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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
SO or IEC participate in the development of International Standards through technical committees
pstablished by the respective organization to deal with particular fields of technical activity. 1S@, and IEC
fechnical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with ISO and IEC, also take part in the work. In the field |of infqrmation
fechnology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

nternational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of the joint technical committee is to prepare International Standards. Draft Interhational
Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication as
an International Standard requires approval by at least 75 % of the national bedies casting a vote.

n exceptional circumstances, the joint technical committee may proposesthe publication of a Technical Report
pf one of the following types:

— type 1, when the required support cannot be obtained for\the publication of an International Sf{andard,
despite repeated efforts;

— type 2, when the subject is still under technical development or where for any other reason there is the
future but not immediate possibility of an agreement on an International Standard;

— type 3, when the joint technical committee has‘collected data of a different kind from that which is pormally
published as an International Standard (“stdte of the art”, for example).

Technical Reports of types 1 and 2 are subject to review within three years of publication, to decide whether
they can be transformed into International Standards. Technical Reports of type 3 do not necessarily|have to
be reviewed until the data they praVvide are considered to be no longer valid or useful.

Attention is drawn to the possibility that some of the elements of this document may be the subject df patent
Fights. ISO and IEC shall nat be held responsible for identifying any or all such patent rights.

SO/IEC TR 19768, ,which is a Technical Report of type 2, was prepared by Joint Technical Committee
SO/IEC JTC 1, Information technology, Subcommittee SC 22, Programming languages, their envirgnments
and system software interfaces.
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TECHNICAL REPORT ISO/IEC TR 19768:2007(E)

1 Scope [tr.intro]

his Technical Report describes extensions to the C++ standard library that is described 1n the Internatiopal
andard for the C++ programming language [14].

v

2 This Technical Report is non-normative. Some of the library components in this Techdical Report may be considefed
fqr standardization in a future version of C++, but they are not currently part of any C++ standard. Some of the
components in this Technical Report may never be standardized, and others may-be standardized in a substantiglly
changed form.

3 The goal of this Technical Report is to build more widespread existing practice for an expanded C++ standard
liprary. It gives advice on extensions to those vendors who wish to provide them.

1J1 Relation to C++ Standard Library Introduction [tr.description]

1 Unless 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]

1 This Technical Report describes four general categories of library extensions:
1/ New requirement tables, such as the regular expression traits requirements in 7.2. These are not diredtly
expressed as software; they speeify the circumstances under which user-written components will interoperpte

with the components described in this Technical Report.

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

3] New library_¢omponents declared as additions to existing standard headers, such as the mathematical spedial
functions added to the headers <cmath> and <math.h>in 5.2.1 and 5.2.2

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

2 ew-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].
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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 namesnace std-—trl [ANofe- Same componentsare declared in subnamesnaces of namesnace -std:- rl
r L i r i *

—tend note]

2 Unless otherwise specified, references to other entities described in this Technical Report are assumed to be qualified
with std::trl::, and references to entities described in the International Standard are assumed to be-qualified with
std::.

3 Byven when an extension is specified as additions to standard headers (the third category in 4;2), vendors should pot
simply add declarations to standard headers in a way that would be visible to users by default."[Note: That would fail
be standard conforming, because the new names, even within a namespace, could corflict with user macros. —¢nd
bte] Users should be required to take explicit action to have access to library extensions:

S =

4 1t is recommended either that additional declarations in standard headers bé-protected with a macro that is hot
bfined by default, or else that all extended headers, including both new headers and parallel versions of standprd
paders with non-standard declarations, be placed in a separate directorythat’is not part of the default search path.

=N
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1 This clause describes basic components used to implement other library facilities. They may- also be used by [C+
pfjograms.

2 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 <functitnal>
2.2 Smart pointers <memory>
Z.E Reference wrappers [tr.util.refwrap]
2]1.1 Additions to header <functional> synopsis [tr.util.refwrp.synopgsis]

namespace std {
namespace trl {
template <class T> class referencelwrapper;

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

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

2J1.2 Class template reference_wrapper [tr.util.refwrp.refwrp]

template<class T> class reference_wrapper

: public unary_function<T1, R> // see below
Y\public binary_function<T1, T2, R> // see below
{
public :
// types

typedef T type;
typedef see below result_type; // Notalways defined
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2.1 Reference wrappers General Utilities 4

// construct/copy/destroy
explicit reference_wrapper (T&) ;
reference_wrapper (const reference_wrapper<T>& x);

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

// access
operator T& () const;

T& get() const;

// invocation

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

};

I re¢ference_wrapper<T> is a CopyConstructible and Assignable wrapper around a reference to an object of type T].
2 re¢ference_wrapper has a weak result type ([3.3]).

3 The template instantiation reference_wrapper<T> shall be derived from std: :unary_function<T1, R> only if the
type T is any of the following:

— a function type or a pointer to function type taking one.d@rgument of type T1 and returning R

— apointer to member function type with cv-qualifiericy and no arguments; the type T1 is cv T* and R is the refurn
type of the pointer to member function

— aclass type that is derived from std: :unary_function<T1l, R>

4 The template instantiation reference_wrapper<T> shall be derived from std::binary_function<T1, T2,[R>
only if the type T is any of the following:

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

— a pointer to member functioh with cv-qualifier cv and taking one argument of type T2; the type T1 is cv T*[and
R is the return type ofthe pointer to member function

— aclass type that.is derived from std: :binary_function<T1, T2, R>

2J1.2.1 reference_wrapper construct/copy/destroy [tr.util.refwrp.copst]

ejplicit reference_wrapper(T& t);

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

2 Throws: nothing.
reference_wrapper(const reference_wrapper<T>& x) ;

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

Throws: nothing.

2.1.2.2 reference_wrapper assignment [tr.util.refwrp.assign]

r4ference_wrapper& operator=(const reference_wrapper<T>& x) ;
Postconditions: *this stores a reference to x.get ().

Throws: Nothing.

2J1.2.3 reference_wrapper access [tr.util.refwrp.access]

ogerator T& () const;

Returns: The stored reference.
Throws: nothing.

T§ get() const;

Returns: The stored reference.

Throws: nothing.

2]1.2.4 reference_wrapper invocation [tr.util.refwrp.invgke]
tgmplate <class T1, class T2, ..., class TN>
typename result_of<T(T1, T2, ..., TN)>yf{type operator() (Ti& al, T2& al, ..., TN& aN) const;

Returns: INVOKE (get (), al, a2, (., aN).([3.3])
Note: operator () is described forexposition only. Implementations are not required to provide an actual rpf-
erence_wrapper: :operator (). Implementations are permitted to support reference_wrapper functior] in-
vocation through multiple/overloaded operators or through other means.

2)1.2.5 reference_wrapper helper functions [tr.util.refwrp.helpprs]

tgmplate <class ‘T>) reference_wrapper<T> ref(T& t);
Returns:\reference_wrapper<T>(t)

Threws: nothing.

tgmplate <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);
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2.2 Smart pointers General Utilities 6
5 Returns: reference_wrapper <const T>(t)
6 Throws: nothing.
tempret Tass—T>—reference—wrapper<const—T>—erefl{reference—wrapper<>—ti
7 Returns: cref (t.get());
8 Throws: nothing.
22 Smart pointers [tr.util.smartptr]
2.1 Additions to header <memory> synopsis [traitil.smartptr.synopsis]

namespace std {

namespace trl {
// [2.2.2] Class bad_weak_ptr
class bad_weak_ptr;

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

// [2.2.3.6] shared_ptr comparisons

template<class T, class U> bool operator==(shared_pty<T> const& a, shared_ptr<U> const& b);
template<class T, class U> bool operator!=(sharedzptr<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);
template<class T, class U> shared_ptr<T> dynamic_pointer_cast(shared_ptr<U> const& r);
template<class T, class U>{shared_ptr<T> const_pointer_cast(shared_ptr<U> const& r);

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

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

// [2.2:4] Class template weak_ptr
template<class T> class weak_ptr;

7/ [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);

6 © ISO/IEC 2007 — All rights reserved
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General Utilities 2.2 Smart pointers

// [2.2.5] Class enable_shared_from_this

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

b4

.2 Class bad_weak_ptr [tr.util.smartptr.weak

2.3 Class template shared_ptr [tr.util.smartptr.shay

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

h exception of type bad_weak_ptr is thrown by the shared_ptr constructor taking a weak_ptr.

d_weak_ptr();
Postconditions: what () returns "trl::bad_weak_ptr".

Throws: nothing.

le shared_ptr class template stores a pointer, usually obtained via new. shared_ptr implements semantic
ared ownership; the last remaining owner of thepointer is responsible for destroying the object, or otherwise relea
e resources associated with the stored pointer.

namespace std {
namespace trl {
template<class T> class,shared_ptr {
public:
typedef T element-type;

// [2.2.3.1] constructors

shared_ptrl)y;

template{cless Y> explicit shared_ptr(Y* p);

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

shared/ptr (shared_ptr const& r);

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

ptr]

red ]

5 of
ing

©

// [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);

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

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

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

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

// [2.2.3.9] shared_ptr casts

template<class T, class U>qshared_ptr<T> static_pointer_cast(shared_ptr<U> const& r);
template<class T, class U> shared_ptr<T> dynamic_pointer_cast(shared_ptr<U> const& r);
template<class T, class\U> shared_ptr<T> const_pointer_cast(shared_ptr<U> const& 1);

/ [2.2.3.10] shared_ptinget_deleter
template<class,Dy ~¢lass T> D* get_deleter(shared_ptr<T> const& p);

} // namespace tid
} // namespace std

ecializations of shared_ptr shall be CopyConstructible, Assignable, and LessThanComparable, allowing their

standard' containers. Specializations of shared_ptr shall be convertible to bool, allowing their use in boo

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

use
€an

3 [Example:

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

{
// do something with px
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—end example.]

2P2.3.T shared_ptr constructors [trutil.smartptr.shared,co

shared_ptr();
Effects: Constructs an empty shared_ptr object.
Postconditions: use_count() == 0 && get() == 0.

Throws: nothing.

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

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

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

Throws: bad_alloc, or an implementation-defined exceptioniwhén a resource other than memory could no
obtained.

Exception safety: If an exception is thrown, delete p iscalled.
tgmplate<class Y, class D> shared_ptr(Y* p, D d);

Requires: p shall be convertible to T*. D shallibe’CopyConstructible. The copy constructor and destructg
D shall not throw exceptions. The expression d(p) shall be well-formed, shall have well defined behavior,
shall not throw exceptions.

Effects: Constructs a shared_ptr-object that owns the pointer p and the deleter d.
Postconditions: use_count (), == 1 && get() == p.

Throws: bad_alloc, or dn implementation-defined exception when a resource other than memory could no
obtained.

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

sjared_ptr(shared ptr const& r);
tgmplate<class{ ¥>"shared_ptr(shared_ptr<Y> const& r);

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

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

hst]

hed,

t be

r of
and

t be

that

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
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Requires: Y* shall be convertible to T*.

Effects: Constructs a shared_ptr object that shares ownership with r and stores a copy of the pointer store
I.

d in

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

Throws: bad_weak_ptr when r.expired().

Exception safety: If an exception is thrown, the constructor has no effect.
tqmplate<class Y> shared_ptr(auto_ptr<¥>& r);

Requires: r.release () shall be convertible to T*. Y shall be a complete type. The expfession delete r.rel
shall be well-formed, shall have well defined behavior, and shall not throw exceptiéns.

Effects: Constructs a shared_ptr object that stores and owns r.release().
Postconditions: use_count () == 1&&r.get() == 0.

Throws: bad_alloc, or an implementation-defined exception when aresource other than memory could no
obtained.

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

ghared_ptr();
Effects:

— If xthis is empty, there are no side effects.

stance’s use count.
— Otherwise, if *thisjowns a pointer p and a deleter d, d (p) is called.
— Otherwise, ¥this owns a pointer p, and delete p is called.

Throws: nothing:

22.3.3 shared_ptr assignment [tr.util.smartptr.shared.ass

slarediptr& operator=(shared_ptr const& r);

— If *this shares ownership with another shared_ptr instance (use_count() > 1), decrements thaf i

base ()

t be

2p2.3.2 shared_ptr destructor [tr.util.smartptr.shared.dest]

gn]

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

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

Returns: xthis.
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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 1int);
shared_ptr<void> q(p);

P =P

q =P

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

22.3.4 shared_ptr modifiers

vqid swap(shared_ptr& r);

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

vdid reset();

Effects: Equivalent to shared_ptr () . swap (*this).
tgmplate<class Y> void reset(Y* p);

Effects: Equivalent to shared_ptr(p) . swap (*this).
tgmplate<class Y, class D> void reset(Y* p,.D'd);

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

2p.3.5 shared_ptr observers

T4 get() const;

Throws: nothing.

T& operatorx()/¢onst;
Requiressget () !'= 0.
Returns: xget ().

Throws: nothing.

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

[tr.util.smartptr.shared.n

[tr.util.smartptr.shared.(

od]

dbs]

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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Requires: get () != 0.
Returns: get ().
Thraws—pothing
1gng use_count() const;
Returns: the number of shared_ptr objects, *this included, that share ownership with *this, o Q°'when *this
is empty.
Throws: nothing.
[Note: use_count () is not necessarily efficient. Use only for debugging and testing parposes, not for production
code. —end note]
bgol unique() const;
Returns: use_count () ==
Throws: nothing.
[Note: unique () may be faster than use_count (). If you are.fising unique () to implement copy on writel, do
not rely on a specific value when get () == 0. —end note]
ogerator unspecified-bool-type () const;
Returns: an unspecified value that, when used in boolean contexts, is equivalent to get () != 0.
Throws: nothing.
[Note: This conversion operator allows shared_ptr objects to be used in boolean contexts. [Example: if| (p

which avoids many of the implicit conversion pitfalls of a bool or void* return type. —end note]

tgmplate<class T, class-U>~bool operator==(shared_ptr<T> const& a, shared_ptr<U> const& b);
Returns: a.get() == b.get ().

Throws: nothing.

tqmplate<class T, class U> bool operator!=(shared_ptr<T> const& a, shared_ptr<U> const& b);
Retuinis: a.get() !'= b.get().

Throws: nothing.

&& p->valid()) —end example.] QOne“possible choice for the return type is a pointer to member functjon,

2p.3.6 shared_ptr comparisen [tr.util.smartptr.shared.cmp]

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];

© ISO/IEC 2007 — All rights reserv:

ed


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

ISO/IEC TR 19768:2007(E)

13  General Utilities 2.2 Smart pointers
— under the equivalence relation defined by operator<, !(a < b) && !'(b < a), two shared_ptr in-
stances are equivalent if and only if they share ownership or are both empty.
Throws: nothing.
[Note: Defining a comparison operator allows shared_ptr objects to be used as keys in associative contairfers.
—end note]
2p.3.7 shared_ptr I/O [tr.util.smartptr.shared.io]

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

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

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

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

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

Returns: os.

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

Effects: Equivalent to a.swap (b).

Throws: nothing.

2R.3.9 shared_ptr casts [tr.util.smartptr.shared.cpst]

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

Returns: If r is empty, an empty shared_ptr<T>; otherwise, a shared_ptr<T> object that stores statiE_-
cast<T*>(r.get ()) and shares ownership with r.

Throws: nothing.

[Note: The seeniingly equivalent expression shared_ptr<T>(static_cast<T*>(r.get())) will eventually
result in undefined behavior, attempting to delete the same object twice. —end note]

Requirés: The expression dynamic_cast<T*>(r.get ()) shall be well-formed and shall have well defined|be-
hayior.

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.

© ISO/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]

tJmplate<c1ass T, class U> shared_ptr<T> const_pointer_cast(shared_ptr<U> const& r);

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

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

Throws: nothing.

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

tgmplate<class D, class T> Dx get_deleter(shared_ptr<T> const&/p);
Returns: If p owns a deleter d of type cv-unqualified D, returns/&d;/otherwise returns 0.

Throws: nothing.

The weak_ptr class template stores a weak reference.fe an object that is already managed by a shared_ptr. To ac
the object, a weak_ptr can be converted to a shaxed_ptr using the member function lock.

namespace std {
namespace trl {
template<class T> class weak_ptr
{
public:
typedef T element_types

// constructors

weak_ptr();

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

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

/. destructor
“weak_ptr();

Returns: If r is empty, an empty shared_ptr<T>; otherwise, a shared_ptr<T> object that(stores conslt_-

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

2L2.3.10 get_deleter [tr.util.smartptr.getdeleter]

22.4 Class template weak_ptr [tr.util.smartptr.wégak]

LCSS

/7 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);

© ISO/IEC 2007 — All rights reserved
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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;
};

Sj
St

R.4.1 weak_ptr constructors

// 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

ak_ptr();

Effects: Constructs an empty weak_ptr object.
Postconditions: use_count () ==

Throws: nothing.

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

w§

ak_ptr(weak_ptr const& r);

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

2,

R.4.2\, 'weak_ptr destructor

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

Effects: If r is empty, ¢onstructs an empty weak_ptr object; otherwise, constructs a weak_ptr object that sh.
ownership with x'and stores a copy of the pointer stored in r.

Postconditionsyuse_count () == r.use_count().

Throws. ‘nothing.

ecializations of weak_ptr shall be CopyConstructible, Assignable, and, LessThanComparable, allowing their use in
hndard containers. The template parameter T of weak_ptr may be an(incomplete type.

[tr.util.smartptr.weak.copst]

res

[tr.util.smartptr.weak.dlest]

“weak_ptr();

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

Throws: nothing.

© ISO/IEC 2007 — All rights reserved
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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);

tdmplate<class Y> weak_ptr& operator=(shared_ptr<Y> const& r);
Effects: Equivalent to weak_ptr(r) .swap (*this).

Throws: nothing.

ing a temporary.

2R.44 weak_ptr modifiers [tr.util.smartptr.weak.n]

vqid swap(weak_ptr& r);

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

vgid reset();

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

22.4.5 weak_ptr observers [tr.util.smartptr.weak.(

1qng use_count() const;
Returns: 0 if xthis is empty; otherwise, the number of shared_ptr instances that share ownership with *t}
Throws: nothing.

[Note: use_count ()_is'not necessarily efficient. Use only for debugging and testing purposes, not for produc
code. —end note]

bqol expired() const)
Returns:use_count () ==
Threws? nothing.

[ote: expired() may be faster than use_count (). —end note]

Notes: The implementation may meet the effects (and the implied guarantees) via different ;means, without creat-

od]

dbs]

lis.

fion

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

Throws: nothing.
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2.2.4.6 weak_ptr comparison [tr.util.smartptr.weak.cmp]

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

2 o PR | 1 Jotl 4
NCIUTIES A IS peeITa v araCSut I trat

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

are equivalent if and only if they share ownership or are both empty.
Throws: nothing.

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

tgmplate<class T> void swap(weak_ptr<T>& a, weak_ptr<T>& b)
Effects: Equivalent to a.swap(b).

Throws: nothing.

Alclass T can inherit from enable_shared_from_this<T> to inherit the shared_from_this member functions
obptain a shared_ptr instance pointing to *this.

—
el

xample:

struct X: public enable_shared_from_this<X>
{
};

int main()
{
shared_ptr<X> p(new XJ;
shared_ptr<X> q = p=»shared_from_this();
assert(p == q);
assert (! (p < gD %& '(q < p)); /pand q share ownership

—tend example,|

namespace std {
namespace trl {
template<class T> class enable_shared_from_this {

2.5 Class template enable_shared_from_this [tr.util.smartptr.en

— under the equivalence relation defined by operator<, ! (a < b) && !(b < a), two weak_ptr’instafces

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

ab]

that

protected:
enable_shared_from_this();
enable_shared_from_this(enable_shared_from_this const&);
enable_shared_from_this& operator=(enable_shared_from_this const&);
~“enable_shared_from_this();

© 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

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

efjable_shared_from_this();
efjable_shared_from_this(enable_shared_from_this<T> const&);

4 Effects: Constructs an enable_shared_from_this<T> object.
5 Throws: nothing.
eflable_shared_from_this<T>& operator=(enable_shared_from_this<T> const&) ;
6 Returns: *this.
7 Throws: nothing.

gnable_shared_from_this();

8 Effects: Destroys *this.
9 Throws: nothing.
sjared_ptr<T> shared_from_this();

siared_ptr<T const> shared_from_this() const}

10 Requires: enable_shared_from_this<T>'shall be an accessible base class of T. *this shall be a subobjeqt of
an object t of type T. There shall be,atleast one shared_ptr instance p that owns &t.

11 Returns: A shared_ptr<T> objeetr that shares ownership with p.
12 Postconditions: r.get () == this.

13

—
=

(ote: a possible implementationis shown below:

template<class T> glass enable_shared_from_this

{

private:
weak_ptr<T>)._Yweak_this;

protected:
enable_shared_from_this() {}
ehable_shared_from_this(enable_shared_from_this const &) {}
€énable_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); }

18 © ISO/IEC 2007 — Al rights reserved
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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 ptrtoits weak this member —end note]

© ISO/IEC 2007 — All rights reserved 19
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 Functionobjects [trfunc]

typpes.

ol

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

Jl Definitions [tr.func.

2 Additions to <functional> synopsis [tr.func.s

nis clause defines components for creating and manipulating function objects, and for higherserder programming.

he following subclauses describe class template result_of, function template mem_fu; function object binders,

Table 2: Function object library summary
] Subclause Header(s) \

3.4 result_of <fun&tional>
3.5mem_fn <functional>
3.6 Function object binders <functional>
3.7 Function object wrapper$.~ <functional>

he following definitions apply to this clause:

call signature is the name of a return type followed by a parenthesized comma-separated list of zero or more argun

call wrapper is an object of a callkwrapper type.
call wrapper type is a type that holds a callable object and supports a call operation that forwards to that object.
callable object is an object of a callable type.

callable type is a pointet to function, a pointer to member function, a pointer to member data, or a class type wh
jects can appearimmediately to the left of a function call operator.

target object-is‘the callable object held by a call wrapper object.

namespace std {
namespace trl {

and

ef]

hent

0se

yn]

/7 [3.4] class template result_of
template <class FunctionCallType> class result_of;

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

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

extern unspecified _M;

}

// [3.7] polymorphic function wrappers
class bad_function_call;

template<class Function> class function;

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

template<class Functionl, class Function2X

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

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

template <class Function>
bool operator==(const function<Function>&, unspecified-null-pointer-type);
template <class Function>
bool operator==(unspeeified-null-pointer-type, const function<Function>&);
template <class Function>
bool operator!=s{const function<Function>&, unspecified-null-pointer-type);
template <class.'Eunction>
bool operatorlt=(unspecified-null-pointer-type, const function<Function>&) ;
} // namespace trl
} // namespage-std

template<class F, class T1, ..., class TN> unspectfied bind(F £, T1 t1, ..., TN tN);
template<class R, class F, class Tl, ..., class Tn> unspecified bind(F £, T1 t1, ..., FW3IN);

22

3 Réquirements [tr.func.requiire]

pfing INVOKE (£, t1, t2, ..., tN) as follows:

— (t1.x£)(t2, ..., tN) when f is a pointer to a member function 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) .xf) (£2, ..., tN) when £ 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 pfevious
item;
— f(t1, t2, ..., tN) in all other cases.
Dgfine INVOKE (£, t1, t2, ..., tN, R) as INVOKE(f, t1, t2, ..., tN) implicitly conveitedto R.
If|a call wrapper ([3.1]) has a weak result type the type of its member type result_type is based on the type T off the
wrapper’s target object ([3.1]):
— if T is a function, reference to function, or pointer to function type, result_typesshall be a synonym for the
return type of T;
— if T is a pointer to member function, result_type shall be a synonym fof.thé return type of T;
— if T is a class type with a member type result_type, then result_type shall be a synonym for T: :resulft_-
type;
— otherwise result_type shall not be defined.
Eyery call wrapper [3.1] shall be CopyConstructible. A simplé call wrapper is a call wrapper that is Assignable [and
whose copy constructor and assignment operator do not throwexceptions. A forwarding call wrapper is a call wrapper
that can be called with an argument listt1, t2, ..., tNwhereeach ti isan lvalue. The effect of calling a forwardling
cdll wrapper with one or more arguments that are rvalue$iis implementation defined. [Note: in a typical implementafion
fgrwarding call wrappers have overloaded function call’operators of the form
template<class T1, class T2, ..., class'IN>
R operator() (Ti& t1, T2& t2, ..., TN& tN) cv-qual;
—tend note]
34 Function return types [tr.func.ret]
namespace std {
namespace trl {
template <clags“FunctionCallTypes> // F(T1, T2, ..., TN)
class resulthof {
public :
// typés
typedef see below type;
b¥
Y/ namespace trl
Y 7 Hamespace 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 £ (t1, t2, ...,tN). The values ti are lvalues when the corresponding type T1i is

a reference type, and rvalues otherwise.
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2 The implementation may determine the type member via any means that produces the exact type of the expression
f(t1, t2, ..., tN) for the given types. [Note: The intent is that implementations are permitted to use special
compiler hooks —end note]

3 If[Fis nof a function object defined by the standard library, and 1I either the implementation cannot determine the {ype
off the expression f£(t1, t2, ..., tN) or the expression is ill-formed, the implementation shall use the following
piocess 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 bectypename F::resullt_
type.

4. If F is a possibly cv-qualified class type with no member named result_type orif typename F::result_type
is 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(T1,“T2,..., TN)>::type.

5. Otherwise, the program is ill-formed.

35 Function template mem_fn [tr.func.memfn]

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

1 Returns: A simple call wrapper ([3.1]) £ suchithat the expression £(t, a2, ..., aN) is equivalent to [IN-
VOKE (pm, t, a2, ..., aN) ([3.3]). £ shall have a nested type result_type that is a synonym for the refurn
type of pm when pm is a pointer to membex. function.

2 The simple call wrapper shall be derived from std: :unary_function<cv T*, Ret> when pm is a pointgr to
member function with cv-qualifier.cv and taking no arguments, where Ret is pm’s return type.

3 The simple call wrapper shall*be derived from std::binary_function<cv T, T1, Ret> when pm fis a
pointer to member function/with cv-qualifier cv and taking one argument of type T1, where Ret is pm’s refurn
type.

4 Throws: Nothing,

5 Notes: Implementations may implement mem_£n as a set of overloaded function templates.

356 Function object binders [tr.func.bind]

1 3)p describes 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;
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3
} // namespace trl
} // namespace std

i$_bind_expression can be used to detect function objects generated by bind. bind uses is_bind_expressio
dgtect subexpressions. Users may specialize this template to indicate that a type should be treated as a subexpressio
a pind call.

sttatic const bool value;

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

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

ig_placeholder can be used to detect the standard placeholders _1, _2, and so on. bind uses is_placeholde
dgtect placeholders. Users may specialize this template.fosindicate a placeholder type.
sttatic const int value;

value is J if T is the type of std: :trit:placeholders: :_J, 0 otherwise.

n to
n in

36.2 Class template is_placeholder [tr.func.bind.isplace]

r to

36.3 Function template bind [tr.func.bind.bind]
tqmplate<class F, class Tl,)class T2, ...., class TN>
unspectfied bind(F £ Tt t1, T2 t2, ..., TN tN);

Requires: F and-Ti“shall be CopyConstructible. INVOKE (£, wi, w2, ..., wN) ([3.3]) shall be a valid
pression for§ome values wi, w2, ..., wN.

Returns\A-forwarding call wrapper g with a weak result type ([3.3]). The effect of g(ul, u2, ..., uM) s
be INVOKE (£, v1, v2, ..., vN, result_of<F cv (V1, V2, ..., VN)>::type), where cv repres
the,cv-qualifiers of g and the values and types of the bound arguments v1, v2, ..., vN are determine

specified below.

€X-

hall
Ents
l as

template<class R, class F, class T1, class T2, ...., class TN>
unspecified bind(F £, T1 t1, T2 t2, ..., TN tN);
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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4 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.
5 The values of the bound arguments v1, vZ2, ..., vN and their corresponding types VI, V2, ..., VN depend on
the type of the corresponding argument ti of type T1i in the call to bind and the cv-qualifiers cv of the call wrapppr g
aq follows:

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

— if the value of std::trl::is_bind_expression<Ti>::value is true the argument is(ti(ul, u2, .|..,
uM) and its type Vi is result_of<Ti cv (Ul&, U2&, ..., UM&)>::type;

— if the value j of std::trl::is_placeholder<Ti>::value is not zero the argunient is uj and its type Vi is
Uj&;

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

3.6.4 Placeholders [tr.func.bind.place]

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

extern unspecified _M;
}
} // namespace trl
} // namespace std

1 A]l placeholder types shall be DefaultConstructible and CopyConstructible, and their default constructors [and
py constructors shall not thtow exceptions. It is implementation defined whether placeholder types are Assignalle.
signable placeholders{ copy assignment operators shall not throw exceptions.

J7  Polymorphic function wrappers [tr.func.wrap]

cq
A
3

1 3]/ describes a pOlymorphic wrapper class that encapsulates arbitrary function objects.
3J7.1 Classbhad_function_call [tr.func.wrap.baddall]
Al

h exceéption of type bad_function_call is thrown by function: :operator () ([3.7.2.4]) when the function wfap-
pgr ebject has no target.

namespace std {

namespace trl {
class bad_function_call : public std::exception
{
public:
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// [3.7.1.1] constructor
bad_function_call();
};

} // namespace trl

} // namespace std

3J7.1.1 Dbad_function_call constructor

bdd_function_call();

Effects: constructs a bad_function_call object.

3.2 Class template function

namespace std {
namespace tril {
// Function type R (T1, T2, ..., TN), 0 < N < Nmax
template<class Function>
class function
: public unary_function<T1, R> /iff N ==
: public binary_function<T1, T2, R> /iff N==2
{
public:
typedef R result_type;

// [3.7.2.1] construct/copy/destroy

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

function& operator=(const, function&) ;

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

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

~“function();

/ [3.7.2.2] function modifiers
void swap(function&);

H[3.7.2.3] function capacity
operator unspecified-bool-type () const;

[tr.func.wrap.badcall.co

[tr.func.wrap.fy

nst]

nc]

/7 [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:
// [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
template <class Function>
bool operator==(const function<Function>&, unspecified-null-pointer-type)s

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

template <class Function>
bool operator!=(const function<Function>&, unspecified-null-4pointer-type);

template <class Function>
bool operator!=(unspecified-null-pointer-type, const/furction<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 polymorphicwrappers that generalize the notion of a function pointer. Wrappers
cdn store, copy, and call arbitrary callable objects\([3.1]), given a call signature ([3.1]), allowing functions to be first-dlass
objects.

2 Alfunction object £ of type F is Callable for argument types T1, T2, ..., TN and a return type R, if, given lvajues
tl, t2, ..., tNoftypesTi, T2, :.., TN, respectively, INVOKE (£, t1, t2, ..., tN) is well-formed ([3.3])
arjd, 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).

3J7.2.1 function constpuct/copy/destroy [tr.func.wrap.func.¢on]

ejfplicit function();
1 Postconditions: ! *this.

2 Throws: nothing.

fynction(unspecified-null-pointer-type);

3 Postconditions: '*this.

4 Throws: nothing.

function(const function& f);

28 © ISO/IEC 2007 — Al rights reserved
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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 referenc

e_-

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

function object.
tqmplate<class F> function(F f);
Requires: £ shall be callable for argument types T1, T2, ..., TN and return type R.
Postconditions: ' *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 ! £

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

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

fynction& operator=(const function& f);

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

Returns: *this

fynction& operator=(unspecified-null-pointer-type);
Effects: If #this != NULL, destroys the-target of this.
Postconditions: ! (*this).

Returns: *this

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

Effects: functionlf) . swap (*xthis);

Returns: *this

tgmplate<cla§s~F> function& operator=(reference_wrapper<F> f);
Effects” function(f) . swap (*this) ;

Returns: *this

) if

Throws: nothing.
~“function();

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

© ISO/IEC 2007 — All rights reserved
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3.7.2.2 function modifiers [tr.func.wrap.func.mod]
void swap(function& other);

Ejjfects: interchanges the targets of ¥this and other.

Throws: nothing.
3J7.2.3 function capacity [tr.func.wrap.func.¢ap]
ogerator unspecified-bool-type () const

Returns: if *this has a target, returns a value that will evaluate true in a boolean context; otherwise, returhs a

value that will evaluate false in a boolean context. The value type returned shallnot be convertible to int.

Throws: nothing.

[Note: This conversion can be used in contexts where a bool is expected (e.g., an if condition); however, implicit

conversions (e.g., to int) that can occur with bool are not allowed,eliminating some sources of user error. Pne

possible implementation choice for this type is pointer-to-member. *—end note]
3J7.2.4 function invocation [tr.func.wrap.func.inv]
R|operator() (T1 t1, T2 t2, ..., TN tN) const

Effects: INVOKE (£, t1, t2, ..., tN, RN([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 object.
3J7.2.5 function target access [tr.func.wrap.func.targ]
cqnst std::type_info&~target_type() const;

Returns: If xthis has a target of type T, typeid(T); otherwise, typeid(void).

Throws: nothing.
tjmplate<typena.me > T* target();
tgmplate<typename T> const T* target() const;

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

type R.

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

Throws: nothing.
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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.

[Note: the boolean-like conversion opens a loophole whereby two function instances can be compated vid
or !=. These undefined void operators close the loophole and ensure a compile-time error. —end wote]

347.2.7 null pointer comparison operators [tr.func:wrap.func.null

tqmplate <class Function>
bool operator==(const function<Function>& f, unspecified-null-pointer-typel;

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

Returns: 'f.

Throws: nothing.

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

tqmplate <class Function>
bool operator!=(unspecified-null-pointer-typejiconst function<Function>& f);

Returns:  (bool) f.

Throws: nothing.

3J7.2.8 specialized algorithms [tr.func.wrap.func.

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

Effects: £1.swap (£2)/;

ptr]

plg]
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4 Metaprogramming and type traits  [tr.meta]

This clause describes components used by C++ programs, particularly in templates, to supportthe - widest possible rgnge
of types, optimise template code usage, detect type related user errors, and perform type infeérence and transformafion
atlcompile time.

The following subclauses describe type traits requirements, unary type traits, traitgthat describe relationships between
tyjpes, and traits that perform transformations on types, as summarized in Table 3.

Table 3: Type traits library sumfary

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>

4J1 Requirements [tr.meta.rqipts]

Al UnaryTypeTrait is a template that describes a property of a type. It shall be a class template that takes one tem-
plate type argument and, optionally, additional arguments that help define the property being described. It shal| be
D¢faultConstructible and derived; directly or indirectly, from an instance of the template integral_constant [4.3),
wjth the arguments to the templatetintegral _constant determined by the requirements for the particular property be-
ing described.

Al|BinaryTypeTrait is a template that describes a relationship between two types. It shall be a class template that takestwo
tenplate type arguments-and, optionally, additional arguments that help define the relationship being described. It shall
bg DefaultConstructible and derived, directly or indirectly, from an instance of the template integral_constant (4.3),
with the arguments to the template integral_constant determined by the requirements for the particular relationghip
bging described;

Al TransfoermdtionTypeTrait is a template that modifies a property of a type. It shall be a class template that takes jone
templatetype argument and, optionally, additional arguments that help define the modification. It shall define a nefted
typ&named type, which shall be a synonym for the modified type.

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

namespace std {
namespace 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;

template <class T> struct is_integral;

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

template <class T> struct is_pointer;

template <class T> struct is_reference;

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

template <class T> struct is_union;

template <class T> struct is_class;

template <class T> struct is_function;

// [4.5.2] composite type categories:

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

// [4.5.3] type properties:
template <class T> struct is_const;
template <class T> struct is_volatile;
template <class T> struct is_pod;
template <class T> struct is_empbys
template <class T> struct is_polymorphic;
template <class T> struct is_abstract;
template <class T> struct has_trivial_constructor;
template <class T> struct/has_trivial_copy;
template <class T> ,struct has_trivial_assign;
template <class T>'\struct has_trivial_destructor;
template <class.'T>/struct has_nothrow_constructor;
template <class.T> struct has_nothrow_copy;
template <€lass T> struct has_nothrow_assign;
template \¥elass T> struct has_virtual_destructor;
template <class T> struct is_signed;
template <class T> struct is_unsigned;
template <class T> struct alignment_of;
template <class T> struct rank;

— template Xclass I, unsigned I = U> Struct extent,

// [4.6] type relations:
template <class T, class U> struct is_same;
template <class Base, class Derived> struct is_base_of;
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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:
template <class T> struct remove_reference;
template <class T> struct add_reference;

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

483 Helper classes [tr.meta.h

template <class T, T v>
struct integral_constant

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

};

typedef integral_constamt<bool, true> true_type;
typedef integral_comStant<bool, false> false_type;

The class templaté\integral_constant and its associated typedefs true_type and false_type are used as |
clhsses to define the interface for various type traits.

44 General’Requirements [tr.meta.requireme

Tables\45 5, 6, and 8 define type predicates. Each type predicate pred<T> shall be a UnaryTypeTrait (4.1), der

elp]

ase

nts]

ved

difrectly or indirectly from true_type if the corresponding condition is true, otherwise from false_type. Each {

ype

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 [trmetanunary]

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-argument that is a dlass
tenplate specialization may result in the implicit instantiation of the template argument if and only if the.Seémantics pf X
refquire that the argument must be a complete type.

4.5.1 Primary Type Categories [tr.meta.unary.fat]

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-qualifiéd T shall yield the same redult.

3 The behavior of a program that adds specializations for any of the class templates-defined in this clause is undefined.

4 [Note: For any given type T, exactly one of the primary type categories has‘a value member that evaluates to tfue.
—lend note]

Table 4: Primary Type Category Prédicates

Template Cendition Comments
template <class T> T is void
struct is_void;
template <class T> T igah integral type
struct is_integral; [basic.fundamental])
template <class T> T is a floating point type
struct is_floating_point; ([basic.fundamental])
template <class T> T is an array type Class template array ([6.2])
struct is_array; ([basic.compound]) is not an array type.
template <class T> T is a pointer type Includes function pointers,
struct is_pointer; ([basic.compound]) but not pointers to members.
template <class T> T is a reference type Includes references to
struct is_reference; ([basic.fundamental]) functions.
template <clasg\T> T is a pointer to data member
struct is_member_object_pointer;
template <¢lass T> T is a pointer to member
struct is\member_function_pointer; function
templatev<class T> T is an enumeration type
stpuct: is_enum; ([basic.compound])
template <class T> T is a union type
structdis—union: (Hhasiccompound)
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])

5.2 Composite type traits

inf section [basic.types].

nese templates provide convenient compositions of the primary type categories, corresponding to the descriptions g

r any given type T, the result of applying one of these templates to T, and to cv-qualified T shall yield the same re

ne behavior of a program that adds specializations for any of the class templates defined in this.clause is undefined

Table 5: Composite Type Category Predicates

[tr.meta.unary.co]np]

ven

ult.
.

fqr the template in its.desetiption.

These templates provide access tossome of the more important properties of types.

Table 6: Type Property Predicates

Template Condition Comments
template <class T> T is an arithmetic type
struct is_arithmetic; ([basic.fundamental])
template <class T> T is a fundamental type
struct is_fundamental; ([basic.fundamental])
template <class T> T is an object.type
struct is_object; ([basic.types})
template <class T> T is a scalar type
struct is_scalar; ([basic.types])
template <class T> T.is‘a compound type
struct is_compound; (fbasic.compound])
template <class T> T is a pointer to a member or
struct is_member_pointer; member function
45.3 Type properties [tr.meta.unary.prop]

It[is unspecified whether the library defines any full or partial specialisations of any of these templates. A program fnay
sgecialise any of these templates on a user-defined type, provided the semantics of the specialisation match those g

ven

] Template

Condition Preconditions

template <class T>
struct is_const;

T is const-qualified
([basic.qualifier])

4+ 1+ 1 T

alifo
—15—Vorathe—-qGHaiiea

mo. oo
CCHPTaT TS5

Tacvuanlatilo g
e

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.

template <class T>

T is a polymorphic class

T shall be a complete type.

struct is_polymorphic;

([class.virtual])

template <class T>
struct is_abstract;

T is an abstract class
([class.abstract])

T shall be a complete typey

template <class T>

struct has_trivial_constructor;

The default constructor for T
is trivial ([class.ctor])

T shall be a complete type.

template <class T>
struct has_trivial_copy;

The copy constructor for T is
trivial ([class.copy])

T shall be a.complete type.

template <class T>

struct has_trivial_assign;

The assignment operator for
T is trivial ([class.copy])

T shalhbe a complete type.

template <class T>

struct has_trivial_destructor;

The destructor for T is trivial
([class.dtor])

Tshall be a complete type.

template <class T>

struct has_nothrow_constructor;

The default constructor for-T
has an empty exception
specification or can/otherwise
be deduced never.to throw an
exception

T shall be a complete type.

template <class T>
struct has_nothrow_copy;

The copy constructor for T
has an empty exception
specification or can otherwise
be«deduced never to throw an
exception

T shall be a complete type.

template <class T>

struct has_nothrow_assign;

The assignment operator for
T has an empty exception
specification or can otherwise
be deduced never to throw an

T shall be a complete type.

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

template <class T>
struct is_signed;

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

template <class T>
struct is_un$igned;

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

Table 7: Type Property Queries

struct alignment_of;

its alignment ([basic.types]).

Precondition: T shall be a complete type.

Template value
template <class 1> AN INIeger value representing the Mumber of DyTes of U1e alignment of objects

of type T; an object of type T may be allocated at an address that is a multiple of
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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]
Lemplate <class T, An integer value representing the extent (dimension) of the I’th bound of
unsigned I = 0> objects of type T (8.3.4). If the type T is not an array type, has rank of le§s‘thqn
struct extent; I,orif I == 0 and T is of type “array of unknown bound of U,” then'value
shall evaluate to zero; otherwise value shall evaluate to the numbér-of elements
in the I’th array bound of T. [Note: The term “extent” here is u§ed-to describg
the number of elements in an array type —end note]

—
el

xample:

// the following assertions hold:
assert(rank<int>::value == 0);
assert(rank<int[2]>::value == 1);
assert (rank<int [] [4]>::value == 2);

—end example]

—
et

xample:

// the following assertions hold:
assert(extent<int>::value == 0);
assert(extent<int[2]>::value == 2);
assert(extent<int[2] [4]>::value == 2);
assert(extent<int[][4]>::value == 0);
assert((extent<int, 1>::value) == 0);
assert((extent<int[2], 1>::value) == 0)§
assert ((extent<int [2] [4], 1>::value)-== 4);
assert((extent<int[] [4], 1>::valued) == 4);

—tend example]

4% Relationships between types [tr.metajrel]

Table 8: Type Relationship Predicates

] Teémplate Condition Comments
Lemplate <elass T, class U> T and U name the same
struct iS_ same; type
Lemplate“<class Base, class Derived> Base is a base class of Preconditions: Base and Derived
strdct is_base_of; Derived ([class.derived])  shall be complete types.
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

[conv.mem]). No function-paramgter
adjustments ([dcl.fct]) are'made t
type To when determining whethg
From is convertibleto\To; this
implies that if type’To is a functiop
type or an array type, then the
condition 8 false.

See below,

—

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 ambiguous conversion is a type From that has multiple hase
classes of type To ([class.member.lookup]).

nd

o

— Type To is of class type and the conversion wouldinvoke a non-public constructor of To ([class.access]
[class.conv.ctor]).

— Type From is of class type and the conyetsion 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 not void then value is false.

— When To is void then value is true.

4[7 Transformations between types [tr.meta.trans]

o

1 This sub-clause containg.templates that may be used to transform one type to another following some predefined ru
2 Ejch of the templates in this header shall be a TransformationTrait (4.1).

4]7.1 Const-yolatile modifications [tr.meta.trans.cv]

Table 9: Const-volatile modifications

] Template Comments
emplate <class I> The member typedel type shall be the same as 1 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]
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template <class T>
struct remove_volatile;

The member typedef type shall be the same as T except that any top level
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)]

Lemplate <class T>
struct remove_cv;

The member typedef type shall be the same as T except that any top level
cv-qualifier has been removed. [Example: remove_cv<const volatile
int>: :type evaluates to int, whereas remove_cv<const vola®ile int
is const volatile int*. —end example]

>

Lemplate <class T>
Etruct add_const;

If T is a reference, function, or top level const-qualified type, then type shall pe

the same type as T, otherwise T const.

Lemplate <class T>
Etruct add_volatile;

If T is a reference, function, or top level volatile-qualified‘type, then type shqll

be the same type as T, otherwise T volatile.

Lemplate <class T>
Etruct add_cv;

The member typedef type shall be the same typed@s add_const<typename
add_volatile<T>::type>: :type.

J7.2 Reference modifications

[tr.meta.trans

Table 10: Reference modifiCations

Jref]

Template

Comments

Lemplate <class T>
Etruct remove_reference;

The member typedef, type shall be the same as T, except any reference qualifjer

has been removed.

Lemplate <class T>
Etruct add_reference;

If T is a reference type, then the member typedef type shall be T, otherwise Tf .

J7.3 Array modifications

[tr.meta.trans.

Table 11: Array modifications

arr]

Template

Comments

Lemplate <class T>
struct remove_exténts

If T is “array of U”, the member typedef type shall be U, otherwise T. For
multidimensional arrays, only the first array dimension is removed. For a typ
“array of const U”, the resulting type is const U.

¢

Lemplate <class) T>
Etruct
remove_all) ‘extents;

If T is “multi-dimensional array of U”, the resulting member typedef type is

otherwise T.

E}

—

Bxample

// 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:

—tend example]

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

4/7.4 Pointer modifications [tr.meta.trans.ptr]
Table 12: Pointer modifications
Template Comments \
Lemplate <class T> The member typedef type shall be the sanie/as T, except any top level
Etruct remove_pointer; indirection has been removed. Note: ppinters to members are left unchanged py
remove_pointer.
Lemplate <class T> The member typedef type shall.be)the same as
btruct add_pointer; remove_reference<T>: :typex if T is a reference type, otherwise T*.

4.8 Other transformations

Table 13:.0Other transformations

[tr.meta.trans.other]

] Template

Condition

Comments \

template <std::size_t Len,
std::size_t Align>
struct aligned_storage;

Lenlis nonzero. Align is equal
tOalignment _of<T>::value
for some type T.

The member typedef type shall be a
POD type suitable for use as
uninitialized storage for any object
whose size is at most Len and whose
alignment is a divisor of Align.

re)
=

union type

{
unsigned \char __datal[Len];
Alignenr,,__align;

};

where Aligner is the smallest POD type for which alignment of<Aligner>::valueis Align. —end note]

(ote: a typical implementation would define type as:

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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4.9 Implementation requirements

[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 1

s_-—

unpion Shall be demned as Tollows:

template <class T> struct is_class {};
template <class T> struct is_union {};

If|the implementation cannot detect polymorphic types, then the class template is_polymorphic shall be define
fqllows:

template <class T> struct is_polymorphic {};

template <class T> struct is_abstract {};
If|the implementation cannot determine whether a type T has a virtual destructor, e.g. a pure library implemental

type (4.1).
It[is unspecified under what circumstances, if any, is_empty<T>::value evaluates to true.

Itfis unspecified under what circumstances, if any, is_pod<T>: :wvalue evaluates to true, except that, for all types ]

is_pod<T>::value == is_pod<remove_extent<T>::type>::value
is_pod<T>::value == is_pod<T const volatile>: :walue
is_pod<T>::value >= (is_scalar<T>::value |{ Es_void<T>::value)

It[is unspecified under what circumstances, if any;-has_trivial_*<T>::value evaluates to true, except that:

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

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

There are trait templates whose) semantics do not require their argument(s) to be completely defined, nor does S
cgmpleteness in any way dffect the exact definition of the traits class template specializations. However, in the absg
off compiler support thesetraits cannot be implemented without causing implicit instantiation of their arguments; in
tigular: is_class,dS_enum, and is_scalar. For these templates, it is unspecified whether their template argumer
are implicitly instantiated when the traits class is itself instantiated.

If|the implementation cannot detect abstract types, then the class template is_abstract,shall be defined as follows:

1 as

fion

wjth no compiler support, then has_virtual_destructor<T> shall be,derived, directly or indirectly, from falsp_-

=3

uch
nce
par-

t(s)
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This clause descibes components that Ct+ programs may use to perform numerical and semindmerical operations.

The following subclauses describe random number generators and mathematical specialfunctions, as summarize
Table 14.

Table 14: Numerical library summary

This subclause defines a facility for generating randomhumbers.

Inf table 15, X denotes a uniform random number generator class returning objects of type T, u is a value of X, and v
(possibly const ) value of X.

Table:lS: Uniform random number generator requirements

i in

Subclause Header(s) |
5.1 Random number generation <random>
5.2 Mathematical special functions,\ <cmath>
<math.h>
5Jl Random number generation [tr.rand]

5J1.1 Requirements [tr.rand.feq]

isa

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

equal to all values potentially
returned by operator (). The
return value of this function shall

not change during the nretume or v.
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] expression return type pre/post-condition complexity \
v.max () T If std: :numeric_- constant

1limits<T>::is_integer, returns

avalue thatis areater than-oregual
o 1

to all values potentially returned by
operator (), otherwise, returns a
value that is strictly greater than all
values potentially returned by
operator (). In any case, the
return value of this function shall
not change during the lifetime of 4

2 Intable 16, X denotes a pseudo-random number engine class returning objects of type Tst is a value of T, u is a vjlue
off X, v is an lvalue of X, s is a value of integral type, g is an lvalue of a type othef than X that defines a zero-argunment
function object returning values of unsigned integral type, x and y are (possibly-const) values of X, os is an lvalue of the
tyjpe of some class template specialization basic_ostream<charT, traits>, and is is an lvalue of the type of spme
clpss template specialization basic_istream<charT, traits>, where/charT and traits are constrained according
to| [lib.strings] and [lib.input.output].

3 Alpseudo-random number engine x has a state x (1) at any given timie. The specification of each pseudo-random nunjber
enjgine defines the size of its state in multiples of the size of its result_type, given as an integral constant expressjon.

Table 16: Pseudo-random number engine requirements (in addi-
tion to uniform random number-generator, CopyConstructible, and

Assignable)
] expression return type pre/post-condition complexity \

X () — creates an engine with the same O'(size of state)
initial state as all other
default-constructed engines of type
X in the program.

X (s) - creates an engine with the initial O'(size of state)
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.seed () void post: u == X() O'(size of state)

u.seed(s) void sets the internal state of u so thatu  same as X(s)
== X(s).
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] expression return type

pre/post-condition complexity \

u.seed(g) void

post: The internal state of u is the same as X(g)

same as if u had been newly
constructed ]'\y X u (g\ Ifan

invocation of g throws an
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,  amortized
computes u(i+1), sets thesstate to constant
u(i+1), and returns some\0atput

dependent on u(i+1)

x ==y bool

Given the current state x (1) of x O'(size of state)
and the current state y (j) of y,

returns true ifx (i+k) is equal to

y (j+k) forall integer k >= 0,

false otherwise.

x =y bool

L(x== ) O'(size of state)

os << x reference to the type of os

writes the textual representation of ~ O(size of state)
the state x (i) of x to os, with
os.fmtflags set to
ios_base::declios_-
base::fixed|ios_base::left
and the fill character set to the
space character. In the output,
adjacent numbers are separated by
one or more space characters. post:
The os . fmtflags and fill character
are unchanged.

is >> v feference to the type of is

sets the state v(i) of v as O'(size of state)
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

arguments charT and traits were

the same as those of is. post: The

15 mijlags are unchanged.

4 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 effeq
X(static_cast<Gen>(g)) if Gen is a fundamental type.

(ote: The casts make g an rvalue, unsuitable for binding to a reference, to ensure that overload resolution*Wwill se
e verison of seed that takes a single integer argument instead of the version that takes a reference toadunction obj
end note]

a textual representation was written by os << x and that representation was read by is >> &)thenx == v, provi
At no intervening invocations of x or v have occurred.

table 17, X denotes a random distribution class returning objects of type T, u is a valu¢ of X, x is a (possibly co
lue of X, e is an lvalue of an arbitrary type that meets the requirements of a aniform random number gener3
turning values of type U, os is an lvalue of the type of some class template specialization basic_ostream<chal
Faits>, and is an Ivalue of the type of some class template specialization basic_istream<charT, traits>, wl
parT and traits are constrained according to [lib.strings] and [lib.input.otitput].

Table 17: Random distribution requireents (in addition to
CopyConstructible, and Assignable)

t as

lect
ect.

ded

nst)
ptor,
rT,
here

expression return type pre/post-condition complexity
X::input_type U — compile-time
u.reset () 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 numbe
same object e is randomly of invocations o

distributed with some probability e
density function p (x)

os << 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 . pre:-is nrovides a
r r

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.

Additional requirements: The sequence of numbers produced by repeated invocations'of.x (e) does not change whe|
ofnot os << xisinvoked between any of the invocations x (e). If a textual representation is written using os << x
that representation is restored into the same or a different object y of the same typeusing is >> y, repeated invocat
off y (e) produce the same sequence of random numbers as would repeated invecations of x (e).

Ir] the following subclauses, a template parameter named UniformRardomNumberGenerator shall denote a f

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

ther
and
ons

ype

that satisfies all the requirements of a uniform random number geferator. Moreover, a template parameter nained

The effect of instantiating a template that has a template type parameter named RealType is undefined unless that fype
is|one of float, double, or long double. If std: :numeric_limits<X::input_type>::is_integer is false,
the value of e .min() shall be 0 and the value of e .max (), shall be 1.

The effect of instantiating a template that has a template type parameter named IntType is undefined unless that fype
isfone of short, int, long, or their unsigned variants.

The effect of instantiating a template that has'a‘template type parameter named UIntType is undefined unless that {ype
islone of unsigned short, unsigned int, or unsigned long.

5J1.2 Header <random> synopsis [tr.rand.synopsis]

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

// [5.1:4.] Class template linear_congruential
template<class IntType, IntType a, IntType c, IntType m>
class linear_congruential;

/7 [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
template<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
class random_device;

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

// [5.1.7.2] Class bernoulli_distribution
class bernoulli_distribution;

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

// [5.1.7.4] Class template poisson_distribution
template<class IntType = int, .class RealType = double>
class poisson_distribution;

/' [5.1.7.5] Class template binomial_distribution
template<class IntType = int, class RealType = double>
class binomialvdistribution;

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

H[S5.1.7.7] Class template exponential_distribution
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 [trrrand.yar]

Alvariate_generator produces random numbers, drawing randomness from an underlying uniferm random nunpjber
generator and shaping the distribution of the numbers corresponding to a distribution function.

template<class Engine, class Distribution>
class variate_generator

{
public:
typedef Engine engine_type;
typedef see below engine_value_type;
typedef Distribution distribution_type;
typedef typename Distribution::result_type result_type;

variate_generator(engine_type eng, distribution_type .d)§

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

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

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

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

};
The template argument for{the parameter Engine shall be of the form U, U&, or U*, where U denotes a class that satigfies
al] the requirements of ‘a uniform random number generator. The member engine_value_type shall name U.
Specializations of variate_generator satisfy the requirements of CopyConstructible and Assignable.

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

vdriatelgenerator(engine_type eng, distribution_type d)

ucts-a-variate—generat o ith-the g ig aniformrandom-num ners and
andom 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() ()

8 Returns: distribution() (e)
9 Complexity: Amortized constant
10 Notes: The sequence of numbers produced by the uniform random number generator e, se, is obtaimed\ffom

the sequence of numbers produced by the associated uniform random number generator eng, seng) as [fol-
lows: Consider the values of numeric_limits<T>::is_integer for T both Distributionzinput_type
and engine_value_type::result_type. If the values for both types are true, then se isidentical to s¢ng.
Otherwise, if the values for both types are false, then the numbers in Seng are divided byengine () .maf ()
- engine() .min() to obtain the numbers in se. Otherwise, if the value for engine_value_type: :resulft_-
type is true and the value for Distribution: :input_type is false, then the numbers in seng are dividegl by
engine() .max() - engine().min() + 1 to obtain the numbers in se. Otherwjse, the mapping from senf to
se is implementation-defined. In all cases, an implicit conversion from engine_galte_type: :result_type to
Distribution::input_type is performed. If such a conversion does not exist, the program is ill-formed.

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

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

efgine_value_type& engine()

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

cqnst engine_value_type& engine() const

13 Returns: A reference to the associated uniform random number generator.
distribution_type& distribution()

14 Returns: A reference to the associated random distribution.

cqnst distribution_type& distribution() const

15 Returns: A reference to the associated random distribution.

rgsult_type min() const

16 Precondition:distyibution() .min() is well-formed.

17 Returns: distribution() .min()

rgsult_type max()vconst

18 Precondifion: distribution() .max () is well-formed
19 Returns: distribution() .max ()
5.I.4 Random number engine class templates [tr.rand.eng]

1 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.

AJl'members declared static const in any ol the Tollowing class templates shall be delined in such a way that jhey
are usable as integral constant expressions.

5J1.4.1 Class template linear_congruential [tr.rand.eng.lcang]

Allinear_congruential engine produces random numbers using a linear function x(i+1) := (a * x(i)& ¢) mod m|

namespace trl {
template<class UIntType, UIntType a, UIntType c, UIntType m>
class linear_congruential
{
public:
// types
typedef UlntType 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 x0(= 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 Fype’shall denote an unsigned integral type large enough to store values up to (m-1). If the
tepplate parameter m is 0, the modulus m used throughout this section is std: :numeric_limits<UIntType>: :mak ()
plus 1. [Note: The result-is not representable as a value of type UIntType. —end note] Otherwise, the templlate
pgrameters a and c shall\be less than m.

The size of the stateX(i) is 1. The textual representation is the value of x(i).
ejfplicit ldnear_congruential (unsigned long x0 = 1)

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

vqid_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.
5J1.4.2 Class template mersenne_twister [tr.rand.€ng.mgrs]

1 A|mersenne_twister engine produces random numbers o(x(i)) using the following computation, perfermed modulo
2'(. um is a value with only the upper w-r bits set in its binary representation. 1m is a value with only-ts-Jower r bitg set
in| its binary representation. rshift is a bitwise right shift with zero-valued bits appearing in the high bits of the result.
Ishift is 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)

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

— z1(1) = x(1) xor ( x(1) rshift u)

— 72(1) = z1(i) xor ( (z1() Ishift s) bitand b )
— 7z3(1) = z2(i) xor ( (z2(i) Ishift t) bitand c )
— o(x(1)) = z3(i) xor ( z3() rshift 1)

template<class UIntType, int w, int n, int m, int 3
UIntType a, int u, int s, UIntType b, int‘'t, UIntType c, int 1>
class mersenne_twister
{
public:
// types
typedef UIntType result_type;

// parameter values

static const int word_sizet= w;

static const int state_sizé'= n;
static const int shift-size = m;
static const int mask_bits = r;

static const UIntType parameter_a = a;
static const imt\output_u = u;
static const/int output_s = s;
static con§t. UIntType output_b
static comst int output_t = t;
statie const UIntType output_c
static const int output_1l = 1;

b;

c;

7/ 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 template parameter UIntType shall denote an unsigned integral type large enough to store values up,to 2%
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 ordet.
mgrsenne_twister ()

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

ejfplicit mersenne_twister(unsigned long value)

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

tgmplate<class Gen> mersenne_twister(Gen& g)

2% ... z,—1 mod 2",
Complexity: Exactly n invocations of g.
vqid seed()

Effects: Invokes seed (5489UL).

vdid seed(unsigned long v)
Effects: Sets x(—n) to vmod 2”. Then,.iteratively, sets
x(—n+i) = [i+ 1812433253 (x(—n+i— 1) xor (x(—n+i—1) rshift (w—2)))] mod 2"
fori=1...n—1.
Complexity: €'(n)

tgmplate<class UIntTyp¢,\int w, int n, int m, int r,

UIntType a, (nt u, int s, UIntType b, int t, UIntType c, int 1>
bqol 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)

Returns’x(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)

Effects: Given the values zp...z,—1 obtained by successive invegations of g, sets x(-n) ... x(-1) to zo 1

nod

5.1.4.3 Class template subtract_with_carry [tr.rand.eng.sub]

A subtract_with_carry engine produces integer random numbers using the computation x (1) = (x(i-s) —x(i-

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

// parameter values

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

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

};

2 The template parameter IntType shall denote a signed integrabtype large enough to store values up to m. The following
reflation shall hold: 0 < s < r. Let w be the number of bits«dn the binary representation of m.

3 The size of the state is r. The textual representation iscthe values of x(i-r), ..., x(i-1), carry(i-1), in that order.

sybtract_with_carry()

4 Effects: Constructs a subtract_with-\carry engine and invokes seed ().

ejfplicit subtract_with_carry(unsigned long value)

5 Effects: Constructs a subtract_with_carry engine and invokes seed (value).

tgmplate<class Gen> subtract_with_carry(Gen& g)

6 Effects: With n = (m<+31) /32 (rounded downward) and given the values zg . .. z,«—1 Obtained by successive ifvo-
cations of g, sets X(T) ... x(-1)to (20-2°2 4+ 2,1 - 22" DYmodm ... (zper—n- 22+ -+ 2Zpsr—1 - 2320 D) mod m.
If x(-1) == 0 sets carry(-1) = 1, else sets carry(-1) = 0.

7 Complexipy: Exactly r*n invocations of g.
vqid seedfunsigned long value = 19780503)

8 Effects: If value == 0, sets value to 19780503. In any case, with a linear congruential generator lcg(i) haying
parameters ny, = 2147483563, a;., = 40014, ¢/ =0, and [cg(0) = value, sets X(-r) ... x(-1) to lcg(1) mod m
... leg(r) mod m, respectively. If x(-1) == 0, sets carry(-1) = 1, else sets carry(-1) = 0.

9 Complexity: O(r)

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

Complexity: O(r)

5/1.4.4 Class template subtract_with_carry_01

template<class RealType, int w, int s, int r>
class subtract_with_carry_O01
{
public:

// types

typedef RealType result_type;

// parameter values

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

// constructors and member function
subtract_with_carry_01();

void seed(unsigned long value =.19780503);
template<class Gen> void seed(Gen& g);
result_type min() const;
result_type max() congt;
result_type operatoxr()€);

};

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

writtény, —end note]

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

explicit subtract_with_carry_O1 (unsigned long value) ;
template<class Gen> subtract_with.carry_01(Gen& g);

Alsubtract_with_carry_01 engine produces floating-point random numbers using x (1) ~((x(i-s) - x(i-1|
carry(i-1)) mod 1; and setting carry(i) = 27" if x(i-s) - x(i-r) - carry(i-1) < O, else carry(i
0

The size of the'state is r. With n = (w+31)/32 (rounded downward) and integer numbers z[k, j] such that x(i — k) *2
2lk, 0] + 2 [,y 4 232 + z[k, n — 1]+ 232("=1) the textual representation is the values of z[r,0],...z[r,n—1],...2[1,0],...2[
1]} carryi= 1) % 2", in that order. [Note: The algorithm ensures that only integer numbers representable in 32 bits

[tr.rand.eng.sy

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

template<class Gen> subtract_with_carry_01(Gen& g)
et Wit =32 roided—dewarcatid—sirenthevatdes = —obkthied by —tecessive
invocations of g, sets x(-r) ... x(-1) to (zo-232+~~-+zn_1 ~232<”’1)) 27¥modl ... (z(—1)n - 2324 )
232<"_1>) -27"modl. If x(-1) == 0, sets carry(-1) = 27", else sets carry(-1) = 0.
Complexity: Exactly r*n invocations of g.

vqid seed(unsigned long value = 19780503)
Effects: If value == 0, sets value to 19780503. In any case, with a linear congruential. generator lcg(i) haying
parameters m., = 2147483563, a;c, = 40014, c;q = 0, and Icg(0) = value, sets x(-r) ... x(-1) to (lcg(l) -

27"Ymod 1...(Ilcg(r)-27") mod 1, respectively. If x(—1) == 0, sets carry(—1¥=2"", else sets carry(—1) + 0.
Complexity: O(n-r).
tqmplate<class RealType, int w, int s, int r>
bgol operator==(const subtract_with_carry<RealType, w, s, r> x4
const subtract_with_carry<RealType, w, S, T2V
Returns: true, if and only if x(i-r) == y(j-r) and ... and x(i-1)==y(-1).
Complexity: O(r)
5J1.4.5 Class template discard_block [tr.rand.eng.disc]

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

template<class UniformRandomNumberGenherator, int p, int r>
class discard_block
{
public:
// types
typedef UniformRandomNumberGenerator base_type;
typedef typename base_type::result_type result_type;

// parameter values
static const/int’ block_size = p;
static cons§t._int used_block r;

// constructors and member function

discard_block();

explicit discard_block(const base_type& rng) ;
€éxplicit discard_block(unsigned long s);

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

template<class Gen> void seed(Gen& g);
const base_type& base() const;
result_type min() const;
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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 requirements
uniform random number generator, given in table 15 in clause 5.1.1. 0 < r < p. The size of the state is\the size of b
| The textual representation is the textual representation of b followed by the value of n.

p—

discard_block()

Effects: Constructs a discard_block engine. To construct the subobject b, invokes jits default constructor.
n = 0.

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

egplicit discard_block(unsigned long s)

Effects: Constructs a discard_block engine. To constructthe subobject b, invokes the b(s) constructor. Sd
= 0.

tqmplate<class Gen> discard_block(Gen)

Effects: Constructs a discard_block engine, To econstruct the subobject b, invokes the b(g) constructor. Sd
= 0.

vqid seed()
Effects: Invokes b.seed () and sets'n~= O.

cqnst base_type& base() const

Returns: b

rdsult_type operator() ()

increments i and returns b () .

5J1.4.6 Class template xor_combine [tr.rand.eng.}

Ah x6r,_combine engine produces random numbers from two integer base engines by merging their random values

of a
blus

Bets

ts n

Effects: If n >=.x, invokes b (p-r) times, discards the values returned, and sets n = 0. In any case, then

cor]

vith

biktwise exclusive-or.

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

{
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public:
// types
typedef UniformRandomNumberGeneratorl basel_type;
typedef UniformRandomNumberGenerator2 base2_type;

typedef see below result_type;

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

sl;
s2;

// constructors and member function
xor_combine () ;

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

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

const base2_type& base2() const;
result_type min() const;

result_type max() const;

result_type operator()();

private:
basel_type bl; // exposition only
base2_type b2; // exposition only
};

The template parameters UniformRandomNumberGeneratorl and UniformRandomNumberGenerator?2 shall dei
clpsses that satisfy all the requirements of a uniform random number generator, given in table 15 in clause 5.1.1. H
UniformRandomNumberGeneratorl: :result_type and UniformRandomNumberGenerator2: :result_type
dg¢note (possibly different) unsigned integral'types. The following relation shall hold: 0 < s1 and 0 < s2. The size of
stpte is the size of the state of b1 plus the'size of the state of b2. The textual representation is the textual representa]
off b1 followed by the textual representation of b2.

The member result_type is defined to be either the type UniformRandomNumberGeneratorl ::result_typ

in| clause [basic.fundaméntal].)

xdr_combine ()

Effects: Constructs a xor _combine engine. To construct each of the subobjects b/ and b2, invokes their resped
default constructors.

xqr_coémbine (const basel_type & rngl, const base2_type & rng2)

hote
oth

thall
the

Lion

e Oor

the type UniformRandomNumberGenerator2 ::result_type, whichever one provides the most storage. (As defined

tive

Effects: Constructs a xor combine engine. Initializes b7 with a copy of rng1 and H2 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)

Ejj(f(,lb. CUUDIJLILLD d )&Ul_bUlllUillB cugiuc. TU COIIUIUcCt lilC DU‘UU‘UJCLL b], illVU}\Cb lilC Ui \g} CUOIIUUCLOL. T
to construct the subobject b2, invokes the b2(g) constructor.

vdid seed()

Effects: Invokes b1.seed() and b2.seed ().

Q

nst basel_type& basel() const
Returns: bl
cqnst base2_type& base2() const
Returns: b2
r4gsult_type operator() ()
Returns: (b1() << s1) = (b2() << s2).

[Note: Two shift values are provided for simplicity of interface. When using this class template, however,
advisable for at most one of these values to be nonzero.*(H both s1 and s2 are nonzero then the low bits
always be zero.) It is also advisable for the unshifted engine to have the property that max () is 2" — 1 —min(
some 1, and for the shift applied to the other engine to'be no greater than n.

either of the component engines it is based.en. —end note]

5J1.5 Engines with predefined parameters [tr.rand.pre

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

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

typedef subPract_with_carry_01<float, 24, 10, 24> ranlux_base_01;
typedefsubtract_with_carry_0Ol<double, 48, 10, 24> ranlux64_base_01;

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

1cn,

it is
will
for

An xor_combine that does not meet these conditions may have significantly worse uniformity properties than

ef]

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

typedef discard_block<subtract_with_carry_01<float, 24, 10, 24>, 223, 24> ranlux3_01;
typedef discard_block<subtract_with_carry_01<float, 24, 10, 24>, 389, 24> ranlux4_01;
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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.

ranlux4_01 object, x(10000) = 8587295 .24,

5J1.6 Class random_device [tr.rand.dev]

Alrandom_device produces non-deterministic random numbers. It satisfies all the requirements of a uniform rand
nymber generator (given in table 15 in clause 5.1.1). Descriptions are provided here only for, 0perations on the eng
that are not described in one of these tables or for operations where there is additional semantic information.

Iffimplementation limitations prevent generating non-deterministic random numbers, thevimplementation may empl
pdeudo-random number engine.

class random_device
{
public:

// types

typedef unsigned int result_type;

// constructors, destructors and member functions

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

result_type max() const;

double entropy() const;

result_type operator() ();

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

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

Effects: Constructsa random_device non-deterministic random number engine. The semantics and default v
of the tokenparameter are implementation-defined."

Throws.:\A&value of some type derived from exception if the random_device could not be initialized.
rgsult_type min() const

Returns: numeric_limits<result_type>::min()

For a default-constructed ranlux3 object, x(10000) = 5957620. For a default-constructed ranlux4 object, x(lO(tOO)
=(8587295. For a default-constructed ranlux3_01 object, x(10000) = 5957620 - 2724 For a default-construgted

ice]
lom

nes

Dy a

hlue

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.

pal

Al

A
tal

5J1.7 Random distribution class templates [tr.rand.d

5J1.7.1 Class template uniform_int

piobability. min and max are the parameters of the distribution.

Throws: Nothing.

sult_type operator() ()

Returns: A non-deterministic random value, uniformly distributed between min() and max ()¢(/Anclusive.
implementation-defined how these values are generated.

Throws: A value of some type derived from exception if a random number could not beyobtained.

he class templates specified in this section satisfy all the requirements of a random distribution (given in table
nuse 5.1.1). Descriptions are provided here only for operations on the distributions that are not described in on|
ese tables or for operations where there is additional semantic information:

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

ne algorithms for producing each of the specified distributionsiare implementation-defined.

uniform_int random distribution produces integer<random numbers x in the range min < x < max, with e

uniform_int random distribution satisfies all’the requirements of a uniform random number generator (give
ble 15 in clause 5.1.1).

template<class IntType = int>
class uniform_int
{
public:
// types
typedef IntType imput_type;
typedef IntType xresult_type;

// constructofs.and member function

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

result_type max() const;

void reset();

[t is

ist]

S in
e of

rred

[tr.rand.dist.iunif]

jual

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

EJfects: COnSIructs a U1 oIm_1nt Object. min and max arc the paramerers of the distipution.
rgsult_type min() const

Returns: The “min” parameter of the distribution.

rgsult_type max() const

Returns: The “max” parameter of the distribution.

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

note]

Albernoulli_distribution random distribution produces pool values distributed with probabilities p(true) =p
p{false) = 1-p. p is the parameter of the distribution.

class bernoulli_distribution
{
public:
// types
typedef int input_type;
typedef bool result_type;

// constructors and member funétion
explicit bernoulli_distxibution(double p = 0.5);
double p() const;
void reset();
template<class UniformRandomNumberGenerator>
result_type.operator () (UniformRandomNumberGenerator& urng) ;

};

bgrnoulli distribution(double p = 0.5)

Requires: 0 <p < 1

Returns: A uniform random number x in the range 0 <= x < n. [Note: This allows a variate_generator object
with a uniform_int distribution to be used with std: :random_shuffXe;see [lib.alg.random.shuffle]. —end

5J1.7.2 Class bernoulli_distribution [tr.rand.dist.b¢rn]

and

Lffects: Constructs a bernoulli_distribution object. p 1s 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 [tr.rand.dist.geom]
A geometric_distribution random distribution produces integer values i > 1 with p(i) = (1 —p)-p'~!'. pis the
parameter of the distribution.
template<class IntType = int, class RealType = double>
class geometric_distribution
{
public:
// types
typedef RealType input_type;
typedef IntType result_type;
// constructors and member function
explicit geometric_distribution(const RealType& p = RealType(0.5));
RealType p() const;
void reset();
template<class UniformRandomNumberGenerator>
result_type operator() (UniformRandomNumberGenerator& urng) ;
};
ggometric_distribution(const RealType& p = RealType(0.5))
Requires: 0 <p <1
Effects: Constructs a geometric_distribution object; p is the parameter of the distribution.
RqalType p() const
Returns: The “p” parameter of the distribution.
5J1.7.4 Class template poisson_distyibution [tr.rand.dist.pois]
Alpoisson_distribution randemdistribution produces integer values i > O with probability distribution
) mean' —mean
p (l) = Te s
where mean is the pafameter of the distribution.
template<class. IntType = int, class RealType = double>
class poisson’distribution
{
public:
/types
typedef RealType input_type;

typedef IntType result_type;
// constructors and member function

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

};

pqisson_distribution(const RealType& mean = RealType(1))

2 Requires: mean > 0

3 Effects: Constructs a poisson_distribution object; mean is the parameter of the distributiof,
R4alType mean() const

4 Returns: The mean parameter of the distribution.

wn

JI.7.5 Class template binomial_distribution [tr.rand.dist.bin]

1 Albinomial_distribution random distribution produces integer values i > 0\with

p(i) = (’:) P (1= p)'Zh

where ¢ and p are the parameters of the distribution.

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

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

};

binomial_distribution(IntType t = 1, const RealType& p = RealType(0.5))
2 Reguires: 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]
Aluniform_real random distribution produces floating-point random numbers x in the range min < x < max, yith
equal probability. min and max are the parameters of the distribution.
Aluniform_real random distribution satisfies all the requirements of a uniform random number gencrator (giveh in
taple 15 in clause 5.1.1).
template<class RealType = double>
class uniform_real
{
public:
// types
typedef RealType input_type;
typedef RealType result_type;
// constructors and member function
explicit uniform_real(RealType min = RealType(0), RealType,max = RealType(l));
result_type min() const;
result_type max() const;
void reset();
template<class UniformRandomNumberGenerator>
result_type operator () (UniformRandomNumberGénerator& urng);
};
ufiform_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.
rgsult_type min() const
Returns: The “min” parameter of the distribution.
r¢sult_type max() const
Returns: The“max” parameter of the distribution.
5J1.7.7 Class template exponential_distribution [tr.rand.dist.¢xp]
Ah expomrential _distribution random distribution produces random numbers x > O distributed with probabijlity

dg¢nsity function

Ax

JAAY 1
IJ\A} — /\C )
where A is the parameter of the distribution.

template<class RealType = double>
class exponential_distribution
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{

public:

// types
typedef RealType input_type;

e}

R4

wn

"

};

n

{

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

alType lambda() const

here mean and ¢ are the parameters of the distribution.

template<class RealType =/double>
class normal_distributign

public:

typedef RealType result_type;

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

Requires: lambda > 0.

Effects: Constructs an exponential_distribution object with rng-as the reference to the underlying sofirce
of random numbers. lambda is the parameter for the distribution,

Returns: The “A” parameter of the distribution.

J1.7.8 Class template normal_distribution [tr.rand.dist.norm]

normal_distribution random distribution produces random numbers x distributed with probability density fiinc-

L (—mean)?/(202)

px) = py ,

// types
typedef Reallype input_type;
typedef RealType result_type;

// constructors and member function

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

RealType sigma() const;

};

void reset();
template<class UniformRandomNumberGenerator>
result_type operator () (UniformRandomNumberGenerator& urng);
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explicit normal_distribution(const result_type& mean = O, const result_type& sigma = 1);

Requires: sigma > 0.

Lffects: Constructs a normal_distributilon object; mean and sigma are the parameters 1or the distribution)
R4alType mean() const

Returns: The “mean” parameter of the distribution.
RqalType sigma() const

Returns: The “o” parameter of the distribution.

5]1.7.9 Class template gamma_distribution [tr.rand.dist.gammal]

Algamma_distribution random distribution produces random numbers x distributed with probability density funcfion

plr) = =2 e?

(o) ’
where « is the parameter of the distribution.

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

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

};

ejplicit_gamma_distribution(const result_type& alpha = result_type(1));

Requires: alpha > 0.

LEjjects: Constructs a gamma_distribution object; alpha 1s the parameter tor 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]

T

E
hg

ader <cmath> are:

namespace std {
namespace trl {
// [5.2.1.1] associated Laguerre polynomials:
double assoc_laguerre(unsigned n, unsigned m, double x);
float assoc_laguerref (unsigned n, unsigned m, float x);
long double assoc_laguerrel(unsigned n, unsigned m, long double x);

// [5.2.1.2] associated Legendre functions:

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

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

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

// [5.2.1.3] beta function:

double beta(double x, double y);

float betaf (float x, float y);

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

// [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 ofthe’second kind:
double comp_ellint_2(double k) ;

float comp_ellint_2f(float k) ;

long double comp_ellint=21(long double k);

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

double comp=ellint_3(double k, double nu);

float comp~éllint_3f(float k, float nu);

long double scomp_ellint_31(long double k, long double nu);

// [5.2.1.7 Keonfluent hypergeometric functions:

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

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

Yong double conf_hypergl(long double a, long double c, long double

PR BT I : 3 £ : 3 o drd 3 3 o 3 PO T : : P .
DIC 16 SUITHIIAITZCS UIC TUIICUOILS Uldl dIT dUUdCd 10 TICadCl S Cllla LI~ TTIC dCLallCU SIEIIAUUITS aI'C gIVCIL T UIC S YIIO] S1S.

ich of these functions is provided for arguments of type float, double, and long double. The signatures.added to

x);

/7 [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);
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// [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);
float 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;

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

double cyl_neumann(double nu, double x);

float cyl_neumannf (float nu, float x);

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

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

double ellint_1(double k, double phi);

float ellint_1f(float k, float phi);

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

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

double ellint_2(double k, double phi);

float ellint_2f (float k, float phi);

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

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

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

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

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

// [5.2.1.15] exponential integral:

double expint (double ¢x) ;

float expintf (floatix) ;

long double expintl(leng/double x);

// [5.2.1.16] Hermite polynomials:

double hermite (unsigned n, double x);

float hermitef (unsigned n, float x);

long doublé) Wermitel(unsigned n, long double x);

// [5.2.1] ] hypergeometric functions:

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

Tong double hypergl(long double a, long double b, long double c,

Tong double XJ;
// [5.2.1.18] Laguerre polynomials:

double laguerre(unsigned n, double x);
float laguerref (unsigned n, float x);
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long double laguerrel(unsigned n, long double x);
// [5.2.1.19] Legendre polynomials:
double legendre(unsigned 1, double x);
float legendref (unsigned 1, float x);
long double legendrel(unsigned 1, long double x);
// [5.2.1.20] Riemann zeta function:
double riemann_zeta(double);
float riemann_zetaf (float);
long double riemann_zetal(long double);
// [5.2.1.21] spherical Bessel functions (of the first kind):
double sph_bessel (unsigned n, double x);
float sph_besself (unsigned n, float x);
long double sph_bessell(unsigned n, long double x);
// [5.2.1.22] spherical associated Legendre functions:
double sph_legendre (unsigned 1, unsigned m, double theta);
float sph_legendref (unsigned 1, unsigned m, float theta);
long double sph_legendrel(unsigned 1, unsigned m, long)double theta);
// [5.2.1.23] spherical Neumann functions;
// spherical Bessel functions (of the second kind):
double sph_neumann(unsigned n, double x);
float sph_neumannf (unsigned n, float \x);
long double sph_neumannl(unsigned n, long/double x);
} // namespace trl
} // namespace std
Table 18: Additions to header <cmath> synopsis
] Type Name(s)
Functions:
assoc’laguerre conf_hyperg ellint_2 legendre
assoc_legendre cyl_bessel_i ellint_3 riemann_zeta
beta cyl_bessel_j expint sph_bessel
comp_ellint_1 cyl_bessel_k hermite sph_legendre
comp_ellint_2 cyl_neumann hyperg sph_neumann
comp_ellint_3 ellint_1 laguerre
hch,of \the functions declared above that has one or more double parameters (the double version) shall have [two

ad

ditienal 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

72
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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:

5p.1.1 associated Laguerre polynomials [tr.num.sf.Lhm]
dquble assoc_laguerre (unsigned n, unsigned m, double x);
float assoc_laguerref (unsigned a, unsigned m, float x);

1qng double assoc_laguerrel(unsigned(m, unsigned m, long double x);

5.2.1.2 -associated Legendre functions [tr.num.sf.Blm]
dquble assoc_legendre (unsigned 1, unsigned m, double x);
float assoc_legendref (unsigned 1, unsigned m, float x);

Uhless otherwise specified, a function is defined for all finite values, for negative infinity, and for positive infinity.

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

2. Otherwise, if any argument corresponding to a double parameter in the double version has type‘double or|
an integer type, the double version is called.

3. Otherwise, the float version is called.

ich of the functions declared above shall return a NaN (Not a Number) if any argument value is a NaN, but it s

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

— the corresponding mathematical function value has a non-zero imaginary component; or

— the corresponding mathematical function is not mathematically<efined.”

Effects: These functions compute the associated Laguerre polynomials of their respective arguments n, m, and

Returns: The assoc_laguerre functions return

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

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

t report a domain error. Otherwise, each of the functions declared above shall report.a’domain error for just those
argument values for which:

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(T(x) = (1 _x2)m/2 = Pe(x), forx>0.

dx™
3 Note: The effect of calling each of these functions is implementation-defined if 1 >= 128.
5.2.1.3 Dbeta function [tr.num.sf.beta]
dquble beta(double x, double y);
float betaf (float x, float y);
1qng double betal(long double x, long double y);
1 Effects: These functions compute the beta function of their respective argaments x and y.
2 Returns: The beta functions return
L) T
B(x,y) =
I'(x+Y)
52.1.4 (complete) elliptic integral of the first kind [tr.num.sf.e]lK]
dquble comp_ellint_1(double k);
float comp_ellint_1f(float k);

1qng double comp_ellint_11(long double k)

1 Effects: These functions compute the Complete elliptic integral of the first kind of their respective arguments

]

2 Returns: The comp_ellint_1 funetions return

do

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

52.1.5 (complete)eliptic integral of the second kind [tr.num.sf.ellEx]
dquble gomp_ellint_2(double k) ;
float comp_ellint_2f (float k);

1qng 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

/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 comp_ellint_3f(float k, float nu);
1dng double comp_ellint_31(long double k, long double nu);

Effects: These functions compute the complete elliptic integral of the third kind of their respective arguments k
and n.

Returns: The comp_ellint_3 functions return

do

—vsin?0)V/1 - k2sin’ 6

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

52.1.7 confluent hypergeometric functions [tr.num.sf.conlyp]

dquble conf_hyperg(double a, double c, double x);
float conf_hypergf (float a, float c, float x);
1qng double conf_hypergl(long double a, long double c, long deuble x);

Effects: These functions compute the confluent hypergeometriesfunctions of their respective arguments a, c, jJand
X.

Returns: The conf _hyperg functions return

5L.1.8 regular modified cylindrical Bessel functions [tr.num.$f.I]

dquble cyl_bessel_i(double nu, double x);
float cyl_bessel_if (float.nu; float x);
1lqng double cyl_bessel_il(long double nu, long double x);

Effects: These functiongcompute the regular modified cylindrical Bessel functions of their respective argumgnts
nu and x.

Returns: The cyl_bessel_i functions return

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

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

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

5.2Z.1.9 cylindrical Bessel Tunctions (of the first Kind) [trnum.sf.J]
double cyl_bessel_j(double nu, double x);

float cyl_bessel_jf(float nu, float x);

long double cyl_bessel_jl(long double nu, long double x);
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ddg
f]
14

ddg
f]
14

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

uble cyl_bessel_k(double nu, double x);
oat cyl_bessel_kf(float nu, float x);
ng double cyl_bessel_kl(long double nu, long double x);

uble cyl_neumann(double nu, double x);

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

])k(x/z)v+2k

oo (_
W)=Y U WS x>0,
V() k;)k!r(v+k+1)’ o=

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

L2.1.10 irregular modified cylindrical Bessel functions [tr.num.sf.K]

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

Returns: The cyl_bessel_k functions return

(¥ — 1y (x)
2 sinvrm

|y (x) = lu (%)
sinur '

, for x > 0 and non-integral v
Ky (x) = (/2)i""! (Jy (ix) +iNy (ix)) =
v lim for x > 0 and integral v
2 u—v

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

L2.1.11 cylindrical Neumann functions [tr.num.sf.N]

cyl_neumannf (float nu, float x);

Effects: These fumctions compute the cylindrical Neumann functions, also known as the cylindrical Bessel fiinc-
tions of the.Second kind, of their respective arguments nu and x.

Returns;\The cyl_neumann functions return

Jyv(x)cosvm —J_y(x)
Ny (x) = J

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

76

lim Ju(x) cos.ufc —J ux)
p—v sinum

, for x > 0 and integral v

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);

1qng double ellint_11(long double k, long double phi);

Effects: These functions compute the incomplete elliptic integral of the first kind of their respective arguments k
and phi (phi measured in radians).

Returns: The ellint_1 functions return

¢ de
F(k,9) :/ ——— for|k| < 1.
0 \/1—k2sin’6
5L.1.13 (incomplete) elliptic integral of the second kind [tr.num.sf.e]lE]
dquble ellint_2(double k, double phi);
float ellint_2f(float k, float phi);

1qng double ellint_21(long double k, long double phi);

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

Returns: The ellint_2 functions return

0
E(k,d)):/o 1 —k2sin>0d6, for [k| < 1.

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

1qng 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 arguments k,
nu, and phi (phi measured in radians).

Returns: Thé el1lint_3 functions return

¢ do
n(V,k,d))Z ) — f0r|k|§l
0 (1—vsin®0)y/1—k2sin°0
5.2.1.15  exponential integral [frnum.st.ei]
double expint (double x);
float expintf (float x);

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

2 Returns: The expint functions return

oo ,—1
Ei—— [ ¢ 4
—

5£.1.16 Hermite polynomials [tr.num.sf.Hn]

dquble hermite(unsigned n, double x);

float hermitef (unsigned n, float x);

1qng double hermitel(unsigned n, long double x);

Effects: These functions compute the Hermite polynomials of their respective arguments n and x.

2 Returns: The hermite functions return

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

5L.1.17 hypergeometric functions [tr.num.sf.hyper]

dquble hyperg(double a, double b, double c, . double x);
float hypergf (float a, float b, float c, float x);

1qng double hypergl(long double a, long doubl@,b, long double c,
long double x);

Effects: These functions compute the hypergeometric functions of their respective arguments a, b, c, and x.

2 Returns: The hyperg functions returh

I'(c) I(a+n)T(b+n)x"
F(a,b;c; .
(a,bi¢3x) = a)l'(b nZ’ I'(c+n) n!

5p.1.18 Laguerre polynomials [tr.num.sf.JLn]

dquble lagherfte (unsigned n, double x);

float laguerref (unsigned n, float x);

1qng double~ Yaguerrel(unsigned n, long double x);

Effécts: These functions compute the Laguerre polynomials of their respective arguments n and x.

2 Returns: The laguerre functions return

.X dn
n! dxt

La(x) =

(x"e™), forx>0.

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

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

[tr.num.sf.Pl]

1qng double legendrel(unsigned 1, long double x);
Effects: These functions compute the Legendre polynomials of their respective arguments 1 and x.

2 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 X/>= 128.

5.2.1.20 Riemann zeta function
dquble riemann_zeta(double x);
float riemann_zetaf (float x);

1qng double riemann_zetal(long double x);

Effects: These functions compute the Riemann zeta function of their respective arguments x.

Returns: The riemann_zeta functions return

Zk*x, forx > 1
k=1
Cx) =

pAY A sin(%)l"(l —x)¢(1—x), forx<1

52.1.21 spherical Bessel functions (of the first kind)
dquble sph_bessel (unsigned n, double x);
float sph-bésself (unsigned n, float x);

ldqng double sph_ bessell(unsigned n, long double x);

Effects:~Fhese functions compute the spherical Bessel functions of the first kind of their respective
andix:

Returns: The sph_bessel functions return

[tr.num.sf.riemannzgtal

[tr.num.5f.j]

arguments n

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);

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

Effects: These functions compute the spherical associated Legendre functions of their respective arguments 1, m,
and theta (theta measured in radians).

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

where

(20+1) (£—m)!

Vr(0.0) = (-1 | EoE

1/2 _
} P (cos @)™, for |m| < {.

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

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

5p.1.23 spherical Neumann functions [tr.num.df.n]

dquble sph_neumann(unsigned n, double x);
float sph_neumannf (unsigned n, float x);
1qng double sph_neumannl(unsigned n, long double X)%

Effects: These functions compute the spherical Neumann functions, also known as the spherical Bessel funct{ons
of the second kind, of their respective argumentsn and x.

Returns: The sph_neumann functions retarn

in(x) = (7/2%) 2N, o (x),  forx > 0.

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

S5.2.2 Additions to header)<math.h> synopsis [tr.num.sf.mathh]

The header <math .h&-shall have sufficient additional using declarations to import into the global name space all off the
function names de¢lared in the previous section.
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6—Containers [tr.cont]

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

The following subclauses describe tuples, fixed size arrays, and unordered associated containers, as summarizefl in
Table 19.

Table 19: Container library summary

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

6.3 Unordered associative containgrs)’ <functional>
<unordered_set>
<unordered_map>

6J1 Tuple types [tr.tuple]

6.l describes the tuple library that providesca tuple type as the class template tuple that can be instantiated with Jany
nymber of arguments. An implementation:can set an upper limit for the number of arguments. The minimum vijlue
fqr this implementation quantity is defined in Annex A. Each template argument specifies the type of an element inf the
typle. Consequently, tuples are heterogeneous, fixed-size collections of values.

6J1.1 Header <tuple> synopsis [tr.tuple.synopsis]

namespace std {

namespace trl {

// [6.1.3] Classtemplate tuple

template <Class T1 = unspecified,
class T2 = unspecified,

class TM = unspecified> class tuple;

7/ [6.1.3.2] Tuple creation functions
const unspecified 1ignore;

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 TN>

tuple<Ti&, T2&, ..., TN&> tie(Ti&, T2& , ..., TN&);

// [6.1.3.3] Tuple helper classes

6.

template <class T> class tuple_size;
template <int I, class T> class tuple_element;

// [6.1.3.4] Element access

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

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

// [6.1.3.5] relational operators

L)

L)

L)

L)

L)

L)

template<class T1, class T2, ..., class TM, class Ul, class U2,

bool operator==(const tuple<T1l, T2, ..., TM>%&, const tuple<Ul, ‘U2,
template<class T1, class T2, ..., class TM, class Ul, class U2,

bool operator<(const tuple<Ti, T2, ..., TM>&, const guple<Ul, U2,
template<class T1, class T2, ..., class TM, class Ui, class U2,

bool operator!=(const tuple<Tl, T2, ..., TM>&, const tuple<Ul, U2,
template<class T1, class T2, ..., class TM, «¢lass Ul, class U2,

bool operator>(const tuple<Ti, T2, ...; (IM>&, const tuple<Ul, U2,
template<class T1, class T2, ..., class' TM, class Ul, class U2,

bool operator<=(const tuple<T1l, T2, ..., TM>&, const tuple<Ul, U2,
template<class T1, class T2, .\_.J, class TM, class Ul, class U2,

bool operator>=(const tuple<T1l, T2, ..., TM>%&, const tuple<Ul, U2,

} // namespace trl
} // namespace std

1.2 Additions to header'<utility> synopsis

namespace std f
namespace trll{
template \®elass T> class tuple_size; //forward declaration

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

template <class T1, class T2> struct tuple_size<std::pair<T1, T2> >;

template <class T1, class T2> struct tuple_element<0, std::pair<T1l, T2> >;

class UM>
., UM>&);

class UM>
., UM>&);

class UM>
., UM>&);

class UM>
., UM>&);

class UM>
., UM>&);

class UM>
., UM>&);

[tr.tuple.synopsis.ppir]

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

// see below for definition of “P”.

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>&);
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} // namespace trl
} // namespace std

6.1.3__Class ternplafp +np'| o [h- flll‘_\lﬂ tu ]p]
M denotes the implementation-defined number of template type parameters to the tuple class template, and N denoteq the
nymber of template arguments specified in an instantiation.
[Axample: Given the instantiation tuple<int, float, char>, Nis 3. —end example]
template <class T1 = unspecified,
class T2 = wunspecified,
class TM = unspecified>
class tuple
{
public:
tuple();
explicit tuple(P1, P2, ..., PN); /iff N>0
tuple(const tuple&);
template <class Ul, class U2, ..., class UN> tuple(const tuple<Ul, U2, ..., UN>&);
template <class Ul, class U2> tuple(const pair<Ul, U2>&); /N ==
tuple& operator=(const tuple&);
template <class Ul, class U2, ..., class UN>\tuple& operator=(const tuple<U1l, U2, ., UN>&);
template <class Ul, class U2> tuple& operator=(const pair<Ul, U2>&); /iff N==2
}
6J1.3.1 Construction [tr.tuple.cnistr]

typle();

Requires: Each type Ti shall:be default constructible.

Effects: Default initializes)each element.

typle(P1, P2, ..., PN)y

where Pi is T1\if Ti is a reference type, or const Ti& otherwise.

Requires:;Each type Ti shall be copy constructible.

Effects”Copy initializes each element with the value of the corresponding parameter.

typle (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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6.1 Tuple types Containers 84
Requires: Each type Ti shall be constructible from the corresponding type Ui.
Effects: Constructs each element of *this with the corresponding element of u.

Nate: In an implementation where one template definition serves for manv differen alues for N-enable if
can be used to make the converting constructor and assignment operator exist only in the cases where the’soyirce
and target have the same number of elements. Another way of achieving this is adding an extra integraltemplate
parameter which defaults to N (more precisely, a metafunction that computes N), and then defining the iconverfing
copy constructor and assignment only for tuples where the extra parameter in the source is N. —end-note]

tgmplate <class Ul, class U2> tuple(const pair<Ul, U2>& u);
Requires: T1 shall be constructible from U1, T2 shall be constructible from U2. N == 2!
Effects: Constructs the first element with u.first and the second element with u.second.

typle& operator=(const tuple& u);
Requires: Each type Ti shall be assignable.
Effects: Assigns each element of u to the corresponding element of *#this.
Returns: *this

tgmplate <class Ul, class U2, ..., class UN> tuple& operator=(const tuple<U1, U2, ..., UN>& u);
Requires: Each type Ti shall be assignable from the cofresponding type Ui.
Effects: Assigns each element of u to the corresponding element of *this.
Returns: *this

tgmplate <class Ul, class U2> tuple& operator=(const pair<U1l, U2>& u);
Requires: T1 shall be assignable fromU1, T2 shall be assignable from U2. N == 2.
Effects: Assigns u.first to the first element of *this and u.second to the second element of *this.
Returns: *this
[Note: There are rave~conditions where the converting copy constructor is a better match than the element-Wise
construction, ever_though the user might intend differently. An example of this is if one is constructing a ¢ne-
element tuple where the element type is another tuple type T and if the parameter passed to the constructor is| not
of type T, bit rather a tuple type that is convertible to T. The effect of the converting copy construction is most
likely the.same as the effect of the element-wise construction would have been. However, it it possible to compare
the “n€sting depths” of the source and target tuples and decide to select the element-wise constructor if the sofirce
nesting depth is smaller than the target nesting-depth. This can be accomplished using an enable_if template or
othier tools for constrained templates. —end note]

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).
[Example:
int i; float j;
make_tuple(l, ref(i), cref(j))
creates a tuple of type
tuple<int, int&, const float&>
—end example]
tqmplate<class T1, class T2, ..., class TN>
tuple<T1&, T2&, ..., TN> tie(T1& t1, T2& t2, ..., TN& tn);

ty

6J1.3.3 Tuple helper classes

ple_size<T>::value

The tie function template shall be implemented for each diffefent'number of arguments from O to the maximum

number of allowed tuple elements.

Returns: tuple<T1&, T2&, ..., TN&>(tl, t2, .e. ," tn). When an argument t; is ignore, assigning
value to the corresponding tuple element has no effect.

[Example: tie functions allow one to create, tuples that unpack tuples into variables. ignore can be used
elements that are not needed:

int i; std::string s;

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

—end example]

Requires>T'is an instantiation of class template tuple.
Type=integral constant expression.

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 [tr.tuple.elem]
template <int I, class T1, class T2, ..., class TN>

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

tgmplate <int I, class T1, class T2, ..., class TN>
PJ get(const tuple<T1l, T2, ..., TN>& t);

Requires: 0 < I < N. The program is ill-formed if I is out of bounds.
Return type: RJ, where J=I+1. If TJ is a reference type, then RJ is TJ, otherwise RJ is TJ&.

Returns: A reference to the Ith element of t, where indexing is zero-based.

Requires: 0 < I < N. The program is ill-formed if I is out of bounds.
Return type: PJ, where J=I+1. If TJ is a reference type, then PJ is TJ, otherwise'PJ is const TJ&.
Returns: A const reference to the Ith element of t, where indexing is zere-based.

[Note: Constness is shallow. If TJ is some reference type X&, the retuen type is X&, not const X&. Howevdr, if
the element type is non-reference type T, the return type is congty T&. This is consistent with how constnegs is
defined to work for member variables of reference type. —end-nofe.]

[Note: The reason get is a nonmember function is that'ifrthis functionality had been provided as a member
function, invocations where the type depended on a template parameter would have required using the templpte
keyword. —end note]

6J1.3.5 Relational operators [tr.tuple/rel]
tgmplate<class T1, class T2, ..., class TN, class Ul, class U2, ..., class UN>
bool operator==(const tuple<T1l, (T2, ..., TN>& t, const tuple<Ul, U2, ..., UN>& u);
Requires: For all i, where Q_%= 1 < N, get<i>(t) == get<i>(u) is a valid expression returning a type [that
is convertible to bool.
Returns: true iff get<i>(t) == get<i>(u) for all i. For any two zero-length tuples e and f, e == £ retyirns
true.
Effects: Theg€lementary comparisons are performed in order from the zeroth index upwards. No comparisonis or
element acpesses are performed after the first equality comparison that evaluates to false.
tgmplate<class T1, class T2, ..., class TN, class Ul, class U2, ..., class UN>
bool operator<(const tuple<T1, T2, ..., TN>& t, const tuple<Ul, U2, ..., UN>& w);

Requires: For all 1, where 0 <= i < N, get<i>(t) < get<i>(u) is a valid expression returning a type thfit is

convertible toboot:

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, ..., class UM>
bool operator!=(const tuple<Ti, T2, ..., TM>& t, const tuple<Ul, U2, ..., UM>& u);

Returns: ' (t == u).

tJmplate<c1ass T1, class T2, ..., class TN, class Ul, class U2, ..., class UN>
bool operator>(const tuple<T1l, T2, ..., TN>& t, const tuple<Ul, U2, ..., UN>& u);

Returns: u < t.

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

Returns: ' (u < t)

tqmplate<class T1, class T2, ..., class TN, class Ul, class U2, ..., class<{UN>
bool operator>=(const tuple<Tl, T2, ..., TN>& t, const tuple<Ul, U2,/ \\, UN>& u);

Returns: ' (t < u)

—
=

(ote: The above definitions for comparison operators do not require t,;(Or u,;i;) to be constructed. It may not eve
pdssible, as t and u are not required to be copy constructible. Also,all ¢omparison operators are short circuited;
d¢ not perform element accesses beyond what is required to determine the result of the comparison. —end note]

These templates are extensions to the standard librarysclass template std: : pair.
typle_size<pair<T1, T2> >::value

Returns: integral constant expression:

Value: 2.

typle_element<0, pair<T1, T2>/>::type

Value: the type T1,

typle_element<1l, pair<T1l, T2> >::type

Value: the‘type T2.

tgmplate<int/I, class T1, class T2>
P& get(pair<T1, T2>&);

tqmplate<int I, class T1, class T2>

h be
hey

6J1.4 Pairs [tr.tuple.pairs]

const P& get(const pair<T1, 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.
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6.2 Fixed size array [tr.array]
6.2.1 Header <array> synopsis [tr.array.syn]
namespace std {
namespace trl {
// [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<I,N>& y);
template <class T, size_t N> bool operator!= (const array<T,N>& x, const array<T,N>& y);
template <class T, size_t N> bool operator< (const array<T,N>%& x, const array<T,N>& y);
template <class T, size_t N> bool operator> (const array<T,N>%& x, const array<T,N>& y);
template <class T, size_t N> bool operator<= (const array<T,N>& x, coast array<T,N>& y);
template <class T, size_t N> bool operator>= (const array<T,N>& x,, eonst array<T,N>& y);
/7 [6.2.2.2] Specialized algorithms
template <class T, size_t N > void swap(array<T,N>& x, array<TyN>& y);
// [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
template <class T, size_t N> struct tuplevsize<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.array.array]
The header <array> defines/a elass template for storing fixed-size sequences of objects. An array supports fan-
d¢m access iterators. An jnstafice of array<T, N> stores N elements of type T, so that size() == N is an invarfant.
The elements of an arxay-are stored contiguously, meaning that if a is an array<T, N> then it obeys the identity
&a[n] == &al[0] +(mforall0 <= n < N.
Ah array is an 4ggregate ([dcl.init.aggr]) that can be initialized with the syntax
array a. € {'initializer-list };
wher€ initializer-list is a comma separated list of up to N elements whose types are convertible to T.

U

The effect of calling front () or back () for a zero-sized array is implementation defined.

nless otherwise specitied, all array operations are as described 1n [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.
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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 implementation 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];

// No explicit construct/copy/destroy for aggregate type

void assign(const T& u)
void swap( array<T, N>

// iterators:

iterator
const_iterator
iterator
const_iterator
reverse_iterator
const_reverse_iterator
reverse_iterator

const_reverse_iterator rend()\const;

// capacity:
size_type size() consts

// Exposition only

3

&);

begin();

begin() const;

end();
end() const;
rbegin();

rbegin() const)

rend();

size_type max_size()~const;
bool empty (),.const;

// element access:
reference

refexence
reference front ()
cénst_reference front()

reference back();

operator[] (size_type n);
const_refgrence operator[](size_type n) const;
const_reference at(size_type n) const;
at(size_type n);

)

const;

size_type;
difference_type;
value_type;
reverse_iterator;
const_reverse_iterator;

const_reierence back()

T * data();
const T * data() const;
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5 [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 arrav’s interface —end notel
T v =

6.2.2.1 array constructors, copy, and assignment [tr.array.e¢ns]

1 The conditions for an aggregate ([dcl.init.aggr]) shall be met. Class array relies on the implicitly-declared $pe-
cipl member functions ([class.ctor], [class.dtor], and [class.copy]) to conform to the container requifements tablp in
l{b.container.requirements].

—

6.2.2.2 array specialized algorithms [tr.array.spegial]

tqmplate <class T, size_t N> void swap(array<T,N>& x, array<T,N>& y);
1 Effects:

swap_ranges (x.begin(), x.end(), y.begin() );

62.2.3 array size [tr.array.size]

tgmplate <class T, size_t N> size_type array<T,N>::size()\

1 Returns: N

6L2.2.4 Zero sized arrays [trarray.z¢ro]
1 array shall provide support for the special case:NJ==
2 I the case that N == 0, begin() == end(),'== unique value.

6.2.2.5 Tuple interface to class template array [tr.array.tuple]

typle_size<array<T, N> >::value
1 Return type: integral constant expression.
2 Value: N
typle_element<I S array<T, N> >::type
3 Requiresi®-<= I < N. The program is ill-formed if I is out of bounds.

4 value: The type T.

te'mplate <int I, class T, size_t N> T& get(array<T, N>& a);

5 Requires: 0 <= I < N. The program is ill-formed if I is out of bounds.
6 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 Tth element of a, where indexine is zero-based

6.3 Unordered associative containers [tr.hash]
6.1 Unordered associative container requirements [tr.unord.req]

Uhordered associative containers provide an ability for fast retrieval of data based on keys. The worst-case complekity
fgr most operations is linear, but the average case is much faster. The library provides four unordered associgqtive
c@ntainers: unordered_set, unordered_map, unordered_multiset, and unordered_mdltimap.

Uhordered associative containers conform to the requirements for Containers ([lib.container.requirements]), except [that
the expressions in table 20 are not required to be valid, where a and b denote values of\atype X, and X is an unord¢red
agsociative container class:

Table 20: Container requirements that are not requiréd for unordered
associative containers

] unsupported expressions |

P e e e

Each unordered associative container i parameterized by Key, by a function object Hash that acts as a hash funcfion
fgr values of type Key, and by a binary predicate Pred that induces an equivalence relation on values of type Hey.
Afditionally, unordered_map andwunordered_multimap associate an arbitrary mapped type T with the Key.

Alhash function is a function object that takes a single argument of type Key and returns a value of type std: :sizq_t.

Tyo values k1 and k2 of.type Key are considered equal if the container’s equality function object returns true when
pdssed those values. If ki and k2 are equal, the hash function shall return the same value for both.

Ah unordered asgociative container supports unique keys if it may contain at most one element for each key. Otherwise,
it[supports equivalent keys. unordered_set and unordered_map support unique keys. unordered_multiset jJand
upordered multimap support equivalent keys. In containers that support equivalent keys, elements with equivalent
kdys areradjacent to each other.

Forlunordered_set and unordered_multiset the value type is the same as the key type. For unordered_map [and
unordered_multimap it 1S 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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92

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,
ke
af
itg
a
n

a_uniq is an object of type X when X supports unique Keys, a_eq Is an object of type X when X supports equiva
ys, i and j are input iterators that refer to value_type, [i, j) is a valid range, p and g2 are valid iterators\to
d q1 are valid dereferenceable iterators to a, [ql, q2) is a valid range in a, r and r1 are valid derefereneeable c
rators to a, r2 is a valid const iterator to a, [r1, r2) is a valid range in a, t is a value of type X: : value‘type,
alue of type key_type, hf is a possibly const value of type hasher, eq is a possibly const value ofitype key_eqy
is a value of type size_type, and z is a value of type float.

Table 21: Unordered associative container requirements (in additiono

lent
A, q
bnst
k is
1al,

container)
expression return type assertion/note pre/post-condition complexity

X: :key_type Key Key shall be Assignab¥e and compile time
CopyConstructdble

X : :hasher Hash Hash shall be a unary function compile time
object type-stich that the expression
hf (k) has type std: :size_t.

X: :key_equal Pred Predshall be a binary predicate compile time

that\takes two arguments of type
Key. Pred is an equivalence
relation.

X::local_iterator

An iterator type whose
category, value type,
difference type,and
pointer and reference
types are the.same as
X::iterator’s.

A local_iterator object may be
used to iterate through a single
bucket, but may not be used to
iterate across buckets.

compile time

X::const_local_-
iterator

An iferator type whose
category, value type,
difference type, and
pointer and reference
types are the same as

X::const_iterator’s.

A const_local_iterator object
may be used to iterate through a
single bucket, but may not be used
to iterate across buckets.

compile time

X(n, hf, eq) X Constructs an empty container with ~ &'(n)
X a(n, hf req) at least n buckets, using hf as the

hash function and eq as the key

equality predicate.
X (d)\ hi) 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.

92
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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.
X () 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(i, 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 as thekey distance(i,
equality predicate, and.inserts j)), worst case
elements from [i,\j) into it. O(N?)
X(i, j, n, hf) X Constructs an empty container with ~ Average case
X a(i, j, n, hf) at least n bu€kets, using hf as the O(N) (N is
hash funetion and key_equal() as distance(i,
the key. equality predicate, and j)), worst case
inserts-elements from [i, j)into  O(N?)
it;
X(i, j, n) X Constructs an empty container with ~ Average case
X a(i, 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 case
predicate, and inserts elements O(N?)
from [i, j) intoit.
X (i, j) 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 case
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(), wor§t
load factor. case quadratic.
a = b X Copy assignment operator. In Average case
addition to the contained elements,  linear in
copies the hash function, predicate, b.size(), worgt
and maximum load Tacfor. case quadrafic.
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 Average case
element in the container with key O'(1), worst case
ecauivalent taothe kev of + The Ala unia
he J - ey
bool component of the returned .s8ize()).

pair indicates whether the insertion
takes place, and the iterator
component points to the element
with key equivalent to the key of t.

a_eq.insert(t) iterator Inserts t, and returns an iterator Average case
pointing to the newly inserted (1), worst casq
element. O(a_eq
.size()).
a.insert(q, t) iterator Equivalent to a.insert(t). \Return Average case
value is an iterator peinting to the 0(1), worst casq

element with the kéy-equivalent to O(a.size()).
that of t. The iterator q is a hint
pointing to where the search should
start. Implementations are
permitted-to ignore the hint.

a.insert(r, t) const_iterator Equivalent to a.insert(t). Return Average case
value is an iterator pointing to the O(1), worst casg
element with the key equivalent to O(a.size()).
that of t. The iterator r is a hint
pointing to where the search should
start. Implementations are
permitted to ignore the hint.

a.insert(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). distance(i,
j). Worst case
ON *
a.size()).
a.erase (k) size_type Erases all elements with key Average case
equivalent to k. Returns the O(a. count (k)).
number of elements erased. Worst case
O(a.size()).
a.erase(Q) iterator Erases the element pointed to by q.  Average case
Return value is the iterator O'(1), worst casg
immediately following q prior to O(a.size()).
the erasure.
a.erase(r) const_1iterator Erases the element pointed to by r.  Average case
Return value is the iterator O'(1), worst case
immediately following r prior to O(a.size()).

the erasure.
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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

teratorimmediatelbs followinga the.
J o

linear in

distancelal .

erased elements prior to the
erasure.

q2), worst case
O(a.size)).

.erase(rl, r2)

const_iterator

Erases all elements in the range
[r1, r2). Return value is the
iterator immediately following the
erased elements prior to the
erasure.

Average case
lineactin
distance(ri,
r2), worst case
O(a.size(Q)).

pair<const_iterator,
const_iterator> for
const b.

Returns make_pair(b.end(),
b.end()) if no such elements
exist.

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 equivalent to k, or ~ &/(1), worst casg
const b. b.end () if no such.element exists.  O(b.size()).
b.count (k) size_type Returns the number of elements Average case
with key equivalent to k. 0(1), worst casg
O(b.size()).
b.equal_range (k) pair<iterator, Returns a‘range containing all Average case
iterator>; elefnents with keys equivalenttok.  &(b.count (k)).

Worst case
O(b.size()).

.bucket_count ()

size_type

Returns the number of buckets that
b contains.

Constant

.max_bucket_count ()

size_type

Returns an upper bound on the
number of buckets that b might
ever contain.

Constant

.bucket (k)

size_type

Returns the index of the bucket in
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()).

Constant

.bucket_sizée(n)

size_type

Pre: n shall be in the range [0,
b.bucket_count ()). Returns the
number of elements in the n'!
bucket.

O(b.bucket_-
size(n))

.begin(n)

local_iterator;
const_local_iterator

Pre: n shall be in the range [0,
b.bucket_count () ). Note:

Constant

for const b.

[b.begin(n), b.end(n)) isa
valid range containing all of the
elements in the n bucket.

© ISO/IEC 2007 — All rights reserved

95


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

ISO/IEC TR 19768:2007(E)

96

10

11

12

13

6.3 Unordered associative containers Containers 96
] 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()).

forconstb

b.load_factor() float Returns the average number of Constant

elements per bucket.

b.max_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.

Pre: z shall be positive. Changes Constant
the container’s maximum load load
factor, using z as,a‘hint.

a.max_load_factor(z) void

a.rehash(n) void Post: a.bucket"count () > Average case

a.size() ./ linear in
a.max_JYoad factor() and a.size(), wor§t
a.bucket_count() >= n. case quadratic.

Uhordered associative containers are not required to support'the expressions a == bora != b. [Note: This is becquse

the container requirements define operator equality incterms of equality of ranges. Since the elements of an unord¢red

agsociative container appear in an arbitrary order, range equality is not a useful operation. —end note]

The iterator types iterator and const_iterator of an unordered associative container are of at least the forward

it¢rator category. For unordered associative.eontainers where the key type and value type are the same, both iteraltor

ar

T
th

(&,

d const_iterator are const iterators.

e container. The erase membpets-shall invalidate only iterators and references to the erased elements.

he insert members shall not affect the validity of iterators if (N+n) < z * B, where N is the number of element

the container’s maxsmum load factor.

B.1.1 Exception safety guarantees [tr.unord.req.exc

r unordered associative containers, no clear() function throws an exception. No erase() function throw
ception unless that exception is thrown by the container’s Hash or Pred object (if any).

he insert members shall not affeet-the validity of references to container elements, but may invalidate all iterators to

S in

e container prior to the insert operation, n is the number of elements inserted, B is the container’s bucket count, and z

Ept]

an

F

I unordered assocCrative containers, 1I an exceplion 1s tihrown by any operation other than the container S nash Tunc

from within an insert () function inserting a single element, the insert () function has no effect.

ion

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
6.
6.
1 T

T

template
template
template
template
template
template
template
template
template
template
template

template

template
template

{

<>
<>
<>
<>
<>
<>
<>
<>
<>
<>
<>

<>
<>
<>

: public std::unary_function<T, std::size_t>

namespace std {

namespace tril {
// [6.3.3] Hash function base template
template <class T> struct hash;

struct
struct
struct
struct
struct
struct
struct
struct
struct
struct
struct

struct
struct
struct

template <class T>
struct hash

3.2 Additions to header <functional> synopsis

// Hash function specializations

hash<bool>;
hash<char>;
hash<signed char>;
hash<unsigned char>;
hash<wchar_t>;
hash<short>;
hash<unsigned short>;
hash<int>;
hash<unsigned int>;
hash<long>;
hash<unsigned long>;

hash<float>;
hash<double>;
hash<long double>;

template<class T> struct hash<T*>;

template <> struct hash<std::strimg>;
template <> struct hash<std::wsString>;
} // namespace trl
} // namespace std

3.3 Class template hagh

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.

[tr.unord.fun.syn]

[tr.unord.hash]

e unordered associative containers defined in this clause use specializations of hash as the default hash functjion.
his class template‘is only required to be instantiable for integer types ([basic.fundamental]), floating point types (|ba-
if.fundamental]), pointer types ([dcl.ptr]), and std: : string and std: :wstring.

std: :size_t operator()(l 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]

6.34-1—Header <unordered—set>SYROpPSis frunord.synsset]

namespace std {
namespace trl {
// [6.3.4.3] Class template unordered_set
template <class Value,
class Hash = hash<Value>,
class Pred = std::equal_to<Value>,
class Alloc = std::allocator<Value> >
class unordered_set;

// [6.3.4.5] Class template unordered_multiset
template <class Value,
class Hash = hash<Value>,
class Pred = std::equal_to<Value>,
class Alloc = std::allocator<Value> >
class unordered_multiset;

template <class Value, class Hash, class Pred, class\Alloc>
void swap(unordered_set<Value, Hash, Pred, Alloc®&Jx,
unordered_set<Value, Hash, Pred, Alloc>& 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);
} // namespace trl
} // namespace std

63.4.2 Header <unordered_map> synopsis [tr.unord.syn.map]

namespace std {
namespace trl {
// [6.3.4.4] Class template unordered_map
template <class Keyy
class- T;
class-Hash = hash<Key>,
€lass Pred = std::equal_to<Key>,
class Alloc = std::allocator<std::pair<const Key, T> > >
class, unordered_map;

//[6.3.4.6] Class template unordered_multimap
template <class Key,
class T,
class Hash = hash<Key>,
class Pred = std::equal_to<Key>,
class Alloc = std::allocator<std::pair<const Key, T> > >
class unordered_multimap;
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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);

=)

s> 5 »

£y
th

T
w

luniq operations in that table, not the a_eq operations. For an unordered(set<Value> the key type and the v

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);
} // namespace trl
} // namespace std

B.4.3 Class template unordered_set

h unordered_set is an unordered associative container that supports unique keys (ai unordered_set contairl
ost one of each key value) and in which the elements’ keys are the elements themselves:

h unordered_set satisfies all of the requirements of a container and of an unordered associative container. It prov
e operations described in the preceding requirements table for unique keys; thatis, an unordered_set supports

pe are both Value. The iterator and const_iterator types are both«const iterator types. It is unspecified whe
ey are the same type.

his section only describes operations on unordered_set that areniot described in one of the requirement tables, of
hich there is additional semantic information.

template <class Value,
class Hash
class Pred
class Alloc

class unordered_set

hash<Value>,
std::equal_to<ValueXy
std::allocator<Value> >

[tr.unord.set]

s at

des
the
hlue
ther

for

{

public:
// types
typedef Value key_type;
typedef Value value_type;
typedef Hash hasher;
typedef Pred key_equal;
typedef Alloc allocator_type;
typedef typename\allocator_type::pointer pointer;
typedef typemame” allocator_type::const_pointer const_pointer;
typedef typename allocator_type::reference reference;
typedef typename allocator_type::const_reference const_reference;
typedef, implementation-defined size_type;
typedef implementation-defined difference_type;
typedef implementation-defined iterator;
typedef implementatiion-defined const_iterator;
typedef implementation-defined local_iterator;
typedef implementation-defined const_local_iterator;
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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>
unordered_set (InputIterator f, InputIterator 1,
size_type n = tmplementation-defined,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());
unordered_set (const unordered_set&);
“unordered_set () ;
unordered_set& operator=(const unordered_set&) ;
allocator_type get_allocator() const;

// size and capacity

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

// iterators

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

const_iterator end() const;

// modifiers
std::pair<iterator, bool> insert(const._value_type& obj);
iterator insert(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);

iterator erase(iterator position);

const_iterator erase(gonst_iterator position);

size_type erase(const key_type& k);

iterator erase(iterator first, iterator last);

const_iterator.érase(const_iterator first, const_iterator last);
void clear()4

void swap(unordered_set&);
// qbservers

hésher hash_function() const;
key_equal key_eq() const;

// lookup

iterator find(const key_type& k);
const_iterator find(const key_type& k) const;
size_type count(const key_type& k) const;
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std::pair<iterator, iterator> equal_range(const key_type& k);
std: :pair<const_iterator, const_iterator> equal_range(const key_type& k) const;

// bucket interface

size_type bucket_count() const;

size_type max_bucket_count() const;

size_type bucket_size(size_type n) const;
size_type bucket(const key_type& k) const;
local_iterator begin(size_type n);
const_local_iterator begin(size_type n) const;
local_iterator end(size_type n);
const_local_iterator end(size_type n) const;

// hash policy

float load_factor() const;
float max_load_factor() const;
void max_load_factor(float z);
void rehash(size_type n);

};

template <class Value, class Hash, class Pred, class Allgc>
void swap(unordered_set<Value, Hash, Pred, Alloc>& x,
unordered_set<Value, Hash, Pred, Alloc>& y);

6.3.4.3.1 unordered_set constructors [tr.unord.set.cnistr]

ejplicit unordered_set(size_type n = implementation-defined,

const hasher& hf s(hasher(),

const key_equal&leql = key_equal(),

const allocator type& a = allocator_type());

Effects: Constructs an empty unordered_set using the specified hash function, key equality function, and al-
locator, and using at least-vbuckets. If n is not provided, the number of buckets is implementation defiped.
max_load_factor () returns 1.0.

Complexity: Constant.

tgmplate <class Inputlterator>
unordered_set(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());

Lffo - Constracts-ap-empb-unordered—setusinethe-speciffed-hash-function—kev-eaualit—function—and ]]O_
uJJuubu oHStHIetS - e mpty dReracrea—seo 4SS thHe-SpecHieanashuhcHoh ke equaityHahcHo; e

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);
Effects: x.swap(y).
63.4.4 Class template unordered_map [tr.unord.map]

template <class Key,

class T,
class Hash
class Pred

hash<Key>,
std::equal_to<Key>,

class Alloc

class unordered_map

a

m

This section only describes operations on unordered_map that are not described in one of the requirement tables, of for
which there is additional semantic information.

std::allocator<std::pair<const Key, T> > >

Ah unordered_map is an unordered associative container that supports unique keys (an unordered_map contairls at
mpst one of each key value) and that associates values of another type mapped_type with the keys.
Al

h unordered_map satisfies all of the requirements of a container and of an unordered asseciative container. It provjdes
the operations described in the preceding requirements table for unique keys; that is,\an’unordered_map supports the
luniq operations in that table, not the a_eq operations. For an unordered_map<Key, T> the key type is Key
apped type is T, and the value type is std: :pair<const Key, T>.

he

[

{

public:
// types
typedef Key key_type;
typedef std::pair<const Key, T value_type;
typedef T mapped_type;
typedef Hash hasher;
typedef Pred key_equal;
typedef Alloc allocator_type;
typedef typename ,allocator_type::pointer pointer;
typedef typename\allocator_type::const_pointer const_pointer;
typedef typemame” allocator_type::reference reference;
typedef typename allocator_type::const_reference const_reference;
typedef implementation-defined size_type;
typedef, implementation-defined difference_type;
typedef implementation-defined iterator;
typedef implementation-defined const_iterator;
typedef implementatiion-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&) ;
allocator_type get_allocator() const;

// size and capacity

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

// iterators

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

const_iterator end() const;

// modifiers
std::pair<iterator, bool> insert(const value_type& obj);
iterator insert(iterator hint, const value_type& obj);

const_iterator insert(const_iteratorshint, const value_type& obj);
template <class Inputlterator> voidlinsert(Inputlterator first, InputIterator last);

iterator erase(iterator ‘position);

const_iterator erase(constsiterator position);

size_type erase (constikey_type& k);

iterator erase(iterator first, iterator last);

const_iterator erase(const_iterator first, const_iterator last);
void clear();

void swap(unexrdered_mapk) ;
// observers
hasherhash_function() const;

key_equal key_eq() const;

74 lookup

iterator Tind(const Key_typek KJ;

const_iterator find(const key_type& k) const;

size_type count(const key_type& k) const;

std::pair<iterator, iterator> equal_range(const key_type& k);
std::pair<const_iterator, const_iterator> equal_range(const key_type& k) const;
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mapped_type& operator[](const key_type& k);

// bucket interface

6.

e

tgmplate <class Inputlterator>
unordered_map(InputIterator f, InputIterator 1,

};

template <class Key, class T, class Hash, class Pred, classvAlloc>

plicit unordered_map(size_type n = implementation-defined,

104

size_type bucket_count() const;

size_type max_bucket_count() const;

size_type bucket_size(size_type n);

size_type bucket(const key_type& k) const;
local_iterator begin(size_type n) const;
const_local_iterator begin(size_type n) const;
local_iterator end(size_type n);
const_local_iterator end(size_type n) const;

// hash policy

float load_factor() const;
float max_load_factor() const;
void max_load_factor(float z);
void rehash(size_type n);

void swap(unordered_map<Key, T, Hash, Pred, Alloc>& %,
unordered_map<Key, T, Hash, Pred, Alloc>& y);

B.4.4.1 unordered_map constructors [tr.unord.map.cnistr]

const hasher& hf s(hasher(),
const key_equal&leql = key_equal(),
const allocator type& a = allocator_type());

Effects: Constructs an empty unordered_map using the specified hash function, key equality function, and al-
locator, and using at least-vbuckets. If n is not provided, the number of buckets is implementation defiped.
max_load_factor () returns 1.0.

Complexity: Constant.

size_type n = implementation-defined,

const hasher& hf = hasher(),

const key_equal& eql = key_equal(),

const allocator_type& a = allocator_type());

- Conctirnotc PNt | A s ucina the cnoacifiod hac 1-. an_ tion oy aapalits; fianati sy nd ]]O_

Lffo an oo
uJJuubu oRsStructSaf-emptyvneraerea—mapuSigHe-SpeciieanasnTHuhcHoKey-equartyTuhetohs e

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.

3.4.4.2 unordered_map element access [tr.unord.map.elem]

mapped_type& operator[] (const key_type& k);

ISP o uP% | K] 2 1 P | 1 P 1 PR 1 . . 1 PRV T il
Ljjetis. 11 v UllULUTL UU._]J.I.CLLJ UULS T1TUT aupau_y CUIItaIln air CICITIUIIU wWiIIU3U l\\./y PN L/\.lulval\./lll, W v, IIISUILS UIL 'V

std: :pair<const key_type, mapped_type>(k, mapped_type()).

Returns: A reference to x.second, where x is the (unique) element whose key is equivalent to k.

lue

ap]

set]

iset

6.4.4.3 unordered_map swap [tcunord.map.sw
tqmplate <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);
Effects: x.swap(y).
63.4.5 Class template unordered_multiset [tr.unord.multj
Ahunordered_multiset is an unordered associative container that supports equivalent keys (an unordered_mult
mpy contain multiple copies of the same key value) and in which each.element’s key is the element itself.
Ah unordered_multiset satisfies all of the requirements of ‘a’container and of an unordered associative container.

01

provides the operations described in the preceding requireménts table for equivalent keys; that is, an unordere
11tiset supports the a_eq operations in that table, not the'a_uniq operations. For an unordered_multiset<Val
e key type and the value type are both Value. The iterator and const_iterator types are both const iter
pes. It is unspecified whether they are the same type:

his section only describes operations on unordered_multiset that are not described in one of the requirement tat
for which there is additional semantic information.

template <class Value,
class Hash

hash<Value>,
class Pred = stdilequal_to<Value>,
class Alloc =gstd!:allocator<Value> >
class unordered_multiset

d_-
lue>
ptor

les,

{

public:
// types
typedef Value key_type;
typedef Value value_type;
typedef, Hash hasher;
typedef Pred key_equal;
typedef Alloc allocator_type;
typedef typename allocator_type::pointer pointer;
typedef typename allocator_type::const_pointer const_pointer;
typedef typename allocator_type::reference reference;
typedef typename allocator_type::const_reference const_reference;
typedef implementation-defined size_type;
typedef implementation-defined difference_type;
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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
explicit unordered_multiset(size_type n = implementation-defined,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());
template <class Inputlterator>
unordered_multiset (InputIterator f, InputIterator 1,
size_type n = implementation-defined,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type©);
unordered_multiset(const unordered_multiset&);
~“unordered_multiset();
unordered_multiset& operator=(const unordered_multiset&));
allocator_type get_allocator() const;

// size and capacity

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

// iterators

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

const_iterator end() const;

// modifiers
iterator insert(const ‘value_type& obj);
iterator ipsert (iterator hint, const value_type& obj);

const_iterator,.inseért(const_iterator hint, const value_type& obj);
template <class./Inputlterator> void insert(Inputlterator first, InputIterator last);

iterator erase(iterator position);

const.9terator erase(const_iterator position);

size \type erase(const key_type& k);

iterator erase(iterator first, iterator last);

const_iterator erase(const_iterator first, const_iterator last);

void clear();
void 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;

size_type count(const key_type& k) const;

std::pair<iterator, iterator> equal_range(const key_type& k);

std: :pair<const_iterator, const_iterator> equal_range(const key_type& k) const;

// bucket interface

size_type bucket_count() const;

size_type max_bucket_count() const;

size_type bucket_size(size_type n);

size_type bucket(const key_type& k) const;
local_iterator begin(size_type n) const;
const_local_iterator begin(size_type n) const;
local_iterator end(size_type n);
const_local_iterator end(size_type n) const;

// hash policy

float load_factor() const;
float max_load_factor() const;
void max_load_factor(float z);
void rehash(size_type n);

};

template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_multiset<Value, Hash, Pred, Alloc>& x,
unordered_multiset<Valuey/Hash, Pred, Alloc>& y);
}

ejfplicit unordered_multiset(size_type n = implementation-defined,

const hasher& hf = hasher(),

const key_equal& eql = key_equal(),

const allocator_type& a = allocator_type());

Effects: Cénstfucts an empty unordered_multiset using the specified hash function, key equality function,
allocateryand using at least n buckets. If n is not provided, the number of buckets is implementation defi
max_load_factor () returns 1.0.

Complexity: Constant.

63.4.5.1 unordered_multiset. constructors [tr.unord.multiset.cnistr]

and
hed.

template <class Inputlterator>
unordered_multiset (InputIterator f, InputIterator 1,
size_type n = implementation-defined,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
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const allocator_type& a = allocator_type());
Effects: Constructs an 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 L, (). max_load_factor() returns 1.0.
Complexity: Average case linear, worst case quadratic.
63.4.5.2 unordered_multiset swap [tr.unordimultiset.swap]

tqmplate <class Value, class Hash, class Pred, class Alloc>

01

void swap(unordered_multiset<Value, Hash, Pred, Alloc>& x,
unordered_multiset<Value, Hash, Pred, Alloc>& y);

Effects: x.swap(y) ;

3.4.6 Class template unordered_multimap [tr.unord.multimn

h unordered_multimap is an unordered associative container that suppetts equivalent keys (an unordered_mult
ay contain multiple copies of each key value) and that associates values'of another type mapped_type with the kg

ap]
imap
yS.

h unordered_multimap satisfies all of the requirements of a container and of an unordered associative container.

provides the operations described in the preceding requirements table for equivalent keys; that is, an unorderef_-
11 timap supports the a_eq operations in that table, not thesa” uniq operations. For an unordered_multimap<Kgy,
} the key type is Key, the mapped type is T, and the value type is std: :pair<const Key, T>.
his section only describes operations on unorderedumultimap that are not described in one of the requirement tables,
for which there is additional semantic information.
template <class Key,
class T,
class Hash = hash<Key>,
class Pred = std:tequal_to<Key>,
class Alloc = stdiiallocator<std::pair<const Key, T> > >
class unordered_multimap
{
public:
// types
typedef Key key_type;
typedef stdi:pair<const Key, T> value_type;
typedef T mapped_type;
typedef, Hash hasher;
typedef Pred key_equal;
typedef Alloc allocator_type;
typedef typename allocator_type::pointer pointer;
typedef typename allocator_type::const_pointer const_pointer;
typedef typename allocator_type::reference reference;
typedef typename allocator_type::const_reference const_reference;
typedef implementation-defined size_type;
typedef implementation-defined difference_type;
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typedef implementation-defined
typedef implementation-defined
typedef implementation-defined

iterator;
const_iterator;
local_iterator;

typedef implementation-defined const_local_iterator;
// construct/destroy/copy
explicit unordered_multimap(size_type n = <mplementation-defined,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());
template <class Inputlterator>
unordered_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())§
unordered_multimap(const unordered_multimap&) ;
“unordered_multimap();
unordered_multimap& operator=(const unordered_multimap&) ;
allocator_type get_allocator() const;

// size and capacity

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

// iterators

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

const_iterator end() const;

// modifiers

iterator insert(const,value_type& obj);

iterator insert (dterator hint, const value_type& obj);
const_iterator insert(const_iterator hint, const value_type& obj);

iterator erase(iterator position);

const_itépator erase(const_iterator position);

size_type erase(const key_type& k);

iterator erase(iterator first, iterator last);
const_iterator erase(const_iterator first, const_iterator last);

void clear();

template <class.\ImputIterator> void insert(InputIterator first, InputIterator last);

void swap(unordered_multimap&) ;

// observers
hasher hash_function() const;
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key_equal key_eq() const;

// lookup

iterator find(const key_type& k);

const_iterator find(const key_type& k) const;

size_type count(const key_type& k) const;

std::pair<iterator, iterator> equal_range(const key_type& k);
std::pair<const_iterator, const_iterator> equal_range(const key_type& k) const;

// bucket interface

size_type bucket_count() const;

size_type max_bucket_count() const;

size_type bucket_size(size_type n);

size_type bucket(const key_type& k) const;
local_iterator begin(size_type n) const;
const_local_iterator begin(size_type n) const;
local_iterator end(size_type n);
const_local_iterator end(size_type n) const;

// hash policy

float load_factor() const;
float max_load_factor() const;
void max_load_factor(float z);
void rehash(size_type n);

};

template <class Key, class T, class Hash, cl@ss Pred, class Alloc>
void swap(unordered_multimap<Key, T, Hash, Pred, Alloc>& x,
unordered_multimap<Key, T,wHash, Pred, Alloc>& y);

6.4.6.1 unordered_multimap construectors [tr.unord.multimap.cnistr]

ejplicit unordered_multimap(size_type n = implementation-defined,

conust hasher& hf = hasher(),

eonst key_equal& eql = key_equal(),

const allocator_type& a = allocator_type());

1 Effects: Construetsiah empty unordered_multimap using the specified hash function, key equality function, Jand
allocator, and-uSing at least n buckets. If n is not provided, the number of buckets is implementation defiped.
max_loadZfactor () returns 1.0.

2 Complexity: Constant.

tgmplate~<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
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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.

6.4.6.2 unordered_multimap swap [tr.unord.multimap:swap]

tqmplate <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 clause describes components that C+ programs may use to perform operations involving fegular expression mafch-
ing and searching.

7J1 Definitions [tr.re.def]
The following definitions shall apply to this clause:

Cbllating element: A sequence of one or more characters within the currentlocale that collate as if they were a sipgle
character.

Finite state machine: An unspecified data structure that is used to f€présent a regular expression, and which permnits
efficient matches against the regular expression to be obtained.

Fgrmat specifier: A sequence of one or more characters that-s to be replaced with some part of a regular expresgion
mptch.

Matched: A sequence of zero or more characters shall be'said to be matched by a regular expression when the charadters
inf the sequence correspond to a sequence of characteérs defined by the pattern.

Plimary equivalence class: A set of one or more-characters which share the same primary sort key: that is the sort[key
weighting that depends only upon charactershape, and not accentation, case, or locale specific tailorings.

Regular expression: A pattern that selects-specific strings from a set of character strings.
Syb-expression: A subset of a regilar expression that has been marked by parenthesis.
72 Requirements [tr.re.req]

This subclause defines réquirements on classes representing regular expression traits. [Note: The class template regex_ -
traits, defined in clause 7.7, satisfies these requirements. —end note]

The class templdte-basic_regex, defined in clause 7.8, needs a set of related types and functions to complete| the
dgfinition of.its’semantics. These types and functions are provided as a set of member typedefs and functions in| the
tepplate patameter traits used by the basic_regex class template. This subclause defines the semantics guaranfeed
by thesé members.

To specialize class template basic_regex for a character container CharT and its related regular expression traits dlass
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

expression Return Type Assertion / Note / Pre / Post condition
X::char_type charT The character container type used in the
implementation of class template basiciregex.
X::string_type std::basic_-
string<charT>
X::locale_type A copy constructible A type that represents the locdle-used by the traits
type class.
X::char_class_type A bitmask type A bitmask type representing a particular character
[lib.bitmask.types]. classification.
X::length(p) std::size_t Yields the smallest /such that p[i] == 0.
Complexity is linear in i .
v.translate(c) X::char_type Returns a character such that for any character d
that is to'be considered equivalent to c then
v.tranglate(c) == v.translate(d).
v.translate_nocase(c) X::char_type For 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).

v.transform(F1, F2) X::string.type Returns a sort key for the character sequence
designated by the iterator range [F1, F2) such
that if the character sequence [G1, G2) sorts
before the character sequence [H1, H2) then
v.transform(Gl, G2) < v.transform(H1,

H2).
v.transform_primary(Fl, X::string_type Returns a sort key for the character sequence
F2) designated by the iterator range [F1, F2) such

that if the character sequence [G1, G2) sorts
before the character sequence [H1, H2) when
character case is not considered then
v.transform_primary(Gl, G2) <
v.transform_primary(H1, H2).
v.lookupycollatename (F1, X::string_type Returns a sequence of characters that represents
F2) the collating element consisting of the character
sequence designated by the iterator range [F1,
F2). Returns an empty string if the character
Sequence 1s 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

tyne that can clﬂ'\cpnngﬂt E‘ bg passgd 1o ;' SthPe
J he

Values returned from lookup_classname canbe
bitwise or’ed together; the resulting value
represents membership in either of the
corresponding character classes. Returns'0 if the
character sequence is not the name-0f\a character
class recognized by X. The value returned shall be
independent of the case of the eharacters in the
sequence.

.isctype(c, cl) bool Returns true if character.c is a member of one of
the character classes\designated by c1, false
otherwise.

<

v.value(c, I) int Returns the value-represented by the digit ¢ in base
I if the character c is a valid digit in base I;
otherwisesreturns —1. [Note: the value of I will
only/be.8, 10, or 16. —end note]

.imbue (loc) X::locale_type Imbues u with the locale 1oc and returns the
previous locale used by u if any.

[=1

<

.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 special

zed

fgr char or wchar_t. This Class template is described in the header <regex>, and is described in clause 7.7. —end
nete]
78 Regular expressions summary [tr.re.shim]

The header <regex> defines a basicyregular expression class template and its traits that can handle all char-like temp
afguments ([lib.strings]).

The header <regex> defines a.class template that holds the result of a regular expression match.

The header <regex> definies a series of algorithms that allow an iterator sequence to be operated upon by a reg|
ejpression.

The header <regex> defines two specific template classes, regex and wregex, and their special traits.

The header £r'egex> also defines two iterator types for enumerating regular expression matches.

<

4 Header <regex> synopsis [tr.re.s

late

ular

yn]

namespace std {

namespace trl {
// [7.5] Regex constants

namespace regex_constants {
typedef bitmask_type syntax_option_type;
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typedef bitmask_type match_flag_ type;
typedef implementation-defined error_type;
} // namespace regex_constants

// [7.6] Class regex_error
class regex_error;

// [7.7] Class template regex_traits
template <class charT> struct regex_traits;

// [7.8] Class template basic_regex
template <class charT, class traits = regex_traits<charT> > class basic_regex)

typedef basic_regex<char> regex;
typedef basic_regex<wchar_t> wregex;

// [7.8.6] basic_regex swap
template <class charT, class traits>
void swap(basic_regex<charT, traits>& el, basic_regex<charT,)traits>& e2);

// [7.9] Class template sub_match
template <class Bidirectionallterator>
class sub_match;

typedef sub_match<const char*> csub_match;
typedef sub_match<const wchar_t*> wosub_match;
typedef sub_match<string::const_iterator> (/ssub_match;
typedef sub_match<wstring::const_iterator> wssub_match;

// [7.9.2] sub_match non-member operators
template <class Bilter>

bool operator==(const sub_match<BiIter>& lhs, const sub_match<Bilter>& rhs);
template <class Bilter>

bool operator!=(const subimatch<Bilter>& lhs, const sub_match<BiIter>& 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 operater>=(const sub_match<Bilter>& lhs, const sub_match<BiIter>& rhs);
template \¥elass Bilter>

boolSoperator>(const sub_match<Bilter>& lhs, const sub_match<Bilter>& rhs);

template <class Bilter, class ST, class SA>

bool operator-=(const basic_stringltypename 1terator_traits<Bilter>::value_type, o1,
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);

SE>% Ihs,

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>& lhg,

const sub_match<Bilter>& rhs);

template <class Bilter,
bool operator>=(const
const

template <class Bilter,
bool operator<=(const
const

template <class Bilter,
bool operator==(const
const

template <class Bilter,
bool operator!=(const
const

template <class Bilter,

class ST, class SA>

basic_string<typename iterator_traits<Bilter>:

sub_match<Bilter>& rhs);
class ST, class SA>

basic_string<typename iterator_traits<Bilter>:

sub_match<BiIter>& rhs);

class ST, class SA>
sub_match<Bilter>& lhs,

basic_string<typename iterator_traits<BiItgr>:

class ST, class SA>
sub_match<Bilter>& 1lhs,

basic_string<typename iterator_traits<Bilter>:

class ST, class SA>

bool operator<(const sub_match<Bilter>& 1lhs,
const basic_string<typename iterator.traits<Bilter>:

template <class Bilter,

class ST, class SA>

bool operator>(const sub_match<Bilter>& 1lhs,
const basic_string<typename iterator_traits<Bilter>:

template <class Bilter,
bool operator>=(const
const

template <class Bilter,
bool operator<=(const
const

template <class Bilter>

class ST, class SA>

sub_match<Bilter>& 1hs,

basic_string<typename iterator_traits<BiIter>
class ST, class) SA>

sub_match<Bilter>& 1lhs,

basic_string<typename iterator_traits<Bilter>

bool operator==(typename iterator_traits<Bilter>::value_type constx*

const
template <class Bilter>

sub_match<Bilter>& rhs);

bool operator!={btypename iterator_traits<Bilter>::value_type constx*

const
template <class.Bilter>

bool operater<(typename iterator_traits<Bilter>::value_type const* lhs,

sub_match<BiIter>& rhs);

const sub_match<Bilter>& rhs);

template)<class Bilter>

bool “operator>(typename iterator_traits<Bilter>::value_type const* lhs,

const sub_match<Bilter>& rhs);

template <class Bilter>

:value_type, ST5 'SA>& 1lhs,
:value_type; ST, SA>& 1lhs,
:value_type, ST, SA>& rhs);
:value_type, ST, SA>& rhs);

:value_type, ST, SA>& rhg);

:value_type, ST, SA>& rhg);

::value_type, ST, SA>& rhs);

::value_type, ST, SA>& rhs);

lhs,

1lhs,

bool operator>=(typename lterator_tralits<bllter~>::value_Type const* 1lhs,

const
template <class Bilter>

sub_match<BiIter>& rhs);

bool operator<=(typename iterator_traits<Bilter>::value_type const* lhs,

const
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template <class Bilter>
bool operator==(const sub_match<Bilter>& 1lhs,
typename iterator_traits<Bilter>::value_type const* rhs);

template <class Bilter>
bool operator!=(const sub_match<Bilter>& 1lhs,
typename iterator_traits<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>& 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 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==(typename iterator_traits<Bilter>::yalue_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>& zhs);
template <class Bilter>
bool operator<(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<BiItér>& rhs);
template <class Bilter>
bool operator>(typename iterator-traits<Bilter>::value_type const& lhs,
const sub_matchXBilter>& rhs);
template <class Bilter>
bool operator>=(typename iterator_traits<Bilter>::value_type const& lhs,
const \sub_match<BiIter>& rhs);
template <class Bilter>
bool operator<s{typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);

template <€lass Bilter>
bool operator==(const sub_match<Bilter>& 1lhs,
typename iterator_traits<BiIter>::value_type const& rhs);
template <class Bilter>
beol operator!=(const sub_match<Bilter>& 1lhs,
typename iterator_traits<BiIter>::value_type const& rhs);

EempJ.ate <class bBilter~>

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<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 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<BidirectionalIlterator><{> >
class match_results;

typedef match_results<const char*> cmatch;
typedef match_results<const wchar_tx*> wcmatch;
typedef match_results<string::const_iterator> smatch;
typedef match_results<wstring::const_iterator> wsmatchy

// match_results comparisons
template <class Bidirectionallterator, class Allpcator>
bool operator== (const match_results<Bidireetionallterator, Allocator>& mi,
const match_results<Bidiréctionallterator, Allocator>& m2);
template <class Bidirectionallterator, class Allocator>
bool operator!= (const match_results<Bidirectionallterator, Allocator>& mi,
const match_results<BidirectionalIlterator, Allocator>& m2);

// [7.10.6] match_results swap
template <class Bidirectionallterator, class Allocator>
void swap(match_results<Bidirectionallterator, Allocator>& ml,
match_results<BidirectionalIlterator, Allocator>& m2);

// [7.11.2] Function templateregex_match
template <class Bidirectionallterator, class Allocator, class charT, class traits>
bool regex_match(Bidirectionallterator first, Bidirectionallterator last,
match_results<Bidirectionallterator, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants: :match_flag_type flags = regex_constants::match_default);
template)<class BidirectionalIterator, class charT, class traits>
bool “regex_match(BidirectionalIlterator first, BidirectionalIlterator last,
const basic_regex<charT, traits>& e,
regex_constants: :match_flag type flags = regex_constants::match_default);

— template <class charl, 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);

template <class ST, class SA, class charT, class traits>
bool regex_match(const basic_string<charT, ST, SA>& s,
const basic_regex<charT, traits>& e,

regex_constants: :match_flag _type flags = regex_constants‘:match_default);

// [7.11.3] Function template regex_search

template <class Bidirectionallterator, class Allocator, class charT,\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:

template <class BidirectionalIlterator, class charT, classvtraits>
bool regex_search(Bidirectionallterator first, Biddirectionallterator last,
const basic_regex<charT, traits>& e,

regex_constants: :match_flag_type flags = regex_constants:

template <class charT, class Allocator, classitraits>
bool regex_search(const charT* str,
match_results<const charT*, Allocator>& m,
const basic_regex<charT, traits>& e,

regex_constants:smatch_flag type flags = regex_constants:

template <class charT, class traitsk
bool regex_search(const charTx: str,
const basic_regex<charT, traits>& e,

regex_constants: :match_flag _type flags = regex_constants:

template <class ST, class’SA, class charT, class traits>
bool regex_search(censt/basic_string<charT, ST, SA>& s,
const basic_regex<charT, traits>& e,

regex_constants::match_flag_type flags = regex_constants:

template <class.'ST; class SA, class Allocator, class charT, class traits>
bool regexssearch(const basic_string<charT, ST, SA>& s,

:match_default);

:match_default);

:match_default);

:match_default);

:match_default);

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:

74 [7.11.4] Function template regex_replace

:match_default) ;

OutputIterator

regex_replace(OutputIterator out,
Bidirectionallterator first, Bidirectionallterator last,
const basic_regex<charT, traits>& e,

EempJ.ate <class Uutputlterator, class bldirectlionallterator, class tTralts, class charl>
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const basic_string<charT>& fmt,

regex_constants: :match_flag_type flags = regex_constants::match_default);

template <class traits, class charT>
basic_string<charT>

ok
of

7.

regex_replace(const basic_string<charT>& s,
const basic_regex<charT, traits>& e,
const basic_string<charT>& fmt,

// [7.12.1] Class template regex_iterator
template <class Bidirectionallterator,
class charT = typename iterator_traits<Bidirectionallterator>::value-type,
class traits = regex_traits<charT> >
class regex_iterator;

typedef regex_iterator<const charx*> cregex_iterator;
typedef regex_iterator<const wchar_t*> wcregex_iterator§
typedef regex_iterator<string::const_iterator> sregex_iterator;
typedef regex_iterator<wstring::const_iterator> wsregex_iterator;

// [7.12.2] Class template regex_token_iterator
template <class Bidirectionallterator,
class charT = typename iterator_traits<Bidirectionallterator>::value_type,
class traits = regex_traits<charT> >
class regex_token_iterator;

typedef regex_token_iterator<const char*> cregex_token_iterator;
typedef regex_token_iterator<const wchar t*> wcregex_token_iterator;
typedef regex_token_iterator<string:uConst_iterator> sregex_token_iterator;
typedef regex_token_iterator<wstring::const_iterator> wsregex_token_iterator;
} // namespace trl
} // namespace std

5 Namespace trl::regex/Constants

these types.
5.1 Bitmask{Pype syntax_option_type

namespace, _trl { namespace regex_constants {
typedef bitmask_type syntax_option_type;
static const syntax_option_type icase;

Static const syntax_option_type nosubs;

regex_constants: :match_flag_type flags = regex_constants::match_default)y

[tr.re.const]

e namespace trl: :regex_constants holds symbolic constants used by the regular expression library. This nan
ce provides three typeSysyntax_option_type, match_flag_type, and error_type, along with several const

[tr.re.syn

nes-
Ants

pt]

static const syntax_option_type optimize;
static const syntax_option_type collate;
static const syntax_option_type ECMAScript;
static const syntax_option_type basic;
static const syntax_option_type extended;
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static const syntax_option_type awk;
static const syntax_option_type grep;
static const syntax_option_type egrep;
} // namespace regex_constants
} // namespace trl

1 The type syntax_option_type is an implementation defined bitmask type ([lib.bitmask.types]). Setting(ts-€lemgnts
hgs the effects listed in table 23. A valid value of type syntax_option_type shall have exactly one 6f-the elemgnts
E¢MAScript, 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 character container se-
quence shall be performed without regard to case.
nosubs Specifies that when a regular expression is matched dgaifist 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 matc¢hed; and less to the speed with which
regular expression objects are constructed. Otherwise it has no detectable effect
on the program output.

collate Specifies that character ranges of the form “[a-b]” should be locale sensitive.

ECMAScript  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 basie regular 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 'POSIX extended regular expressions [ 1] in IEEE Std 1003.1-2001,
Portable "Operating System Interface (POSIX ), Base Definitions and Headers,
Section 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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static const match_flag_type
static const match_flag_type
static const match_flag_type

match_default = 0;
match_not_bol;
match_not_eol;

static const match_flag_type
static const match_flag_type
static const match_flag_type
static const match_flag_type
static const match_flag_type
static const match_flag_type
static const match_flag_type
static const match_flag_type
static const match_flag_type
static const match_flag_type

} // namespace regex_constants

} // namespace trl

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;

The type regex_constants::match_flag_type is an implementation défined bitmask type ([lib.bitmask.typg¢s]).
Matching a regular expression against a sequence of characters [first,last) proceeds according to the rules off the

elements set.

Table 24: regex_constants::matchxflag_type effects when ob-
taining a match against a character container sequence [first,last).

] Element Effect(s) if set
match_not_bol The first character in-the sequence [first, last) is treated as though it is not
at the beginning of @line, so the character "~" in the regular expression shall not

match [firstjlfirst).

match_not_eol

The last character in the sequence [first, last) is treated as though it is not
at the end of’a line, so the character "$" in the regular expression shall not match
[lasty, last).

match_not_bow

Theexpression "\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_contiuous

The expression only matchs a sub-sequence that begins at first .

match_pfev-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 7.11
and iterators 7.12.

foermat_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 154 11 String protatype 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 being searched that do not match the regular expression shall not be copied
to the output string.
format_first_only =~ When specified during a search and replace operation, only the first occurrénce of
the regular expression shall be replaced.
75.3 Implementation defined error_type [tr.re.err]

} // namespace trl

1 Thetype error_type is an implementation defined enumeration type ([lib.enumerated.types]). Values of type erro
type represent the error conditions 'described in table 25:

namespace trl { namespace regex_constants {
typedef implementation defined error_type;

static const error_type error_collate;
static const error_type error_ctype;
static const error_type error_escape;
static const error_type error_backref;
static const error_type error_brack;
static const error_type error_paren;
static const error_type error_brace;
static const error_type error_badbrace;
static const error_type error_range;
static const error_type error_space;
static const error_type error_badrepeat;
static const error_type error_complexity;
static const error_type error_stack;
} // namespace regex_constants

Table 25: error_type values in the C locale

] Value

Error condition

error_cglldate

The expression contained an invalid collating element name.

error_Ctype

The expression contained an invalid character class name.

errerescape

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 ].

The Pyprpecinn contained mismatched (and )

=
|

error I\QY‘O'n

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
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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
pre-set level.

error_stack There was insufficient memory to determine whether the regular expression could
match the specified character sequence.

76 Class regex_error [tr.re.badgxp]

class regex_error : public std::runtime_error

{

public:
explicit regex_error(regex_constants::error_type ecode);
regex_constants: :error_type code() const;

};
The class regex_error defines the type of objects thrown as exceptiens.to report errors from the regular expresgion
liprary.

r4gex_error (regex_constants: :error_type ecode);
Effects: Constructs an object of class regex_error,
Postcondition:: ecode == code()

Iq gex_constants B error_type code () const;

Returns: The error code that was passed to'the constructor.

7J7 Class template regex_traits [tr.re.trgits]

template <class charT>
struct regex_traits

{

public:
typedef charT char_type;
typedef stdswbasic_string<char_type> string_type;
typedef std:locale locale_type;
typedef \be2tmask_type char_class_type;

regex_traits();
static std::size_t length(const char_type* p);
charT translate(charT c) const;
charT translate_nocase(charT c) const;
template <class ForwardIterator>
string_type transform(ForwardIterator first, ForwardIterator last) const;
template <class ForwardIterator>
string_type transform_primary(ForwardIterator first, ForwardIterator last) const;
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template <class ForwardIterator>

string_type lookup_collatename(ForwardIterator first, ForwardIterator last) const;
template <class ForwardIterator>

char_class_type lookup_classname(ForwardIterator first, ForwardIterator last) const;

};

typedef bitmask_type char_class_type;

clarT translate(charT c) const;

clarT translate_nocase(charT c) const;

tgmplate <class ForwardIterator>
string_type transform(ForwardIteratorfirst, ForwardIterator last) const;

tgmplate <class ForwardIterator>
string_type transfoim_primary(ForwardIterator first, ForwardIterator last) const;

tgmplater<class ForwardIterator>
string_type lookup_collatename(ForwardIterator first, ForwardIterator last) const;

sfatic std::size_t length(const char_type* p);

bool isctype(charT c, char_class_type f) const;
int value(charT ch, int radix) const;
locale_type imbue(locale_type 1);

locale_type getloc()const;

The specializations regex_traits<char> and regex_traits<wchar_t> shall be valid and shall satisfy the reqyire-
ments for a regular expression traits class (7.2).

The type char_class_type is used to represent a character classification and is capable of holding an imple-
mentation specific set returned by lookup_classname.

Returns: char_traits<charT>::length(p);

Returns: (c).

Returns: use_facet<ctype<charT> >(getloc()) .tolower(c).

Effects:

string_type str(first, last);
return use_facet<coldate<charT> >(getloc()).transform(&*str.begin(), &*str.end());

Effects: if typeid(use_facet<collate<charT> >) == typeid(collate_byname<charT>) and the fprm
of the sort'key returned by collate_byname<charT> ::transform(first, last) is known and can be ¢on-
verted'into a primary sort key then returns that key, otherwise returns an empty string.

Returns: a sequence ol one or more characters that represents the collating element consisting ol the character
sequence designated by the iterator range [first, last). Returns an empty string if the character sequence is
not a valid collating element.

template <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 de
nated by the iterator range [first, last). The value returned shall be independent of the case of the charac

sig-
ters

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!.\"cntyfl",
"digit", "graph", "lower", "print", "punct", "space", "upper" and "xdigit" shall be recognized. |For
regex_traits<wchar_t>, at least the names L"d", L"w", L"s", L"alnum", L"alpha", L"bldnk", L"cntyl",
L"digit", L"graph", L"lower", L"print", L"punct", L"space", L"upper" and L"xdigit" shall be re¢og-
nized.

bqol isctype(charT c, char_class_type f) const;
Effects: Determines if the character c is a member of the character classification¥€presented by f£.
Returns: Converts f into a value m of type std: : ctype_base: :mask in amunspecified manner, and returns tjrue
if use_facet<ctype<charT> >(getloc()).is(c, m) is true. Otherwise returns true if £ bitwise of’ed
with the result of calling 1lookup_classname with an iterator pair that)designates the character sequence "w" is
notequal to 0 and ¢ == ’_’, orif £ bitwise or’ed with the result-of calling lookup_classname with an iterptor
pair that designates the character sequence "blank" is not equal'to O and c is one of an implementation-defined
subset of the characters for which isspace(c, getloc())returns true, otherwise returns false.

it value(charT ch, int radix) const;
Precondition: The value of radix shall be 8, 10, or.16:
Returns: the value represented by the digit ¢/ivin base radix if the character ch is a valid digit in base radix;
otherwise returns -1.

1qcale_type imbue(locale_type loc);
Effects: Imbues this with a copy-of the locale loc. [Note: calling imbue with a different locale than the [one
currently in use invalidates all\eached data held by *this. — end note]
Returns: if no locale ha$ been previously imbued then a copy of the global locale in effect at the time of constfuc-
tion of *this, otherwise a copy of the last argument passed to imbue.
Postcondition: getIoc() == loc.

1qcale_type getloc()const;
Returns) if no locale has been imbued then a copy of the global locale in effect at the time of construction of
*this, otherwise a copy of the last argument passed to imbue.

7.8—Classtemplate basic_Tegex ftrreTegex]

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 functions described in this clause report errors by throwing exceptions of type regex_error.

template <class charT,
class traits = regex_traits<charT> >
class basic_regex

{

public:
// types:
typedef charT value_type;
typedef regex_constants::syntax_option_type flag_type;
typedef typename traits::locale_type locale_type(
// [7.8.1] constants

static const regex_constants::syntax_option_type icase = regex_constants::icase;

static const regex_constants::syntax_option_type nosubs,=‘regex_constants::nosubs;

static const regex_constants::syntax_option_type optimize = regex_constants::optimize;
static const regex_constants::syntax_option_type collate = regex_constants::collate;
static const regex_constants::syntax_option_type ECMAScript = regex_constants::ECMAScript;
static const regex_constants::syntax_option_type’basic = regex_constants::basic;

static const regex_constants::syntax_option_type extended = regex_constants::extended;
static const regex_constants::syntax_option.type awk = regex_constants::awk;

static const regex_constants::syntax_option_type grep = regex_constants::grep;

static const regex_constants::syntax_option_type egrep = regex_constants::egrep;

// [7.8.2] construct/copy/destroy
basic_regex();
explicit basic_regex(const charT* p, flag type f = regex_constants::ECMAScript);
basic_regex(const charT* p, size_t len, flag_ type f);
basic_regex(const basic=régex&) ;
template <class ST, class SA>

explicit basic_regex(const basic_string<charT, ST, SA>& p,

flag_type f = regex_constants::ECMAScript);

template <class\InputlIterator>

basic_regex(InputIterator first, InputIterator last,

flag_type f = regex_constants::ECMAScript);

“basit_regex();

basic_regex& operator=(const basic_regex&);
basic_regex& operator=(const charT* ptr);
template <class ST, class SA>
basic_regex& operator=(const basic_string<charT, ST, SA>& p);

/ [7.8.3] assign

basic_regex& assign(const basic_regex& that);
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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
unsigned mark_count() const;
flag_type flags() const;

/ [7.8.5] locale
locale_type imbue(locale_type loc);
locale_type getloc() const;

/ [7.8.6] swap
void swap(basic_regex&);
};
78.1 Dbasic_regex constants [tr.re.regex.co

static const regex_constants::syntax_option_type iCase = regex_constants::icase;

static const regex_constants::syntax_option_typé& mnosubs = regex_constants::nosubs;

static const regex_constants::syntax_option_type optimize = regex_constants::optimize;
static const regex_constants::syntax_option'type collate = regex_constants::collate;
static const regex_constants::syntax_option. type ECMAScript = regex_constants::ECMAScript;
static const regex_constants::syntax_option_type basic = regex_constants::basic;

static const regex_constants::syntaxioption_type extended = regex_constants::extended;
static const regex_constants::syntaxZoption_type awk = regex_constants::awk;

static const regex_constants::syntax_option_type grep = regex_constants::grep;

static const regex_constantsiisyntax_option_type egrep = regex_constants::egrep;

78.2 Dbasic_regex constructors [tr.re.regex.constr
bgdsic_regex();

Effects: Censtructs an object of class basic_regex that does not match any character sequence.
bgsic_regex(const charT* p, flag_type f = regex_constants::ECMAScript);

Requires: p shall not be a null pointer.

The static constant members drejprovided as synonyms for the constants declared in namespace regex_constantsg.

nst]

ict]

Throws: regex_error 1f p 1s 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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Postconditions: £lags() returns £. mark_count () returns the number of marked sub-expressions within
expression.

basic_regex(const charT* p, size_t len, flag_type £f);

the

b4

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 f]
the regular expression contained in the sequence of characters [p, p+len), and interpreted_aceording the f]
specified in f.

Postconditions: £lags () returns f. mark_count () returns the number of marked sub-expressions within|
expression.

sic_regex(const basic_regex& e);

Effects: Constructs an object of class basic_regex as a copy of the object €.

Postconditions: £lags () and mark_count () return e.flags () and e mark_count (), respectively.

tgmplate <class ST, class SA>

basic_regex(const basic_string<charT, ST, SA>& s,

flag_type f = regex_constants::ECMAScript)y
Throws: regex_error if s is not a valid regular exptession.

Effects: Constructs an object of class basic_regex; the object’s internal finite state machine is constructed f]
the regular expression contained in the string-s,‘and interpreted according to the flags specified in f.

Postconditions: £lags () returns f. mark: count () returns the number of marked sub-expressions within|
expression.

tgmplate <class ForwardIterator>

bg

basic_regex(ForwardIterator, fiirst, ForwardIterator last,

flag_type f =(regex_constants::ECMAScript);
Throws: regex_errox if the sequence [first, last) is not a valid regular expression.

Effects: Constructs-an object of class basic_regex; the object’s internal finite state machine is constructed f]
the regular expression contained in the sequence of characters [first, last), and interpreted according to
flags specified’in £.

Postcenditions: £lags() returns £. mark_count () returns the number of marked sub-expressions within|
expression.

sdc. regex& operator=(const basic_regex& e);

rom
ags

the

rom

the

rom
the

the

Effects: Returns the result of assign(e).

basic_regex& operator=(const charT* ptr);

Regquires: ptr shall not be a null pointer.

© ISO/IEC 2007 — All rights reserved


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

20

21

10

ISO/IEC TR 19768:2007(E)

131 Regular expressions 7.8 Class template basic_regex

Effects: Returns the result of assign (ptr).

template <class ST, class SA>
basic_regex& operator=(const basic_string<charT, ST, SA>& p);

Effects: Returns the result of assign(p).

78.3 basic_regex assign [trreiregex.ass

bdsic_regex& assign(const basic_regex& that);

Effects: Copies that into *this and returns *this.

Postconditions: £lags () and mark_count () return that.flags() and that.mark_count (), respectively
bdsic_regex& assign(const charT* ptr, flag type f = regex_constants::ECMAScript);

Returns: assign(string_type(ptr), f).

bgsic_regex& assign(const charT* ptr, size_t len, flag_type f & regex_constants::ECMAScript);
Returns: assign(string_type(ptr, len), f).

tgmplate <class string_traits, class A>
basic_regex& assign(const basic_string<charT, string_traits, A>& s,
flag_type f = regex_constants:“ECMAScript) ;

Throws: regex_error if s is not a valid regular-expression.

Returns: xthis.

an exception is thrown, *this is unchanged.

Postconditions: If no exceptiQn is thrown, flags () returns f and mark_count () returns the number of maj
sub-expressions within the éxpression.

template <class InputIterator>
basic_regex& assign(InputIterator first, InputIterator last,
flag_type f = regex_constants::ECMAScript);

Requires: THe type InputIterator corresponds to the Input Iterator requirements ([lib.input.iterators]).

Returns:\assign(string_type(first, last), f).

7.8.4"\basic_regex constant operations [tr.re.regex.operatig

Effects: Assigns the regular expression\¢ontained in the string s, interpreted according the flags specified in f.

gn]

It

ked

NS |

unsigned mark_count() const;

Effects: Returns the number of marked sub-expressions within the regular expression.

flag_type 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.

78.5 Dbasic_regex locale [tr.re.regex.loclale]

1qcale_type imbue(locale_type loc);

Effects: Returns the result of traits_inst.imbue(loc) where traits_inst is a (default initialized) instdnce
of the template type argument traits stored within the object. After a call to imbue the bagic_regex object
does not match any character sequence.

lqcale_type getloc() const;

Effects: Returns the result of traits_inst.getloc() where traits_inst is a (default initialized) instancg of
the template parameter traits stored within the object.

78.6 basic_regex swap [tr.re.regex.swap]
vqid swap(basic_regex& e);
Effects: Swaps the contents of the two regular expressions.

Postcondition: *this contains the regular expression that was in e, e contains the regular expression that wgs in
*this.

Complexity: constant time.

78.7 Dbasic_regex non-member functions [tr.re.regex.nonmemb]

78.7.1 Dbasic_regex non-member swap [tr.re.regex.nmswap]

tgmplate <class charT, class traits>
void swap(basic_regex<charTy“traits>& lhs, basic_regex<charT, traits>& rhs);

Effects: Calls 1hs. swap¢rhs).

79 Class template-sub_match [tr.re.submatch]

Class template_sub-match denotes the sequence of characters matched by a particular marked sub-expression.

template<class Bidirectionallterator>
class.sub_match : public std::pair<Bidirectionallterator, Bidirectionallterator>

{

public:
typedef typename iterator_traits<Bidirectionallterator>::value_type value_type;
typedef typename iterator_traits<Bidirectionallterator>::difference_type difference_type;
typedef Bidirectionallterator iterator;

bool matched;
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difference_type length() const;
operator basic_string<value_type>() const;
basic_string<value_type> str() const;

7.

di

Of

b4

7.

int compare(const sub_match& s) const;
int compare(const basic_string<value_type>& s) const;
int compare(const value_type* s) const;

};
0.1 sub_match members
fference_type length();
Returns: (matched ? distance(first, second) : 0).

erator basic_string<value_type>()const;

Returns: matched 7 basic_string<value_type>(first, second)
sic_string<value_type> str()const;

Returns: matched 7 basic_string<value_type>(first, ‘second)
t compare(const sub_match& s)const;

Returns: str() .compare(s.str()).
t compare(const basic_string<value_type>& s)const;

Returns: str() .compare(s).
t compare(const value_type* s)consty

Returns: str() .compare(s).

0.2 sub_match non-membér operators

tgmplate <class Bilter>

Returnsslhs . compare(rhs) ==

tgmplate«<class Bilter>

Returns:1hs.compare(rhs) !'= 0.

[tr.re.submatch.memb

basic_string<value_type>

basic_string<value_type>

[tr.re.submatch

bool operator==(censt sub_match<Bilter>& lhs, const sub_match<Bilter>& rhs);

bool ‘operator!=(const sub_match<BiIter>& lhs, const sub_match<BiIter>& rhs);

ers|

op]

template <class Bilter>
bool operator<(const sub_match<BiIter>& lhs, const sub_match<Bilter>& rhs);

©

Returns: 1hs.compare(rhs) < 0.
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template <class Bilter>
bool operator<=(const sub_match<Bilter>& lhs, const sub_match<Bilter>& rhs);

Returns: 1hs . compare(rhs) <= 0.

4
tJmplate <class BiIter>
bool operator>=(const sub_match<BiIter>& lhs, const sub_match<Bilter>& rhs);
5 Returns: 1hs . compare(rhs) >= 0.
tgmplate <class Bilter>
bool operator>(const sub_match<BiIter>& lhs, const sub_match<Bilter>& rhs);
6 Returns: 1hs . compare(rhs) > O.
tqmplate <class Bilter, class ST, class SA>
bool operator==(const basic_string<typename iterator_traits<Bilter>: ualue_type, ST, SA>& lhs,
const sub_match<Bilter>& rhs);
7 Returns: 1hs == rhs.str().

tgmplate <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);

8 Returns: 1hs '= rhs.str().
tgmplate <class Bilter, class ST, class SA>
bool operator<(const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& lhs,
const sub_match<BiIter>& rhs)\;
9 Returns: 1hs < rhs.str().
tqmplate <class Bilter, class ST, class SA>
bool operator>(const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& lhs,
const sub_matéh<Bilter>& rhs);
10 Returns: 1hs > rhs.str().

tgmplate <class Bilter) c¢lass ST, class SA>
bool operator>=(const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& lhs,

const sub_match<Bilter>& rhs);

11 Returns: Ths- >= rhs.str().

tqmplate <class Bilter, class ST, class SA>
bool teperator<=(const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& lhs,

const sub_match<Bilter>& rhs);

12 Remrms—ths <= hs.sStri)-

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

== rhs.

class ST, class SA>
sub_match<Bilter>& 1lhs,

const

Returns: 1hs.str()

tgmplate <class Bilter,

Returns: 1hs.str()

tgmplate <class Bilter,

Returns: 1hs.str()

tgmplate <class Bilter,
bool operator>=(const
const

Returns: 1hs.str()

tgmplate <class Bilter,
bool operator<=(const
const

Returns: 1hs.str()

tgmplate <class Bilter>

const

tgmplate <class Bilter>

const

tgmplate <class'Bilter>

Returns: 1hs < rhs.

basic_string<typename 1iterator_traits<Bilter>:

!= rhs.

class ST, class SA>

bool operator<(const sub_match<Bilter>& lhs,
const basic_string<typename iterator_traits<Bilter>::value_type, ST(N\SA>& rhs);

< rhs.

class ST, class SA>

bool operator>(const sub_match<Bilter>& lhs,
const basic_string<typename iterator_traits<Bilter>::yalue_type, ST, SA>& rhs);

> rhs.

class ST, class SA>
sub_match<Bilter>& lhs,

basic_string<typename iterator_traits<Bilter>:

>= rhs.

class ST, class SA>
sub_match<Bilter>& lhs,

basic_string<typename dterator_traits<Bilter>:

<= rhs.

bool operator==(typename iteratoritraits<Bilter>::value_type constx*

sub_match<Bilter>& rhs);

Returns: 1hs == rhs.str.)

bool operator!=(typedame iterator_traits<Bilter>::value_type constx*

sub_match<Bilter>& rhs);

Returns: 1hg™ = rhs.str().

bool operator<(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<BiIter>& rhs);

str().

:value_type, ST, SA>& rhs);

:value_type, ST, SA>& rhs);

:value_type, ST, SA>& rhs);

lhs,

lhs,

template <class Bilter>

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);

n 23 3
NCTUrriy. L1 = TIlIs.SCI'\J.

tgmplate <class Bilter>
bool operator<=(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);

Returns: 1hs <= rhs.str().

tgmplate <class Bilter>
bool operator==(const sub_match<Bilter>& lhs,
typename iterator_traits<Bilter>::value_type const* rhs) ;

Returns: 1hs.str() == rhs.

tgmplate <class Bilter>
bool operator!=(const sub_match<BiIter>& lhs,
typename iterator_traits<Bilter>::value_type/const* rhs);

Returns: 1hs.str() '= rhs.

tgmplate <class Bilter>
bool operator<(const sub_match<Bilter>& lhs,
typename iterator_traits<Bilter>::¥alue_type const* rhs);

Returns: 1hs.str() < rhs.

tgmplate <class Bilter>
bool operator>(const sub_match<Bilter>& ths,
typename iterator_traits<Bilter>::value_type const* rhs);

Returns: 1hs.str() > rhs.

tgmplate <class Bilter>
bool operator>=(const sublmatch<Bilter>& lhs,
typename_iterator_traits<Bilter>::value_type const* rhs);

Returns: 1hs.stx¥(Q~>= rhs.

tgmplate <class Bilter>
bool operatorf=(const sub_match<Bilter>& lhs,
typename iterator_traits<Bilter>::value_type const* rhs);

Returns: 1hs.str() <= rhs.

tqmplate <class Bilter>

boal rxpnrn+nr==(+ypnnnmn iterator traits<Bilter>::value +ypn consté 'Ihq,

const sub_match<Bilter>& rhs);

Returns: 1hs == rhs.str().

template <class Bilter>

© ISO/IEC 2007 — All rights reserved


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

32

33

34

35

36

37

38

39

40

137 Regular expressions 7.9

ISO/IEC TR 19768:2007(E)

Class template sub_match

bool operator!=(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<BiIter>& rhs);

Returns: 1hs !'= rhs.str().

tJmplate <class BiIter>
bool operator<(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);

Returns: 1hs < rhs.str().

tgmplate <class Bilter>
bool operator>(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<BiIter>& rhs);

Returns: 1hs > rhs.str().

tqmplate <class Bilter>
bool operator>=(typename iterator_traits<Bilter>::value_type const&_lhs,
const sub_match<Bilter>& rhs);

Returns: 1hs >= rhs.str().

tqmplate <class Bilter>
bool operator<=(typename iterator_traits<Bilter>::value)type const& lhs,
const sub_match<Bilter>& rhs);

Returns: 1hs <= rhs.str().

tgmplate <class Bilter>
bool operator==(const sub_match<Bilter>& 1lhs,
typename iterator_traits<Bilter>::value_type const& rhs);

Returns: 1hs.str() == rhs.

tqmplate <class Bilter>
bool operator!=(const sub_match<Bilter>& 1lhs,
typename_iterator_traits<Bilter>::value_type const& rhs);

Returns: 1hs.str ()= rhs.

tgmplate <class Bilter>
bool operator<(const sub_match<Bilter>& 1lhs,
typename iterator_traits<BiIter>::value_type const& rhs);

Returisylhs.str() < rhs.

tgmplate™<class Bilter>
bool operator>(const sub_match<Bilter>& 1lhs,

1"‘,"139“321“ iterator traits<Bilter>: ~va"|11n_+ypn consté& rhs) 5
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.

temptate—<etass—Bitter
bool operator<=(const sub_match<Bilter>& 1lhs,
typename iterator_traits<Bilter>::value_type const& rhs);

Returns: 1hs.str() <= rhs.

tgmplate <class charT, class ST, class Bilter>
basic_ostream<charT, ST>&
operator<<(basic_ostream<charT, ST>%& os, const sub_match<Bilter>& m);

Returns: (os << m.str()).

710 Class template match_results [tr.re.resu

Class template match_results denotes a collection of character sequences répresenting the result of a regular exp
sipn match. Storage for the collection is allocated and freed as necessary, by the member functions of class temp
match_results.

ejcept that only operations defined for const-qualified Sequencésiare supported.

The sub_match object stored at index O represents sub-¢xpression 0, i.e. the whole match. In this case the sy
match member matched is always true. The sub_match object stored at index n denotes what matched the mat

the sub_match member matched evaluates to true;*and members first and second denote the range of charad
[first, second) which formed that match. Otherwise matched is false, and members first and second poir
the end of the sequence that was searched. {Nore: The sub_match objects representing different sub-expressions
did not participate in a regular expressiomn match need not be distinct.—end note]

template <class Bidirectionallterator,
class Allocator,='allocator<sub_match<BidirectionalIlterator> >
class match_results

Its]

res-
late

The class template match_results shall satisfy the requirements.of a Sequence, as specified in [lib.sequence.reqmts],

b_-
ked

syb-expression n within the matched expression. If thé/sub-expression n participated in a regular expression match then

ters
tto
that

{

public:
typedef sub_match<Bidirectionallterator> value_type;
typedef typename Allocator::const_reference const_reference;
typedef cOnst_reference reference;
typedef \7mplementation defined const_iterator;
typedef /const_iterator iterator;
typedef typename iterator_traits<Bidirectionallterator>::difference_type difference_type;
typedef typename Allocator::size_type size_type;
typedef Allocator allocator_type;
typedef typename iterator_traits<Bidirectionallterator>::value_type char_type;
typedef basic_string<char_type> string_type;

// [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();

/ [7.10.2] size

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

// [7.10.3] element access

difference_type length(size_type sub = 0) const;
difference_type position(size_type sub = 0) const;
string_type str(size_type sub = 0) const;
const_reference operator[](size_type n) const;

const_reference prefix() const;
const_reference suffix() const;
const_iterator begin() const;
const_iterator end() const;

// [7.10.4] format
template <class OutputIter>
OutputIter
format (OutputIter out,
const string_type& fmt,

string_type
format (const string_type& fmt,
regex_constants: :match_flag_type flags = regex_constants::format_default) const;

// [7.10.5] allocator
allocator_type get_allocator()_konst;

by the construcfor or member functions during the lifetime of the object.

mdtch_results(const Allocator& a = Allocator());

Effects: Constructs an object of class match_results.

regex_constants: :match_flag_type flags = regex_constants::format_default) const;

// [7.10.6] swap
void swap(match_results& that);
};
7J10.1 match_results constructors [tr.re.results.c

:E‘st]
In| all match_results‘Constructors, a copy of the Allocator argument shall be used for any memory allocation perforied

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);
Effects: Assigns m to *this. The postconditions of this function are indicated in Table 26
Table 26: match_results assignment operator effects
| Element Value
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 allintegersn < m.sizég
7J10.2 match_results size [tr.re.results.size]

sjze_type max_size()const;

bqol empty()const;

7.

difference_type length(size_type sub = 0)const;

di

st

sjze_type size() const;

Returns: One plus the number of marked sub-expressions in_the regular expression that was matched if *t
represents the result of a successful match. Otherwise return$.0. [Note: The state of amatch_results object|
be modified only by passing that object to regex_match or regex_search. Sections 7.11.2 and 7.11.3 spe
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() ==

10.3 match_results element access

Returns: (xthis){sub] .length().

fference_type/ position(size_type sub = 0)const;

Retuinsy The distance from the start of the target sequence to (xthis) [sub].first.

ring_type str(size_type sub = 0)const;

his
can
cify

[tr.re.results.acc]

Returns: string type((xthis) [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 stfing
being matched/searched to the start of the match found.

Q

nst_reference suffix()const;

Returns: A reference to the sub_match object representing the character sequence from theyend of the match
found to the end of the string being matched/searched.

cqnst_iterator begin()const;
Returns: A starting iterator that enumerates over all the sub-expressions stored\jn%this.
cqnst_iterator end()const;

Returns: A terminating iterator that enumerates over all the sub-expressions stored in *this.

7410.4 match_results formatting [tr.re.results.form]

tqmplate <class OutputIter>
OutputIter format(OutputIter out,
const string_type& fmt,
regex_constants: :match_flag)type flags = regex_constants::format_default);

Requires: The type OutputIter conformg.to the Output Iterator requirements [24.1.2].

Effects: Copies the character sequences[fmt.begin(), fmt.end()) to Outputlter out. Replaces each fofmat
specifier or escape sequence in fmt with either the character(s) it represents or the sequence of characters within
xthis to which it refers. The bitmasks specified in f1ags determines what format specifiers and escape sequeices
are recognized.

Returns: out.

sfring_type format(econst string_type& fmt,
Tegex_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 with either
the character(s) it represents or the sequence of characters within *this to which it refers. The bitmasks specified
in £lags 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 match_results swap [tr.re.results.swap]

void swap(match_results& that);

template <class BidirectionalIlterator, class Allocator>

LoLL, ~ Q +la 4 4+ £ 4l 4
LJjeTIS. I wWapsS I COIMTITTS OT UIC TW O STHUTUITCTST

sequence of matched sub-expressions that were in *this.

Complexity: constant time.

void swap(match_results<Bidirectionallterator, Allocator>& mil,
match_results<BidirectionalIlterator, Allocator>& m2);

Postcondition: *this contains the sequence of matched sub-expressions that were in that, that contains| the

Effects: m1.swap (m2).

7.E1 Regular expression algorithms [tr.re.hlg]
7J11.1 exceptions [tr.re.except]
The algorithms described in this subclause may throw an exception©f)type regex_error. If such an exceptign e
is|thrown, e.code () shall return either regex_constants: :error{ complexity or regex_constants::errofr_-
stack.

7]11.2 regex_match [tr.re.alg.mafch]
tqmplate <class Bidirectionallterator, class Allocator, class charT, class traits>

bool regex_match(Bidirectionallterator first$/Bidirectionallterator last,
match_results<Bidirectionallterator, Allocator>& m,
const basic_regex<charT; traits>& e,
regex_constants: :match_flag_type flags = regex_constants: :match_default);

Requires: The type BidirectionallIterator shall satisfy the requirements of a Bidirectional Iterator
([lib.bidirectional.iterators]).

sequence. Returns.true if such a match exists, false otherwise.

PostconditionsCH the function returns false, then the effect on parameter m is unspecified except that m. siz
returns 0 andm). empty () returns true. Otherwise the effects on parameter m are given in table 27.

Table 27: Effects of regex_match algorithm

Effects: Determines whether) there is a match between the regular expression e, and all of the character sequgnce
[first, last). The parameter f£lags is used to control how the expression is matched against the character

e ()

] 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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m.suffix() .first last
m.suffix() .second last
m.suffix() .matched false

m[0].first first

m[0] .second 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 n
did not participate in the match, then last.

m[n] .second For all integers n < m.size(), the end of the sequénce that
matched sub-expression n. Alternatively, if sub-€xpression n
did not participate in the match, then last.

m[n] .matched For all integers n < m.size(), true if subéxpression n par-
ticipated in the match, false otherwise.

tgmplate <class Bidirectionallterator, class charT, class traibs>
bool regex_match(BidirectionalIterator first, BidirectionalTterator last,
const basic_regex<charT, traits>& e,
regex_constants: :match_flag type flags\= regex_constants::match_default);

Effects: Behaves “as if” by constructing an instance of natch_results<Bidirectionallterator> what,[and
then returning the result of regex_match(first, Xast, what, e, flags).

tqmplate <class charT, class Allocator, class igraits>
bool regex_match(const charT* str,
match_results<const charT*, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags = regex_constants::match_default);

Returns: regex_match(str, str’+ char_traits<charT>::length(str), m, e, flags).

tgmplate <class ST, class SAj\'class Allocator, class charT, class traits>
bool regex_match(const pasic_string<charT, ST, SA>& s,
match, résults<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);

Returnsxzegex_match(s.begin(), s.end(), m, e, flags).

tgmplate«<class charT, class traits>
bool vegex_match(const charT* str,
const basic_regex<charT, traits>& e,

regex constants::match flag type flags = regex constants::match default):
(=2 - - o="JI (=] =] - - 7

Returns: regex_match(str, str + char_traits<charT>::length(str), e, flags)

template <class ST, class SA, class charT, class traits>
bool regex_match(const basic_string<charT, ST, SA>& s,
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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).

711.3 regex_search [tr.re.alg.search]

tgmplate <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: :fatch_default);

1 Requires: Type BidirectionalIterator shall satisfy the requirements of a Bidirectional Iterator (24.1.4).

2 Effects: Determines whether there is some sub-sequence within [first,lagt), that matches the regular expres-
sion e. The parameter flags is used to control how the expression is matehed against the character sequepce.
Returns true if such a sequence exists, false otherwise.

3 Postconditions: If the function returns false, then the effect on patameter m is unspecified except thatm.size ()
returns O and m. empty () returns true. Otherwise the effects on\parameter m are given in table 28.

Table 28: Effects of regex_séarch algorithm

] Element Value

m.size() 1 + e.mark_count ()

m.empty () false

m.prefix().first first

m.prefix().second m[Q].first

m.prefix() .matched m.prefix().first != m.prefix().second

m.suffix().first m[0] . second

m.suffix().second . last

m.suffix() .mapehed m.suffix().first != m.suffix().second

m[0] . first The start of the sequence of characters that matched the regular
expression

m[0] .seCend The end of the sequence of characters that matched the regular
expression

m[0}..matched true if a match was found, and false otherwise.

m[n] .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.

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.
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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, £lags).

tqmplate <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).

tqmplate <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 returning
the result of regex_search(first, last, what, e, flags).

tgmplate <class charT, class traits>
bool regex_search(const charT* str,
const basic_regex<charT, traits>& e,
regex_constants: :match_flag- type flags = regex_constants::match_default);

Returns: regex_search(str, str + char_traits<charT>::length(str), e, flags)

tqmplate <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).

7114 regex_replace [tr.re.alg.replace]

tgmplate <class/Outputlterator, class Bidirectionallterator, class traits, class charT>
OutputIterator
regex_replace (OutputIterator out,

Bidirectionallterator first, Bidirectionallterator last,

const basic_regex<charT, 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, last,
out). If any matches are found then, for each such match, if ! (flags & regex_constants::format_no_-
copy) calls std ::copy(m.prefix().first, m.prefix().second, out), and then callsm.format (out,
fmt., flags). Finally, if such a match is found and ! (flags & regex constants ::format no copy),
calls std: :copy(last_m.suffix() .first, last_m.suffix().second, out) where last_m is a €qp}y of
the last match found. If flags & regex_constants::format_first_only is non-zero then only.the first
match found is replaced.

2 Returns: out.

tgmplate <class traits, class charT>
basic_string<charT>
regex_replace(const basic_string<charT>& s,
const basic_regex<charT, traits>& e,
const basic_string<charT>& fmt,
regex_constants: :match_flag_type flags = regex_constants::match_default);

3 Effects: Constructs an empty string result of type basic_string<charT>, calls regex_replace(back_-
inserter(result), s.begin(), s.end(), e, fmt, flags), dnd then returns result.

<

.EZ Regular expression Iterators [tr.re.:[er]

7412.1 Class template regex_iterator [tr.re.regiter]

1 The class template regex_iterator is an iterator adapter.~It represents a new view of an existing iterator sequehce,
by enumerating all the occurrences of a regular expression within that sequence. A regex_iterator uses regefk_-—
s¢arch to find successive regular expression matches within the sequence from which it was constructed. After
the iterator is constructed, and every time operator++ is used, the iterator finds and stores a value of match_-
ré¢sults<BidirectionalIterator>. If the €nd of the sequence is reached (regex_search returns false),|the
itgrator becomes equal to the end-of-sequenc¢e’iterator value. The default constructor constructs an end-of-sequence {ter-
atpr object, which is the only legitimate iterator to be used for the end condition. The result of operator* on an end-of-
sgquence iterator is not defined. Fonany other iterator value a const match_results<Bidirectionallterator> is
refurned. The result of operator=<>>'on an end-of-sequence iterator is not defined. For any other iterator value a copst
match_results<Bidirectionallterator>x* is returned. It is impossible to store things into regex_iterators.
Tyo end-of-sequence iterators are always equal. An end-of-sequence iterator is not equal to a non-end-of-sequgnce
itgrator. Two non-end-of-sequence iterators are equal when they are constructed from the same arguments.

template <class™Bidirectionallterator,
classvcharT = typename iterator_traits<Bidirectionallterator>::value_type,
class traits = regex_traits<charT> >

class regex_iterator

{

public:
typedef basic_regex<charT, traits> regex_type;
typedef match_results<Bidirectionallterator> value_type;
typedef std::ptrdiff_t difference_type;
typedef const value_type* pointer;
typedef const value_type& reference;
typedef std::forward_iterator_tag iterator_category;
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regex_iterator();
regex_iterator(Bidirectionallterator a, Bidirectionallterator b,
const regex_type& re,

regex_constants: :match_flag_type m = regex_constants::match_default);
regex_iterator(const regex_iterator&);
regex_iterator& operator=(const regex_iterator&);
bool operator==(const regex_iterator&);
bool operator!=(const regex_iterator&);
const value_type& operatorx*();
const value_type* operator->();
regex_iterator& operator++();
regex_iterator operator++(int);

private:
// these members are shown for exposition only:
BidirectionalIlterator begin;
BidirectionalIterator end;
const regex_typex* pregex;
regex_constants: :match_flag_type flags;

match_results<Bidirectionallterator> match;

};

Alregex_iterator object that is not an end-of-sequence iteratorholds a zero-length match if match[0] .matched|
t¥ue and match[0] .first == match[0].second. [Noge!dor example, this can occur when the part of the reg|
ejpression that matched consists only of an assertion (such'as >~?, >$’, >\b’, >\B?). —end note]

regex_iterator();
Effects: Constructs an end-of-sequence-iterator.

rqgex_iterator(Bidirectionallterator 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 prege

false the constfiictor sets *this to the end-of-sequence iterator.

bqol /eperator==(const regex_iterator& right);

ular

7412.1.1 regex_iterator constructors [tr.re.regiter.cnistr]

K to

&re, sets flags 107D, then calls regex_search(begin, end, match, *pregex, flags). If this call retyirns

7412.1.2 regex_iterator comparisons [tr.re.regiter.comp]

1f ara baoth dof-cagian

nd
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== 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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Returns: ! (¥this == right).
7.12.1.3 regex_iterator dereference [tr.re.regiter.deref]
cqnst value_type& operatorx();
Returns: match.
cqnst value_type* operator->();
Returns: &match.
7412.1.4 regex_iterator increment [tr.re.regiter.incr]
rqggex_iterator& operator++();
Effects: Constructs a local variable start of type BidirectionalItérator and initializes it with the valup of
match[0] .second.
If the iterator holds a zero-length match and start == end-the operator sets *this to the end-of-sequgnce
iterator and returns *this.
Otherwise, if the iterator holds a zero-length match the operator calls regex_search(start, end, matfh,
*pregex, flags | regex_constants::match_nét-null | regex_constants::match_continuous). If
the call returns true the operator returns *this., Otherwise the operator increments start and continues 3s if
the most recent match was not a zero-length match.
If the most recent match was not a zero-length match, the operator sets flags to flags | regex_constapts

rq

gex{iterator operator++(int);

::match_prev_avail and calls regex( séarch(start, end, match, *pregex, flags). If the call retyrns

false the iterator sets *this to the.ehd-of-sequence iterator. The iterator then returns *this.

In all cases in which the call te regex_search returns true, match.prefix() .first shall be equal to

the

previous value of match [0]«.sécond, and for each index i in the half-open range [0, match.size()) for which

match[i] .matched is true,match[i] .position() shall return distance(begin, match[i].first]).

[Note: this means thatmatch[i] .position() gives the offset from the beginning of the target sequence, which

is often not the saim® as the offset from the sequence passed in the call to regex_search. —end note]
It is unspecified-how the implementation makes these adjustments.

[Note: this'means that a compiler may call an implementation-specific search function, in which case a u
definéd specialization of regex_search will not be called. —end note]

SCr-

Effects:

regex_iterator tmp = *this;
++(*this) ;
return tmp;
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