes what matched thg
sub-expression n within the matched expression. If the sub-expression n participated in a regular expression m
the sub_match member matched evaluates to trug; and members first and second denote the range of ¢
[first, second) which formed that match. ©therwise matched is false, and members first and second
the end of the sequence that was searched. fNofe: The sub_match objects representing different sub-express
did nof participate in a regular expression match need not be distinct.—end note]

template <class BidirectionadIterator,

clags match_results

Typen - b _ >

eturns: lhs.str() <= rhs.

Returns: (os << m.str()).

Class template match_results [tr.rg

class Allocator = ‘allocator<sub_match<Bidirectionallterator> >

pedef sub_match<Bidirectionallterator> value_type;
pedef typename Allocator::const_reference const_reference
pedef const_reference reference;
pedefimplementation defined const_iterator;
const_iterator iterator;
typename iterator_traits<Bidirectionallterator>::difference_type difference_type

results]

I expres-
template

reqmts],

e sub_-
¢ marked
htch then
haracters
point to
ions that

ATToCator . TS1ZE_type SIZe_Type,;
typedef Allocator allocator_type;
typedef typename iterator_traits<BidirectionalIlterator>::value_type char_type;
typedef basic_string<char_type> string_type;

// [7.10.1] construct/copy/destroy
explicit match_results(const Allocator& a = Allocator());
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match_results(const match_results& m);
match_results& operator=(const match_results& m);
“match_results();

/7 [7.10.2] size

size_type size() const;

ize_type max_size() const;
ool empty() const;

[7.10.3] element access
ifference_type length(size_type sub = 0) const;
ifference_type position(size_type sub = 0) const;
ring_type str(size_type sub = 0) const;
donst_reference operator[](size_type n) const;

donst_reference prefix() const;
donst_reference suffix() const;
donst_iterator begin() const;
donst_iterator end() const;

[7.10.4] format
template <class OutputIter>
OutputIter
format (OutputIter out,
const string_type& fmt,

string_type

flormat (const string_type& fmt,

[7.10.5] allocator
dllocator_type get_allocator()i~const;

[7.10.6] swap
void swap(match_results&:that);
};

7.10.1 | match_results constructors

regex_constants: :match_flag_type fllags = regex_constants::format_default) const

regex_constants: :match_flag_type flags = regex_constants::format_default) const;

[tr.re.results.const]

In all match_resglts‘constructors, a copy of the Allocator argument shall be used for any memory allocation pgrformed

by the fonstruetor or member functions during the lifetime of the object.

match_fresfitts(const Allocator& a = Allocator());

Effects: Constructs an object of class match_results.

Postconditions: size () returns 0. str() returns basic_string<charT>().

match_results(const match_results& m);

Effects: Constructs an object of class match_results, as a copy of m.
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match_results& operator=(const match_results& m);

7.10.2| match_results size [tr.re.res

size_tlype size() const;

size_type max_size()const;

bool empty()const;

7.10.3

differjence_type length(size_type sub = 0)const;

differjence_type position(size_type sub = 0)const;

3 3 + b=_0) +
string—type—strlaize—type—sub REE

Effects: Assigns m to *this. The postconditions of this function are indicated in Table 26

Table 26: match_results assignment operator effects

i Elermemnt Vatue ‘
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.sizée

Returns: One plus the number of marked sub-expressions in.the regular expression that was matched
flepresents the result of a successful match. Otherwise retuths+0. [Note: The state of amatch_results o
e modified only by passing that object to regex_match or regex_search. Sections 7.11.2 and 7.11.
the effects of those algorithms on their match_results arguments. —end note]

Returns: The maximum number of sub_match elements that can be stored in *this.

Returns: size() ==

Returns: (xthis) [sub] .length().

Retyrusy The distance from the start of the target sequence to (xthis) [sub].first.

hlts.size]

if *this
bject can
B specify

match_results element access [tr.re.reqults.acc]

Returns: string_type ((*this) [sub]).

const_reference operator[](size_type n) const;

Returns: A reference to the sub_match object representing the character sequence that matched marked sub-
expression n. If n == 0 then returns a reference to a sub_match object representing the character sequence
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that matched the whole regular expression. If n >= size() then returns a sub_match object representing an
unmatched sub-expression.

const_reference prefix()const;

Returns: A reference to the sub_match object representing the character sequence from the start of the string
eing matched/searched to the start of the match found.

const_freference suffix()const;

eturns: A reference to the sub_match object representing the character sequence from theéend of the match
und to the end of the string being matched/searched.

const_|iterator begin()const;
Returns: A starting iterator that enumerates over all the sub-expressions stored.in *this.
const_|iterator end()const;

Returns: A terminating iterator that enumerates over all the sub-expreSsions stored in *this.

7.10.4| match_results formatting [tr.re.results.form]

template <class OutputIter>
OutputIter format(OutputIter out,
const string_type& fmt,
regex_constants: :match_flag:type flags = regex_constants::format_default)

Requires: The type OutputIter conformgdo the Output Iterator requirements [24.1.2].

Effects: Copies the character sequence)[fmt .begin(), fmt.end()) to Outputlter out. Replaces eadh format
gpecifier or escape sequence in fmt-with either the character(s) it represents or the sequence of characteyrs within
Fthis to which it refers. The bitmasks specified in f1ags determines what format specifiers and escape sequences
dre recognized.

Returns: out.

string_type format(const string_type& fmt,
régex_constants: :match_flag type flags = regex_constants::format_default);

Effects: Returns a copy of the string fmt. Replaces each format specifier or escape sequence in fmt wjth either
e character(s) it represents or the sequence of characters within *this to which it refers. The bitmasks gpecified
in flags determines what format specifiers and escape sequences are recognized.

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.
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7.10.6

void s

match_results swap [tr.re.results.swap]

wap (match_results& that);

1 Effects: Swaps the contents of the two sequences.

astcandition: *xthis contains the cpnlnpnml of matched cnh_PYprPccinnc that were in that that co

tains the

9

templa
void

4 Effects

7.11
7.11.1

1 The al
is throy
stack

7.11.2

templa
booll

3 ]

fleturns O andan~empty () returns true. Otherwise the effects on parameter m are given in table 27.

equence of matched sub-expressions that were in *this.

Complexity: constant time.

te <class Bidirectionallterator, class Allocator>
swap (match_results<Bidirectionallterator, Allocator>& ml,
match_results<BidirectionalIlterator, Allocator>& m2);

ml.swap(m2).

Regular expression algorithms [
exceptions [tr.rg

borithms described in this subclause may throw an exception ofytype regex_error. If such an exd
vn, e.code () shall return either regex_constants: :errdr_complexity or regex_constants::

regex_match [tr.re.aly

te <class Bidirectionallterator, class Allécéator, class charT, class traits>
regex_match(Bidirectionallterator firsty'Bidirectionallterator last,
match_results<Bidirectionallterator, Allocator>& m,
const basic_regex<charT; traits>& e,
regex_constants::match_flag type flags = regex_constants::match_default);

Requires: The type BidirectionalIterator shall satisfy the requirements of a Bidirectional Iterator
[lib.bidirectional.iterators]).

ffects: Determines whethér, there is a match between the regular expression e, and all of the character
first, last). The'parameter flags is used to control how the expression is matched against the
equence. Returns true if such a match exists, false otherwise.

Postconditions:If\the function returns false, then the effect on parameter m is unspecified except that m

Table 27: Effects of regex_match algorithm

ir.re.alg]
.except]

eption e
EIrroxr_-—

p.match]

bequence
Character

. size()

142

l Element Value |
.size() 1 + e.mark_count()
.empty () false
.prefix() .first first

.prefix() .second  first
.prefix() .matched false

g(B|B|B|B
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template <class Bidirectionallterator, class charT, class traits>
bool| regex_match(BidirectionalIterator first, Bidirectionallterator last,

boo]] regex_match(const charT* str,

templ
boo

templ
boo

templ
boo

Ien returning the result of regex_match(first, dast, what, e, flags).
templ

m.suffix() .first last
m.suffix() .second last
m.suffix() .matched false

m[0] .first first

m[ﬂ] sacand last

m[0] .matched true if a full match was found.

m[n].first For all integers n < m.size(), the start of the sequence that

matched sub-expression n. Alternatively, if sub-expression o
did not participate in the match, then last.

m[n] .second For all integers n < m.size(), the end of the sequence that
matched sub-expression n. Alternatively, if sub-expression n
did not participate in the match, then last.

m[n] .matched For all integers n < m.size(), true if sub-expression n par-
ticipated in the match, false otherwise,

const basic_regex<charT, traits>& e,
regex_constants: :match_flag type flagS' regex_constants::match_default);

Effects: Behaves “as if” by constructing an instance of match_results<Bidirectionallterator> W

e <class charT, class Allocator, class, traits>

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).

ate <class ST, class SA, class Allocator, class charT, class traits>

1 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)

hat, and

jte <cYass charT, class traits>
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)

ate <class ST, class SA, class charT, class traits>
1 regex_match(const basic_string<charT, ST, SA>& s,
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const basic_regex<charT, traits>& e,
regex_constants: :match_flag_type flags = regex_constants::match_default);

8 Returns: regex_match(s.begin(), s.end(), e, flags).
7.11.3[ Tegex_search [trre.alg.search]
template <class Bidirectionallterator, class Allocator, class charT, class traits>
bool| regex_search(Bidirectionallterator first, Bidirectionallterator last,
match_results<BidirectionalIlterator, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants: :match_flag type flags = regex_constants::match_default);
1 equires: Type BidirectionalIterator shall satisfy the requirements of a Bidiréctional Iterator (24.[1.4).
2 Jffects: Determines whether there is some sub-sequence within [first,last))that matches the regular expres-

ion e. The parameter flags is used to control how the expression is mat¢hed against the character s
eturns true if such a sequence exists, false otherwise.

cquence.

. size()

3 ostconditions: If the function returns false, then the effect on parani€ter m is unspecified except that m
turns O and m. empty () returns true. Otherwise the effects on parameter m are given in table 28.
Table 28: Effects of regex ssearch algorithm
] Element Value

m.size() 1 + e.mark_count ()

m.empty () false

m.prefix().first first

m.prefix().second m[0].\first

m.prefix() .matched m.prefix().first != m.prefix().second

m.suffix().first m[0] . second

m.suffix().second\\“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 match was found, and false otherwise.

mfn] . first For all integers n < m.size(), the start of the sequence that
matched sub-expression n. Alternatively, if sub-expression n
did not participate in the match, then last.

Tt second Forattmtegers < mstzet); theendof the sequencethat
matched sub-expression n. Alternatively, if sub-expression n
did not participate in the match, then last .

m[n] .matched For all integers n < m.size(), true if sub-expression n par-
ticipated in the match, false otherwise.

144 © ISO/IEC 2007 — All rights reserved


https://iecnorm.com/api/?name=ee3a0eba23f997fb34fc542d96f35a47

ISO/IEC TR 19768:2007(E)

145 Regular expressions 7.11 Regular expression algorithms

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 of regex_search(str, str + char_traits<charT>::length(str), m, e, flags).

template <class ST, class SA, class Allocator, class charT, class traits>
bool| regex_search(const basic_string<charT, ST, SA>& s,
match_results<typename basic_string<charT, ST, SA>::const_iterator.,
Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants: :match_flag type flags = regex_constants::match_default);

Returns: The result of regex_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 object what of type match_results<iterator> and then feturning
the result of regex_search(first, last, what, e, flags).

template <class charT, class traits>
boo]] 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 Uutputlterator, class Bidirectionallterator, class traits, class charT>
OQutputIterator
regex_replace (OutputIterator out,

Bidirectionallterator first, Bidirectionallterator last,

const basic_regex<charl, traits>% e,

const basic_string<charT>& fmt,

regex_constants: :match_flag_type flags = regex_constants::match_default);

Effects: Constructs aregex_iterator object i asif by regex_iterator<Bidirectionallterator, charT,
traits> i(first, last, e, flags), and uses i to enumerate through all of the matches m of type match_-
results<BidirectionalIlterator> that occur within the sequence [first, last). If no such matches
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are found and ! (flags & regex_constants ::format_no_copy) then calls std::copy(first
out). If any matches are found then, for each such match, if ! (flags & regex_constants::format_no_-

copy) calls std

atch found is replaced.

7.12
7.12.1

The cl
by enul
searc
the ite
resul
iterato
ator ob
sequen|
returng
match
Two et
iteratof

temp

eturns: out.

e <class traits, class charT>

ilc_string<charT>

x_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);

ffects: Constructs an empty string result of type basic_string<charT>, calls regex_replace

jnserter(result), s.begin(), s.end(), e, fmt, flags),and then returns result.

Class template regex_iterator [tr.rd

iss template regex_iterator is an iterator adapters It represents a new view of an existing iterator s
merating all the occurrences of a regular expression within that sequence. A regex_iterator uses
L to find successive regular expression matches within the sequence from which it was constructe

s<Bidirectionallterator>. If the\énd of the sequence is reached (regex_search returns fa]
becomes equal to the end-of-sequengeliterator value. The default constructor constructs an end-of-sequ
ect, which is the only legitimate iterator to be used for the end condition. The result of operator* on a
ce iterator is not defined. For'any other iterator value a const match_results<Bidirectionalltera
d. The result of operatoxr—>-0n an end-of-sequence iterator is not defined. For any other iterator value
| results<BidirectionalIlterator>x* is returned. It is impossible to store things into regex_its
1d-of-sequence iterafors* are always equal. An end-of-sequence iterator is not equal to a non-end-of-
. Two non-end-ofssequence iterators are equal when they are constructed from the same arguments.

late <class)Bidirectionallterator,
class" charT = typename iterator_traits<Bidirectionallterator>::value_type,
class traits = regex_traits<charT> >

clasgs regex_iterator

{

, last,

::copy(m.prefix() .first, m.prefix().second, out), and then calls m.format (out,
fmt, flags). Finally, if such a match is found and ! (flags & regex_constants
calls std: :copy(last_m.suffix() .first, last_m.suffix().second,

: :format_no_copy),
out) where last_m is a copy of

the first

back_-

Regular expression Iterators [tr.re.iter]

.regiter]

equence,
regex_-
1. After

ator is constructed, and every time operator++ is used, the iterator finds and stores a value of patch_-

| se), the
bnce iter-
h end-of-
tor>& is
a const
erators.
kequence

publ
t
t
t
t
t
t

1C°

ypedef basic_regex<charT, traits> regex_type;

ypedef match_results<BidirectionalIlterator> value_type;

ypedef std::ptrdiff_t difference_type;
ypedef const value_type* pointer;

ypedef const value_type& reference;

ypedef std::forward_iterator_tag iterator_category;
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pri

};

A regg
true g

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&);

gex_iterator& operator=(const regex_iterator&);
0ol operator==(const regex_iterator&);

ool operator!=(const regex_iterator&);

onst value_type& operator*();

onst value_type* operator->();
gex_iterator& operator++();

gex_iterator operator++(int);

te:

these members are shown for exposition only:
idirectionallterator begin;
idirectionallterator end;
onst regex_typex* pregex;
gex_constants: :match_flag_type flags;
tch_results<Bidirectionallterator> match;

expresgion that matched consists only of an assertion (suchas >~?, >$’, >\b’, >\B?). —end note]

7.12.1

regex_|iterator();

Effects: Constructs an end-of-sequence-iterator.

regex_|iterator(Bidirectionalltexator a, Bidirectionallterator b,

const regex_type& re,
regex_constants::match_flag_type m = regex_constants::match_default);

Effects: Initializes begin and end to point to the beginning and the end of the target sequence, sets p
8

false the conStructor sets *this to the end-of-sequence iterator.

7121 regex_iterator comparisons [tr.re.regit

bool

x_iterator object that is not an end-of-sequence iteratof holds a zero-length match if match [0] .mat
nd match[0] .first == match[0].second. [Note: for example, this can occur when the part of th

Jl regex_iterator constructors [tr.re.regiter.cnstr]

regex to

re, sets flags tosfy then calls regex_search(begin, end, match, *pregex, flags). If this call returns

br.comp]

pErAatoIr==(CUIIST J.ege)&_ibeldb()l& Ligl.lb},

Returns: true if *this and right are both end-of-sequence iterators or if begin == right.begin, end
== right.end, pregex == right.pregex, flags == right.flags,andmatch[0] == right.match[0],
otherwise false.

bool operator!=(const regex_iterator& right);
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7.12.1.3 regex_iterator dereference

const

const

7.12.14 regex_iterator increment [tr.re.reg

regex_[iterator& operator++();

regex_literator—operatorstlintl;

Returns: ! (¥this == right).

value type& operatork();

Returns: match.
value_type* operator->();

Returns: &match.

Effects: Constructs a local variable start of type BidirectionalItérator and initializes it with the
fatch[0] . second.

If the iterator holds a zero-length match and start == end the operator sets *this to the end-of-
iterator and returns *this.

therwise, if the iterator holds a zero-length match the operator calls regex_search(start, end,
tpregex, flags | regex_constants::match_net:null | regex_constants::match_contin
e call returns true the operator returns *this. (@therwise the operator increments start and conti
e most recent match was not a zero-length mateh.

the most recent match was not a zero-length match, the operator sets flags to flags | regex_co
:match_prev_avail and calls regex=search(start, end, match, *pregex, flags). Iftheca
alse the iterator sets *this to thesend-of-sequence iterator. The iterator then returns *this.

all cases in which the call to{lvegex_search returns true, match.prefix() .first shall be eqy
revious value of match [0] {second, and for each index i in the half-open range [0, match.size()) {
atch[i] .matched is trtue,match[i] .position() shall return distance(begin, match[i].firg

ote: this means that match[i] .position() gives the offset from the beginning of the target sequend
often not the same/as the offset from the sequence passed in the call to regex_search. —end note]

is unspecified*how the implementation makes these adjustments.

ote: this-means that a compiler may call an implementation-specific search function, in which cag
efinéd specialization of regex_search will not be called. —end note]

[tr.re.regiter.deref]

ter.incr]

value of

kequence

match,
ious). If
ues as if

hstants
Il returns

al to the
or which

t]).

e, which

£ a user-

Effects:

regex_iterator tmp = *this;
++(*this) ;
return tmp;
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