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1 General [tr.intro]

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

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

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

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

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

1.2 Categories of extensions [trintro.ext]
This technical report describes four general categories of library extensions:

1. New requirement tables, such as the regular expression traits requirements in/c?audgese are not directly
expressed as software; they specify the circumstances under which user-written components will interoperate with
the components described in this technical report.

2. New library components (types and functions) that are declared in entirely new headers, such as the class templates
in the <unordered_set> header (§.3.4.1).

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

4. Additions to standard library components, such as the extensions tasethsspair in section6.1.4

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

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

only the extensions,e. those namespace scope declarations that are not present in the C++ stafidard [

1.3 Namespaces and headers [tr.intro.namespaces]

Since the extensions described in this technical report are not part of the C++ standard library, they should not be
declared directly within namespased. Unless otherwise specifed, all components described in this technical report are
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declared in namespaeed: :tr1. [Note: Some components are declared in subnamespaces of namesgaceri.
—end notg

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 standard are assumed to be qualifeadiwith

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

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

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

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

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

Table 1: Utilities library summary

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

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

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

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

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

template <class T> class reference_wrapper
: public unary_function<T1, R> Il see below
: public binary_function<T1, T2, R> /] see below
{
public :
Il types
typedef T type;
typedef see below result_type; // Notalways defined
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/I construct/copy/destroy
explicit reference_wrapper (T&) ;
reference_wrapper (const reference_wrapper<T>& x);

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

Il access
operator T& () const;

T& get() const;

/I invocation

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

};

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

2 reference_wrapper has a weak result type3[3).

3 Thetemplate instantiatiareference_wrapper<T> shall be derived fromtd: :unary_function<T1, R>onlyifthe
typeT is any of the following:

— afunction type or a pointer to function type taking one argument of Typand returningk

— apointer to member function type with cv-qualif@rand no arguments; the tyfie is cv  T* andR is the return
type of the pointer to member function

— aclass type that is derived frogtd: :unary_function<T1, R>

4 The template instantiationeference_wrapper<T> shall be derived fromstd: :binary_function<T1, T2, R>
only if the typeT is any of the following:

— a function type or a pointer to function type taking two arguments of tfpendT2 and returningk

— a pointer to member function with cv-qualifiey and taking one argument of tyge; the typeT1 is cv T* and
R is the return type of the pointer to member function

— aclass type that is derived frogtd: :binary_function<T1, T2, R>

2.1.2.1 reference_wrapper construct/copy/destroy [tr.util.refwrp.const]
explicit 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 Postconditions*this references the object thatreferences.
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Throws:nothing.

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

reference_wrapper& operator=(const reference_wrapper<T>& x) ;
Postconditions*this references the object thatreferences.

Throws:Nothing.

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

operator 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.invoke]
template <class T1, class T2, ..., class TN>
typename result_of<T(T1, T2, ..., TN)>::type operator()(T1& al, T2& al, ..., TN& aN) const;
Returns:INVOKE (get (), al, a2, ..., aN).([3.3))

Note: operator () is described for exposition only. Implementations are not required to provide an aetual
erence_wrapper: :operator (). Implementations are permitted to supposterence_wrapper function in-
vocation through multiple overloaded operators or through other means.

2.1.2.5 reference_wrapper helper functions [tr.util.refwrp.helpers]

template <class T> reference_wrapper<T> ref(T& t);
Returns:reference_wrapper<T>(t)
Throws:nothing.

template <class T> reference_wrapper<T> ref (reference_wrapper<T>t) ;
Returnsiref (t.get())

Throws:nothing.

template <class T> reference_wrapper<const T> cref( const T& t);
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Returns:reference_wrapper <const T>(t)
Throws:nothing.

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

Throws:nothing.

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

namespace std {

namespace trl {
/I [2.2.9 Class bad_weak_ptr
class bad_weak_ptr;

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

/I [2.2.3.9 shared_ptr comparisons

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

/I [2.2.3.9 shared_ptr specialized algorithms
template<class T> void swap(shared_ptr<T>& a, shared_ptr<T>& b);

/I [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);

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

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

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

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

/I [2.2.4.7 weak_ptr specialized algorithms
template<class T> void swap(weak_ptr<T>& a, weak_ptr<T>& b);
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/I [2.2.9 Class enable_shared_from_this
template<class T> class enable_shared_from_this;
} // namespace trl
} // namespace std

2.2.2 Classad_weak_ptr [tr.util.smartptr.weakptr]

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

} bl
} // namespace trl
} // namespace std
An exception of typé&ad_weak_ptr is thrown by theshared_ptr constructor taking aeak_ptr.

bad_weak_ptr();
Postconditionswhat () returns"trl: :bad_weak_ptr".

Throws:nothing.

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

The shared_ptr class template stores a pointer, usually obtainedneia shared_ptr implements semantics of
shared ownership; the last remaining owner of the pointer is responsible for destroying the object, or otherwise releasing
the resources associated with the stored pointer.

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

/I [2.2.3.] constructors

shared_ptr();

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

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

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

/I [2.2.3.3 destructor
~shared_ptr();

/l [2.2.3.3 assighment
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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);

/I [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);

/l [2.2.3.9 observers

T* get() const;

T& operator*() const;

T* operator->() const;

long use_count() const;

bool unique() const;

operator unspecified-bool-type () const;

};

/I [2.2.3.69 shared_ptr comparisons

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

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

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

/I [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);

/l [2.2.3.1Q shared_ptr get_deleter

template<class D, class T> D * get_deleter(shared_ptr<T> const& p);
} /] namespace trl
} // namespace std

Specializations oéhared_ptr shall be CopyConstructible, Assignable, and LessThanComparable, allowing their use
in standard containers. Specializationssafhred_ptr shall be convertible t®ool, allowing their use in boolean
expressions and declarations in conditions. The template paramaftehared_ptr may be an incomplete type.

[Example:

if (shared_ptr<X> px = dynamic_pointer_cast<X>(py))
{
/I do something with px
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9 General Utilities 2.2 Smart pointers

}

—end examplg.

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

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

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

Requires:p is convertible taT *. Y is a complete type. The expressiaalete p shall be well-formed, shall
have well defined behavior, and shall not throw exceptions.

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

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

Exception safetyif an exception is thrownjelete pis called.
template<class Y, class D> shared_ptr(Y * p, D d);

Requires:p is convertible toT *. D is CopyConstructible. The copy constructor and destructor @f shall
not throw exceptions. The expressi@fp) shall be well-formed, shall have well defined behavior, and shall not
throw exceptions.

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

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

Exception safetyif an exception is thrownd (p) is called.

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

Requiresor the second constructd# is convertible tar*.

Effects:If r is empty constructs ammptyshared_ptr object; otherwise, constructsshared_ptr object that
shares ownershipith r.

Postconditionsget () == r.get() && use_count() == r.use_count().

Throws:nothing.

template<class Y> explicit shared_ptr(weak_ptr<Y> const& r);
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2.2 Smart pointers General Utilities 10

RequiresY* is convertible toT*.

Effects:Constructs ahared_ptr object thatshares ownershigiith r and stores a copy of the pointer stored in
I.

Postconditionsuise_count () == r.use_count().
Throws:bad_weak_ptr whenr.expired().

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

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

Requires:r.release() shall be convertible t@ *. Y shall be a complete type. The expressib#lete
r.release () shall be well-formed, shall have well defined behavior, and shall not throw exceptions.

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

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

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

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

~shared_ptr();

Effects:

— If *this is empty or if it shares ownershiwith anothershared_ptr instance {se_count () > 1), there
are no side effects.

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

Throws:nothing.

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

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

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

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

shared_ptr<int> p(new int);
shared_ptr<void> q(p);
P=pP

q = p;

both assignments may be no-ops.

2.2.3.4 shared_ptr modifiers

void swap(shared_ptr& r);
Effects:Exchanges the contentsethis andr.
Throws:nothing.
void reset();
Effects:Equivalent toshared_ptr () .swap (*this).
template<class Y> void reset(Y * p);
Effects:Equivalent toshared_ptr (p) . swap (xthis).

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

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

2.2.3.5 shared_ptr observers

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

T& operator*() const;
Requiresget () != 0.
Returns*get ().

Throws:nothing.

[tr.util.smartptr.shared.mod]

[tr.util.smartptr.shared.obs]

Notes:WhenT is void, attempting to instantiate this member function renders the program ill-forniate |
Instantiatingshared_ptr<void> does not necessarily result in instantiating this member functiend notg

T * operator->() const;
Requiresget () != 0.
Returnsiget ().

Throws:nothing.

ISO/IEC PDTR 19768



10

11

12

13

14

15

16

17

18

2.2 Smart pointers General Utilities 12

long use_count() const;

Returnsthe number okhared_ptr objectsxthis included, thashare ownershivith *this, or0 whenxthis
is empty

Throws:nothing.

[Note:use_count () is not necessarily efficient. Use only for debugging and testing purposes, not for production
code.—end notg

bool unique() const;
Returns:uuse_count () ==
Throws:nothing.

[Note: unique () may be faster thanse_count (). If you are usinginique () to implement copy on write, do
not rely on a specific value whefet () == 0. —end notg

operator unspecified-bool-type () const;
Returns:an unspecified value that, when used in boolean contexts, is equivalgsit¢d '= 0.
Throws:nothing.

[Note: This conversion operator allovehared_ptrobjects to be used in boolean contextSxample:if (p &&
p—>valid()) —end examplgThe actual target type is typically a pointer to a member function, avoiding many
of the implicit conversion pitfalls—end notg

2.2.3.6 shared_ptr comparison [tr.util.smartptr.shared.cmp]

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

template<class T, class U> bool operator!=(shared_ptr<T> const& a, shared_ptr<U> const& b);
Returnsia.get() !'= b.get().
Throws:nothing.

template<class T, class U> bool operator<(shared_ptr<T> const& a, shared_ptr<U> const& b);
Returns:an unspecified value such that

— operator< is a strict weak ordering as described in section 28 .alg.sorting]l;

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

Throws:nothing.

[Note: Allows shared_ptr objects to be used as keys in associative contaireend notg
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13 General Utilities 2.2 Smart pointers

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

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

Effectsios << p.get();.

Returns:os.

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

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

Throws:nothing.

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

template<class T, class U> shared_ptr<T> static_pointer_cast(shared_ptr<U> const& r);
RequiresThe expressioBtatic_cast<T*>(r.get ()) is well-formed.

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

Throws:nothing.

[Note: The seemingly equivalent expressisiiared_ptr<T>(static_cast<T*>(r.get ())) will eventually
result in undefined behavior, attempting to delete the same object twieed note

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

Requires:The expressiodynamic_cast<T*>(r.get ()) shall be well-formed and shall have well defined be-
havior.

Returns:

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

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

[Note: The seemingly equivalent expressisitared_ptr<T>(dynamic_cast<T*>(r.get ())) will eventually
result in undefined behavior, attempting to delete the same object twierd note

template<class T, class U> shared_ptr<T> const_pointer_cast(shared_ptr<U> const& r);
RequiresThe expressioronst_cast<T*>(r.get ()) is well-formed.
Returns:If r is empty, an emptyghared_ptr<T>; otherwise, ashared_ptr<T> object that storegonst_-
cast<T*>(r.get ()) and shares ownership with

ISO/IEC PDTR 19768



11

12

2.2 Smart pointers General Utilities 14

Throws:nothing.

[Note: The seemingly equivalent expressishared_ptr<T>(const_cast<T*>(r.get ())) will eventually
result in undefined behavior, attempting to delete the same object twieed note

2.2.3.10 get_deleter [tr.util.smartptr.getdeleter]

template<class D, class T> D * get_deleter(shared_ptr<T> const& p);
Returns:f *this ownsa deleterd of type cv-unqualified, returnskd; otherwise returns.

Throws:nothing.

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

Theweak_ptr class template stores a weak reference to an object that is already managadibyda ptr. To access
the object, areak_ptr can be converted toshared_ptr using the member functiohock.

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

/I constructors

weak_ptr();

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

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

/I destructor
“weak_ptr();

/I assignment

weak_ptr& operator=(weak_ptr const& r);

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

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

Il observers

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

/I specialized algorithms

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

Specializations ofieak_ptr shall be CopyConstructible, Assignable, and LessThanComparable, allowing their use in
standard containers. The template paraniet#rweak_ptr may be an incomplete type.

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

weak_ptr();
Effects:Constructs aemptyweak_ptr object.
Postconditionstise_count () ==
Throws:nothing.

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

Requiresor the second and third constructars,shall be convertible t@x*.

Effects:If r is empty constructs aemptyweak_ptr object; otherwise, constructsi@ak_ptr object thatshares
ownershipwith r and stores a copy of the pointer stored-in

Postconditionsuse_count() == r.use_count().

Throws:nothing.

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

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

Throws:nothing.

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

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

Effects:Equivalent toweak_ptr (r) . swap (¥this).

Throws:nothing.
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Notes:The implementation is free to meet the effects (and the implied guarantees) via different means, without
creating a temporary.

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

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

void reset();

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

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

long use_count() const;
Returns:0 if *this is empty otherwise, the number ehared_ptr instances thaghare ownershivith *this.
Throws:nothing.

[Note:use_count () is not necessarily efficient. Use only for debugging and testing purposes, not for production
code.—end notg

bool expired() const;

Returns:uuse_count () ==

Throws:nothing.

[Note: expired () may be faster thatise_count (). —end notg
shared_ptr<T> lock() const;

Returns:expired() ? shared_ptr<T>() : shared_ptr<T>(*this).

Throws:nothing.

2.2.4.6 weak_ptr comparison [tr.util.smartptr.weak.cmp]
template<class T, class U> bool operator<(weak_ptr<T> const& a, weak_ptr<U> const& b);
Returns:an unspecified value such that
— operator< is a strict weak ordering as described in [lib.alg.sorting];

— under the equivalence relation defineddperator<, ! (a < b) && !(b < a), twoweak_ptr instances
are equivalent if and only if theghare ownershipr are both empty.
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2 Throws:nothing.
3 [Note: Allows weak_ptr objects to be used as keys in associative contaireend notg
2.2.4.7 weak_ptr specialized algorithms [tr.util.smartptr.weak.spec]

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

1 Effects:Equivalent toa. swap (b).
2 Throws:nothing.
2.2.5 Classtemplatenable_shared_from_this [tr.util.smartptr.enab]

1 AclassT can inherit fromenable_shared_from_this<T>, to inherit theshared_from_this member functions that
obtain ashared_ptrinstance pointing tethis.

2 [Example:

struct X: public enable_shared_from_this<X>
{
};

int main()
{
shared_ptr<X> p(new X);
shared_ptr<X> q = p->shared_from_this();
assert(p == q);
assert(!(p < q ) && !'(q < p)); //pand g share ownership

—end examplg.

namespace std {
namespace trl {
template<class T> class enable_shared_from_this {
protected:
enable_shared_from_this();
enable_shared_from_this(enable_shared_from_this const&);
enable_shared_from_this& operator=(enable_shared_from_this const&) ;
~“enable_shared_from_this();
public:
shared_ptr<T> shared_from_this();
shared_ptr<T const> shared_from_this() const;

} )
/I namespace trl
I

}
} // namespace std

3 The template paramet@rof enable_shared_from_this may be an incomplete type.
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enable_shared_from_this();
enable_shared_from_this(enable_shared_from_this<T> const&);

4 Effects:Constructs arnable_shared_from_this<T> object.

5 Throws:nothing.

enable_shared_from_this<T>& operator=(enable_shared_from_this<T> const&) ;
6 Returns:*this.

7 Throws:nothing.

~“enable_shared_from_this();

8 Effects:Destroys«this.
9 Throws:nothing.
shared_ptr<T> shared_from_this();
shared_ptr<T const> shared_from_this() const;
10 Requiresienable_shared_from_this<T> shall be an accessible base clas$.ofthis shall be a subobject of
an objectt of typeT. There shall be at least osared_ptr instancep thatownsgt.
11 Returns:A shared_ptr<T> objectr thatshares ownership with.
12 Postconditionsr.get () == this.

13 [Note: a typical implementation is shown below:

template<class T> class enable_shared_from_this

{
private:
weak_ptr<T> __weak_this;
protected:
enable_shared_from_this() {}
enable_shared_from_this(enable_shared_from_this const &) {}
enable_shared_from_this& operator=(enable_shared_from_this const &) { return *this; }
~“enable_shared_from_this() {}
public:
shared_ptr<T> shared_from_this() { return shared_ptr<T>(__weak_this); }
shared_ptr<T const> shared_from_this() const { return shared_ptr<T const>(__weak_this); }
};

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

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

The following subclauses describe class temptateilt_of, function templatenem_f£n, function object binders, and
the polymorphic function wrappeéunction, as summarized in Tabke

Table 2: Function object library summary

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

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

3.1 Definitions [tr.func.def]

The following definitions shall apply to this clause:

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

A call wrapperis an object of a call wrapper type.
A call wrapper typds a type that holds a callable object and supports a call operation that forwards to that object.
A callable objectis an object of a callable type.

A callable typeis a pointer to function, a pointer to member function, a pointer to member data, or a class type whose
objects can appear immediately to the left of a function call operator.

A target objecis the callable object held by a call wrapper object.
3.2 Additions to <functional> Synopsis [tr.func.syn]

namespace std {
namespace trl {
Il [3.4] class template result_of
template <class FunctionCallTypes> class result_of;

/I [3.5] function templatenem_£fn
template<class R, class T> unspecified mem_fn(R T::* pm);
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/I [3.6] Function object binders
template<class T> struct is_bind_expression;
template<class T> struct is_placeholder;

template<class F, class T1l, ..., class Tn> unspectfied bind(F £, T1 t1, ..., Tn tn);
template<class R, class F, class Tl, ..., class Tn> unspecified bind(F £, T1 t1, ..., Tn tn);

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

extern unspecified _1;
extern unspecified _2;

extern unspecified _M;

}

/I [3.7] polymorphic function wrappers
class bad_function_call;

template<class Function> class function;

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

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

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

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

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

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

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

} // namespace trl
} // namespace std

3.3 Requirements [tr.func.require]

1 DefineINVOKE (f, t1, t2, ..., tN) as follows:
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— (t1.x£)(t2, ..., tN) whenf is a pointer to a member function of a clasandt1 is an object of typ& or a
reference to an object of typieor a reference to an object of a type derived from

— ((xt1) .xf) (t2, ..., tN) whenf is a pointer to a member function of a clasandt1 is not one of the types
described in the previous item;

— t1.*f whenf is a pointer to member data of a clasandt1 is an object of typ& or a reference to an object of
typeT or a reference to an object of a type derived from

— (xt1) .xf whenf is a pointer to member data of a clasandt1 is not one of the types described in the previous

item;
— f(t1, t2, ..., tN) inall other cases.
2 DefineINVOKE (£, t1, t2, ..., tN, R) asINVOKE (f, t1, t2, ..., tN) implicitly converted tcR.

3 If a call wrapper (B.1]) has aweak result type¢he type of its member typeesult_type is based on the type of the
wrapper’s target object§[1]):

— if T is a function, reference to function, or pointer to function typesult_type shall be a synonym for the
return type ofT;

— if T is a pointer to member functioresult_type shall be a synonym for the return typeDf

— if Tis a class type with a member typesult_type, thenresult_type shall be a synonym for: :result_-
type,
— otherwiseresult_type shall not be defined.

4 Every call wrapper3.1] shall be CopyConstructible. Aimple call wrappelis a call wrapper that is Assignable and
whose copy constructor and assignment operator do not throw exceptiémsvakding call wrapperis a call wrapper
that can be called with an argument kidt, t2, ..., tNwhere eachi isanlvalue. The effect of calling a forwarding
call wrapper with one or more arguments that are rvalues is implementation defifte: if a typical implementation
forwarding call wrappers have overloaded function call operators of the form

template<class T1, class T2, ..., class TN>
R operator()(Ti& t1, T2& t2, ..., TN& tN) cv-qual;
—end notg
3.4 Function return types [tr.func.ret]

namespace std {
namespace trl {
template <class FunctionCallTypes> // F(T1, T2, ..., TN)
class result_of {
public :
I types
typedef unspecified type;
};
} // namespace trl
} // namespace std
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3.5 Function templatemem_fn Function objects 22

1 Given anrvalue of typeF and values1, t2, ..., tNoftypesTi, T2, ..., TN, respectively, theype member
is the result type of the expressiéit1, t2, ...,tN). The valuesi are Ivalues when the corresponding tyieis
a reference type, and rvalues otherwise.

2 The implementation may determine thgpe 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 notg

3 If Fis not a function object defined by the standard library, and if either the implementation cannot determine the type
of the expressiod (t1, t2, ..., tN) orif the expression is ill-formed, the implementation shall use the following
process to determine thgpe member:

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

3. If F is a possiblycv-qualified class type with a member typesult_type, type iS typename F::result_-
type.

4. If Fis a possiblycv-qualified class type with no member namegult_type or if typename F::result_type
is not a type:

(a) If N=0 (no arguments);ype is void.
(b) If N>0, type is typename F::template result<F(T1, T2,..., TN)>::type.

5. Otherwise, the program is ill-formed.

3.5 Function templatemem_fn [tr.func.memfn]

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

1 Returns:A simple call wrapper (.1]) £ such that the expressiai(t, a2, ..., aN) is equivalent toIn-
VOKE (pm, t, a2, ..., aN) ([3.3). f shall have a nested typesult_type thatis a synonym for the return
type ofpm whenpm is a pointer to member function.

2 The simple call wrapper shall be derived framd: :unary_function<cv T*, Ret> whenpm is a pointer to
member function with cv-qualifiecv and taking no arguments, wheRetis pm’s return type.

3 The simple call wrapper shall be derived fragd: :binary_function<cv T*, T1, Ret> whenpm is a
pointer to member function with cv-qualifiew and taking one argument of ty®, whereRetis pm'’s return
type.

4 Throws:Nothing.

5 Notes:Implementations may implement mem_fn as a set of overloaded function templates.

3.6 Function object binders [tr.func.bind]

1 3.6describes a uniform mechanism for binding arguments of function objects.

3.6.1 Classtemplateis_bind_expression [tr.func.bind.isbind]
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namespace std {
namespace trl {
template<class T> struct is_bind_expression {
static const bool value = see below;

}
} /] namespace trl
} // namespace std
is_bind_expression can be used to detect function objects generatestibg. bind usesis_bind_expression to
detect subexpressions. Users may specialize this template to indicate that a type should be treated as a subexpression in
abind call.

static const bool value;

true if Tis a type returned frorhind, false otherwise.

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

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

} bl
/I namespace trl
I

}
} /] namespace std

is_placeholder can be used to detect the standard placeholders2, and so onbind usesis_placeholder to
detect placeholders. Users may specialize this template to indicate a placeholder type.

static const int value;

value is N if Tis the type ofstd: :trl::placeholders::_N, O otherwise.

3.6.3 Function templatebind [tr.func.bind.bind]
template<class F, class T1, class T2, ...., class TN>
unspecified bind(F £, T1 t1, T2 t2, ..., TN tN);

RequiresF andTi shall be CopyConstructibleINVOKE (f, w1, w2, ..., wN) ([3.3]) shall be a valid ex-
pression for some valuegl, w2, ..., wN

Returns:A forwarding call wrappeg with a weak result type §.3]). The effect ofg(ul, u2, ..., uM) shall
beINVOKE (£, v1, v2, ..., vN, result_of<F cv (V1, V2, ..., VN)>::type), wherecv represents
the cv-qualifiers ofg and the values and types of the bound arguments v2, ..., vN are determined as
specified below.

template<class R, class F, class T1, class T2, ...., class TN>
unspectfied bind(F £, T1 t1, T2 t2, ..., TN tN);
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RequiresF andTi shall be CopyConstructiblgNVOKE (£, w1, w2, ..., wN) shall be a valid expression for
some values1, w2, ..., wi.

Returns:A forwarding call wrappeg with a nested typeesult_type defined as a synonym far The effect of
g(ul, u2, ..., uM) shall beINVOKE (f, v1, v2, ..., vN, R), where the values and types of the bound
arguments1, v2, ..., vNare determined as specified below.

The values of thddound arguments1, v2, ..., vN and their corresponding typ&d, V2, ..., VN depend on
the type of the corresponding argument ti of tyjiein the call tobind and thecv-qualifierscv of the call wrappeg as
follows:

— if tiis of typereference_wrapper<T> the argumentisi.get () and its typevi is T&;

— if the value ofstd::trl::is_bind_expression<Ti>::value iS true the argument ii(ul, u2,
uM) and its typeVi isresult_of<Ti cv (Ul&, U2&, ..., UM&)>::type;

— ifthe valuej of std::trl::is_placeholder<Ti>::value iS not zero the argument isj and its typevi is
Uj&;

— otherwise the value isi and its typeVi iSTi cv &.

3.6.4 Placeholders [tr.func.bind.place]

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

extern unspecified _M;

}
} // namespace trl
} /] namespace std

All placeholder types shall bgefaultConstructible andCopyConstructible, and their default constructors and
copy constructors shall not throw exceptions. It is implementation defined whether placeholder typeas grable.
Assignable placeholders’ copy assignment operators shall not throw exceptions.

3.7 Polymorphic function wrappers [tr.func.wrap]
3.7describes a polymorphic wrapper class that encapsulates arbitrary function objects.
3.7.1 Classad_function_call [tr.func.wrap.badcall]

An exception of typead_function_call is thrown byfunction: :operator () ([3.7.2.4) when the function wrap-
per object has no target.

namespace std {
namespace trl {
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class bad_function_call : public std::exception
{
public:
/I Ttr.func.wrap.badcall.const] constructor
bad_function_call();

s

}

} // namespace trl

} // namespace std

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

bad_function_call();

Effects:constructs &ad_function_call object.

3.7.2 Class templatefunction [tr.func.wrap.func]

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

/I [3.7.2.] construct/copy/destroy

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

function& operator=(const function&) ;

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

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

~“function();

/l [3.7.2.3 function modifiers

void swap(function&);

/l [3.7.2.3 function capacity
operator unspecified-bool-type () const;

/I [3.7.2.4 function invocation
R operator()(T1, T2, ..., TN) const;
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/I [3.7.2.9 function target access

const std::type_info& target_type() const;
template <typename T> Tx target();
template <typename T> const T* target() const;

private:
/I [3.7.2.6§ undefined operators
template<class Function2> void operator==(const function<Function2>&);
template<class Function2> void operator!=(const function<Function2>&);

};

/I [3.7.2.7 Null pointer comparisons
template <class Function>
bool operator==(const function<Function>&, unspecified-null-pointer-type);

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

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

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

/I [3.7.2.8 specialized algorithms

template<class Function> void swap(function<Function>&, function<Function>&) ;
} // namespace trl
} /I namespace std

Thefunction class template provides polymorphic wrappers that generalize the notion of a function pointer. Wrappers
can store, copy, and call arbitrary callable obje@s1{}, given a call signature 8.1]), allowing functions to be first-class
objects.

A function objectf of typeF is Callable for argument type&l, T2, ..., TN and a return typ&, if, given lvalues
t1, t2, ..., tNoftypesTi, T2, ..., TN, respectivelyINVOKE (f, t1, t2, ..., tN) iswell-formed (B.3))
and, ifR is notvoid, convertible tcR.

Thefunction class template is a call wrappeB(]]) whose call signature §1]) isR(T1, T2, ..., TN).
3.7.2.1 function construct/copy/destroy [tr.func.wrap.func.con]
explicit function();
Postconditions! *this.
Throws:nothing.
function(unspecified-null-pointer-type);

Postconditions:! *this.
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27 Function objects 3.7 Polymorphic function wrappers

Throws:nothing.

function(const function& f);

Postconditions! *this if ! f; otherwisexthis targets a copy of.

Throws:shall not throw exceptions ff's target is a function pointer or a function object passed-eiterence_-
wrapper. Otherwise, may throwad_alloc or any exception thrown by the copy constructor of the stored
function object.

template<class F> function(F f);

Requires: shall be callable for argument typ@s, T2, ..., TN and return typ&.
Postconditions:! *this if any of the following hold:

— fis a NULL function pointer.

— fis a NULL member function pointer.

— Fis an instance of théunction class template, antf

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

Throws: shall not throw exceptions wheh is a function pointer or aeference_wrapper<T> for someT.
Otherwise, may throwsad_alloc or any exception thrown bg's copy constructor.

function& operator=(const function& f);

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

Returns:xthis

function& operator=(unspecified-null-pointer—type);

Effects:If (bool) (*this), deallocates current target.
Postconditions! (*this).

Returns:xthis

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

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

Returns:xthis

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

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

Throws:nothing.

~“function();
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Effects:if *this != NULL, destroys the target ahis.

3.7.2.2 function modifiers [tr.func.wrap.func.mod]

void swap(function& other);
Effects:interchanges the targets ®fhis andother.

Throws:nothing.

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

operator unspectfied-bool-type () const

Returns:if *this has a target, returns a value that will evaluatee in a boolean context; otherwise, returns a
value that will evaluaté&alse in a boolean context. The value type returned shall not be convertititesto

Throws:nothing.

[Note: This conversion can be used in contexts whetsed. is expected (e.g., atf condition); however, implicit
conversions (e.g., tont) that can occur withhool are not allowed, eliminating some sources of user error. One
possible implementation choice for this type is pointer-to-membeamnd notg

3.7.2.4 function invocation [tr.func.wrap.func.inv]
R operator()(T1 t1, T2 t2, ..., TN tN) const
Effects:INVOKE (£, t1, t2, ..., tN, R) ([3.3), wheref is the target object §.1]) of *this.
Returns:nothing, ifR is void, otherwise the return value aVVoke (£, t1, t2, ..., tN, R).

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

3.7.2.5 function target access [tr.func.wrap.func.targ]

const std::type_info& target_type() const;
Returns:f *this has a target of typ&, typeid(T); otherwisetypeid(void).
Throws:nothing.

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

RequiresT is a function object type that is Callable3(f.q) for parameter types1i, T2, ..., TN and return
typeR.

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

These member functions shall be left undefined.

[Note: the boolean-like conversion opens a loophole wherebyftwation instances can be compared wa
or !'=. These undefinedoid operators close the loophole and ensure a compile-time erend notg

3.7.2.7 null pointer comparison operators [tr.func.wrap.func.nullptr]

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

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

Returns:!f.

Throws:nothing.

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

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

Returns: (bool) f.

Throws:nothing.

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

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

Effects:f1.swap(£2) ;
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4 Metaprogramming and type traits [tr.meta]

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

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

Table 3: Type traits library summary

] Subclause Header(s) \
4.1 Requirements
4.5Unary type traits <type_traits>

4.6 Relationships between types <type_traits>
4.7 Transformations between types<type_traits>

4.1 Requirements [tr.meta.rgmts]

A UnaryTypeTraitis a template that describes a property of a type. It shall be a class template that takes one template
type argument and, optionally, additional arguments that help define the property being described. ItBa&Llie
Constructibleand derived, directly or indirectly, from an instance of the tempiateegral _constant (4.3), with

the arguments to the templatetegral_constant determined by the requirements for the particular property being
described.

A BinaryTypeTraiis a template that describes a relationship between two types. It shall be a class template that takes two
template type arguments and, optionally, additional arguments that help define the relationship being described. It shall
beDefaultConstructiblend derived, directly or indirectly, from an instance of the templateegral _constant (4.3,

with the arguments to the templatetegral_constant determined by the requirements for the particular relationship
being described.

A TransformationTypeTrais a template that modifies a property of a type. It shall be a class template that takes one
template type argument and, optionally, additional arguments that help define the modification. It shall define a nested
type namedype which shall be a synonym for the modified type.

4.2 Header<type_traits> synopsis [trmeta.type.synop]

namespace std {
namespace trl {
Il [4.3) helper class:



4.2 Header<type_traits> synopsis
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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;

/I [4.5.7 primary type categories:

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

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

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

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

is_void;

is_integral;
is_floating_point;
is_array;

is_pointer;

is_reference;
is_member_object_pointer;
is_member_function_pointer;
is_enum;

is_union;

is_class;

is_function;

/I [4.5.9 composite type categories:

template
template
template
template
template
template

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

>
T>
T>
>
T>
>

struct
struct
struct
struct
struct
struct

/I [4.5.3 type properties:

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

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

T>
>
>
>
>
T>
>
>
>
>
>
>
>
T>
>
T>
T>
T>
T,

/I [4.6] type relations:
template <class T,

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

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

is_const;

is_volatile;

is_pod;

is_empty;
is_polymorphic;
is_abstract;
has_trivial_constructor;
has_trivial_copy;
has_trivial_assign;
has_trivial_destructor;
has_nothrow_constructor;
has_nothrow_copy;
has_nothrow_assign;
has_virtual_destructor;
is_signed;

is_unsigned;
alignment_of;

rank;

unsigned I = 0> struct extent;

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;

I/l [4.7.7 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;

Il [4.7.9 reference modifications:
template <class T> struct remove_reference;
template <class T> struct add_reference;

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

Il [4.7.4 pointer modifications:
template <class T> struct remove_pointer;
template <class T> struct add_pointer;

/I [4.8] other transformations:

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

4.3 Helper classes [tr.meta.help]

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

1 The class templaténtegral_constant and its associated typedefsue_type andfalse_type are used as base
classes to define the interface for various type traits.

4.4 General Requirements [tr.meta.requirements]

1 Tables4, 5, 6, and8 define type predicates. Each type predigated<T> shall be aUnaryTypeTrait(4.1), derived
directly or indirectly fromtrue_type if the corresponding condition is true, otherwise fréalse_type. Each type
predicatepred<T, U> shall be aBinaryTypeTrait(4.1), derived directly or indirectly frontrue_type if the corre-
sponding condition is true, otherwise frafalse_type.

2 Table7 defines various type queries. Each type query shall baaryTypeTrait(4.1), derived directly or indirectly
from integral_constant<std::size_t, value>, wherevalue is the value of the property being queried.
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Tables9, 10, 11, and12 define type transformations. Each transformation shall beasformationTraii{(4.1).
Table13 defines a template that can be instantiated to define a type with a specific alignment and size.

4.5 Unary Type Traits [trmeta.unary]
This sub-clause contains templates that may be used to query the properties of a type at compile time.

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

4.5.1 Primary Type Categories [tr.meta.unary.cat]
The primary type categories correspond to the descriptions given in section [basic.types] of the C++ standard.
For any given typ&, exactly one of the primary type categories shall have its merdiare evaluate tctrue.

For any given type&, the result of applying one of these templates sind tocv-qualifiedT shall yield the same result.

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

Table 4: Primary Type Category Predicates

] Template Condition Comments
template <class T> Tisvoid or acv-qualifiedvoid

struct is_void;

template <class T> T is an 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> Tis an array type Class templaterray ([6.2])
struct is_array; ([basic.compound]) is notan 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 <class T> T is a pointer to data member

struct is_member_object_pointer;

template <class T> T is a pointer to member

struct is_member_function_pointer; function

template <class T> T is an enumeration type

struct is_enum; ([basic.compound])

template <class T> T is a union type

struct is_union; ([basic.compound])

template <class T> T is a class type but not a union

struct is_class; type ([basic.compound])

template <class T> T is a function type

struct is_function; ([basic.compound])
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4.5.2 Composite type traits [tr.meta.unary.comp]

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

2 For any given typ€&, the result of applying one of these template$,tand tocv-qualifiedT shall yield the same result.

3 The 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

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; ([basic.compound])
template <class T> T is a pointer to a member or
struct is_member_pointer; member function
4.5.3 Type properties [trmeta.unary.prop]

1 These templates provide access to some of the more important properties of types.

2 Itis unspecified whether the library defines any full or partial specialisations of any of these templates. A program may
specialise any of these templates on a user-defined type, provided the semantics of the specialisation match those given
for the template in its description.

Table 6: Type Property Predicates

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

struct is_abstract;

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

template <class T>

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

The default constructor far T shall be a complete type.

template <class T>

struct has_trivial_copy;

The copy constructor foris T shall be a complete type.
trivial ([class.copy])

template <class T>

struct has_trivial_assign;

The assignment operator for T shall be a complete type.
T is trivial ([class.copy])

template <class T>

struct has_trivial_destructor; ([class.dtor])

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

template <class T>

struct has_nothrow_constructor; has an empty exception

The default constructor faf T shall be a complete type.

specification or can otherwise
be deduced never to throw an
exception

template <class T>

struct has_nothrow_copy;

The copy constructor for T shall be a complete type.
has an empty exception

specification or can otherwise

be deduced never to throw an

exception

template <class T>

struct has_nothrow_assign;

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

specification or can otherwise

be deduced never to throw an

exception
template <class T> T has a virtual destructor T shall be a complete type.
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_unsigned;

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

Table 7: Type Property Queries

Template

value \

template <class T>

struct alignment_of;

An integer value representing the number of bytes of the alignment of obje
of typeT; an object of typ& may be allocated at an address that is a multipl¢
its alignment ([basic.types]).

Precondition:T shall be a complete type.

template <class T>
struct rank;

An integer value representing the rank of objects of tygfcl.array]). Note
The term “rank” here is used to describe the number of dimensions of an a
type.—end notg
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template <class T, An integer value representing the extent (dimension) ofittrebound of
unsigned I = 0> objects of type T (8.3.4). If the typBis not an array type, has rank of less than
struct extent; I,orif I == 0andT is of type “array of unknown bound of U,” theralue

shall evaluate to zero; otherwisalue shall evaluate to the number of elements
in the I'th array bound off. [Note The term “extent” here is used to describe
the number of elements in an array typend notg

3 [Example

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

—end example
4 [Example

/I 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>::value) == 4);

—end example

4.6 Relationships between types [tr.meta.rel]

Table 8: Type Relationship Predicates

] Template Condition Comments |
template <class T, class U> T andU name the same type
struct is_same;
template <class Base, class Derived> Base is a base class of PreconditionsBase and
struct is_base_of; Derived ([class.derived]) or Derived shall be complete
Base andDerived name the types.
same type
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template <class From, class To> An imaginary Ivalue of type  Special conversions involving
struct is_convertible; From is implicitly convertible  string-literals and
to typeTo ([conv]) null-pointer constants are not

considered ([conv.array],
[conv.ptr], and [conv.mem)]).
No function-parameter
adjustments ([dcl.fct]) are
made to typ&o when
determining whetheFrom is
convertible tdTo; this implies
that if typeTo is a function
type or an array type, then th
condition is false.

See below.

D

1 The expressiofis_convertible<From,To>: :value is ill-formed if:
— TypeFronm is a void or incomplete type ([basic.types]).
— TypeTo is an incomplete, void or abstract type ([basic.types]).

— The conversion is ambiguous. An example of an ambiguous conversion isEriyp#hat has multiple base
classes of typ&o ([class.member.lookup]).

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

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

4.7 Transformations between types [trmeta.trans]
1 This sub-clause contains templates that may be used to transform one type to another following some predefined rule.
2 Each of the templates in this header shall BeansformationTrai(4.1).

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

Table 9: Const-volatile modifications

Template Comments \
template <class T> The member typedefype shall be the same asexcept that any top level
struct remove_const; const-qualifier has been removeixpmple:remove_const<const

volatile int>::type evaluatestwolatile int, whereas
remove_const<const int*>iSconst int*. —end example
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4.7 Transformations between types

template <class T>
struct remove_volatile;

The member typedefype shall be the same asexcept that any top level
volatile-qualifier has been removed{ample:remove_volatile<const
volatile int>::type evaluates t@onst int, whereas
remove_volatile<volatile int*>isvolatile int*. —end example

template <class T>
struct remove_cv;

The member typedefype shall be the same asexcept that any top level
cv-qualifier has been removedEfample:remove_cv<const volatile
int>::type evaluates tdnt, whereasemove_cv<const volatile int*>
iSs const volatile int*. —end example

template <class T>
struct add_const;

If Tis areference, function, or top level const-qualified type, these shall be
the same type &g otherwiseT const.

template <class T>
struct add_volatile;

If Tis areference, function, or top level volatile-qualified type, thgpe shall
be the same type &5 otherwiseT volatile.

template <class T>
struct add_cv;

The member typedefype shall be the same type add_const<typename
add_volatile<T>::type>: :type.

4.7.2 Reference modifications

[trmeta.trans.ref]

Table 10: Reference modifications

] Template

Comments \

template <class T>
struct remove_reference;

The member typedefype shall be the same &s except any reference qualifie
has been removed.

==

template <class T>
struct add_reference;

If T is a reference type, then the member typedegfe shall beT, otherwiseTs .

4.7.3 Array modifications

[trmeta.trans.arr]

Table 11: Array modifications

Template

Comments \

template <class T>
struct remove_extent;

If T is “array ofU”, the member typedefype shall beU, otherwiseT. For
multidimensional arrays, only the first array dimension is removed. For a type
“array of const U”, the resulting type igonst U.

template <class T>
struct
remove_all_extents;

If Tis “multi-dimensional array of”, the resulting member typedefpe is U,
otherwiser.

[Example

/I 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

/I the following assertions hold:
assert((is_same<remove_all_extents<int>::type, int>::value));
assert ((is_same<remove_all_extents<int[2]>::type, int>::value));
assert ((is_same<remove_all_extents<int[2] [3]>::type, int>::value));
assert((is_same<remove_all_extents<int[] [3]>::type, int>::value));

—end example

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

Table 12: Pointer modifications

Template Comments \
template <class T> The member typedefype shall be the same &5 except any top level
struct remove_pointer; indirection has been removed. Note: pointers to members are left unchanged by
remove_pointer.
template <class T> The member typedefype shall be the same as
struct add_pointer; remove_reference<T>: :typex if T is a reference type, otherwige.
4.8 Other transformations [tr.meta.trans.other]

Table 13: Other transformations

] Template Condition Comments \
template <std::size_t Len, Lenis nonzeroAlignisequal = The member typedefype shall be a
std::size_t Align> tOoalignment_of<T>::value POD type suitable for use as
struct aligned_storage; for some type. uninitialized storage for any object

whose size is at mostenand whose
alignment is a divisor oAlign.

[Note: a typical implementation would defingpe as:

union type

{
unsigned char __data[Len];
Aligner __align;

};

whereAligner is the smallest POD type for whicilignment_of<Aligner>::value iS Align. —end notg
4.9 Implementation requirements [trmeta.req]

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

If the implementation cannot differentiate between class and union types, then the class tetaplatess andis_-
union shall be defined as follows:

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

If the implementation cannot detect polymorphic types, then the class templagielymorphic shall be defined as
follows:

template <class T> struct is_polymorphic {};

If the implementation cannot detect abstract types, then the class templatestract shall be defined as follows:
template <class T> struct is_abstract {};
If the implementation cannot determine whether a tyg®as a virtual destructoe.g. a pure library implementation

with no compiler support, themas_virtual_destructor<T> shall be derived, directly or indirectly, frofrlse_-
type (4.1).

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

It is unspecified under what circumstances, if @iy, pod<T>: : value evaluates tarue, except that, for all types:

is_pod<T>::value == is_pod<remove_extent<T>::type>::value
is_pod<T>::value == is_pod<T const volatile>::value
is_pod<T>::value >= (is_scalar<T>::value || is_void<T>::value)

It is unspecified under what circumstances, if amg_trivial_*<T>::value evaluates tarue, except that:

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

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

There are trait templates whose semantics do not require their argument(s) to be completely defined, nor does such
completeness in any way affect the exact definition of the traits class template specializations. However, in the absence
of compiler support these traits cannot be implemented without causing implicit instantiation of their arguments; in par-
ticular: is_class, is_enum, andis_scalar. For these templates, it is unspecified whether their template argument(s)

are implicitly instantiated when the traits class is itself instantiated.
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5 Numerical facilities [tr.num]

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

2

1

The following subclauses describe random number generators and mathematical special functions, as summarized in
Table14.

Table 14: Numerical library summary

Subclause Header(s)

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

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

In table15, X denotes a uniform random number generator class returning objects df, tyjeea value ofX, andv is a
(possibly const) value f.

Table 15: Uniform random number generator requirements

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

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

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

2 Intablel6, X denotes a pseudo-random number engine class returning objects a@f tysea value ofT, u is a value
of X, v is an Ivalue ofX, s is a value of integral typeg is an Ivalue of a zero-argument function object returning
values of unsigned integral type,andy are (possibly const ) values &f os is an Ivalue of the type of some class
template specializatiobasic_ostream<charT, traits>, andis is an Ivalue of the type of some class template
specializatiorbasic_istream<charT, traits>, wherecharT andtraits are constrained according to [lib.strings]
and [lib.input.output].

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

Table 16: Pseudo-random number engine requirements (in addi-
tion to uniform random number generat@hpyConstructible, and

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

X0 — creates an engine with the same £ (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 ~ &/(size of state)
internal state determined ky

X(g) — creates an engine with the initial ~ Z'(size of state)
internal state given by the results of
successive invocations gf
Throws what and wheg throws.

u.seed() void post:u == X() O'(size of state)

u.seed(s) void sets the internal state of u so that same a%(s)
== X(s).

ISO/IEC PDTR 19768



45 Numerical facilities 5.1 Random number generation

] expression return type pre/post-condition complexity \

u.seed(g) void post: The internal state afisthe  same ax(g)
same as ifi had been newly
constructed by u(g). Ifan
invocation ofg throws, that
exception is rethrown, and further
use ofu (except destruction) is
undefined until aeed member
function has been executed without
throwing an exception.

u() T given the state (i) of the engine, amortized
computesi1(i+1), sets the state to constant
u(i+1), and returns some output
dependent om (i+1)

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

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

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

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

4 Additional requirements:

— The complexity of both copy construction and assignmerit(&ze of state).
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— the constructotemplate<class Gen> X(Gen& g) shall have the same effect aéstatic_cast<Gen>(g))
if Gen is a fundamental type.

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

[Note The casts makg an rvalue, unsuitable for binding to a refereneeend notg

5 If atextual representation was written by << x and that representation was readilsy >> v, thenx == v, provided
that no intervening invocations ef or v have occurred.

6 Intablel7, X denotes a random distribution class returning objects of Typeis a value ofX, x is a (possibly const)
value ofX, e is an Ivalue of an arbitrary type that meets the requirements of a uniform random number generator,
returning values of typ#, os is an Ivalue of the type of some class template specializati@ic_ostream<charT,
traits>, and is an Ivalue of the type of some class template specialiZadioic_istream<charT, traits>, where
charT andtraitsw are constrained according to [lib.strings] and [lib.input.output].

Table 17: Random distribution requirements (in addition to
CopyConstructible, andAssignable)

expression return type pre/post-condition complexity \
X::input_type U — compile-time
u.reset() void subsequent uses afdo not depend constant

on values produced by prior to
invoking reset.
u(e) T the sequence of numbers returned amortized
by successive invocations with the constant number
same object is randomly of invocations of
distributed with some probability e
density functiorp (x)
os << x reference to the type ofs  writes a textual representation for Z'(size of state)
the parameters and additional
internal data of the distributiornto
os. post: Theos . fmtflagsand fill
character are unchanged.
is >> u reference to the type os  restores the parameters and O'(size of state)
is additional internal data of the
distributionu. pre:is provides a
textual representation that was
previously written using ans
whose imbued locale and whose
type’s template specialization
argumentgharT andtraits were
the same than those o&. post:
Theis.fmtflagsare unchanged.

7 Additional requirements: The sequence of numbers produced by repeated invocati¢as dbes not change whether
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or notos << xisinvoked between any of the invocatian&) . If a textual representation is written usiag << x and
that representation is restored into the same or a different gbgfd¢he same type usings >> y, repeated invocations
of y (e) produce the same sequence of random numbers as would repeated invocatigns of

In the following subclauses, a template parameter namedormRandomNumberGenerator shall denote a type
that satisfies all the requirements of a uniform random number generator. Moreover, a template parameter named
Distribution shall denote a type that satisfies all the requirements of a random distribution.

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

The effect of instantiating a template that has a template type parameter nan®ge is undefined unless that type
is one ofshort, int, long, or their unsigned variants.

The effect of instantiating a template that has a template type parameter tamagpe is undefined unless that type
is one ofunsigned short, unsigned int, Orunsigned long.

5.1.2 Headerckrandom> Synopsis [tr.rand.synopsis]

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

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

/I [5.1.4.3 Class template mersenne_twister
template<class UIntType, int w, int n, int m, int r,
UIntType a, int u, int s, UIntType b, int t, UIntType c, int 1>
class mersenne_twister;

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

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

/I [5.1.4.3 Class template discard_block
template<class UniformRandomNumberGenerator, int p, int r>
class discard_block;

/l [5.1.4.9 Class template xor_combine
template<class UniformRandomNumberGeneratorl, int sli,
class UniformRandomNumberGenerator2, int s2>
class xor_combine;
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/l [5.1.49 Class random_device
class random_device;

/I [5.1.7.7 Class template uniform_int
template<class IntType = int>
class uniform_int;

/l [5.1.7.3 Class bernoulli_distribution
class bernoulli_distribution;

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

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

/l [5.1.7.9 Class template binomial_distribution
template<class IntType = int, class RealType = double>
class binomial_distribution;

/I [5.1.7.9 Class template uniform_real
template<class RealType = double>
class uniform_real;

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

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

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

5.1.3 Class templaterariate_generator [tr.rand.var]

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

template<class Engine, class Distribution>
class variate_generator

{
public:
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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);

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 paramétegine shall be of the fornu, U&, or U*, whereU denotes a class that satisfies
all the requirements of a uniform random number generator. The mesfgetie_value_type shall namey.
Specializations ofariate_generator satisfy the requirements of CopyConstructible and Assignable.

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

variate_generator(engine_type eng, distribution_type d)

Effects:Constructs aariate_generator object with the associated uniform random number genesaiand
the associated random distributian

ComplexitySum of the complexities of the copy constructorengine_type anddistribution_type.
Throwsif and what the copy constructor of Engine or Distribution throws.
result_type operator() ()
Returnsidistribution() (e)
Complexity:Amortized constant.

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

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

Returnsidistribution() (e, value). Forthe semantics &f, see the description @perator () ().

engine_value_type& engine()

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

const engine_value_type& engine() const

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

distribution_type& distribution()

Returns:A reference to the associated random distribution.

const distribution_type& distribution() const

Returns:A reference to the associated random distribution.

result_type min() const
Preconditiondistribution() .min() is well-formed.

Returnsidistribution() .min()

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

Returnsidistribution() .max()

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

Except where specified otherwise, the complexity of all functions specified in the following sections is constant. No
function described in this section, except the constructor and seed functions taking a zero-argument function object,
throws an exception.

The class templates specified in this section satisfy all the requirements of a pseudo-random number engine (given in
table16), except where specified otherwise. Descriptions are provided here only for operations on the engines that are
not described in one of these tables or for operations where there is additional semantic information.

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

5.1.4.1 Class templat@inear_congruential [tr.rand.eng.lcong]

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

namespace trl {
template<class UIntType, UIntType a, UIntType c, UlntType m>
class linear_congruential
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{
public:
I types
typedef UIntType result_type;

/I parameter values

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

/I 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 paramet8IntType shall denote an unsigned integral type large enough to store values up to (m-1). If the
template parameteris 0, the modulua used throughout this sectiond$d: :numeric_limits<UIntType>: :max()

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

The size of the state x(i) is 1. The textual representation is the value of x(i).
explicit linear_congruential(unsigned long x0 = 1)

Effects:Constructs dinear_congruential engine and invokeseed (x0).
void seed(unsigned long x0 = 1)

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

template<class Gen> linear_congruential(Gen& g)

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

Complexity:Exactly one invocation of.

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

A mersenne_twister engine produces random numbers o(x(i)) using the following computation, performed modulo
2%, um is a value with only the upperr bits set in its binary representatiolr is a value with only its lower bits set
in its binary representatiorrshift is a bitwise right shift with zero-valued bits appearing in the high bits of the result.
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Ishiftis a bitwise left shift with zero-valued bits appearing in the low bits of the result.
— y(i) = (x(i-n) bitandum) | (x(i-(n-1))bitandIm)

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

— Z4(i) = x(i) xor ( x(i) rshiftu)
— 22(i) = z1(i) xor ( (z1(i) Ishift s) bitandb )
— 23(i) = z2(i) xor ( (z2(i) Ishiftt) bitandc )
— o(x(i)) = z3(i) xor ( z3(i) rshift )

template<class UIntType, int w, int n, int m, int r,
UIntType a, int u, int s, UIntType b, int t, UIntType c, int 1>
class mersenne_twister
{
public:
Il types
typedef UIntType result_type;

/I parameter values

static const int word_size = w;

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

static const UIntType parameter_a = a;
static const int output_u = u;
static const int output_s = s;
static const UIntType output_b
static const int output_t = t;
static const UIntType output_c = c;
static const int output_1 = 1;

b;

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

};

2 The template paramet#iintType shall denote an unsigned integral type large enough to store values Up-@.2
Also, the following relations shall hold: £ m<n. 0<r,u,s,t, <w. 0<ab,c<2¥-1.

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

Effects:Constructs aersenne_twister engine and invokeseed ().

explicit mersenne_twister(unsigned long value)

Effects:Constructs amersenne_twister engine and invokeseed (value).

template<class Gen> mersenne_twister(Gen& g)

Effects: Given the valuesy...z,_; obtained by successive invocations gf sets x(-n) ... x(-1) tazp mod
2Y...z,_1 mod 2V,

Complexity:Exactlyn invocations ofg.

void seed()

Effects:Invokesseed (0).

void seed(unsigned long value)

Effects:If value == 0, setsvalue to 4357. In any case, with a linear congruential generator Icg(i) having
parametersncg = 232, g = 69069, Ccg = 0, andlcg(0) = value, sets x(-n) ... x(-1) to lcg(1) ... lcg(n),
respectively.

Complexity:&'(n)

template<class UIntType, int w, int n, int m, int r,
UIntType a, int u, int s, UIntType b, int t, UIntType c, int 1>
bool operator==(const mersenne_twister<UIntType, w,n,m,r,a,u,s,b,t,c,1>& 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...andk(i-1) == y(j-1)
Notes:Assumes the next output &fis o(x(i)) and the next output af is o(y(j)).

Complexity:0'(n)

5.1.4.3 Class templateubtract_with_carry [tr.rand.eng.sub]

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

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

/I parameter values

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

};

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

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

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

Effects:With n = (w+ 31)/32 (rounded downward) and given the valugs ..z,._1 Obtained by successive
invocations ofg, sets X(-r) ... X(-1) t0(zp-2(32) + -+ 2,1 222"V ymodm ... (Z;_1)q- 282+ + 71 — 1)
2321 ymodm. If x(-1) == 0, sets carry(-1) = 1, else sets carry(-1) = 0.

Complexity:Exactly r*n invocations ofg.
void seed(unsigned long value = 19780503)

Effects:If value == 0, setsvalue to 19780503. In any case, with a linear congruential generator Icg(i) having
parametersncg = 21474835633, = 40014,Cicg = 0, andlcg(0) = value, sets x(-r) ... X(-1) to lcg(1) mod m
... leg(r) mod m, respectively. If x(-1) == 0, sets carry(-1) = 1, else sets carry(-1) = 0.

Complexity:0/(r)
template<class IntType, IntType m, int s, int r>
bool operator==(const subtract_with_carry<IntType, m, s, r> & x,
const subtract_with_carry<IntType, m, s, r> & y)
Returnsx(i-r) == y(j-r) and...anck(i-1) == y(j-1).

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

Complexity:&(r)
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5.1.4.4 Class templatgubtract_with_carry_01 [tr.rand.eng.subl]

1 A subtract_with_carry_01 engine produces floating-point random numbers usifig = (x(i-s) - x(i-r) -
carry(i-1)) mod 1; and settingcarry(i) = 2°Wif x(i-s) - x(i-r) - carry(i-1) < 0, elsecarry(i) =
0.

template<class RealType, int w, int s, int r>
class subtract_with_carry_01
{
public:
Il types
typedef RealType result_type;

/I parameter values

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

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

};

2 The following relation shall hold: & s < r.

3 The size of the state i8. With n= (w+ 31)/32 (rounded downward) and integer numbes j] such thatx(i —
K) % 2% = 7k, 0] + z[k, 1] * 232 + Zlk,n — 1] * 2%(n — 1), the textual representation is the valueszff0],...zJr,n —
1],...7[1,0],...2[1,n—1],carry(i — 1) « 2%, in that order. Note The algorithm ensures that only integer numbers repre-
sentable in 32 bits are writter—end notg

subtract_with_carry_01()

4 Effects:Constructs aubtract_with_carry_01 engine and invokeseed ().
explicit subtract_with_carry_Ol(unsigned long value)

5 Effects:Constructs aubtract_with_carry_01 engine and invokeseed (value).

template<class Gen> subtract_with_carry_01(Gen& g)

6 Effects: With n = (w+ 31)/32 (rounded downward) and given the valws ..z,,_1 obtained by successive
invocations ofg, sets x(-r) ... x(-1) t0<20~232+~-~+zn,1-232<”*1)) :27%mod1 .. (Zy _q)n- 232+ 4z
232n-1)). 2-Wmod1. If x(-1) == 0, sets carry(-1) =%, else sets carry(-1) = 0.

7 Complexity:Exactly r*n invocations ofg.
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void seed(unsigned long value = 19780503)

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

Complexity:&(n-r).

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

Returnsitrue, if and only if x(i-r) == y(j-r) and ... and x(i-1) == y(j-1).
Complexity:0(r)

5.1.4.5 Class templat@iscard_block [tr.rand.eng.disc]

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

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

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

r;

Il constructors and member function
discard_block();

explicit discard_block(const base_type& rng);
explicit 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;

result_type max() const;

result_type operator()();

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

The template parametsniformRandomNumberGenerator shall denote a class that satisfies all the requirements of a
uniform random number generator, given in tabién clauses.1.1 0 < r < p. The size of the state is the sizetoplus
1. The textual representation is the textual representatibriafowed by the value of.
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discard_block()
Effects:Constructs aliscard_block engine. To construct the subobjdxtinvokes its default constructor. Sets
n = 0.

explicit discard_block(const base_type& rng)

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

explicit discard_block(unsigned long s)

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

template<class Gen> discard_block(Gen)

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

void seed()

Effects:Invokesb.seed () and seta = 0.

const base_type& base() const

Returns: b

result_type operator() ()

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

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

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

template<class UniformRandomNumberGeneratorl, int si,
class UniformRandomNumberGenerator2, int s2>
class xor_combine
{
public:
Il types
typedef UniformRandomNumberGeneratorl basel_type;
typedef UniformRandomNumberGenerator2 base2_type;
typedef see below result_type;

/I parameter values
static const int shiftl = si;
s2;

static const int shift2

/I constructors and member function
xor_combine() ;
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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 bil; /I exposition only
base2_type b2; /I exposition only
};

The template parametetaiformRandomNumberGeneratorl andUniformRandomNumberGenerator2 shall denote
classes that satisfy all the requirements of a uniform random number generator, given lrbtabdtause5.1.1 Both
UniformRandomNumberGeneratorl: :result_type andUniformRandomNumberGenerator2: :result_type shall
denote (possibly different) unsigned integral types. The following relation shall beidt1 ando < s2. The size of the
state is the size of the state&f plus the size of the state ®£. The textual representation is the textual representation
of b1 followed by the textual representationu?.

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

xor_combine ()

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

xor_combine(const basel_type & rngl, const base2_type & rng2)
Effects:Constructs aor_combine engine. Initialize$1 with a copy ofrng1 andb2 with a copy ofrng?2.
xor_combine (unsigned long s)

Effects:Constructs &or_combine engine. To construct the subobjéxd, invokes theb1 (s) constructor. Then,
to construct the subobjebP, invokes theb2 (s+1) constructor Note: If both bl andb2 are of the same type,
both engines should not be initialized with the same seeeind notg

template<class Gen> xor_combine(Gen& g)

Effects:Constructs &or_combine engine. To construct the subobjéxt, invokes theo1 (g) constructor. Then,
to construct the subobjeb®, invokes theb2(g) constructor.

void seed()
Effects:Invokesb1.seed () andb2.seed ().

const basel_type& basel() const
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Returns: b1

const base2_type& base2() const

Returns: b2

result_type operator() ()
Returns:(b1() << s1) =~ (b2() << s2).

[Note: Two shift values are provided for simplicity of interface. When using this class template, however, it is
advisable for at most one of these values to be nonzero. (If dbdnds2 are nonzero then the low bits will
always be zero.) Itis also advisable for the unshifted engine to have the properig:tijatis 2" — 1 —min () for
somen, and for the shift applied to the other engine to be no greaterrthan

An xor_combine that does not meet these conditions may have significantly worse uniformity properties than
either of the component engines it is based-efend notg

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

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

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

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

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

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

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

For a default-constructethnlux3 object, x(10000) = 5957620. For a default-construatenllux4 object, x(10000)
= 8587295. For a default-constructednlux3_01 object, x(10000) = 595762® 24, For a default-constructed
ranlux4_01 object, x(10000) = 858729224,

5.1.6 Classrandom_device [tr.rand.device]

A random_device produces non-deterministic random numbers. It satisfies all the requirements of a uniform random
number generator (given in tahl® in clauses.1.7). 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.
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If implementation limitations prevent generating non-deterministic random numbers, the implementation may employ a
pseudo-random number engine.

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

/I constructors, destructors and member functions

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

result_type max() const;

double entropy() const;

result_type operator() () ;

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

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

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

Throws:A value of some type derived froexception if the random_device could not be initialized.
result_type min() const

Returns:numeric_limits<result_type>::min()
result_type max() const

Returns:numeric_limits<result_type>: :max()
double entropy() const

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

Throws:Nothing.

result_type operator() ()

Returns:A non-deterministic random value, uniformly distributed betweaén () andmax(), inclusive. It is
implementation-defined how these values are generated.

Throws:A value of some type derived froexception if a random number could not be obtained.

D The parameter is intended to allow an implementation to differentiate between different sources of randomness.
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5.1.7 Random distribution class templates [tr.rand.dist]

The class templates specified in this section satisfy all the requirements of a random distribution (given in tables in
clause5.1.1). Descriptions are provided here only for operations on the distributions that are not described in one of
these tables or for operations where there is additional semantic information.

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

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

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

A uniform_int random distribution satisfies all the requirements of a uniform random number generator (given in
tablel5in clause5.1.]).

template<class IntType = int>
class uniform_int

{

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

/I constructors and member function

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

result_type max() const;

void reset();

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

};
uniform_int (IntType min = 0, IntType max = 9)
Requiresmin < max
Effects:Constructs aniform_int object.min andmax are the parameters of the distribution.
result_type min() const

Returns:The “min” parameter of the distribution.

result_type max() const

Returns:The “max” parameter of the distribution.
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result_type operator() (UniformRandomNumberGenerator& urng, result_type n)

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

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

A bernoulli_distribution random distribution producémol values distributed with probabilitiesfpfue) = p and
p(false) = 1-p. p is the parameter of the distribution.

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

Il constructors and member function
explicit bernoulli_distribution(double p = 0.5);
RealType p() const;
void reset();
template<class UniformRandomNumberGenerator>
result_type operator () (UniformRandomNumberGenerator& urng) ;

};
bernoulli_distribution(double p = 0.5)
Requires0<p<1

Effects:Constructs dernoulli_distribution object.p is the parameter of the distribution.

RealType p() const

Returns:The “p” parameter of the distribution.

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

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

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

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

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

RequiresO<p< 1

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

RealType p() const

Returns:The “p” parameter of the distribution.

5.1.7.4 Class templat@oisson_distribution [tr.rand.dist.pois]

A poisson_distribution random distribution produces integer valiies 0 with probability distribution
. meah _mean
p(i) = ——e mean

wheremeanis the parameter of the distribution.

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

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

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

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

RealType mean() const

Returns:The meanparameter of the distribution.
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5.1.7.5 Classtemplat®inomial_distribution [tr.rand.dist.bin]

1 A binomial_distribution random distribution produces integer valiiesO with

ol = (1) -p-a-pi

wheret andp are the parameters of the distribution.

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

{

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

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

};
binomial_distribution(IntType t = 1, const RealType& p = RealType(0.5))
2 RequiresO <p <1landt >0.

3 Effects:Constructs ®inomial_distribution object;t andp are the parameters of the distribution.

IntType t() const

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

RealType p() const

5 Returns:The “p” parameter of the distribution.

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

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

2 A uniform_real random distribution satisfies all the requirements of a uniform random number generator (given in
table15in clause5.1.1).

template<class RealType = double>
class uniform_real

{
public:
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I types
typedef RealType input_type;
typedef RealType result_type;

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

};

uniform_real (RealType min = RealType(0), RealType max = RealType(1))
Requiresmin < max.

Effects:Constructs aniform_real object;min andmax are the parameters of the distribution.

result_type min() const

Returns:The “min” parameter of the distribution.

result_type max() const

Returns:The “max” parameter of the distribution.

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

An exponential_distribution random distribution produces random numbers O distributed with probability

density function
p(x) = Ae ™,

whereA is the parameter of the distribution.

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

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

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

Requiresiambda> 0.

Effects:Constructs arxponential_distribution object withrng as the reference to the underlying source
of random numberslambda is the parameter for the distribution.

RealType lambda() const

Returns:The “A” parameter of the distribution.

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

A normal_distribution random distribution produces random numbers x distributed with probability density func-

tion

whe

1 2 /(92
_ —(Xx—mean</(20<)
X) = ———¢€ s
PO oV2rn

remeanando are the parameters of the distribution.

template<class RealType = double>
class normal_distribution

{

public:

};

Il types
typedef RealType input_type;
typedef RealType result_type;

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

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

Requiressigma> 0.

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

RealType mean() const

Returns:The “meari parameter of the distribution.

RealType sigma() const

Returns:The “c” parameter of the distribution.
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5.1.7.9 Class templatgamma_distribution [tr.rand.dist.gamma]

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

p(x) = Tla)xafle*x,

whereq is the parameter of the distribution.

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

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

};
explicit gamma_distribution(const result_type& alpha = result_type(1));
2 Requiresalpha> 0.
3 Effects:Constructs gamma_distribution oObject;alpha is the parameter for the distribution.

RealType alpha() const

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

1 Table18 summarizes the functions that are added to headsith>. The detailed signatures are given in the synopsis.

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

namespace std {
namespace trl {
/I [5.2.1.7 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);

/l [5.2.1.3 associated Legendre functions:
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Table 18: Additions to headekmath> synopsis
Type Name(s)
Functions:
assoc_laguerre conf_hyperg ellint_2 1legendre
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

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);

/I [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) ;

/I [5.2.1.5 (complete) elliptic integral of the second kind:
double comp_ellint_2(double k) ;

float comp_ellint_2f (float k) ;

long double comp_ellint_21(long double k);

/I [5.2.1.9 (complete) elliptic integral of the third kind:

double comp_ellint_3(double k, double nu);

float comp_ellint_3f(float k, float nu);

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

/I [5.2.1.7 confluent hypergeometric functions:

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

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

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

/I [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);

/I [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);

ISO/IEC PDTR 19768



69 Numerical facilities 5.2 Mathematical special functions

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

/I [5.2.1.1Q 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);

/I [5.2.1.1] cylindrical Neumann functions;

/I 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);

/l [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);

/I [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);

/I [5.2.1.1% exponential integral:

double expint (double x);

float expintf (float x);

long double expintl(long double x);

/l [5.2.1.16 Hermite polynomials:

double hermite(unsigned n, double x);

float hermitef (unsigned n, float x);

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

/I [5.2.1.17 hypergeometric functions:

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

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

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

/l [5.2.1.18 Laguerre polynomials:
double laguerre(unsigned n, double x);
float laguerref (unsigned n, float x);

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

/I [5.2.1.19 Legendre polynomials:
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double legendre(unsigned 1, double x);
float legendref (unsigned 1, float x);
long double legendrel(unsigned 1, long double x);

/l [5.2.1.2Q Riemann zeta function:

double riemann_zeta(double);

float riemann_zetaf (float);

long double riemann_zetal(long double);

/I [5.2.1.2] spherical Bessel functions (of the first kind):
double sph_bessel(unsigned n, double x);
float sph_besself (unsigned n, float x);
long double sph_bessell(unsigned n, long double x);

/I [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);

/I [5.2.1.23 spherical Neumann functions;

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

double sph_neumann(unsigned n, double x);

float sph_neumannf (unsigned n, float x);

long double sph_neumannl(unsigned n, long double x);
} /l namespace trl
} /I namespace std

3 Each of the functions declared above that has one or maible parameters (thdouble version) shall have two
additional overloads:
1. a version with eachouble parameter replaced withfd oat parameter (théloat version), and
2. aversion with eachouble parameter replaced withlang double parameter (th@ong double version).

4 The return type of each suc¢hoat version shall b&loat, and the return type of each subtbng double version shall
belong double.

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

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

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

3. Otherwise, thef1oat version is called.

6 Each of the functions declared above shall return a NaN (Not a Number) if any argument value is a NaN, but it shall
not report a domain error. Otherwise, each of the functions declared above shall report a domain error for just those
argument values for which:
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— the function description’s Returns clause explicitly specifies a domain, and those arguments fall outside the spec-
ified domain; or

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

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

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

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

Returns:Theassoc_laguerre functions return

dm
La(x) = (—1)mw Lntm(x), forx>0.

Note: The effect of calling each of these functions is implementation-definecd># 128.

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

long double assoc_legendrel(unsigned 1, unsigned m, long double x);
Effects:These functions compute the associated Legendre functions of their respective argumessix.

Returns:Theassoc_legendre functions return

m
P(x) = (1—x)™?2 ddW Pi(x), forx>0.

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

5.2.1.3 beta function [tr.num.sf.beta]
double beta(double x, double y);
float betaf (float x, float y);

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

2 A mathematical function is mathematically defined for a given set of argument values if if it 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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Effects:These functions compute the beta function of their respective argumantdy.

Returns:Thebeta functions return

Frey)
B(xy) = ——=.
Y= Tty
5.2.1.4 (complete) elliptic integral of the first kind [tr.num.sf.ellK]
double comp_ellint_1(double k);
float comp_ellint_1f(float k);

long double comp_ellint_11(long double k);

Effects:These functions compute the complete elliptic integral of the first kind of their respective argments

Returns:;Thecomp_ellint_1 functions return

w/2 de
K(K) = F(k, 7/2) :/ S
0 \/1-k2sirf@
5.2.1.5 (complete) elliptic integral of the second kind [tr.num.sf.ellEX]
double comp_ellint_2(double k);
float comp_ellint_2f (float k);

long double comp_ellint_21(long double k);

Effects:These functions compute the complete elliptic integral of the second kind of their respective argtiments

Returns:The comp_ellint_2 functions return

E(k,7/2) =/(;”/2\/1—k25in29d9.

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

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

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

Returns:The comp_ellint_3 functions return

w/2
N(v,k 7/2) :/ do

0 (1-vsirte)V1—Kesito
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5.2.1.7 confluent hypergeometric functions [tr.num.sf.conhyp]

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

Effects:These functions compute the confluent hypergeometric functions of their respective arganeeaisd
X.

Returns:The conf_hyperg functions return

F(a;c;x) =

5.2.1.8 regular modified cylindrical Bessel functions [trnum.sf.l]

double cyl_bessel_i(double nu, double x);
float cyl_bessel_if(float nu, float x);
long double cyl_bessel_il(long double nu, long double x);

Effects:These functions compute the regular modified cylindrical Bessel functions of their respective arguments
nu andx.

Returns:Thecyl_bessel_i functions return

0 (X/Z)V+2k

ly(x) =i""Jy(ix) = 2 KT (vikt 1)’

for x> 0.
Note: The effect of calling each of these functions is implementation-defined = 128.

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

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

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

Returns:Thecyl_bessel_j functions return

Jv(x)_ 9 (_1)k(x/2)v+2k

= , forx>0.
& KT (v+k+1) -

Note: The effect of calling each of these functions is implementation-defined = 128.
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5.2.1.10 irregular modified cylindrical Bessel functions [tr.num.sf.K]
double cyl_bessel_k(double nu, double x);
float cyl_bessel_kf(float nu, float x);

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

Effects:These functions compute the irregular modified cylindrical Bessel functions of their respective arguments
nu andx.

Returns:Thecyl_bessel_k functions return
7oy (X) —1v(X)
2 sinvzw

E lim I*.U(X) — I#(X)
2pu—v  sinuw

, for x > 0 and non-integrab
Ky (X) = (/2)i""1(Jy (i) +iNy (ix)) =

, forx> 0 and integrav

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

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

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

Effects:These functions compute the cylindrical Neumann functions, also known as the cylindrical Bessel func-
tions of the second kind, of their respective argumentandx.

Returns:The cyl_neumann functions return

Jv(x)cosvr — J_y(X)
sinvm

, for x > 0 and non-integray
Ny (x) =
’ lim Ju(X)cosum —J_;(X)
U—V sinum

, forx>0and integraV

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

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

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

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

Returns:Theellint_1 functions return

for |k| < 1.

o \/1-K2sint e’
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5.2.1.13 (incomplete) elliptic integral of the second kind [tr.num.sf.ellE]
double ellint_2(double k, double phi);
float ellint_2f(float k, float phi);

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

Effects:These functions compute the incomplete elliptic integral of the second kind of their respective arguments
k andphi (phi measured in radians).
Returns:Theellint_2 functions return
) .
E(k,¢) = / V1-k2sirfde, for |k <1.
Jo
5.2.1.14 (incomplete) elliptic integral of the third kind [tr.num.sf.ellP]
double ellint_3(double k, double nu, double phi);
float ellint_3f(float k, float nu, float phi);
long double ellint_31(long double k, long double nu, long double phi);
Effects:These functions compute the incomplete elliptic integral of the third kind of their respective argwnents
nu, andphi (phi measured in radians).
Returns:Theellint_3 functions return
¢ de
I'I(v,k,q)):/ . for|k| <1
0 (1-vsirfg)v1—k2sirf
5.2.1.15 exponential integral [tr.num.sf.ei]
double expint (double x);
float expintf (float x);
long double expintl(long double x);
Effects:These functions compute the exponential integral of their respective arguments
Returns:Theexpint functions return
0 ot
e
Ei(x) :_/ € .
x t
5.2.1.16 Hermite polynomials [tr.num.sf.Hn]
double hermite(unsigned n, double x);
float hermitef (unsigned n, float x);

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

Effects:These functions compute the Hermite polynomials of their respective argumantk:.
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Returns:Thehermite functions return
n
> d 2

Hn(0) = (~1)"e" e

Note: The effect of calling each of these functions is implementation-definecd># 128.

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

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

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

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

Effects:These functions compute the hypergeometric functions of their respective argumgntsandx.

Returns:Thehyperg functions return

M) & r@+nrb+nx

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

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

Ln(X) = ToF (x"e™), forx>0.

Note: The effect of calling each of these functions is implementation-definecd># 128.

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);

Effects:These functions compute the Legendre polynomials of their respective argunserds.
Returns:Thelegendre functions return

P (x)fid—é(xzfl)[ for x| <1
VT2 dd ’ =
Note: The effect of calling each of these functions is implementation-defined># 128.
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5.2.1.20 Riemann zeta function [tr.num.sf.riemannzeta]
double riemann_zeta(double x);
float riemann_zetaf (float x);

long double riemann_zetal(long double x);

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

Returns:Theriemann_zeta functions return

z k™%, forx>1
k=1
c) =
X X—1 o; X
2w sm(?) NMl1-x)¢(1—x), forx<1

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

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

Effects: These functions compute the spherical Bessel functions of the first kind of their respective arguments
andx.

Returns:The sph_bessel functions return

in(9) = (1/202Jp,1(x), forx>0.

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

5.2.1.22 spherical associated Legendre functions [tr.num.sf.YIm]
double sph_legendre(unsigned 1, unsigned m, double theta);
float sph_legendref (unsigned 1, unsigned m, float theta);

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

Effects:These functions compute the spherical associated Legendre functions of their respective arguments
andtheta (theta measured in radians).
Returns:Thesph_legendre functions return
Y7'(6,0)
where
(20+1) (£ —m)!
4 ((+m)!

1/2 _
Y?’(G,¢)—(1)m{ } PM(cosg)e™, for |m| < (.

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

Note: The effect of calling each of these functions is implementation-defined># 128.
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5.2.1.23 spherical Neumann functions [tr.num.sf.n]
double sph_neumann (unsigned n, double x);
float sph_neumannf (unsigned n, float x);

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

1 Effects:These functions compute the spherical Neumann functions, also known as the spherical Bessel functions
of the second kind, of their respective argumenéndx.

2 Returns:The sph_neumann functions return

nn(X) = (/22N 12(x), for x> 0.

3 Note: The effect of calling each of these functions is implementation-defined># 128.

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

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

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

2 The following subclauses describe tuples, fixed size arrays, and unordered associated containers, as summarized in
Table19.

Table 19: Container library summary

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

6.3Unordered associative containergfunctional>
<unordered_set>
<unordered_map>

6.1 Tuple types [tr.tuple]

1 6.1describes the tuple library that provides a tuple type as the class terapjdte that can be instantiated with any
number of arguments. An implementation can set an upper limit for the number of arguments. The minimum value
for this implementation quantity is defined in Ann&x Each template argument specifies the type of an element in the
tuple. Consequently, tuples are heterogeneous, fixed-size collections of values.

6.1.1 Header<tuple> synopsis [tr.tuple.synopsis]

namespace std {
namespace trl {
// [6.1.3 Class template tuple
template <class T1 = unspecified,
class T2 = unspecified,

ooy

class TM = unspecified> class tuple;

// [6.1.3.3 Tuple creation functions
const unspecified ignore;

template<class T1, class T2, ..., class TN>
tuple<V1, 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(T1&, T2& , ..., TN&);

/1 [6.1.3.3 Tuple helper classes
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>&);

/l [6.1.3.3 relational operators

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

} // namespace trl
} /I namespace std

6.1.2 Additions to header<utility> Synopsis [tr.tuple.synopsis.pair]

namespace std {
namespace trl {
template <class 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<T2, T2> >;
template <class T1, class T2> struct tuple_element<1l, std::pair<T2, T2> >;

/I 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
} /I namespace std

6.1.3 Class templatecuple [tr.tuple.tuple]

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

2 [Example:Given the instantiatiomuple<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); //iffN>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<U1l, U2>&); I[iff N ==

tuple& operator=(const tuple&);

template <class Ul, class U2, ..., class UN> tuple& operator=(const tuple<Ui, U2, ..., UN>&);
template <class Ul, class U2> tuple& operator=(const pair<Ul, U2>&); //iff N ==
};
6.1.3.1 Construction [tr.tuple.cnstr]
tuple();
1 RequiresEach typeri shall be default constructible.
2 Effects:Default initializes each element.
tuple(P1, P2, ..., PN);
3 Where, ifTi is a reference type thei is Ti, otherwisePi is const Ti&.
4 RequiresEach typeTi shall be copy constructible.
5 Effects:Copy initializes each element with the value of the corresponding parameter.

tuple(const tuple& u);

6 RequiresEach typeTi shall be copy constructible.
7 Effects:Copy constructs each elementiathis with the corresponding element of
template <class Ul, class U2, ..., class UN> tuple(const tuple<Ul, U2, ..., UN>& u);
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RequiresEach typeTi shall be constructible from the corresponding tjpe

Effects:Constructs each elementethis with the corresponding element of

[Note: In an implementation where one template definition serves for many different valugsdnsble _if

can be used to make the converting constructor and assignment operator exist only in the cases where the source
and target have the same number of elements. Another way of achieving this is adding an extra integral template
parameter which defaults tb(more precisely, a metafunction that computgsand then defining the converting

copy constructor and assignment only for tuples where the extra parameter in the stiureeisl notp

template <class Ul, class U2> tuple(const pair<Ul, U2>& u);
RequiresT1 shall be constructible frora1, T2 shall be constructible fro2. N == 2.
Effects:Constructs the first element with first and the second element withsecond.
tuple& operator=(const tuple& u);
RequiresEach typerTi shall be assignable.
Effects:Assigns each element afto the corresponding element®ethis.

Returns:xthis

template <class Ul, class U2, ..., class UN> tuple& operator=(const tuple<U1l, U2, ..

RequiresEach typeTi shall be assignable from the corresponding type
Effects:Assigns each element afto the corresponding element®ethis.
Returns:*this

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

RequiresT1 shall be assignable frol, T2 shall be assignable frote. N == 2.

., UN>& u);

Effects:Assignsu.first to the first element ofthis andu. second to the second element éthis.

Returns:xthis

[Note: There are rare conditions where the converting copy constructor is a better match than the element-wise
construction, even though the user might intend differently. An example of this is if one is constructing a one-
element tuple where the element type is another tuple Tygoad if the parameter passed to the constructor is not

of type T, but rather a tuple type that is convertibleTtoThe effect of the converting copy construction is most

likely the same as the effect of the element-wise construction would have been. However, it it possible to compare
the “nesting depths” of the source and target tuples and decide to select the element-wise constructor if the source
nesting depth is smaller than the target nesting-depth. This can be accomplished usiaplan if template or

other tools for constrained templatesend notg

6.1.3.2 Tuple creation functions

template<class T1, class T2, ..., class TN>
tuple<V1l, V2, ..., VN> make_tuple(const T1& t1, const T2& t2, ..., const TN& tn);

ISO/IEC PDTR 19768

[tr.tuple.helper]



83 Containers 6.1 Tuple types

whereVi is X&, if the cv-unqualified typ&i is reference_wrapper<X>, otherwisevi is Ti.

Themake_tuple function template shall be implemented for each different number of arguments from O to the
maximum number of allowed tuple elements.

Returns:tuple<vi, V2, ..., VN>(t1, t2, ..., tn).
[Example:

int i; float j;

make_tuple(l, ref(i), cref(j))
creates a tuple of type

tuple<int, int&, const float&>

—end example
template<class T1, class T2, ..., class TN>
tuple<T1&, T2&, ..., TN> tie(T1& t1, T2& t2, ..., TN& tn);

Thetie function template shall be implemented for each different number of arguments from 0 to the maximum
number of allowed tuple elements.

Returns:tuple<T1&, T2&, ..., TN&>(t1, t2, ..., tn). When an argumeny is ignore, assigning any
value to the corresponding tuple element has no effect.

[Example: tie functions allow one to create tuples that unpack tuples into variahiesore can be used for
elements that are not needed:

int i; std::string s;

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

// i == 42,5 == "C++"
—end example
6.1.3.3 Valid expressions for tuple types [tr.tuple.expr]

tuple_size<T>::value
RequiresT is an instantiation of class template tuple.
Type: integral constant expression.
Value: Number of elements if.
tuple_element<I, T>::type
Requires0 < I <N. The program is ill-formed if is out of bounds.

Value: The type of thelth element off, where indexing is zero-based.
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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<T1l, T2, ..., TN>& t);

Requires0 < I <N. The program is ill-formed if is out of bounds.
Return typeRJ, whereJ=I+1. If TJ is a reference type, theyy is TJ, otherwiseRJ is TJ&.

Returns:A reference to th@th element ott, where indexing is zero-based.

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

Requires0 < I <N. The program is ill-formed if is out of bounds.
Return typePJ, whereJ=I+1. If TJ is a reference type, the?y is TJ, otherwisePJ is const TJ&.
Returns:A const reference to theth element oft, where indexing is zero-based.

[Note: Constness is shallow. I is some reference typgk, the return type i%&, notconst X&. However, if
the element type is non-reference typehe return type isonst T&. This is consistent with how constness is
defined to work for member variables of reference typend notg

[Note: The reasorget is defined to be a nonmember function is that, if this functionality had been provided as
a member function, invocations where the type depended on a template parameter would have required using the
template keyword.—end notg

6.1.3.5 Relational operators [trtuple.rel]
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);
Requires:tuple_size<tuple<T1, T2, ..., TM> >::value == tuple_size<tuple<U1l, U2, ..., UM>
>::value == N. For all i, where0 <= i < N, get<i>(t) == get<i>(u) is a valid expression returning a

type that is convertible toool.

Returns:true iff get<i>(t) == get<i>(w) for all i. For any two zero-length tuplesandf, e == f returns
true.

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

template<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:tuple_size<tuple<T1, T2, ..., TM> >::value == tuple_size<tuple<U1l, U2, ..., UM>

>::value == N.Foralli, where0 <= i < N, get<i>(t) < get<i>(u) is avalid expression returning a type
that is convertible tool.

Returns:The result of a lexicographical comparison betweandu. The resultis defined agbool) (get<0>(t)
< get<0>(w)) || (! (bool) (get<0>(u) < get<0>(t)) && tij < wail), Wherery; for some tupler is a
tuple containing all but the first elementof For any two zero-length tuplesandf, e < f returnsfalse.
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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).

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

Returnsu < t.

template<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:! (u < t)

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

Returns:! (t < u)

[Note: The above definitions for comparison operators do not impose the requiremetg,ih@r ui;) shall be con-

structed. It may not even be possibletamndu are not required to be copy constructible. Also, all comparison operators

are short circuited to not perform element accesses beyond what is required to determine the result of the comparison.
—end notg

6.1.4 Pairs [trtuple.pairs]
These templates are extensions to the standard library class tesplateair.

template<class T1, class T2>
struct tuple_size<pair<T1, T2> > {
static const int value = 2;

};

template<class T1, class T2>

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

};

template<class T1, class T2>

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

}

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

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

Return typeif Iis0 thenPisT1, if I is1thenP is T2, otherwise the program is ill-formed.
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Returns:If T == 0 returnsp.first, otherwise returng.second.

6.2 Fixed size array [trarray]
6.2.1 Header<array> synopsis [trarray.syn]

namespace std {
namespace trl {
/I [6.2.9 Class template array
template <class T, size_t N > struct array;

/I Array comparisons

template <class T, size_t N> bool operator== (const array<T,N>%& x, const array<T,N>& y);
template <class T, size_t N> bool operator< (const array<T,N>& x, const array<T,N>& y);
template <class T, size_t N> bool operator!= (const array<T,N>& x, const array<T,N>& y);
template <class T, size_t N> bool operator> (const array<T,N>%& x, const array<T,N>& y);
template <class T, size_t N> bool operator>= (const array<T,N>& x, const array<T,N>& y);
template <class T, size_t N> bool operator<= (const array<T,N>& x, const array<T,N>& y);

Il [6.2.2.3 Specialized algorithms
template <class T, size_t N > void swap(array<T,N>& x, array<T,N>& y);

/l [6.2.2.9 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 tuple_size<array<T, N> >;
template <int I, class T, size_t N> struct tuple_element<I, array<T, N> >;

template <int I, class T, size_t N> T& get( array<T, N>&);
template <int I, class T, size_t N> const T& get(const array<T, N>&);
} // namespace trl
} // namespace std

6.2.2 Class templatarray [trarray.array]

The headekarray> defines a class template for storing fixed-size sequences of objectarvg supports ran-
dom access iterators. An instanceagfray<T, N> storesN elements of typd, so thatsize() == N is an invariant.
The elements of aarray are stored contiguously, meaning thatifs anarray<T, N> then it obeys the identity
&a[n] == &a[0] + nforall0 <= n < N.

An array is an aggregate ([dcl.init.aggr]) that can be initialized with the syntax

array a = { initializer-list };

whereinitializer-list is a comma separated list of upit@lements whose types are convertiblato

Unless otherwise specified, altray operations are as described in [lib.container.requirements]. Descriptions are pro-
vided here only for operations array that are not described in this clause or for operations where there is additional
semantic information.
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4 The effect of callingtront () orback() for a zero-sized array is implementation defined.

namespace trl {
template <class T, size_t N >
struct array {

/I types:

typedef T & reference;
typedef const T & const_reference;
typedef implementation defined iterator;

typedef implementation defined const_iterator;
typedef size_t size_type;
typedef ptrdiff_t difference_type;
typedef T value_type;
typedef std::reverse_iterator<iterator> reverse_iterator;

typedef std::reverse_iterator<const_iterator> const_reverse_iterator;
T elems[N]; I/l Exposition only

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

void assign(const T& u);

void swap( array<T, N> &);

/I iterators:

iterator begin();
const_iterator begin() const;
iterator end () ;
const_iterator end() const;
reverse_iterator rbegin() ;
const_reverse_iterator rbegin() const;
reverse_iterator rend();

const_reverse_iterator rend() const;

/I capacity:

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

I element access:

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

reference at(size_type n);
reference front();
const_reference front() const;
reference back();

const_reference back() const;

T * data();
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const T * data() const;

};

template <class T, size_t N> bool operator==(const array<T,N>& x, const array<T,N>& y);
template <class T, size_t N> bool operator< (const array<T,N>& x, const array<T,N>& y);
template <class T, size_t N> bool operator!=(const array<T,N>& x, const array<T,N>& y);
template <class T, size_t N> bool operator> (const array<T,N>& x, const array<T,N>& y);
template <class T, size_t N> bool operator>=(const array<T,N>& x, const array<T,N>& y);
template <class T, size_t N> bool operator<=(const array<T,N>& x, const array<T,N>& y);

/I specialized algorithms:
template <class T, size_t N> void swap(array<T,N>& x, array<T,N>& y);

5 [Note The member variablelems is shown for exposition only, to empahasize thatay is a class aggregate. The

nameelemns is not part ofarray’s interface.—end notg

6.2.2.1 array constructors, copy, and assignment [tr.array.cons]

Initialization: The conditions for an aggregate ([dcl.init.aggr]) shall be met. Clasay relies on the implicitly-
declared special member functions ([class.ctor], [class.dtor], and [class.copy]) to conform to the container requirements
table in [lib.container.requirements].

6.2.2.2 array specialized algorithms [tr.array.special]

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

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

6.2.2.3 array size [trarray.size]

template <class T, size_t N> size_type array<T,N>::size();

ReturnsN

6.2.2.4 Zero sized arrays [trarray.zero]
array shall provide support for the special case== 0.
In the case that == 0, begin() == end() == unique value.
6.2.2.5 Tuple interface to class templatarray [trarray.tuple]
tuple_size<array<T, N> >::value

Return typeintegral constant expression.

Value: N
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tuple_element<I, array<T, N> >::type
Requireso <= I < N. The program is ill-formed if | is out of bounds.

value: The type T.

template <int I, class T, size_t N> T& get(array<T, N>& a);
Requires0 <= I < N. The program is ill-formed if is out of bounds.

Returns:A reference to th@th element ok, where indexing is zero-based.

template <int I, class T, size_t N> const T& get(const array<T, N>& a);
Requires0 <= I < N. The program is ill-formed if is out of bounds.
Return typeconst T&.

Returns:A const reference to theth element ok, where indexing is zero-based.

6.3 Unordered associative containers [trhash]
6.3.1 Unordered associative container requirements [tr.unord.req]

Unordered associative containers provide an ability for fast retrieval of data based on keys. The worst-case complexity
for most operations is linear, but the average case is much faster. The library provides four unordered associative
containersunordered_set, unordered_map, unordered_multiset, andunordered_multimap.

Unordered associative containers conform to the requirements for Containers ([lib.container.requirements]), except that
the expressions in tabR0 are not required to be valid, where a and b denote values of a type X, and X is an unordered
associative container class:

Table 20: Container requirements that are not supported by unordered
associative containers

] unsupported expressions \

[CRRCAR AR RN
\V4 .
o'

Each unordered associative container is parameteriz&dpyby a function objecHash that acts as a hash function
for values of typeKey, and by a binary predicatered that induces an equivalence relation on values of Bgog
Additionally, unordered_map andunordered_multimap associate an arbitrarpapped typ& with theKey.

A hash function is a function object that takes a single argument ofdypend returns a value of typeed: : size_t.
Two valuesk1 andk2 of typeKey are considered equal if the container’s equality function object rettiras when
passed those values.Kf andk2 are equal, the hash function shall return the same value for both.
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An unordered associative container suppartgue key# it may contain at most one element for each key. Otherwise,

it supportsequivalent keysunordered_set andunordered_map support unique keysunordered_multiset and
unordered_multimap support equivalent keys. In containers that support equivalent keys, elements with equivalent
keys are adjacent to each other.

Forunordered_set andunordered_multiset the value type is the same as the key type. drerrdered_map and
unordered_multimap itiS std: :pair<const Key, T>.

The elements of an unordered associative container are organizdu akiets Keys with the same hash code appear in

the same bucket. The number of buckets is automatically increased as elements are added to an unordered associative
container, so that the average number of elements per bucket is kept below a bound. Rehashing invalidates iterators,
changes ordering between elements, and changes which buckets elements appear in, but does not invalidate pointers or
references to elements.

In table21: X is an unordered associative container class, an object of typ&, b is a possibly const object of type
X, a_uniq is an object of typ& whenX supports unique keys, eq is an object of typ& whenX supports equivalent
keys,i andj are input iterators that refer tmlue_type, [i, j) is a valid rangep andq2 are valid iterators ta, q
andql are valid dereferenceable iteratorsataql, q2) is avalid range ire, r andr1 are valid dereferenceable const
iterators toa, r2 is a valid const iterator ta, [r1, r2) is avalid range iry, t is a value of typ&: : value_type, k iS

a value of typ&ey_type, hf is a possibly const value of typasher, eq is a possibly const value of typeey_equal,

n is a value of typesize_type, andz is a value of typefloat.

Table 21: Unordered associative container requirements (in addition to

container)
expression return type assertion/notepre/post-condition complexity \
X::key_type Key Key iS Assignable and compile time
CopyConstructible
X::hasher Hash Hash is a unary function object compile time

type such that the expression
hf (k) has typestd: :size_t.
X::key_equal Pred Pred is a binary predicate that compile time
takes two arguments of typey.
Pred is an equivalence relation.

X::local_iterator An iterator type whose A local_iterator object may be compile time
category, value type, used to iterate through a single
difference type, and bucket, but may not be used to
pointer and reference iterate across buckets.

types are the same as
X::iterator’s.

X::const_local_- An iterator type whose A const_local_iterator object compile time
iterator category, value type, may be used to iterate through a
difference type, and single bucket, but may not be used

pointer and reference to iterated across buckets.
types are the same as
X::const_iterator’s.
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] expression return type assertion/notepre/post-condition complexity \
X(n, hf, eq) X Constructs an empty container with &'(n)
X a(n, hf, eq) at least buckets, usin@f as the

hash function andq as the key

equality predicate.
X(n, hf) X Constructs an empty container with &'(n)
X a(n, hf) at least buckets, usin@f as the

hash function anétey_equal () as

the key equality predicate.
X(n) X Constructs an empty container with &'(n)
X a(n) at leasta buckets, usingaasher ()

as the hash function and

key_equal() as the key equality

predicate.
X0 X Constructs an empty container withconstant
X a an unspecified number of buckets,

usinghasher () as the hash
function andkey_equal as the key
equality predicate.

X(i, j, n, hf, eq) X Constructs an empty container withAverage case

X a(i, j, n, hf, eq) at least buckets, usingf asthe  &(N) (N is
hash function andq as the key distance(i,
equality predicate, and inserts j)), worst case
elements fronli, j) intoit. O (N?)

X({i, j, n, hf) X Constructs an empty container withAverage case

X a(i, j, n, hf) at least buckets, usingf as the O(N) (Nis

hash function anttey_equal() as distance(i,
the key equality predicate, and j)), worst case
inserts elements frorfi, j) into  &(N?)

it.

X(i, j, n) X Constructs an empty container withAverage case
X a(i, j, n) at least buckets, usingasher()  ¢(N) (N is
as the hash function and distance(di,

key_equal () as the key equality  j)), worst case
predicate, and inserts elements  ¢(N?)
from [i, j) intoit.

X, i X Constructs an empty container withAverage case

X a(i, j) an unspecified number of buckets, ¢(N) (N is
usinghasher () as the hash distance(i,
function andkey_equal as the key j)), worst case
equality predicate, and inserts O (N?)

elements from{i, j) intoit.
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] expression return type assertion/notepre/post-condition complexity \

X(b) X Copy constructor. In addition to the Average case

X a(b) contained elements, the hash linearin
function, predicate, and maximum b.size(), worst
load factor are copied. case quadratic.

a=>o X Copy assignment operator. In Average case
addition to the contained elements, linear in
the hash function, predicate, and b.size(), worst
maximum load factor are copied. case quadratic.

b.hash_function() hasher Returns the hash function out of  constant
whichb was constructed.

b.key_eq() key_equal Returns the key equality function constant

out of whichb was constructed.

a_uniq.insert(t)

pair<iterator, bool>

Insertst if and only if there is no
element in the container with key
equivalent to the key of. The
bool component of the returned

pair indicates whether the insertion

takes place, and thigerator
component points to the element
with key equivalent to the key af.

Average case
(1), worst case
Oa_-

uniq.size(Q)).

a_eq.insert(t) iterator Insertst, and returns an iterator ~ Average case
pointing to the newly inserted (1), worst case
element. Oa_-
uniq.size(Q)).
a.insert(r, t) iterator Equivalent to a.insert(t). Return ~ Average case
value is an iterator pointing to the ¢'(1), worst case
element with the key equivalentto &'(a_-
that oft. The const iterator is a uniq.size(Q)).
hint pointing to where the search
should start. Implementations are
permitted to ignore the hint.
a.insert(i, j) void Pre:i andj are not iterators in. Average case
Equivalent toa. insert (t) for O(N), whereN is
each elementiti, j). distance (i,
j). Worst case
O(N*
a.size(Q)).
a.erase(k) size_type Erases all elements with key Average case
equivalent ta. Returns the O(a.count (k)).
number of elements erased. Worst case
O(a.size()).
a.erase(r) void Erases the element pointed tohy Average case

(1), worst case
O(a.size()).
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pair<const_iterator,
const_iterator> for
constb.

expression return type assertion/notepre/post-condition complexity \
.erase(rl, r2) void Erases all elements in the range  Average case
[r1, r2). O(AN), whereN
is
distance(ri,
r2)), worst case
O(a.size()).
.clear() void Erases all elements in the containelLinear.
Postia.size() ==
.find (k) iterator; Returns an iterator pointing to an  Average case
const_iterator for element with key equivalent to, or  £(1), worst case
constb. b.end () if no such element exists. O(b.size()).
.count (k) size_type Returns the number of elements  Average case
with key equivalent tc. 0'(1), worst case
O(b.size()).
.equal_range (k) pair<iterator, Returns a range containing all Average case
iterator>; elements with keys equivalentko  &'(b.count (k)).

Worst case
O(b.size()).

Returnanake_pair(b.end(),
b.end()) if no such elements
exist.

.bucket_count ()

size_type

Returns the number of buckets thatConstant
b contains.

.max_bucket_count() size_type Returns an upper bound on the Constant
number of buckets that might
ever contain.

.bucket (k) size_type Returns the index of the bucket in Constant
which elements with keys
equivalent tak would be found, if
any such element existed. Post: the
return value is in the ranggo,
b.bucket_count()).

.bucket_size(n) size_type Pre:n is in the rangdo, O(b.bucket_-
b.bucket_count()). Returnsthe size(n))
number of elements in the
bucket.

.begin(n) local_iterator; Pre:nis in the rang€do, Constant

const_local_iterator b.bucket_count()). Note:

for constb. [b.begin(n), b.end(n)) isa
valid range containing all of the
elements in tha™ bucket.

.end(n) local_iterator; Pre:nisin the rangdo, Constant

const_local_iterator b.bucket_count()).
for constb.
.load_factor() float Returns the average number of  Constant

elements per bucket.
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] expression return type

assertion/notepre/post-condition

complexity |

b.max_load_factor() float

Returns a number that the containe€onstant
attempts to keep the load factor less

than or equal to. The container

automatically increases the number
of buckets as necessary to keep the

load factor below this number.Post:
return value is positive.

a.max_load_factor(z) void

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

Constant

a.rehash(n) void

Post:a.bucket_count () >
a.size() /
a.max_load_factor() and
a.bucket_count() >= n.

Average case
linearin
a.size(), worst
case quadratic.

Unordered associative containers are not required to support the expressiens ora != b. [Note: This is because

the container requirements define operator equality in terms of equality of ranges. Since the elements of an unordered

associative container appear in an arbitrary order, range equality is not a useful operagi@mhnotg

The iterator typedterator andconst_iterator of an unordered associative container are of at least the forward

iterator category. For unordered associative containers where the key type and value type are the sams,adoth

andconst_iterator are const iterators.

The insert members shall not affect the validity of references to container elements, but may invalidate all iterators to

the container. The erase members shall invalidate only iterators and references to the erased elements.

The insert members shall not affect the validity of iteratoréNifn) < z * B, wherel is the number of elements in
the container prior to the insert operatians the number of elements insert&ds the container’s bucket count, and

is the container’'s maximum load factor.

6.3.1.1 Exception safety guarantees

[tr.unord.req.except]

For unordered associative containers, di@ar () function throws an exception. Nerase() function throws an
exception unless that exception is thrown by the container’'s Hash or Pred object (if any).

For unordered associative containers, if an exception is thrown by any operation other than the container’'s hash function

from within aninsert () function inserting a single element, thesert () function has no effect.

For unordered associative containerssrap function throws an exception unless that exception is thrown by the copy

constructor or copy assignment operator of the container’s Hash or Pred object (if any).

For unordered associative containers, if an exception is thrown from within a rehash() function other than by the con-

tainer's hash function or comparison function, the rehash() function has no effect.

6.3.2 Additions to header<functional> Synopsis

namespace std {
namespace trl {
/I [6.3.3 Hash function base template
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template <class T> struct hash;

/I Hash function specializations

template <> struct hash<bool>;

template <> struct hash<char>;

template <> struct hash<signed char>;
template <> struct hash<unsigned char>;
template <> struct hash<wchar_t>;
template <> struct hash<short>;
template <> struct hash<int>;

template <> struct hash<long>;

template <> struct hash<unsigned short>;
template <> struct hash<unsigned int>;
template <> struct hash<unsigned long>;

template <> struct hash<float>;
template <> struct hash<double>;
template <> struct hash<long double>;

template<class T> struct hash<T*>;

template <> struct hash<std::string>;
template <> struct hash<std::wstring>;
} /] namespace trl
} // namespace std

6.3.3 Class templatthash [tr.unord.hash]

1 The function objechash is used as the default hash function by thirdered associative containershis class tem-
plate is only required to be instantiable for integer types ([basic.fundamental]), floating point types ([basic.fundamental]),
pointer types ([dcl.ptr]), andtd: : string andstd: :wstring.

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

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

};

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

6.3.4 Unordered associative container classes [tr.unord.unord]
6.3.4.1 HeadeKunordered_set> Synopsis [tr.unord.syn.set]

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>,
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class Alloc = std::allocator<Value> >
class unordered_set;

// [6.3.4.9 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>& x,
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
} /I namespace std

6.3.4.2 HeadeKunordered_map> Synopsis [tr.unord.syn.map]

namespace std {
namespace trl {
I/l [6.3.4.4 Class template unordered_map
template <class Key,
class T,
class Hash = hash<Key>,
class Pred = std::equal_to<Key>,
class Alloc = std::allocator<std::pair<const Key, T> > >
class unordered_map;

/l [6.3.4.4 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;

template <class Key, class T, class Hash, class Pred, class Alloc>
void swap(unordered_map<Key, T, Hash, Pred, Alloc>& x,
unordered_map<Key, T, Hash, Pred, Alloc>& y);

template <class Key, class T, class Hash, class Pred, class Alloc>
void swap(unordered_multimap<Key, T, Hash, Pred, Alloc>& x,
unordered_multimap<Key, T, Hash, Pred, Alloc>& y);
} // namespace trl
} // namespace std
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6.3.4.3 Class templat@nordered_set [tr.unord.set]

An unordered_set is an unordered associative container that supports unique keyadatiered_set contains at
most one of each key value) and in which the elements’ keys are the elements themselves.

An unordered_set satisfies all of the requirements of a container and of an unordered associative container. It provides
the operations described in the preceding requirements table for unique keys; thatrisyraered_set supports the
a_uniq operations in that table, not the eq operations. For annordered_set<Value> thekey type and the value

type are botlvalue. Theiterator andconst_iterator types are both const iterator types. It is unspecified whether
they are the same type.

This section only describes operationsumardered_set that are not described in one of the requirement tables, or for
which there is additional semantic information.

template <class Value,
class Hash
class Pred
class Alloc

class unordered_set

hash<Value>,
std::equal_to<Value>,
std::allocator<Value> >

{

public:
Il types
typedef Value key_type;
typedef Value value_type;
typedef Hash hasher;
typedef Pred key_equal;
typedef Alloc allocator_type;
typedef typename allocator_type::pointer pointer;
typedef typename allocator_type::const_pointer const_pointer;
typedef typename allocator_type::reference reference;
typedef typename allocator_type::const_reference const_reference;
typedef implementation-defined size_type;
typedef implementation-defined difference_type;
typedef implementation-defined iterator;
typedef implementation-defined const_iterator;
typedef implementation-defined local_iterator;

typedef

implementation—defined

/I construct/destroy/copy

explicit unordered_set(size_type n =

const_local_iterator;

wmplementation-defined,

const hasher& hf = hasher(),
const key_equal& eql = key_equal(),

const allocator_type& a =

template <class Inputlterator>

unordered_set (InputIterator f, InputIterator 1,
tmplementation-defined,

size_type n =
const hasher& hf = hasher(),

allocator_type());

const key_equal& eql = key_equal(),

const allocator_type& a =

allocator_type());
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unordered_set (const unordered_set&);
~“unordered_set();

unordered_set& operator=(const unordered_set&) ;
allocator_type get_allocator() const;

/I size and capacity

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

/I iterators

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

const_iterator end() const;

/I modifiers

std::pair<iterator, bool> insert(const value_type& obj);

iterator insert(const_iterator hint, const value_type& obj);

template <class InputIterator> void insert(InputIterator first, InputIterator last);

void erase(const_iterator position);

size_type erase(const key_type& k) ;

void erase(const_iterator first, const_iterator last);
void clear();

void swap(unordered_set&);

/I observers
hasher hash_function() const;
key_equal key_eq() const;

Il 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;

Il bucket interface

size_type bucket_count() const;

size_type max_bucket_count() const;

size_type bucket_size(size_type n) const;
size_type bucket(const key_type& k) const;
local_iterator begin(size_type n);
const_local_iterator begin(size_type n) const;
local_iterator end(size_type n);
const_local_iterator end(size_type n) const;

/I hash policy
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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_set<Value, Hash, Pred, Alloc>& x,
unordered_set<Value, Hash, Pred, Alloc>& y);

6.3.4.3.1 unordered_set constructors [tr.unord.set.cnstr]

explicit unordered_set(size_type n = implementation-defined,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

1 Effects:Constructs an emptynordered_set using the specified hash function, key equality function, and al-
locator, and using at least buckets. Ifn is not provided, the number of buckets is implementation defined.
max_load_factor() is 1.0.

2 Complexity:Constant.

template <class InputlIterator>
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());

3 Effects:Constructs an emptynordered_set using the specified hash function, key equality function, and allo-
cator, and using at leastbuckets. (If» is not provided, the number of buckets is implementation defined.) Then
inserts elements from the ran@g, 1).max_load_factor() is 1.0.

4 Complexity:Average case linear, worst case quadratic.

6.3.4.3.2 unordered_set swap [tr.unord.set.swap]
template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_set<Value, Hash, Pred, Alloc>& x,

unordered_set<Value, Hash, Pred, Alloc>& y);

1 Effects:x. swap (y).

6.3.4.4 Class templat@anordered_map [tr.unord.map]

1 An unordered_map is an unordered associative container that supports unique keyadatered_map contains at
most one of each key value) and that associates values of anothemppel_type with the keys.
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An unordered_map satisfies all of the requirements of a container and of an unordered associative container. It provides
the operations described in the preceding requirements table for unique keys; thatrisy&ered_map supports the
a_uniq operations in that table, not the eq operations. For annordered_map<Key, T>thekey type iSKey, the
mapped type i, and the value type istd: :pair<const Key, T>.

This section only describes operationsuerdered_map that are not described in one of the requirement tables, or for
which there is additional semantic information.

template <class Key,
class T,
class Hash
class Pred
class Alloc

class unordered_map

hash<Key>,
std::equal_to<Key>,
std::allocator<std::pair<const Key, T> > >

{

public:
Il types
typedef Key key_type;
typedef std::pair<const Key, T> value_type;
typedef T mapped_type;
typedef Hash hasher;
typedef Pred key_equal;
typedef Alloc allocator_type;
typedef typename allocator_type::pointer pointer;
typedef typename allocator_type::const_pointer const_pointer;
typedef typename allocator_type::reference reference;
typedef typename allocator_type::const_reference const_reference;
typedef implementation-defined size_type;
typedef implementation-defined difference_type;
typedef implementation-defined iterator;
typedef implementation-defined const_iterator;
typedef implementation-defined local_iterator;
typedef implementation-defined const_local_iterator;

/I construct/destroy/copy
explicit unordered_map(size_type n = implementation-defined,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());
template <class InputlIterator>
unordered_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;
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/I size and capacity

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

/I iterators

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

const_iterator end() const;

Il modifiers

std: :pair<iterator, bool> insert(const value_type& obj);

iterator insert(const_iterator hint, const value_type& obj);

template <class InputlIterator> void insert(Inputlterator first, InputIterator last);

void erase(const_iterator position);

size_type erase(const key_type& k);

void erase(const_iterator first, const_iterator last);
void clear();

void swap(unordered_map&) ;

/I observers
hasher hash_function() const;
key_equal key_eq() const;

/Il lookup

iterator find(const key_type& k);

const_iterator find(const key_type& k) const;

size_type count(const key_type& k) const;

std::pair<iterator, iterator> equal_range(const key_type& k);
std::pair<const_iterator, const_iterator> equal_range(const key_type& k) const;

mapped_type& operator[](const key_type& k) ;

Il bucket interface

size_type bucket_count() const;

size_type max_bucket_count() const;

size_type bucket_size(size_type n);

size_type bucket(const key_type& k) const;
local_iterator begin(size_type n) const;
const_local_iterator begin(size_type n) const;
local_iterator end(size_type n);
const_local_iterator end(size_type n) const;

/I hash policy

float load_factor() const;
float max_load_factor() const;
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void max_load_factor(float z);
void rehash(size_type n);

};

template <class Key, class T, class Hash, class Pred, class Alloc>
void swap(unordered_map<Key, T, Hash, Pred, Alloc>& x,
unordered_map<Key, T, Hash, Pred, Alloc>& y);

6.3.4.4.1 unordered_map constructors [tr.unord.map.cnstr]

explicit unordered_map(size_type n = implementation-defined,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

Effects:Constructs an emptynordered_map using the specified hash function, key equality function, and al-
locator, and using at least buckets. Ifn is not provided, the number of buckets is implementation defined.
max_load_factor() is 1.0.

Complexity:Constant.

template <class InputlIterator>
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());

Effects:Constructs an emptynordered_map using the specified hash function, key equality function, and allo-
cator, and using at leastbuckets. (Ifn is not provided, the number of buckets is implementation defined.) Then
inserts elements from the ran@¢, 1).max_load_factor() is 1.0.

Complexity:Average case linear, worst case quadratic.

6.3.4.4.2 unordered_map element access [tr.unord.map.elem]

mapped_type& operator[] (const key_type& k) ;

Effects:If the unordered_map does not already contain an element whose key is equivaléntitserts the value
std: :pair<const key_type, mapped_type>(k, mapped_type()).

Returns:A reference ta . second, wherex is the (unique) element whose key is equivalert to

6.3.4.4.3 unordered_map Swap [tr.unord.map.swap]

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);

Effects:x. swap (y).
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6.3.4.5 Classtemplat@nordered_multiset [tr.unord.multiset]

Anunordered_multiset iS an unordered associative container that supports equivalent keysoatered_multiset
may contain multiple copies of the same key value) and in which each element’s key is the element itself.

An unordered_multiset satisfies all of the requirements of a container and of an unordered associative container.
It provides the operations described in the preceding requirements table for equivalent keys; thahdésdated_-
multiset supports the_eq operations in that table, not theuniq operations. For atinordered_multiset<Value>

thekey type and the value type are bottalue. Theiterator andconst_iterator types are both const iterator
types. It is unspecified whether they are the same type.

This section only describes operationsmprdered_multiset that are not described in one of the requirement tables,
or for which there is additional semantic information.

template <class Value,
class Hash hash<Value>,
class Pred = std::equal_to<Value>,
class Alloc = std::allocator<Value> >
class unordered_multiset

{

public:
Il types
typedef Value key_type;
typedef Value value_type;
typedef Hash hasher;
typedef Pred key_equal;
typedef Alloc allocator_type;
typedef typename allocator_type::pointer pointer;
typedef typename allocator_type::const_pointer const_pointer;
typedef typename allocator_type::reference reference;
typedef typename allocator_type::const_reference const_reference;
typedef implementation-defined size_type;
typedef implementation-defined difference_type;
typedef implementation-defined iterator;
typedef implementation-defined const_iterator;
typedef implementation-defined local_iterator;
typedef implementation-defined const_local_iterator;

/I construct/destroy/copy
explicit unordered_multiset(size_type n = implementation-defined,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());
template <class Inputlterator>
unordered_multiset(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());
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unordered_multiset(const unordered_multiset&);
~“unordered_multiset();

unordered_multiset& operator=(const unordered_multiset&) ;
allocator_type get_allocator() const;

/I size and capacity

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

/I iterators

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

const_iterator end() const;

/I modifiers

iterator insert(const value_type& obj);

iterator insert(const_iterator hint, const value_type& obj);

template <class InputIterator> void insert(InputIterator first, InputIterator last);

void erase(const_iterator position);

size_type erase(const key_type& k) ;

void erase(const_iterator first, const_iterator last);
void clear();

void swap(unordered_multiset&);

/I observers
hasher hash_function() const;
key_equal key_eq() const;

Il 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;

Il bucket interface

size_type bucket_count() const;

size_type max_bucket_count() const;

size_type bucket_size(size_type n);

size_type bucket(const key_type& k) const;
local_iterator begin(size_type n) const;
const_local_iterator begin(size_type n) const;
local_iterator end(size_type n);
const_local_iterator end(size_type n) const;

/I hash policy
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float load_factor() const;
float max_load_factor() const;
void max_load_factor(float z);
void rehash(size_type n);

};

template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_multiset<Value, Hash, Pred, Alloc>& x,
unordered_multiset<Value, Hash, Pred, Alloc>& y);
}

6.3.4.5.1 unordered_multiset constructors

explicit unordered_multiset(size_type n = tmplementation-defined,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),

const allocator_type& a = allocator_type());

[trunord.multiset.cnstr]

1 Effects:Constructs an emptynordered_multiset using the specified hash function, key equality function, and
allocator, and using at least buckets. Ifn is not provided, the number of buckets is implementation defined.

max_load_factor() is 1.0.
2 Complexity:Constant.

template <class Inputlterator>
unordered_multiset(InputIterator f, Inputlterator 1,
size_type n = tmplementation-defined,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

3 Effects:Constructs an emptynordered_multiset using the specified hash function, key equality function, and
allocator, and using at leastbuckets. (Ifn is not provided, the number of buckets is implementation defined.)

Then inserts elements from the range ). max_load_factor() is 1.0.

4 Complexity:Average case linear, worst case quadratic.

6.3.4.5.2 unordered_multiset swap

template <class Value, class Hash, class Pred, class Alloc>
void swap(unordered_multiset<Value, Hash, Pred, Alloc>& x,
unordered_multiset<Value, Hash, Pred, Alloc>& y);

1 Effects:x.swap(y);

6.3.4.6 Class templat@nordered_multimap

[tr.unord.multiset.swap]

[tr.unord.multimap]

1 Anunordered_multimap is an unordered associative container that supports equivalent keysofaiered_multimap
may contain multiple copies of each key value) and that associates values of anotheipype_type with the keys.
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An unordered_multimap satisfies all of the requirements of a container and of an unordered associative container.
It provides the operations described in the preceding requirements table for equivalent keys; thahdésdaed_-
multimap supports the_eq operations in that table, not theuniq operations. For annordered_multimap<Key,

T> thekey type is Key, the mapped type i8, and the value type istd: :pair<const Key, T>.

This section only describes operationsmprdered_multimap that are not described in one of the requirement tables,
or for which there is additional semantic information.

template <class Key,
class T,
class Hash = hash<Key>,
class Pred = std::equal_to<Key>,
class Alloc = std::allocator<std::pair<const Key, T> > >
class unordered_multimap
{
public:
Il types
typedef Key key_type;
typedef std::pair<const Key, T> value_type;
typedef T mapped_type;
typedef Hash hasher;
typedef Pred key_equal;
typedef Alloc allocator_type;
typedef typename allocator_type::pointer pointer;
typedef typename allocator_type::const_pointer const_pointer;
typedef typename allocator_type::reference reference;
typedef typename allocator_type::const_reference const_reference;
typedef implementation-defined size_type;
typedef implementation-defined difference_type;
typedef implementation-defined iterator;
typedef implementation-defined const_iterator;
typedef implementation-defined local_iterator;
typedef implementation-defined const_local_iterator;

/I construct/destroy/copy

explicit unordered_multimap(size_type n =

tmplementation—defined,

const hasher& hf = hasher(),
const key_equal& eql = key_equal(),

const allocator_type& a =

template <class Inputlterator>
unordered_multimap(InputIterator f, InputIterator 1,
= implementation-defined,

size_type n
const hasher& hf = hasher(),

allocator_type());

const key_equal& eql = key_equal(),

const allocator_type& a =

unordered_multimap(const unordered_multimap&);

“unordered_multimap();
unordered_multimap& operator=(const unordered_multimap&) ;
allocator_type get_allocator() const;

allocator_type());
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/I size and capacity

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

/I iterators

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

const_iterator end() const;

Il modifiers

iterator insert(const value_type& obj);

iterator insert(const_iterator hint, const value_type& obj);

template <class InputlIterator> void insert(Inputlterator first, InputIterator last);

void erase(const_iterator position);

size_type erase(const key_type& k);

void erase(const_iterator first, const_iterator last);
void clear();

void swap(unordered_multimap&) ;

/I observers
hasher hash_function() const;
key_equal key_eq() const;

/Il lookup

iterator find(const key_type& k);

const_iterator find(const key_type& k) const;

size_type count(const key_type& k) const;

std::pair<iterator, iterator> equal_range(const key_type& k);
std::pair<const_iterator, const_iterator> equal_range(const key_type& k) const;

I bucket interface

size_type bucket_count() const;

size_type max_bucket_count() const;

size_type bucket_size(size_type n);

size_type bucket(const key_type& k) const;
local_iterator begin(size_type n) const;
const_local_iterator begin(size_type n) const;
local_iterator end(size_type n);
const_local_iterator end(size_type n) const;

/I hash policy

float load_factor() const;
float max_load_factor() const;
void max_load_factor(float z);
void rehash(size_type n);
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};

template <class Key, class T, class Hash, class Pred, class Alloc>
void swap(unordered_multimap<Key, T, Hash, Pred, Alloc>& x,
unordered_multimap<Key, T, Hash, Pred, Alloc>& y);

6.3.4.6.1 unordered_multimap constructors [tr.unord.multimap.cnstr]

explicit unordered_multimap(size_type n = implementation-defined,
const hasher& hf = hasher(),
const key_equal& eql = key_equal(),
const allocator_type& a = allocator_type());

Effects:Constructs an emptynordered_multimap using the specified hash function, key equality function, and
allocator, and using at least buckets. Ifn is not provided, the number of buckets is implementation defined.
max_load_factor() is 1.0.

Complexity:Constant.

template <class InputlIterator>
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());

Effects:Constructs an emptynordered_multimap using the specified hash function, key equality function, and
allocator, and using at leastbuckets. (Ifn is not provided, the number of buckets is implementation defined.)
Then inserts elements from the range ). max_load_factor() is 1.0.

Complexity:Average case linear, worst case quadratic.

6.3.4.6.2 unordered_multimap swap [tr.unord.multimap.swap]

template <class 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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This clause describes components thigt @rograms may use to perform operations involving regular expression match-
ing and searching.

7.1 Definitions [tr.re.def]

The following definitions shall apply to this clause:

Collating element A sequence of one or more characters within the current locale that collate as if they were a single
character.

Finite state machineAn unspecified data structure that is used to represent a regular expression, and which permits
efficient matches against the regular expression to be obtained.

Format specifier A sequence of one or more characters that is to be replaced with some part of a regular expression
match.

Matched A sequence of zero or more characters shall be said to be matched by a regular expression when the characters
in the sequence correspond to a sequence of characters defined by the pattern.

Primary equivalence clas#\ set of one or more characters which share the same primary sort key: that is the sort key
weighting that depends only upon character shape, and not accentation, case, or locale specific tailorings.

Regular expressiorA pattern that selects specific strings from a set of character strings.
Sub-expressiom subset of a regular expression that has been marked by parenthesis.
7.2 Requirements [trre.req]

This subclause defines requirements on classes representing regular expressidddtaifEhg class templateegex_-
traits<charT>, defined in claus@.7, satisfies these requirementsend notg

The class templateasic_regex, defined in claus@.8 needs a set of related types and functions to complete the
definition of its semantics. These types and functions are provided as a set of member typedefs and functions in the
template parameterraits used by théasic_regex class template. This subclause defines the semantics guaranteed
by these members.

To specialize theasic_regex template to generate a regular expression class to handle a particular character container
typeCharT, that and its related regular expression traits clags ts is passed as a pair of parameters tothgic_-
regex template as formal parametefisarT andTraits.

In Table22 X denotes a traits class defining types and functions for the character containehsy{Teu is an object
of type X; v is an object of typeconst X; p is a value of typeconst charTx; I1 andI2 are Input IteratorsFi
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andF2 are forward iterators¢ is a value of typeconst charT; s is an object of typ&: : string_type; cs iS an
object of typeconst X::string_type; b is a value of typebool; I is a value of typeint; cl is an object of type
X::char_class_type, and loc is an object of type: : Llocale_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 templabasic_regex.

X::string_type

std: :basic_-
string<charT>

X::locale_type

A copy constructible
type

A type that represents the locale used by the tra
class.

ts

X::char_class_type

A bitmask type
[lib.bitmask.types].

A bitmask type representing a particular charact
classification.

X::length(p)

std::size_t

Yields the smallest such thap[i] == 0.
Complexity is linear ini .

v.translate(c)

X::char_type

Returns a character such that for any charatter
that is to be considered equivalentdtthen
v.translate(c) == v.translate(d).

v.translate_nocase(c)

X::char_type

For all characters that are to be considered
equivalent toc when comparisons are to be
performed without regard to case, then
v.translate_nocase(c) ==
v.translate_nocase(C).

v.transform(F1, F2)

X::string_type

Returns a sort key for the character sequence
designated by the iterator rangB1, F2) such
that if the character sequen€el, G2) sorts
before the character sequend®, H2) then
v.transform(Gl, G2) < v.transform(H1,
H2).

v.transform_primary(F1,
F2)

X::string_type

Returns a sort key for the character sequence
designated by the iterator rang®1, F2) such
that if the character sequengel, G2) sorts
before the character sequeriéet, H2) when
character case is not considered then
v.transform_primary(Gl, G2) <
v.transform_primary(H1, H2).

v.lookup_collatename (F1,
F2)

X::string_type

Returns a sequence of characters that represen
the collating element consisting of the character
sequence designated by the iterator rafige,

F2). Returns an empty string if the character
sequence is not a valid collating element.

IS
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] expression Return Type Assertion / Note / Pre / Post condition \
v.lookup_classname(F1, X::char_class_- Converts the character sequence designated by|the
F2) type iterator range[F1,F2) into a value of a bitmask

type that can subsequently be passeikiotype.
Values returned fromookup_classname can be
safely bitwise or'ed together. Returns 0 if the
character sequence is not the name of a character
class recognized hy. The value returned shall be
independent of the case of the characters in the
sequence.

.isctype(c, cl) bool Returnstrue if characterc is a member of one of
the character classes designatedbyfalse
otherwise.

v.value(c, I) int Returns the value represented by the digit base
| if the charactec is a valid digit in basé;
otherwise returns1. [Note: the value ofl will
only be 8, 10, or 16—end notg

. imbue (loc) X::locale_type Imbuesu with the localeloc and returns the
previous locale used hyif any.

.getloc() X::locale_type Returns the current locale usedwyif any.

<

c

<

The headexregex> defines the class templategex_traits which shall be capable of being specialized for character
container typeshar andwchar_t, and which satisfies the requirements for a regular expression traits class. Class
templateregex_traits is described in clause.7.

7.3 Regular expressions summary [tr.re.sum]

The headekregex> defines a basic regular expression class template and its traits that can handle all char-like template
arguments ([lib.strings]).

The headekregex> defines a class template that holds the result of a regular expression match.

The headekregex> defines a series of algorithms that allow an iterator sequence to be operated upon by a regular
expression.

The headekregex> defines two specific template classesgex andwregex, and their special traits.
The headekxregex> also defines two iterator types for enumerating regular expression matches.
7.4 Header<regex> synopsis [tr.re.syn]

namespace std {
namespace trl {

/I [7.5] Regex constants

namespace regex_constants {
typedef bitmask_type syntax_option_type;
typedef bitmask_type match_flag_type;
typedef implementation-defined error_type;

ISO/IEC PDTR 19768



7.4 Header<regex> synopsis Regular expressions 112

} /I namespace regex_constants

/I [7.6] Class regex_error
class regex_error,

Il [7.7) Class template regex_traits
template <class charT> struct regex_traits;

Il [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;

/l [7.8.9 basic_regex swap
template <class charT, class traits>
void swap(basic_regex<charT, traits>& el, basic_regex<charT, traits>& e2);

/I [7.9 Class template sub_match
template <class Bidirectionallterator>
class sub_match;

typedef sub_match<const charx*> csub_match;
typedef sub_match<const wchar_tx*> wcsub_match;
typedef sub_match<string::const_iterator> ssub_match;
typedef sub_match<wstring::const_iterator> wssub_match;

/I [7.9.9 sub_match non-member operators
template <class Bilter>

bool operator==(const sub_match<Bilter>& lhs, const sub_match<Bilter>& rhs);
template <class Bilter>

bool operator!=(const sub_match<BiIter>& lhs, const sub_match<Bilter>& rhs);
template <class Bilter>

bool operator<(const sub_match<BiIter>& lhs, const sub_match<Bilter>& rhs);
template <class Bilter>

bool operator<=(const sub_match<Bilter>& lhs, const sub_match<Bilter>& rhs);
template <class Bilter>

bool operator>=(const sub_match<Bilter>& lhs, const sub_match<Bilter>& rhs);
template <class Bilter>

bool operator>(const sub_match<Bilter>& lhs, const sub_match<Bilter>& rhs);

template <class Bilter, class ST, class SA>
bool operator==(const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& lhs,
const sub_match<Bilter>& rhs);
template <class Bilter, class ST, class SA>
bool operator!=(const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& lhs,
const sub_match<Bilter>& rhs);
template <class Bilter, class ST, class SA>
bool operator<(const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& lhs,
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const sub_match<Bilter>& rhs);
template <class Bilter, class ST, class SA>
bool operator>(const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& lhs,
const sub_match<Bilter>& rhs);
template <class Bilter, class ST, class SA>
bool operator>=(const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& lhs,
const sub_match<Bilter>& rhs);
template <class Bilter, class ST, class SA>
bool operator<=(const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& lhs,
const sub_match<Bilter>& rhs);

template <class Bilter, class ST, class SA>
bool operator==(const sub_match<BiIter>& lhs,
const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& rhs);
template <class Bilter, class ST, class SA>
bool operator!=(const sub_match<Bilter>& lhs,
const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& rhs);
template <class Bilter, class ST, class SA>
bool operator<(const sub_match<Bilter>& lhs,
const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& rhs);
template <class Bilter, class ST, class SA>
bool operator>(const sub_match<Bilter>& lhs,
const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& rhs);
template <class Bilter, class ST, class SA>
bool operator>=(const sub_match<BiIter>& lhs,
const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& rhs);
template <class Bilter, class ST, class SA>
bool operator<=(const sub_match<BiIter>& lhs,
const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& rhs);

template <class Bilter>
bool operator==(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);
template <class Bilter>
bool operator!=(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);
template <class Bilter>
bool operator<(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);
template <class Bilter>
bool operator>(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);
template <class Bilter>
bool operator>=(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);
template <class Bilter>
bool operator<=(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);

template <class Bilter>
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bool operator==(const sub_match<BiIter>& lhs,
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<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<BiIter>& lhs,
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==(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);
template <class Bilter>
bool operator!=(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);
template <class Bilter>
bool operator<(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);
template <class Bilter>
bool operator>(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);
template <class Bilter>
bool operator>=(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);
template <class Bilter>
bool operator<=(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);

template <class Bilter>
bool operator==(const sub_match<Bilter>& lhs,
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<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>

ISO/IEC PDTR 19768



115 Regular expressions 7.4 Headetregex> synopsis

bool operator>=(const sub_match<BiIter>& lhs,
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 charT, class ST, class Bilter>
basic_ostream<charT, ST>&
operator<<(basic_ostream<charT, ST>& os, const sub_match<Bilter>& m);

/I [7.1Q Class template match_results
template <class Bidirectionallterator,
class Allocator = allocator<sub_match<Bidirectionallterator> > >
class match_results;

typedef match_results<const charx*> cmatch;
typedef match_results<const wchar_t*> wcmatch;
typedef match_results<string::const_iterator> smatch;
typedef match_results<wstring::const_iterator> wsmatch;

/I match_results comparisons
template <class Bidirectionallterator, class Allocator>
bool operator== (const match_results<Bidirectionallterator, Allocator>& mi,
const match_results<BidirectionalIlterator, Allocator>& m2);
template <class Bidirectionallterator, class Allocator>
bool operator!= (const match_results<Bidirectionallterator, Allocator>& mi,
const match_results<BidirectionalIlterator, Allocator>& m2);

/I [7.10.6 match_results swap
template <class Bidirectionallterator, class Allocator>
void swap(match_results<BidirectionalIlterator, Allocator>& ml,
match_results<BidirectionalIterator, Allocator>& m2);

/l [7.11.3 Function template regex_match
template <class Bidirectionallterator, class Allocator, class charT, class traits>
bool regex_match(Bidirectionallterator first, BidirectionalIlterator last,
match_results<Bidirectionallterator, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants: :match_flag type flags = regex_constants::match_default);
template <class BidirectionalIlterator, class charT, class traits>
bool regex_match(Bidirectionallterator first, Bidirectionallterator last,
const basic_regex<charT, traits>& e,
regex_constants: :match_flag type flags = regex_constants::match_default);
template <class charT, class Allocator, class traits>
bool regex_match(const charT# str, match_results<const charT*, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants: :match_flag_type flags = regex_constants::match_default);
template <class ST, class SA, class Allocator, class charT, class traits>
bool regex_match(const basic_string<charT, ST, SA>& s,
match_results<typename basic_string<charT, ST, SA>::const_iterator,
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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);

/l [7.11.3 Function template regex_search
template <class Bidirectionallterator, class Allocator, class charT, class traits>
bool regex_search(Bidirectionallterator first, Bidirectionallterator last,
match_results<Bidirectionallterator, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants: :match_flag type flags = regex_constants::match_default);
template <class BidirectionalIlterator, class charT, class traits>
bool regex_search(Bidirectionallterator first, Bidirectionallterator last,
const basic_regex<charT, traits>& e,
regex_constants: :match_flag type flags = regex_constants::match_default);
template <class charT, class Allocator, class traits>
bool regex_search(const charT* str,
match_results<const charT*, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants: :match_flag type flags = regex_constants::match_default);
template <class charT, class traits>
bool regex_search(const charT* str,
const basic_regex<charT, traits>& e,
regex_constants: :match_flag type flags = regex_constants::match_default);
template <class ST, class SA, class charT, class traits>
bool regex_search(const basic_string<charT, ST, SA>& s,
const basic_regex<charT, traits>& e,
regex_constants: :match_flag_type flags = regex_constants::match_default);
template <class ST, class SA, class Allocator, class charT, class traits>
bool regex_search(const basic_string<charT, ST, SA>& s,
match_results<typename basic_string<charT, ST, SA>::const_iterator,
Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags = regex_constants::match_default);

/l [7.11.4 Function template regex_replace
template <class Outputlterator, class Bidirectionallterator, class traits, class charT>
OutputIterator
regex_replace(OutputIterator out,
Bidirectionallterator first, Bidirectionallterator last,
const basic_regex<charT, traits>& e,
const basic_string<charT>& fmt,
regex_constants::match_flag_type flags = regex_constants::match_default);

ISO/IEC PDTR 19768



117 Regular expressions 7.5 Namespaeel: :regex_constants

template <class traits, class charT>
basic_string<charT>
regex_replace(const basic_string<charT>& s,
const basic_regex<charT, traits>& e,
const basic_string<charT>& fmt,
regex_constants::match_flag_type flags = regex_constants::match_default);

/I [7.12.] 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 char*> cregex_iterator;
typedef regex_iterator<const wchar_tx*> wcregex_iterator;
typedef regex_iterator<string::const_iterator> sregex_iterator;
typedef regex_iterator<wstring::const_iterator> wsregex_iterator;

/I [7.12.3 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::const_iterator> sregex_token_iterator;
typedef regex_token_iterator<wstring::const_iterator> wsregex_token_iterator;
} // namespace trl
} // namespace std

7.5 Namespacerl::regex_constants [tr.re.const]

The namespacerl: :regex_constants acts as a repository for the symbolic constants used by the regular expression
library. This namespace provides three typemtax_option_type, match_flag_type, anderror_type, along
with a series of constants of these types.

7.5.1 Bitmask Typesyntax_option_type [tr.re.synopt]

namespace trl { namespace regex_constants {
typedef bitmask_type syntax_option_type;
static const syntax_option_type icase;
static const syntax_option_type nosubs;
static const syntax_option_type optimize;
static const syntax_option_type collate;
static const syntax_option_type ECMAScript;
static const syntax_option_type basic;
static const syntax_option_type extended;
static const syntax_option_type awk;
static const syntax_option_type grep;
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static const syntax_option_type egrep;
} /I namespace regex_constants
} // namespace trl

1 The typesyntax_option_type is an implementation defined bitmask type (8§17.3.2.1.2). Setting its elements has

the effects listed in tabl@3. A valid value of typesyntax_option_type shall have exactly one of the elements
ECMAScript, 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 against a character cpntainer

sequence, then no sub-expression matches are to be stored in the supplied match_-
results structure.
optimize Specifies that the regular expression engine should pay more attention to the speed
with which regular expressions are matched, and less to the speed with which
regular expression objects are constructed. Otherwise it has no 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 the
same as that used by ECMAScript in ECMA-262. [
basic Specifies that the grammar recognized by the regular expression engine is the same
as that used by POSIX basic regular expressiankifi IEEE Std 1003.1-2001
Portable Operating System Interface (POSIX ), Base Definitions and Headers,
Section 9, Regular Expressions .
extended Specifies that the grammar recognized by the regular expression engine is the same
as that used by POSIX extended regular expressioiisif IEEE Std 1003.1-
2001, Portable Operating System Interface (POSIX ), Base Definitions and Head-
ers, Section 9, Regular Expressions .

awk Specifies that the grammar recognized by the regular expression engine|is the
same as that used by POSIX utility awk in IEEE Std 1003.1-200LL [

grep Specifies that the grammar recognized by the regular expression engine| is the
same as that used by POSIX utility grep in IEEE Std 1003.1-2001L [

egrep Specifies that the grammar recognized by the regular expression enging is the

same as that used by POSIX utility grep when given the -E option in IEEF Std
1003.1-2001711].

7.5.2 Bitmask Typeregex_constants: :match_flag_type [tr.re.matchflag]

namespace trl { namespace regex_constants{
typedef bitmask_type regex_constants::match_flag_type;

static const match_flag_type match_default = O;
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static const match_flag_type match_not_bol;
static const match_flag_type match_not_eol;
static const match_flag_type match_not_bow;
static const match_flag_type match_not_eow;
static const match_flag_type match_any;
static const match_flag_type match_not_null;
static const match_flag_type match_continuous;
static const match_flag_type match_prev_avail;
static const match_flag_type format_default = O;
static const match_flag_type format_sed;
static const match_flag_type format_no_copy;
static const match_flag type format_first_only;
} /I namespace regex_constants
} // namespace trl

1 The typeregex_constants: :match_flag_type iS an implementation defined bitmask type (§17.3.2.1.2). Matching
aregular expression against a sequence of charddterst, last) proceeds according to the normal rules of ECMA-
262 [7], modified according to the effects listed in talkefor any bitmask elements set.

Table 24: regex_constants: :match_flag_type effects when ob-
taining a match against a character container sequehiosest,last).

] Element Effect(s) if set \

match_not_bol The first character in the sequelfterst, last) is treated as though it is nat
at the beginning of a line, so the character in the regular expression shall not
match[first, first).
match_not_eol The last character in the sequdidest, last) is treated as though it is nat
at the end of a line, so the charactér in the regular expression shall not match
[last, last).
match_not_bow The expressidRb" is not matched against the sub-sequence [first,first).
match_not_eow The expressitkb" should not be matched against the sub-sequence [last,last).
match_any If more than one match is possible then any match is an acceptable result.
match_not_null The expression does not match an empty sequence.
match_continuous The expression only matchs a sub-sequence that begins at first .
match_prev_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 algovithins
and iterators.12
format_default When a regular expression match is to be replaced by a new string, the new string
is constructed using the rules used by the ECMAScript replace function in EGMA-
262 [7], part 15.4.11 String.prototype.replace. In addition, during search and re-
place operations all non-overlapping occurrences of the regular expression are
located and replaced, and sections of the input that did not match the expression
are copied unchanged to the output string.
format_sed When a regular expression match is to be replaced by a new string, the new string
is constructed using the rules used by the POSIX sed utility in IEEE Std 1003.1-
2001 [L1].
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format_no_copy During a search and replace operation, sections of the character contajner se-
guence being searched that do not match the regular expression are not |copied
to the output string.

format_first_only  When specified during a search and replace operation, only the first occurrence of
the regular expression is replaced.

7.5.3 Implementation definederror_type [tr.re.err]

namespace trl { namespace regex_constants {
typedef implementation defined error_type;

static const error_type error_collate;
static const error_type error_ctype;
static const error_type error_escape;
static const error_type error_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;

} /I namespace regex_constants

} // namespace trl

1 The typeerror_type is an implementation defined enumeration type (§17.3.2.1.2). Values oéiype _type repre-
sent the error conditions as described in t&lile

Table 25:error_type values in the C locale

\ Value Error condition |
error_collate The expression contained an invalid collating element name.
error_ctype The expression contained an invalid character class hame.
error_escape The expression contained an invalid escaped character, or a trailing escape
error_backref The expression contained an invalid backreference.
error_brack The expression contained mismatcHeahd] .
error_paren The expression contained mismatcHeand) .
error_brace The expression contained mismatcHeahd?}
error_badbrace The expression contained an invalid range ifi-@xpression.
error_range The expression contained an invalid character range, for exaibptd .
error_space There was insufficient memory to convert the expression into a finite state ma-
chine.
error_badrepeat  One of*7+{ was not preceded by a valid regular expression.
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error_complexity The complexity of an attempted match against a regular expression exceeded a
pre-set level.
error_stack There was insufficient memory to determine whether the regular expression [could
match the specified character sequence.

7.6 Classregex_error [tr.re.badexp]

class regex_error : public std::runtime_error

{

public:
explicit regex_error(regex_constants::error_type ecode);
regex_constants: :error_type code() const;

};
The classregex_error defines the type of objects thrown as exceptions to report errors from the regular expression
library.
regex_error (regex_constants: :error_type ecode);
Effects:Constructs an object of clasegex_error.
Postcondition: ecode == code()
regex_constants::error_type code() const;

Returns:The error code that was passed to the constructor.

7.7 Classtemplateregex_traits [tr.re.traits]

template <class charT>
struct regex_traits

{

public:
typedef charT char_type;
typedef std::basic_string<char_type> string_type;
typedef std::locale locale_type;
typedef bitmask_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;
template <class ForwardIterator>

string_type lookup_collatename(ForwardIterator first, ForwardIterator last) const;
template <class ForwardIterator>
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char_class_type lookup_classname(ForwardIterator first, ForwardIterator last) const;
bool isctype(charT c, char_class_type f) const;
int value(charT ch, int radix) const;
locale_type imbue(locale_type 1);
locale_type getloc()const;
};

The class templateegex_traits can be specialized for the typekar andwchar_t and satisfies the requirements
for a regular expression traits clags3).
typedef bitmask_type char_class_type;

The typechar_class_type iS used to represent a character classification and is capable of holding an imple-
mentation specific set returned byokup_classname.

static std::size_t length(const char_type* p);
Returns:char_traits<charT>::length(p);

charT translate(charT c) const;
Returns:(c).

charT translate_nocase(charT c) const;
Returns:use_facet<ctype<charT> >(getloc()).tolower(c).

template <class ForwardIterator>
string_type transform(ForwardIterator first, ForwardIterator last) const;

Effects:

string_type str(first, last);
return use_facet<collate<charT> >(getloc()).transform(&*str.begin(), &*str.end());

template <class ForwardIterator>
string_type transform_primary(ForwardIterator first, ForwardIterator last) const;

Effects:if typeid(use_facet<collate<charT> >) == typeid(collate_byname<charT>) and the form
of the sort key returned byollate_byname<charT> ::transform(first, last) is known and can be con-
verted into a primary sort key then returns that key, otherwise returns an empty string.

template <class ForwardIterator>
string_type lookup_collatename(ForwardIterator first, ForwardIterator last) const;

Returns:a sequence of one or more characters that represents the collating element consisting of the character
sequence designated by the iterator rabfjerst, last). Returns an empty string if the character sequence is
not a valid collating element.

template <class ForwardIterator>
char_class_type lookup_classname(ForwardIterator first, ForwardIterator last) const;
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Returns:an unspecified value that represents the character classification named by the character sequence desig-
nated by the iterator randefirst, last). The value returned shall be independent of the case of the characters
in the character sequence. If the name is not recognized then returns a value that compares equal to 0.

Notes:For regex_traits<char>, at least the namesi", "w", "s", "alnum", "alpha", "blank", "cntrl",
"digit", "graph", "lower", "print", "punct", "space", "upper" and"xdigit" shall be recognized. For
regex_traits<wchar_t>, at least the namds'd", L"w", L"s", L"alnum", L"alpha", L"blank", L"cntrl",
L"digit", L"graph", L"lower", L"print", L"punct", L"space", L"upper" andL"xdigit" shall be recog-
nized.

bool isctype(charT c, char_class_type f) const;
Effects:Determines if the characteris a member of the character classification representetd by

Returns:Convertsf into a valuen of typestd: : ctype_base: :mask in an unspecified manner, and retutiase

if use_facet<ctype<charT> >(getloc()).is(c, m) is true. Otherwise returnsrue if £ bitwise or'ed
with the result of callinglookup_classname with an iterator pair that designates the character sequencis
notequalto 0 and == ’_’, orif £ bitwise or'ed with the result of callingookup_classname with an iterator
pair that designates the character sequéitenk" is not equal to 0 and is one of an implementation-defined
subset of the characters for whithspace(c, getloc()) returnstrue, otherwise returnsalse.

int value(charT ch, int radix) const;
Precondition:The value ofradix shall be 8, 10, or 16.

Returns:the value represented by the digh in baseradix if the characterch is a valid digit in baseadix;
otherwise returns -1.

locale_type imbue(locale_type loc);

Effects:Imbuesthis with a copy of the localdoc. [Note: calling imbue with a different locale than the one
currently in use invalidates all cached data heldbyis. — end notg

Returns:if no locale has been previously imbued then a copy of the global locale in effect at the time of construc-
tion of *this, otherwise a copy of the last argument passethtue.

Postconditionigetloc() == loc.
locale_type getloc()const;

Returns:if no locale has been imbued then a copy of the global locale in effect at the time of construction of
*this, otherwise a copy of the last argument passeihtme.

7.8 Class templatéasic_regex [tr.re.regex]

For a char-like typecharT, specializations of class templaiesic_regex represent regular expressions constructed
from character sequences «ifarT characters. In the rest Gf8, charT denotes a given char-like type. Storage for a
regular expression is allocated and freed as necessary by the member functionsiefsilassegex.

Objects of type specialization ®fasic_regex are responsible for converting the sequencetafrT objects to an
internal representation. It is not specified what form this representation takes, nor how it is accessed by algorithms that
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operate on regular expression®ofe: implementations will typically declare some function templates as friends of
basic_regex to achieve this—end notg

3 The regular expression grammar recognized by class tenmgplaie_regex is described in clausé 13
4 The functions described in this clause report errors by throwing exceptions ofégpe_error.

template <class charT,
class traits = regex_traits<charT> >
class basic_regex

{

public:
Il types:
typedef charT value_type;
typedef regex_constants::syntax_option_type flag_type;
typedef typename traits::locale_type locale_type;

// [7.8.] 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;

/I [7.8.9 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_regex&);
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);

“basic_regex();

basic_regex& operator=(const basic_regex&) ;
basic_regex& operator=(const charT#* ptr);
template <class ST, class SA>
basic_regex& operator=(const basic_string<charT, ST, SA>& p);

/I [7.8.3 assign

basic_regex& assign(const basic_regex& that);
basic_regex& assign(const charT* ptr, flag type f = regex_constants::ECMAScript);

ISO/IEC PDTR 19768



125 Regular expressions 7.8 Class templatasic_regex

basic_regex& assign(const charT* p, size_t len, flag type £);
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 InputlIterator>
basic_regex& assign(InputIterator first, InputIterator last,
flag_type f = regex_constants::ECMAScript);

/I [7.8.4 const operations
unsigned mark_count() const;
flag_type flags() const;

/1 [7.8.9 locale
locale_type imbue(locale_type loc);
locale_type getloc() const;

/Il [7.8.9 swap
void swap(basic_regex&) throw();

};

7.8.1 basic_regex constants [tr.re.regex.const]

static const regex_constants::syntax_option_type icase = regex_constants::icase;

static const regex_constants::syntax_option_type nosubs = regex_constants::nosubs;

static const regex_constants::syntax_option_type optimize = regex_constants::optimize;
static const regex_constants::syntax_option_type collate = regex_constants::collate;
static const regex_constants::syntax_option_type ECMAScript = regex_constants::ECMAScript;
static const regex_constants::syntax_option_type basic = regex_constants::basic;

static const regex_constants::syntax_option_type extended = regex_constants::extended;
static const regex_constants::syntax_option_type awk = regex_constants::awk;

static const regex_constants::syntax_option_type grep = regex_constants::grep;

static const regex_constants::syntax_option_type egrep = regex_constants::egrep;

The static constant members are provided as synonyms for the constants declared in nategepaeenstants;
for each constant of typgyntax_option_type declared in namespaeegex_constants a constant with the same
name, type and value shall be declared within the scopesic_regex.

7.8.2 basic_regex constructors [tr.re.regex.construct]

basic_regex();

Effects:Constructs an object of clabasic_regex that does not match any character sequence.
basic_regex(const charT* p, flag_type f = regex_constants::ECMAScript);

Requires: phall not be a null pointer.

Throws:regex_error if pis not a valid regular expression.

Effects:Constructs an object of clabasic_regex; the object’s internal finite state machine is constructed from
the regular expression contained in the arragtafrT of lengthchar_traits<charT>::length(p) whose first
element is designated lpy and interpreted according to the fldgs
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Postconditionsflags () returnsf. mark_count () returns the number of marked sub-expressions within the
expression.

basic_regex(const charT* p, size_t len, flag_type £f);

Requires: phall not be a null pointer.
Throws:regex_error if pis not a valid regular expression.

Effects:Constructs an object of clabasic_regex; the object’s internal finite state machine is constructed from
the regular expression contained in the sequence of chardgters+1len), and interpreted according the flags
specified inf.

Postconditions:flags () returnsf. mark_count() returns the number of marked sub-expressions within the
expression.

basic_regex(const basic_regex& e);

Effects:Constructs an object of clasasic_regex as a copy of the objeet

Postconditionsflags () andmark_count () returne.flags() ande.mark_count (), respectively.

template <class ST, class SA>
basic_regex(const basic_string<charT, ST, SA>& s,

flag_type f = regex_constants::ECMAScript);
Throws:regex_error if s is not a valid regular expression.

Effects:Constructs an object of clasasic_regex; the object’s internal finite state machine is constructed from
the regular expression contained in the stingnd interpreted according to the flags specifietl.in

Postconditionsflags () returnsf. mark_count () returns the number of marked sub-expressions within the
expression.

template <class ForwardIterator>
basic_regex(ForwardIterator first, ForwardIterator last,

flag_type f = regex_constants::ECMAScript);
Throws:regex_error if the sequencéfirst, last) is not a valid regular expression.

Effects:Constructs an object of clabasic_regex; the object’s internal finite state machine is constructed from
the regular expression contained in the sequence of chard¢terst, last), and interpreted according to the
flags specified irf.

Postconditions:flags () returnsf. mark_count () returns the number of marked sub-expressions within the
expression.

basic_regex& operator=(const basic_regex& e);

Effects:Returns the result afssign(e).

basic_regex& operator=(const charT* ptr);

Requiresptr shall not be a null pointer.
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Effects:Returns the result afssign (ptr).

template <class ST, class SA>
basic_regex& operator=(const basic_string<charT, ST, SA>& p);

Effects:Returns the result afssign(p).

7.8.3 basic_regex assign [tr.re.regex.assign]

basic_regex& assign(const basic_regex& that);
Effects:Copiesthat into *this and returnsthis.
Postconditionsflags () andmark_count () returnthat.flags() andthat.mark_count (), respectively.
basic_regex& assign(const charT* ptr, flag type f = regex_constants::ECMAScript);
Returns:assign(string_type(ptr), f).
basic_regex& assign(const charT* ptr, size_t len, flag_ type f = regex_constants::ECMAScript);
Returns:assign(string_type(ptr, len), f).

template <class string_traits, class A>
basic_regex& assign(const basic_string<charT, string_traits, A>& s,
flag_type f = regex_constants::ECMAScript);

Throws:regex_error if s is not a valid regular expression.
Returns:xthis.

Effects:Assigns the regular expression contained in the skirigterpreted according the flags specified inf
an exception is throwrkthis is unchanged.

Postconditionslf an exception is thrownsthis is unchanged. Otherwigd ags () returnsf, andmark_count ()
returns the number of marked sub-expressions within the expression.

template <class InputlIterator>
basic_regex& assign(InputIterator first, Inputlterator last,
flag_type f = regex_constants::ECMAScript);

RequiresThe typeInputIterator corresponds to the Input Iterator requirements (824.1.1).

Returns:assign(string_type(first, last), f).

7.8.4 basic_regex constant operations [tr.re.regex.operations]

unsigned mark_count() const;

Effects:Returns the number of marked sub-expressions within the regular expresion.

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 the
last call toassign.

7.8.5 basic_regex locale [tr.re.regex.locale]

locale_type imbue(locale_type loc);

Effects:Returns the result ofraits_inst.imbue(loc) wheretraits_inst is a (default initialized) instance
of the template type argumentaits stored within the object. After a call timbue the basic_regex object
does not match any character sequence.

locale_type getloc() const;

Effects:Returns the result ofraits_inst.getloc() wheretraits_inst is a (default initialized) instance of
the template parameteraits stored within the object.

7.8.6 basic_regex swap [tr.re.regex.swap]
void swap(basic_regex& e) throw();
Effects:Swaps the contents of the two regular expressions.

Postconditionxthis contains the regular expression that was,ile contains the regular expression that was in
*this.

Complexity:constant time.

7.8.7 basic_regex hon-member functions [tr.re.regex.nonmemb]
7.8.7.1 basic_regex non-member swap [tr.re.regex.nmswap]

template <class charT, class traits>
void swap(basic_regex<charT, traits>& lhs, basic_regex<charT, traits>& rhs);

Effects:Calls1lhs.swap(rhs).

7.9 Class templatesub_match [tr.re.submatch]

Class templateub_match denotes the sequence of characters matched by a particular marked sub-expression.

template <class Bidirectionallterator>
class sub_match : public std::pair<Bidirectionallterator, BidirectionalIterator>

{

public:
typedef typename iterator_traits<BidirectionalIlterator>::value_type value_type;
typedef typename iterator_traits<Bidirectionallterator>::difference_type difference_type;
typedef Bidirectionallterator iterator;

bool matched;
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difference_type length() const;
operator basic_string<value_type>() const;
basic_string<value_type> str() const;

int compare(const sub_match& s) const;
int compare(const basic_string<value_type>& s) const;
int compare(const value_type* s) const;

};

7.9.1 sub_match members
difference_type length();

Returns:(matched ? distance(first, second) : 0).
operator basic_string<value_type>()const;

Returnsmatched ? basic_string<value_type>(first, second)
basic_string<value_type> str()const;

Returnsmatched ? basic_string<value_type>(first, second)
int compare(const sub_match& s)const;

Returns:str () . compare(s.str()).
int compare(const basic_string<value_type>& s)const;

Returns:str() . compare(s).
int compare(const value_type* s)const;

Returns:str() . compare(s).

7.9.2 sub_match hon-member operators

template <class Bilter>

[tr.re.submatch.members]

basic_string<value_type>().

basic_string<value_type>().

[tr.re.submatch.op]

bool operator==(const sub_match<Bilter>& lhs, const sub_match<Bilter>& rhs);

Returns:lhs. compare(rhs) ==

template <class Bilter>

bool operator!=(const sub_match<BiIter>& lhs, const sub_match<BiIter>& rhs);

Returnslhs.compare(rhs) != O.

template <class Bilter>

bool operator<(const sub_match<BiIter>& lhs, const sub_match<Bilter>& rhs);

Returns:lhs. compare(rhs) < O.
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template <class Bilter>
bool operator<=(const sub_match<Bilter>& lhs, const sub_match<Bilter>& rhs);

Returns:lhs. compare(rhs) <= 0.

template <class Bilter>
bool operator>=(const sub_match<BiIter>& lhs, const sub_match<Bilter>& rhs);

Returns:lhs. compare(rhs) >= 0.

template <class Bilter>
bool operator>(const sub_match<BiIter>& lhs, const sub_match<Bilter>& rhs);

Returns:lhs. compare(rhs) > O.

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);

Returns:lhs == rhs.str().

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);

Returns:lhs !'= rhs.str().

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);
9 Returns:lhs < rhs.str().

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);

10 Returns:lhs > rhs.str().

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);

11 Returns:lhs >= rhs.str().

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);

12 Returns:lhs <= rhs.str().

template <class Bilter, class ST, class SA>

bool operator==(const sub_match<Bilter>& 1lhs,
const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& rhs);
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Returns:lhs.str()

template <class Bilter,
bool operator!=(const
const

Returns:lhs.str()

template <class Bilter,

== rhs.

class ST, class SA>
sub_match<Bilter>& 1lhs,

basic_string<typename iterator_traits<Bilter>:

!= rhs.

class ST, class SA>

bool operator<(const sub_match<Bilter>& lhs,
const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& rhs);

Returns:lhs.str()

template <class Bilter,

< rhs.

class ST, class SA>

bool operator>(const sub_match<Bilter>& lhs,
const basic_string<typename iterator_traits<Bilter>::value_type, ST, SA>& rhs);

Returns:lhs.str()

template <class Bilter,
bool operator>=(const
const

Returns:lhs.str()

template <class Bilter,
bool operator<=(const
const

Returns:lhs.str()

template <class Bilter>

> 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 iterator_traits<Bilter>:

<= rhs.

bool operator==(typename iterator_traits<Bilter>::value_type constx*

const

sub_match<BiIter>& rhs);

Returns:lhs == rhs.str().

template <class Bilter>

bool operator!=(typename iterator_traits<Bilter>::value_type constx*

const

sub_match<Bilter>& rhs);

Returnsilhs !'= rhs.str().

template <class Bilter>

:value_type, ST, SA>& rhs);

:value_type, ST, SA>& rhs);

:value_type, ST, SA>& rhs);

lhs,

lhs,

bool operator<(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<BiIter>& rhs);

Returns:lhs < rhs.str().

template <class Bilter>

bool operator>(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);

Returns:lhs > rhs.str().
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template <class Bilter>
bool operator>=(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);

Returns:lhs >= rhs.str().

template <class Bilter>
bool operator<=(typename iterator_traits<Bilter>::value_type const* lhs,
const sub_match<Bilter>& rhs);

Returns:lhs <= rhs.str().

template <class Bilter>
bool operator==(const sub_match<Bilter>& lhs,
typename iterator_traits<Bilter>::value_type const* rhs);

Returnsilhs.str() == rhs.

template <class Bilter>
bool operator!=(const sub_match<BiIter>& lhs,
typename iterator_traits<Bilter>::value_type const* rhs);

Returnsilhs.str() !'= rhs.

template <class Bilter>
bool operator<(const sub_match<Bilter>& lhs,
typename iterator_traits<Bilter>::value_type const* rhs);

Returns:lhs.str() < rhs.

template <class Bilter>
bool operator>(const sub_match<Bilter>& lhs,
typename iterator_traits<Bilter>::value_type const* rhs);

Returns:lhs.str() > rhs.

template <class Bilter>
bool operator>=(const sub_match<BiIter>& lhs,
typename iterator_traits<Bilter>::value_type const* rhs);

Returnsilhs.str() >= rhs.

template <class Bilter>
bool operator<=(const sub_match<BiIter>& lhs,
typename iterator_traits<Bilter>::value_type const* rhs);

Returnsilhs.str() <= rhs.

template <class Bilter>
bool operator==(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);

Returns:lhs == rhs.str().

template <class Bilter>
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bool operator!=(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<BiIter>& rhs);

Returnsilhs !'= rhs.str().

template <class Bilter>
bool operator<(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);

Returns:lhs < rhs.str().

template <class Bilter>
bool operator>(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<BiIter>& rhs);

Returns:lhs > rhs.str().

template <class Bilter>
bool operator>=(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);

Returnsilhs >= rhs.str().

template <class Bilter>
bool operator<=(typename iterator_traits<Bilter>::value_type const& lhs,
const sub_match<Bilter>& rhs);

Returns:lhs <= rhs.str().

template <class Bilter>
bool operator==(const sub_match<Bilter>& 1lhs,
typename iterator_traits<Bilter>::value_type const& rhs);

Returns:lhs.str() == rhs.

template <class Bilter>
bool operator!=(const sub_match<Bilter>& 1lhs,
typename iterator_traits<Bilter>::value_type const& rhs);

Returns:lhs.str() != rhs.

template <class Bilter>
bool operator<(const sub_match<Bilter>& 1lhs,
typename iterator_traits<BiIter>::value_type const& rhs);

Returns:lhs.str() < rhs.

template <class Bilter>
bool operator>(const sub_match<Bilter>& 1lhs,
typename iterator_traits<BiIter>::value_type const& rhs);

Returns:lhs.str() > rhs.

template <class Bilter>
bool operator>=(const sub_match<BiIter>& 1lhs,
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typename iterator_traits<Bilter>::value_type const& rhs);
Returns:lhs.str() >= rhs.

template <class Bilter>
bool operator<=(const sub_match<Bilter>& 1lhs,
typename iterator_traits<Bilter>::value_type const& rhs);

Returnsilhs.str() <= rhs.

template <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()).

7.10 Class templatenatch_results [tr.re.results]

Class templateatch_results denotes a collection of character sequences representing the result of a regular expres-
sion match. Storage for the collection is allocated and freed as necessary by the member functions of class template
match_results.

The class templateatch_results satisfies the requirements of a Sequence, as specified in [lib.sequence.regmts],
except that only operations defined for const-qualified Sequences are supported.

The sub_match object stored at index 0 represents sub-expression 0; that is to say the whole match. In this case the
sub_match membematched is always true. Theub_match object stored at index denotes what matched the marked
sub-expression within the matched expression. If the sub-expressiparticipated in a regular expression match then

the sub_match membematched evaluates to true, and membersrst andsecond denote the range of characters
[first, second) which formed that match. Otherwisatched is false, and membemsirst andsecond point to

the end of the sequence that was searchidtd: The sub_match objects representing different sub-expressions that

did not participate in a regular expression match need not be distiaod notg

template <class Bidirectionallterator,
class Allocator = allocator<sub_match<Bidirectionallterator> >
class match_results

{

public:
typedef sub_match<Bidirectionallterator> value_type;
typedef typename Allocator::const_reference const_reference;
typedef const_reference reference;
typedef implementation defined const_iterator;
typedef const_iterator iterator;
typedef typename iterator_traits<Bidirectionallterator>::difference_type difference_type;
typedef typename Allocator::size_type size_type;
typedef Allocator allocator_type;
typedef typename iterator_traits<BidirectionalIlterator>::value_type char_type;
typedef basic_string<char_type> string_type;

/1 [7.10.] 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();

I/ [7.10.3 size

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

/1 [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,
regex_constants: :match_flag_type flags = regex_constants::format_default) const;
string_type
format (const string_type& fmt,
regex_constants: :match_flag_type flags = regex_constants::format_default) const;

// [7.10.9 allocator
allocator_type get_allocator() const;

/1 [7.10.9 swap
void swap(match_results& that);
};
7.10.1 match_results constructors [tr.re.results.const]

In all match_results constructors, a copy of the Allocator argument is used for any memory allocation performed by the
constructor or member functions during the lifetime of the object.

match_results(const Allocator& a = Allocator());
Effects:Constructs an object of clasatch_results.
Postconditionssize () returns0. str() returnsbasic_string<charT>().
match_results(const match_results& m);

Effects:Constructs an object of clasatch_results, as a copy of.
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match_results& operator=(const match_results& m);

Effects:Assignsm to *this. The postconditions of this function are indicated in Tate

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 allintegersn < m.size
position(n) m.position(n) forallintegersn < m.size

7.10.2 match_results Size [tr.re.results.size]

size_type size() const;

Returns:One plus the number of marked sub-expressions in the regular expression that was matchesd if
represents the result of a successful match. Otherwise retufNste: The state of aatch_results object can
be modified only by passing that objecti#egex_match or regex_search. Sections/.11.2and7.11.3specify
the effects of those algorithms on theitch_results arguments—end notg

size_type max_size()const;
Returns:The maximum number afub_match elements that can be stored+this.

bool empty()const;

Returnsisize() ==

7.10.3 match_results element access [tr.re.results.acc]
difference_type length(size_type sub = 0)const;
Returns:(*this) [sub] .length().
difference_type position(size_type sub = 0)const;
Returns:The distance from the start of the target sequendetais) [sub] . first.
string_type str(size_type sub = O0)const;
Returns:string_type ((xthis) [subl).

const_reference operator[](size_type n) const;

Returns:A reference to thesub_match object representing the character sequence that matched marked sub-
expressiom. If n == 0 then returns a reference tosab_match object representing the character sequence
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that matched the whole regular expressionn 1= size() then returns &ub_match object representing an
unmatched sub-expression.

const_reference prefix()const;

Returns:A reference to thesub_match object representing the character sequence from the start of the string
being matched/searched, to the start of the match found.

const_reference suffix()const;

Returns:A reference to thesub_match object representing the character sequence from the end of the match
found to the end of the string being matched/searched.

const_iterator begin()const;

Returns:A starting iterator that enumerates over all the sub-expressions storenina.

const_iterator end()const;

Returns:A terminating iterator that enumerates over all the sub-expressions storehliis.

7.10.4 match_results reformatting [tr.re.results.reform]

template <class OutputIter>
OutputIter format(OutputIter out,
const string_type& fmt,
regex_constants: :match_flag type flags = regex_constants::format_default);

RequiresThe typeOutputIter conforms to the Output Iterator requirements [24.1.2].

Effects:Copies the character sequerideait .begin(), fmt.end()) to Outputlterout. For each format spec-

ifier or escape sequence fat, replace that sequence with either the character(s) it represents, or the sequence
of characters withinrthis to which it refers. The bitmasks specified4hags determines what format spec-

ifiers or escape sequences are recognized, by default this is the format used by ECMA-262t[15.4.11
String.prototype.replace.

Returns:out.

string_type format(const string_type& fmt,
regex_constants: :match_flag type flags = regex_constants::format_default);

Effects: Returns a copy of the stringmt. For each format specifier or escape sequencenin replace that
sequence with either the character(s) it represents, or the sequence of characterettithito which it refers.

The bitmasks specified ifiLags determines what format specifiers or escape sequences are recognized, by default
this is the format used by ECMA-262]| part 15.4.11, String.prototype.replace.

7.10.5 match_results allocator [tr.re.results.all]

allocator_type get_allocator() const;

Effects:Returns a copy of the Allocator that was passed to the object’s constructor.
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7.10.6 match_results swap [tr.re.results.swap]

void swap(match_results& that);
Effects:Swaps the contents of the two sequences.

Postcondition:*this contains the sequence of matched sub-expressions that wehatinthat contains the
sequence of matched sub-expressions that werehs.

Complexity:constant time.

template <class BidirectionalIlterator, class Allocator>
void swap(match_results<BidirectionalIlterator, Allocator>& mil,
match_results<BidirectionalIlterator, Allocator>& m2);

Effects:mi. swap (m2).

7.11 Regular expression algorithms [tr.re.alg]
7.11.1 exceptions [tr.re.except]

The algorithms described in this subclause may throw an exception ofrgeex_error. If such an exceptior
is thrown,e.code () shall return eithetegex_constants: :error_complexity Of regex_constants: :error_-
stack.

7.11.2 regex_match [tr.re.alg.match]

template <class Bidirectionallterator, class Allocator, class charT, class traits>
bool regex_match(Bidirectionallterator first, Bidirectionallterator last,
match_results<Bidirectionallterator, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags = regex_constants::match_default);

RequiresTypeBidirectionalIterator satisfies the requirements of a Bidirectional Iterator (824.1.4).

Effects:Determines whether there is a match between the regular expressind all of the character sequence
[first, last), where the parameténags is used to control how the expression is matched against the char-
acter sequence. Returaisue if such a match exist€alse otherwise.

Postconditionslf the function returngalse, then the effect on parameters unspecified except that size ()
returnso andm. empty () returnstrue. Otherwise the effects on parameteaire given in tabl@7.

Table 27: Effects ofegex_match algorithm

] Element Value
m.size() 1 + e.mark_count()
m.empty () false
m.prefix().first first
m.prefix().last first
m.prefix() .matched false
m.suffix().first last
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m.suffix().last last
m.suffix() .matched false
m[0] .first first
m[0] .second last

m[0] .matched

true if a full match was found, anflalse otherwise.

m[n].first

For all integersn < m.size(), the start of the sequence th
matched sub-expressian Alternatively, if sub-expression
did not participate in the match, thaast.

m[n] .second

For all integersn < m.size(), the end of the sequence th
matched sub-expressian Alternatively, if sub-expression
did not participate in the match, thaast.

m[n] .matched

For all integersr < m.size(), true if sub-expressiom par-
ticipated in the matchfalse otherwise.

template <class Bidirectionallterator, class charT, class traits>
bool regex_match(BidirectionalIlterator first, Bidirectionallterator last,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags = regex_constants::match_default);

Effects:Behaves “as if” by constructing an instancenatch_results<BidirectionalIlterator> what, and

then returning the result afegex_match(first, last, what, e, flags).

template <class charT, class Allocator, class traits>
bool regex_match(const charT* str,
match_results<const charT*, Allocator>& m,
const basic_regex<charT, traits>& e,

regex_constants: :match_flag_type flags = regex_constants::match_default);

Returnsiregex_match(str, str + char_traits<charT>::length(str), m, e, flags).

template <class ST, class SA, class Allocator, class charT, class traits>
bool regex_match(const basic_string<charT, ST, SA>& s,
match_results<typename basic_string<charT, ST, SA>::const_iterator,

Allocator>& m,

const basic_regex<charT, traits>& e,

regex_constants: :match_flag_type flags = regex_constants::match_default);

Returns:regex_match(s.begin(), s.end(), m, e, flags).

template <class charT, class traits>
bool regex_match(const charT* str,
const basic_regex<charT, traits>& e,

regex_constants: :match_flag_type flags = regex_constants::match_default);

Returnsiregex_match(str, str + char_traits<charT>::length(str), e, flags)

template <class ST, class SA, class charT, class traits>
bool regex_match(const basic_string<charT, ST, SA>& s,
const basic_regex<charT, traits>& e,
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regex_constants: :match_flag type flags = regex_constants::match_default);

8 Returnsiregex_match(s.begin(), s.end(), e, flags).

7.11.3 regex_search [tr.re.alg.search]

template <class Bidirectionallterator, class Allocator, class charT, class traits>
bool regex_search(Bidirectionallterator first, BidirectionalIlterator last,
match_results<Bidirectionallterator, Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags = regex_constants::match_default);

1 RequiresTypeBidirectionalIterator meets the requirements of a Bidirectional Iterator (24.1.4).

2 Effects:Determines whether there is some sub-sequence withinst ,1ast) that matches the regular expres-
sione, parameterlags is used to control how the expression is matched against the character sequence. Returns
true if such a sequence existg1se otherwise.

3 Postconditionsif the function returngalse, then the effect on parameteis unspecified except that size ()
returnso andm. empty () returnstrue. Otherwise the effects on parameteare given in tabl@8.

Table 28: Effects ofegex_search algorithm

\ Element Value

m.size() 1 + e.mark_count ()

m.empty () false

m.prefix().first first

m.prefix().last m[0] .first

m.prefix() .matched m.prefix().first != m.prefix().second

m.suffix() .first m[0] .second

m.suffix().last last

m.suffix() .matched m.suffix().first != m.suffix().second

m[0] .first The start of the sequence of characters that matched the regular
expression

m[0] .second The end of the sequence of characters that matched the regular
expression

m[0] .matched true if a match was found, anth1se otherwise.

m[n] .first For all integersa < m.size(), the start of the sequence that
matched sub-expressian Alternatively, if sub-expression
did not participate in the match, theast.

m[n] .second For all integersn < m.size(), the end of the sequence that
matched sub-expressian Alternatively, if sub-expression
did not participate in the match, theast .

m[n] .matched For all integersr < m.size(), true if sub-expressiom par-
ticipated in the matchfalse 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);

ReturnsThe result ofregex_search(str, str + char_traits<charT>::length(str), m, e, flags).

template <class ST, class SA, class Allocator, class charT, class traits>
bool regex_search(const basic_string<charT, ST, SA>& s,
match_results<typename basic_string<charT, ST, SA>::const_iterator,
Allocator>& m,
const basic_regex<charT, traits>& e,
regex_constants: :match_flag type flags = regex_constants::match_default);

Returns:The result ofregex_search(s.begin(), s.end(), m, e, flags).

template <class iterator, class charT, class traits>
bool regex_search(iterator first, iterator last,
const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags = regex_constants::match_default);

Effects:Behaves “as if” by constructing an objedtat of typematch_results<iterator> and then returning
the result ofregex_search(first, last, what, e, flags).

template <class charT, class traits>
bool regex_search(const charT* str,
const basic_regex<charT, traits>& e,
regex_constants: :match_flag type flags = regex_constants::match_default);

Returns:regex_search(str, str + char_traits<charT>::length(str), e, flags)

template <class ST, class SA, class charT, class traits>

bool regex_search(const basic_string<charT, ST, SA>& s,

const basic_regex<charT, traits>& e,
regex_constants::match_flag_type flags = regex_constants::match_default);

Returnsiregex_search(s.begin(), s.end(), e, flags).

7.11.4 regex_replace [tr.re.alg.replace]

template <class Outputlterator, class Bidirectionallterator, class traits, class charT>
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 aegex_iterator objecti asif byregex_iterator<Bidirectionallterator, charT,
traits> i(first, last, e, flags), and used to enumerate through all of the matchesf typematch_-
results<Bidirectionallterator> that occur within the sequendefirst, last). If no such matches
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are found and! (flags & regex_constants ::format_no_copy) then callsstd::copy(first, last,
out). Otherwise, for each match found,!i{flags & regex_constants::format_no_copy) callsstd
copy(m.prefix().first, m.prefix().second, out), and then calls.format (out, fmt, flags). Fi-
nally, if ! (flags & regex_constants ::format_no_copy) callsstd::copy(last_m.suffix().first,
last_m.suffix().second, out) wherelast_m is a copy of the last match found. fflags & regex_-
constants: :format_first_only iS non-zero then only the first match found is replaced.

Returns:out.

template <class traits, class charT>
basic_string<charT>
regex_replace(const basic_string<charT>& s,
const basic_regex<charT, traits>& e,
const basic_string<charT>& fmt,
regex_constants: :match_flag_type flags = regex_constants::match_default);

Effects: Constructs an empty stringesult of type basic_string<charT>, calls regex_replace(back_-
inserter(result), s.begin(), s.end(), e, fmt, flags), and then returnsesult.

7.12 Regular expression Iterators [tr.re.iter]
7.12.1 Class templateregex_iterator [tr.re.regiter]

The class templateegex_iterator is an iterator adapter. It represents a new view of an existing iterator sequence,

by enumerating all the occurrences of a regular expression within that sequenegeA iterator usesregex_-

search to find successive regular expression matches within the sequence from which it was constructed. After
the iterator is constructed, and every tirmperator++ is used, the iterator finds and stores a valuen®fch_-
results<Bidirectionallterator>. If the end of the sequence is reachedgex_search returnsfalse), the

iterator becomes equal to the end-of-sequence iterator value. The default constructor constructs an end-of-sequence iter-
ator object, which is the only legitimate iterator to be used for the end condition. The respéftor* on an end-of-
sequence iterator is not defined. For any other iterator value acetst_results<BidirectionalIlterator>& is

returned. The result afperator-> on an end-of-sequence iterator is not defined. For any other iterator vatus &
match_results<BidirectionalIlterator>* is returned. It is impossible to store things integex_iterators.

Two end-of-sequence iterators are always equal. An end-of-sequence iterator is not equal to a non-end-of-sequence
iterator. Two non-end-of-sequence iterators are equal when they are constructed from the same arguments.

template <class Bidirectionallterator,
class charT = 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<BidirectionalIlterator> value_type;
typedef std::ptrdiff_t difference_type;
typedef const value_typex* pointer;
typedef const value_type& reference;
typedef std::forward_iterator_tag iterator_category;

ISO/IEC PDTR 19768



2

143 Regular expressions 7.12 Regular expression lterators

regex_iterator();

regex_iterator(Bidirectionallterator a, Bidirectionallterator b,
const regex_type& re,
regex_constants: :match_flag type m = regex_constants::match_default);

regex_iterator(const regex_iterator&);

regex_iterator& operator=(const regex_iterator&);

bool operator==(const regex_iterator&);

bool operator!=(const regex_iterator&);

const value_type& operator*();

const value_type* operator->();

regex_iterator& operator++();

regex_iterator operator++(int);

private:
Il these members are shown for exposition only:
BidirectionalIterator begin;
Bidirectionallterator end;
const regex_typex* pregex;
regex_constants: :match_flag_type flags;
match_results<BidirectionalIlterator> match;

};

A regex_iterator object that is not an end-of-sequence iterator holdsra-length matck match [0] .matched ==
true andmatch[0] .first == match[0].second. [Note: this occurs when the part of the regular expression that
matched consists only of an assertion (suchas ’$’, ’>\b’, >\B’). —end notg

7.12.1.1 regex_iterator constructors [tr.re.regiter.cnstr]

regex_iterator();

Effects:Constructs an end-of-sequence iterator.

regex_iterator(Bidirectionallterator a, Bidirectionallterator b,
const regex_type& re,
regex_constants: :match_flag _type m = regex_constants::match_default);

Effects:Initializes begin andend to point to the beginning and the end of the target sequencepsegex to
&re, setsflags to £, then callsregex_search(begin, end, match, *pregex, flags). If this call returns
false the constructor setethis to the end-of-sequence iterator.

7.12.1.2 regex_iterator comparisons [tr.re.regiter.comp]

bool operator==(const regex_iterator& right);

Returns:true if *this and right are both end-of-sequence iterators obégin == right.begin, end
== right.end, pregex == right.pregex, flags == right.flags, andmatch[0] == right.match[0],
otherwisefalse.

bool operator!=(const regex_iterator& right);

Returns:! (xthis == right).
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7.12.1.3 regex_iterator dereference [tr.re.regiter.deref]

const value_type& operator*();
Returnsmatch.
const value_type* operator->();

Returns:&match.

7.12.1.4 regex_iterator increment [tr.re.regiter.incr]

regex_iterator& operator++();

Effects:Constructs a local variabketart of typeBidirectionalIterator and initializes it with the value of
match[0] .second.

If the iterator holds a zero-length match asthrt == end the operator setsthis to the end-of-sequence
iterator and returngthis.

Otherwise, if the iterator holds a zero-length match the operator cadlex_search(start, end, match,
*pregex, flags | regex_constants::match_not_null | regex_constants::match_continuous). If
the call returngrue the operator returnsthis. Otherwise the operator incrementsart and continues as if
the most recent match was not a zero-length match.

If the most recent match was not a zero-length match, the operatafisgis to flags | regex_constants
::match_prev_avail and callsregex_search(start, end, match, *pregex, flags). Ifthe callreturns
false the iterator setsthis to the end-of-sequence iterator. The iterator then retuthss.

In all cases in which the call tegex_search returnstrue, match.prefix() .first shall be equal to the
previous value ohatch [0] . second, and for each index in the half-open rang€0, match.size()) for which
match[i] .matched is true,match[i] .position() shall returndistance(begin, match[i].first]).

[Note: this means thatatch[i] .position() gives the offset from the beginning of the target sequence, which
is often not the same as the offset from the sequence passed in theregleto search. —end notg

It is unspecified how the implementation makes these adjustments.

[Note: this means that a compiler may call an implementation-specific search function, in which case a user-
defined specialization afegex_search will not be called.—end notg

regex_iterator operator++(int);
Effects:
regex_iterator tmp = *this;

++(*this) ;
return tmp;
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7.12.2 Class templateregex_token_iterator [tr.re.tokiter]

The class templateegex_token_iterator is an iterator adapter; that is to say it represents a new view of an existing
iterator sequence, by enumerating all the occurrences of a regular expression within that sequence, and presenting one
or more sub-expressions for each match found. Each position enumerated by the iteratr_isaa ch class template

instance that represents what matched a particular sub-expression within the regular expression.

When clasxegex_token_iterator is used to enumerate a single sub-expression with index -1 the iterator performs
field splitting: that is to say it enumerates one sub-expression for each section of the character container sequence that
does not match the regular expression specified.

After it is constructed, the iterator finds and stores a valaech_results<Bidirectionallterator> position
and sets the internal counto zero. It also maintains a sequera®s which contains a list of the sub-expressions which
will be enumerated. Every timeperator++ is used the count is incremented; ifi exceeds or equalsibs.size(),
then the iterator increments memlpesition and sets courX to zero.

If the end of sequence is reached{ition is equal to the end of sequence iterator), the iterator becomes equal to

the end-of-sequence iterator value, unless the sub-expression being enumerated has index -1, in which case the iterator
enumerates one last sub-expression that contains all the characters from the end of the last regular expression match to
the end of the input sequence being enumerated, provided that this would not be an empty sub-expression.

The default constructor constructs an end-of-sequence iterator object, which is the only legitimate iterator to be used for
the end condition. The result eperator* on an end-of-sequence iterator is not defined. For any other iterator value

a const sub_match<Bidirectionallterator>& is returned. The result afperator-> on an end-of-sequence
iterator is not defined. For any other iterator valusoast sub_match<BidirectionalIlterator>* is returned.

It is impossible to store things intbegex_iterators. Two end-of-sequence iterators are always equal. An end-of-
sequence iterator is not equal to a non-end-of-sequence iterator. Two non-end-of-sequence iterators are equal when they
are constructed from the same arguments.

template <class BidirectionalIterator,
class charT = typename iterator_traits<Bidirectionallterator>::value_type,
class traits = regex_traits<charT> >

class regex_token_iterator

{

public:
typedef basic_regex<charT, traits> regex_type;
typedef sub_match<BidirectionalIlterator> 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;

regex_token_iterator();
regex_token_iterator(Bidirectionallterator a, Bidirectionallterator b,

const regex_type& re,

int submatch = O,

regex_constants: :match_flag_type m = regex_constants::match_default);
regex_token_iterator(Bidirectionallterator a, Bidirectionallterator b,

const regex_type& re,

const std::vector<int>& submatches,
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regex_constants: :match_flag type m = regex_constants::match_default);
template <std::size_t N>
regex_token_iterator(Bidirectionallterator a, Bidirectionallterator b,

const regex_type& re,

const int (&submatches) [N],

regex_constants: :match_flag_type m = regex_constants::match_default);
regex_token_iterator(const regex_token_iterator&);
regex_token_iterator& operator=(const regex_token_iterator&);
bool operator==(const regex_token_iterator&);
bool operator!=(const regex_token_iterator&) ;
const value_type& operator*();
const value_type* operator->();
regex_token_iterator& operator++();
regex_token_iterator operator++(int);

private: // data members for exposition only:

typedef regex_iterator<Bidirectionallterator, charT, traits> position_iterator;
position_iterator position;
const value_type *result;
value_type suffix;
std::size_t N;
std: :vector<int> subs;

};

A suffix iteratoris aregex_token_iterator object that points to a final sequence of characters at the end of the target
sequence. In a suffix iterator the membesult holds a pointer to the data membeiffix, the value of the member
suffix.match iS true, suffix.first points to the beginning of the final sequence, andlf ix. second points to

the end of the final sequence.

[Note: for a suffix iterator, data membenffix.first is the same as the end of the last match found, sarfdix
.second is the same as the end of the target sequen@nd notg

Thecurrent matchs (xposition) .prefix () if subs[N] == -1, or (xposition) [subs[N]] for any other value of
subs [N].
7.12.2.1 regex_token_iterator constructors [tr.re.tokiter.cnstr]

regex_token_iterator();

Effects:Constructs the end-of-sequence iterator.

regex_token_iterator(BidirectionalIlterator a, Bidirectionallterator b,
const regex_type& re,
int submatch = O,
regex_constants: :match_flag type m = regex_constants::match_default);

regex_token_iterator(Bidirectionallterator a, Bidirectionallterator b,
const regex_type& re,
const std::vector<int>& submatches,

regex_constants: :match_flag _type m = regex_constants::match_default);

template <std::size_t N>
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regex_token_iterator(BidirectionalIlterator a, Bidirectionallterator b,
const regex_type& re,
const int (&submatches) [R],
regex_constants: :match_flag type m = regex_constants::match_default);

Effects: The first constructor initializes the membmibs to hold the single valugubmatch. The second con-
structor initializes the membenbs to hold a copy of the argumestibmatches. The third constructor initializes
the membesgubs to hold a copy of the sequence of integer values pointed to by the iterator fasgenatches,
&submatches + R).

Each constructor then sdigo 0, andposition to position_iterator(a, b, re, f). If position is not

an end-of-sequence iterator the constructor sesalt to the address of the current match. Otherwise if any of
the values stored igubs is equal to -1 the constructor setshis to a suffix iterator that points to the range,

b), otherwise the constructor setshis to an end-of-sequence iterator.

7.12.2.2 regex_token_iterator comparisons [tr.re.tokiter.comp]

bool operator==(const regex_token_iterator& right);

Returns:true if *this andright are both end-of-sequence iterators, ofthis andright are both suffix
iterators andsuffix == right.suffix; otherwise returngalse if *this or right is an end-of-sequence
iterator or a suffix iterator. Otherwise returfisue if position == right.position, N == right.N, and
subs == right.subs. Otherwise returngalse.

bool operator!=(const regex_token_iterator& right);

Returns:! (xthis == right).

7.12.2.3 regex_token_iterator dereference [tr.re.tokiter.deref]

const value_type& operator*();
Returns:xresult.
const value_type* operator->();

Returnsiresult.

7.12.2.4 regex_token_iterator increment [tr.re.tokiter.incr]

regex_token_iterator& operator++();
Effects:Constructs a local variablerev of typeposition_iterator, initialized with the value oposition.
If *this is a suffix iterator, setgthis to an end-of-sequence iterator.
Otherwise, ifN + 1 < subs.size(), incrementdl and setxesult to the address of the current match.
Otherwise, sets to 0 and incrementsosition. If position is not an end-of-sequence iterator the operator sets
result to the address of the current match.
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5 Otherwise, if any of the values storedsinibs is equal to -1 an@rev->suffix () . length () is not 0 the operator
setsxthis to a suffix iterator that points to the rangprev->suffix() .first, prev->suffix().second).

6 Otherwise, setgthis to an end-of-sequence iterator.

Returns:xthis

regex_token_iterator& operator++(int);

7 Effects:Constructs a copymp of *this, then calls++(*this).
8 Returns:tmp.
7.13 Modified ECMAScript regular expression grammar [tr.re.grammar]

1 The regular expression grammar recognized by class templaie_regex is that specified by ECMA-2627], except
as specified below.

2 Objects of type specialization dhsic_regex store within themselves a default-constructed instance of theitrts
template parameter, henceforth referred taasits_inst. Thistraits_inst object is used to support localization
of the regular expressiomasic_regex object member functions shall not call any locale dependent C or C++ API,
including the formatted string input functions. Instead they shall call the appropriate traits member function to achieve
the required effect.

3 The following productions within the ECMAScript grammar are modified as follows:

CharacterClass ::
[ [lookahead ¢ {"}] ClassRanges ]
[ ~ ClassRanges ]

ClassAtom ::
ClassAtomNoDash
ClassAtomExClass
ClassAtomCollatingElement
ClassAtomEquivalence

4 The following new productions are then added:

ClassAtomExClass ::
[: ClassName :]

ClassAtomCollatingElement ::
[. ClassName .]

ClassAtomEquivalence ::
[= ClassName =]

ClassName ::

ClassNameCharacter
ClassNameCharacter ClassName
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ClassNameCharacter ::
SourceCharacter but not one of "." "=" "."

The productionlassAtomExClass, ClassAtomCollatingElement and ClassAtomEquivalence provide func-
tionality equivalent to that of the same features in POSIX regular expressidhs [

The regular expression grammar may be modified byragx_constants: :syntax_option_type flags specified
when constructing an object of type specializatioma@$ic_regex according to the rules in tabRS.

A ClassName production, when used i@lassAtomExClass, iS not valid if traits_inst.lookup_classname re-
turns zero for that name. The names recognized as @atidsNames are determined by the type of the traits class, but
at least the following names shall be recognizethum, alpha, blank, cntrl, digit, graph, lower, print, punct,
space, upper, xdigit, 4, s, w. In addition the following expressions shall be equivalent:

\d and [[:digit:]]
\D and [~[:digit:]]
\s and [[:space:]]
\S and ["[:space:]]
\w and [_[:alnum:]]

\W and ["_[:alnum:]]

A ClassName production when used in@lassAtomCollatingElement production is not valid if the value returned
by traits_inst.lookup_collatename for that name is an empty string.

The results from multiple calls toraits_inst.lookup_classname can be bitwise OR’ed together and subsequently
passed taraist_inst.isctype.

A ClassName production when used in @lassAtomEquivalence production is not valid if the value returned by
traits_inst.lookup_collatename for that name is an empty string or if the value returnedtbgits_inst
.transform_primary for the result of the call taraits_inst.lookup_collatename iS an empty string.

When the sequence of characters being transformed to a finite state machine contains an invalid class name the translator

shall throw an exception object of typegex_error.

If the CV of aUnicodeEscapeSequenisgyreater than the largest value that can be held in an object othgd the
translator shall throw an exception object of tyerex_error. [Note: this means that values of the formaxxxx"
that do not fit in a character are invalid-end notg

Where the regular expression grammar requires the conversion of a sequence of characters to an integral value, this is

accomplished by callingraits_inst.value.

The behavior of the internal finite state machine representation when used to match a sequence of characters is as

described in ECMAScriptq]. The behavior is modified according to any match_flag type flag< specified when
using the regular expression object in one of the regular expression algorithinshe behavior is also localized by
interaction with the traits class template parameter as follows:
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— During matching of a regular expression finite state machine against a sequence of characters, two characters
andd are compared using the following rules:

1. if (flags() & regex_constants::icase) the two characters are equatifaits_inst.translate_-
nocase(c) == traits_inst.translate_nocase(d);

2. otherwise, ifflags() & regex_constants::collate) the two characters are equaltifaits_inst
.translate(c) == traits_inst.translate(d);

3. otherwise, the two characters are equal if= d.

— During matching of a regular expression finite state machine against a sequence of characters, comparison of a
collating element range1-c2 against a characteris conducted as follows: iflags() & regex_constants
: :collate is false then the characteris matched ifc1 <= ¢ && ¢ <= c2, otherwisec is matched in accor-
dance with the following algorithm:
string_type strl = string_type(1,
flags() & icase 7 traits_inst.translate_nocase(cl) : traits_inst.translate(cl);

string_type str2 = string_type(1,
flags() & icase 7 traits_inst.translate_nocase(c2) : traits_inst.translate(c2);

string_type str = string_type(l,
flags() & icase ? traits_inst.translate_nocase(c) : traits_inst.translate(c);

return traits_inst.transform(strl.begin(), stril.end())
<= traits_inst.transform(str.begin(), str.end())
&& traits_inst.transform(str.begin(), str.end())
<= traits_inst.transform(str2.begin(), str2.end());

— During matching of a regular expression finite state machine against a sequence of characters, testing whether a
collating element is a member of a primary equivalence class is conducted by first converting the collating element
and the equivalence class to sort keys usingits: :transform_primary, and then comparing the sort keys

for equality.

— During matching of a regular expression finite state machine against a sequence of characters, a chsracter
a member of a character class designated by an iterator faiget, last) if traits_inst.isctype(c,
traits_inst.lookup_classname(first, last)) iStrue.
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[tr.c99]

1 This clause describes additions designed to bring the Standard C++ library in closer agreement with the library described

in ISO/IEC 9899:1999 Standard C, as corrected through 2003 (hereafter C99, for short).

2 To avoid the need for language changes:

1. Any use of the typ@ong long in C99 is replaced in this clause by the tygeonglong, which behaves like a
signed integer type that occupies at least 64 bits. Any header containing a declaration thabuggsng shall
provide an idempotent definition of.onglong.

2. Any use of the typeinsigned long long in C99 is replaced in this clause by the typ@l.onglong, which
behaves like an unsigned integer type with the same number of bitkoaglong. Any header containing a

declaration that usesJLonglong shall provide an idempotent definition gfLonglong.

3. Any use of the type qualifierestrict in C99 shall be omitted in this clause.

8.1 Additions to header<complex>

8.1.1 Synopsis

namespace std {
namespace trl {
template<class
template<class
template<class

template<class
template<class
template<class
template<class

} // namespace trl
} // namespace std

™
>
™

™
™
™
™

8.1.2 Function acos

1 Effects:Behaves the same as C99 functiros, defined in subclause 7.3.5.1.

8.1.3 Function asin

1 Effects:Behaves the same as C99 functias in, defined in subclause 7.3.5.2.

complex<T>
complex<T>
complex<T>

complex<T>
complex<T>
complex<T>
complex<T>

acos(complex<T>& x);
asin(complex<T>& x);
atan(complex<T>& x);

acosh(complex<T>& x);
asinh(complex<T>& x);
atanh(complex<T>& x);
fabs (complex<T>& x);

[tr.c99.cmplX]
[tr.c99.cmplx.syn]

[tr.c99.cmplx.acos]

[tr.c99.cmplx.asin]
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8.1.4 Function atan

Effects:Behaves the same as C99 functitan, defined in subclause 7.3.5.3.

8.1.5 Function acosh

Effects:Behaves the same as C99 functiaitosh, defined in subclause 7.3.6.1.

8.1.6 Function asinh

Effects:Behaves the same as C99 functias inh, defined in subclause 7.3.6.2.

8.1.7 Function atanh

Effects:Behaves the same as C99 functimtanh, defined in subclause 7.3.6.3.

8.1.8 Function fabs

Effects:Behaves the same as C99 functiabs, defined in subclause 7.3.8.1.

8.1.9 Additional Overloads

The following function templates shall have additional overloads:

arg norm
conj polar
imag real

The additional overloads shall be sufficient to ensure:

[tr.c99.cmplx.atan]

[tr.c99.cmplx.acosh]

[tr.c99.cmplx.asinh]

[tr.c99.cmplx.atanh]

[tr.c99.cmplx.fabs]

[tr.c99.cmplx.over]

1. If the argument has typbong double, then it is effectively cast toomplex<long double>.

2. Otherwise, if the argument has typeuble or an integer type, then it is effectively castdamplex<double>.

3. Otherwise, if the argument has typgoat, then it is effectively cast taomplex<float>.

Function templat@ow shall have additional overloads sufficient to ensure, for a call with at least one argument of type

complex<T>:

1. If either argument has typeomplex<long double> Or typelong double, then both arguments are effectively

cast tocomplex<long double>.

2. Otherwise, if either argument has typemplex<double>, double, Or an integer type, then both arguments are

effectively cast taccomplex<double>.

3. Otherwise, if either argument has typemplex<float> or float, then both arguments are effectively cast to

complex<float>.
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8.2 Header<ccomplex> [tr.c99.ccmplx]
The header behaves as if it simply includes the headetiplex>.
8.3 Header<complex.h> [tr.c99.cmplxh]

The header behaves as if it includes the headesmplex>, and provides sufficientsingdeclarations to declare in the
global namespace all function and type names declared or defined in the neatigrex>.

8.4 Additions to header<cctype> [tr.c99.cctype]

8.4.1 Synopsis [tr.c99.cctype.syn]

namespace std {
namespace trl {

int isblank(int ch);
} // namespace trl
} // namespace std

8.4.2 Function isblank [tr.c99.cctype.blank]
Functionisblank behaves the same as C99 functigmlank, defined in subclause 7.4.1.3.

8.5 Additions to header<ctype.h> [tr.c99.ctypeh]
The header behaves as if it includes the headetype>, and provides sufficient additionasingdeclarations to declare

in the global namespace the additional function name declared in the headgpe>.

8.6 Header<cfenv> [tr.c99.cfenv]

8.6.1 Synopsis [tr.c99.cfenv.syn]

namespace std {

namespace trl {
Il types
typedef object type fenv_t;
typedef integer type fexcept_t;

Il functions

int feclearexcept(int except);

int fegetexceptflag(fexcept_t *pflag, int except);

int feraiseexcept(int except);

int fesetexceptflag(const fexcept_t *pflag, int except);
int fetestexcept(int except);

int fegetround(void);
int fesetround(int mode);

int fegetenv(fenv_t *penv);

int feholdexcept(fenv_t *penv);

int fesetenv(const fenv_t *penv);

int feupdateenv(const fenv_t *penv);
} // namespace trl
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} // namespace std

1 The header also defines the macros:

FE_ALL_EXCEPT
FE_DIVBYZERO
FE_INEXACT
FE_INVALID
FE_OVERFLOW
FE_UNDERFLOW

FE_DOWNWARD
FE_TONEAREST
FE_TOWARDZERO
FE_UPWARD

FE_DFL_ENV

8.6.2 Definitions [tr.c99.cfenv.def]
1 The header defines all functions, types, and macros the same as C99 subclause 7.6.
8.7 Header<fenv.h> [tr.c99.fenv]

1 The header behaves as if it includes the headéenv>, and provides sufficientsingdeclarations to declare in the
global namespace all function and type names declared or defined in the heteler>.

8.8 Additions to header<cfloat> [tr.c99.cfloat]

1 The header defines the macros:

DECIMAL_DIG
FLT_EVAL_METHOD

the same as C99 subclause 5.2.4.2.2.

8.9 Additions to header<float.h> [tr.c99.floath]
1 The header behaves as if it defines the additional macros defiredioat> by including the headefcfloat>.

8.10 Additions to header<ios> [tr.c99.i0S]

8.10.1 Synopsis [tr.c99.i0s.syN]

namespace std {
namespace trl {
ios_base& hexfloat(ios_base& str);
} // namespace trl
} // namespace std

8.10.2 Functionhexfloat [tr.c99.i0s.hex]

ios_base& hexfloat(ios_base& str);
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Effects:Callsstr.setf(ios_base::fixed | ios_base::scientific, ios_base::floatfield).
Returns:str.

[Note Adding the format flag hexfloat to clad®s_base cannot be done without invading namespace std, so only

the named manipulator is provided. Note also that the more obvious use of ios_base::hex to specify hexadecimal
floating-point format would change the meaning of existing well defined programs. C++2003 gives no meaning to the
combination of fixed and scientifie~end notg

8.11 Header<cinttypes> [tr.c99.cinttypes]
8.11.1 Synopsis [tr.c99.cinttypes.syn]

#include <cstdint>

namespace std {
namespace trl {
Il types
typedef struct {
intmax_t quot, rem;
} imaxdiv_t;

/I functions
intmax_t imaxabs(intmax_t i);
intmax_t abs(intmax_t i);

imaxdiv_t imaxdiv(intmax_t numer, intmax_t denom) ;
imaxdiv_t div(intmax_t numer, intmax_t denom);

intmax_t strtoimax(const char * s, char **endptr, int base);
uintmax_t strtoumax(const char *s, char *xendptr, int base);
intmax_t wcstoimax(const wchar_t *s, wchar_t **endptr, int base);
uintmax_t wcstoumax(const wchar_t *s, wchar_t **endptr, int base) ;
} // namespace trl
} // namespace std

The header also defines numerous macros of the form:

x X}[FAST LEAST]{8 16 32 64}
x X}{MAX PTR}

x} [FAST LEAST]{8 16 32 64}
x}{MAX PTR}

PRI{d
PRI{d
SCN{d
SCN{d

e He e
o o o o
e e 8 8

8.11.2 Definitions [tr.c99.cinttypes.def]
The header defines all functions, types, and macros the same as C99 subclause 7.8.
8.12 Header<inttypes.h> [tr.c99.inttypesh]

The header behaves as if it includes the headenttypes>, and provides sufficienisingdeclarations to declare in
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the global namespace all function and type names declared or defined in the ieladerypes>.
8.13 Additions to header<climits> [tr.c99.climits]

The header defines the macros:

LLONG_MIN
LLONG_MAX
ULLONG_MAX
the same as C99 subclause 5.2.4.2.1.

8.14 Additions to header<limits.h> [tr.c99.limitsh]

The header behaves as if it defines the additional macros defiredinits> by including the headefclimits>.

8.15 Additions to header<locale> [tr.c99.locale]

In subclause 22.2.2.2.2, Table 58 Floating-point conversions, after the line:

floatfield == ios_base::scientific %E

add the two lines:

floatfield == ios_base::fixed | ios_base::scientific && !uppercase %ha
floatfield == ios_base::fixed | ios_base::scientific %A

[Note The additional requirements on print and scan functions, later in this clause, ensure that the print functions gener-
ate hexadecimal floating-point fields with,a or %A conversion specifier, and that the scan functions match hexadecimal
floating-point fields with &g conversion specifier—end notg

8.16 Additions to header<cmath> [tr.c99.cmath]
8.16.1 Synopsis [tr.c99.cmath.syn]

namespace std {

namespace trl {
Il types
typedef floating-type double_t;
typedef floating-type float_t;

/I functions

double acosh(double x);

float acoshf(float x);

long double acoshl(long double x);

double asinh(double x);
float asinhf(float x);
long double asinhl(long double x);

double atanh(double x);

float atanhf(float x);
long double atanhl(long double x);
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double cbrt(double x);
float cbrtf(float x);
long double cbrtl(long double x);

double copysign(double x, double y);
float copysignf(float x, float y);
long double copysignl(long double x, long double y);

double erf(double x);
float erff(float x);
long double erfl(long double x);

double erfc(double x);
float erfcf(float x);
long double erfcl(long double x);

double exp2(double x);
float exp2f(float x);
long double exp2l(long double x);

double expml(double x);
float expmlf(float x);
long double expmll(long double x);

double fdim(double x, double y);
float fdimf(float x, float y);
long double fdiml(long double x, long double y);

double fma(double x, double y, double z);
float fmaf(float x, float y, float z);
long double fmal(long double x, long double y, long double z);

double fmax(double x, double y);
float fmaxf(float x, float y);
long double fmaxl(long double x, long double y);

double fmin(double x, double y);
float fminf(float x, float y);
long double fminl(long double x, long double y);

double hypot(double x, double y);

float hypotf(float x, float y);

long double hypotl(long double x, long double y);
int ilogb(double x);

int ilogbf(float x);

int ilogbl(long double x);

double lgamma(double x);
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float lgammaf (float x);
long double lgammal(long double x);

long long llrint(double x);
long long llrintf(float x);
long long llrintl(long double x);

long long llround(double x);
long long llroundf(float x);
long long llroundl(long double x);

double loglp(double x);
float loglpf(float x);
long double loglpl(long double x);

double log2(double x);
float log2f(float x);
long double log2l(long double x);

double logb(double x);
float logbf(float x);
long double logbl(long double x);

long lrint(double x);
long lrintf(float x);
long lrintl(long double x);

long lround(double x);
long lroundf (float x);
long lroundl(long double x);

double nan(const char *str);
float nanf(const char *str);
long double nanl(const char *str);

double nearbyint(double x);
float nearbyintf(float x);
long double nearbyintl(long double x);

double nextafter(double x, double y);
float nextafterf(float x, float y);
long double nextafterl(long double x, long double y);

double nexttoward(double x, long double y);
float nexttowardf(float x, long double y);
long double nexttowardl(long double x, long double y);

double remainder (double x, double y);

float remainderf(float x, float y);
long double remainderl(long double x, long double y);
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double remquo(double x, double y, int *pquo) ;
float remquof (float x, float y, int *pquo);
long double remquol(long double x, long double y, int *pquo);

double rint(double x);
float rintf(float x);
long double rintl(long double x);

double round(double x);
float roundf(float x);
long double roundl(long double x);

double scalbln(double x, long ex);
float scalblnf(float x, long ex);
long double scalblnl(long double x, long ex);

double scalbn(double x, int ex);
float scalbnf(float x, int ex);
long double scalbnl(long double x, int ex);

double tgamma(double x);
float tgammaf (float x);
long double tgammal(long double x);

double trunc(double x);
float truncf(float x);
long double truncl(long double x);

/I C99 macros defined as C++ templates
template<class T> bool signbit(T x);

template<class T> int fpclassify(T x);

template<class T> bool isfinite(T x);
template<class T> bool isinf(T x);
template<class T> bool isnan(T x);
template<class T> bool isnormal(T x);

template<class T> bool isgreater(T x, T y);
template<class T> bool isgreaterequal(T x, T y);
template<class T> bool isless(T x, T y);
template<class T> bool islessequal(T x, T y);
template<class T> bool islessgreater(T x, T y);
template<class T> bool isunordered(T x, T y);

} // namespace trl

} /I namespace std

1 The header also defines the macros:
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FP_FAST_FMA
FP_FAST_FMAF
FP_FAST_FMAL

FP_ILOGBO
FP_ILOGBNAN

FP_INFINITE
FP_NAN
FP_NORMAL
FP_SUBNORMAL
FP_ZERO

HUGE_VALF
HUGE_VALL

INFINITY
NAN

MATH_ERRNO

MATH_ERREXCEPT
math_errhandling

8.16.2 Definitions [tr.c99.cmath.def]

The header defines all of the above (hon-template) functions, types, and macros the same as C99 subclause 7.12.

8.16.3 Function template definitions [tr.c99.cmath.tmpl]

The function templates:
template<class T> bool signbit(T x);
template<class T> int fpclassify(T x);

template<class T> bool isfinite(T x);
template<class T> bool isinf(T x);
template<class T> bool isnan(T x);
template<class T> bool isnormal(T x);

template<class T> bool isgreater(T x, T y);
template<class T> bool isgreaterequal(T x, T y);
template<class T> bool isless(T x, T y);
template<class T> bool islessequal(T x, T y);
template<class T> bool islessgreater(T x, T y);
template<class T> bool isunordered(T x, T y);

behave the same as C99 macros with corresponding names defined in C99 subclause 7.12.3 Classification macros and
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C99 subclause 7.12.14 Comparison macros.

8.16.4 Additional overloads

1 The following functions shall have additional overloads:

acos ilogb
acosh ldexp
asin lgamma
asinh 1llrint
atan 1llround
atan2 logl0
atanh loglp
cbrt logb

ceil lrint
copysign lround
cos nearbyint
cosh nextafter
erf nexttoward
erfc pow

exp remainder
exp2 remquo
expml rint

fabs round
fdim scalbln
floor scalbn
fma sin

fmax sinh

fmin sqrt

fmod tan

frexp tanh
hypot tgamma
log trunc

[tr.c99.cmath.over]

2 Each of the above functions shall have an overload with all parameters addypée replaced withLlong double. If
the return type of the above function is ty@euble, the return type of the overload shall beng double.

3 Each of the above functions shall also have an overload with all parameters abtytpke replaced withfloat. If the
return type of the above function is tydeuble, the return type of the overload shall beoat.

4 Moreover, there shall be additional overloads sufficient to ensure:

1. If any argument corresponding tadauble parameter has typeong double, then all arguments corresponding

to double parameters are effectively castltong double.

2. Otherwise, if any argument corresponding tédcuble parameter has typ&ouble or an integer type, then all

arguments corresponding double parameters are effectively castdouble.

3. Otherwise, all arguments correspondingitmble parameters are effectively castftboat.
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8.17 Additions to header<math.h> [tr.c99.mathh]

The header behaves as if it includes the headeath>, and provides sufficient additionasingdeclarations to declare
in the global namespace all the additional function template, function, and type names declared or defined in the header
<cmath>.

8.18 Additions to header<cstdarg> [tr.c99.cstdarg]

Add the function macro:

va_copy(va_list dest, va_list src)

as defined in C99 subclause 7.15.1.2.

8.19 Additions to header<stdarg.h> [tr.c99.stdargh]
The header behaves as if it defines the additional macro defiregirdarg> by including the headetcstdarg>.
8.20 The headekcstdbool> [tr.c99.cbool]

The header simply defines the macro:

__bool_true_false_are_defined

as defined in C99 subclause 7.16.

8.21 The headekstdbool.h> [tr.c99.boolh]

The header behaves as if it defines the additional macro definegitbool> by including the headetcstdbool>.

8.22 The headexcstdint> [tr.c99.cstdint]
8.22.1 Synopsis [tr.c99.cstdint.syn]

namespace std {

namespace trl {
typedef signed integer type int8_t; [/ optiona
typedef signed integer type intl16_t; // optional
typedef signed integer type int32_t; [/ optiona
typedef signed integer type int64_t; [/ optiona

typedef signed integer type int_fast8_t;
typedef signed integer type int_fastl6_t;
typedef signed integer type int_fast32_t;
typedef signed integer type int_fast64_t;

typedef signed integer type int_least8_t;
typedef signed integer type int_leastl6_t;
typedef signed integer type int_least32_t;
typedef signed integer type int_least64_t;

typedef signed integer type intmax_t;
typedef signed integer type intptr_t;
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typedef unsigned integer type uint8_t; // optional
typedef unsigned integer type uintl6_t; I/ optiona
typedef unsigned integer type uint32_t; // optiona
typedef unsigned integer type uint64_t; // optional

typedef unsigned integer type uint_fast8_t;
typedef unsigned integer type uint_fastl6_t;
typedef unsigned integer type uint_fast32_t;
typedef unsigned integer type uint_fast64_t;

typedef unsigned integer type uint_least8_t;
typedef unsigned integer type uint_leastl6_t;
typedef unsigned integer type uint_least32_t;
typedef unsigned integer type uint_least64_t;

typedef unsigned integer type uintmax_t;
typedef unsigned integer type uintptr_t;
} /] namespace trl
} // namespace std
1 The header also defines numerous macros of the form:

INT[FAST LEAST]{8 16 32 64}_MIN
[UJINT[FAST LEASTI{8 16 32 64} _MAX
INT{MAX PTR}_MIN
[UJINT{MAX PTR}_MAX
{PTRDIFF SIG_ATOMIC WCHAR WINT}{_MAX _MIN}
SIZE_MAX

plus function macros of the form:

[UTINT{8 16 32 64 MAX}_C

8.22.2 Definitions [tr.c99.cstdint.def]
1 The header defines all functions, types, and macros the same as C99 subclause 7.18.
8.23 The headekstdint.h> [tr.c99.stdinth]

1 The header behaves as if it includes the headetdint>, and provides sufficienisingdeclarations to declare in the
global namespace all type names defined in the headadint>.

8.24 Additions to header<cstdio> [tr.c99.cstdio]
8.24.1 Synopsis [tr.c99.cstdio.syn]

namespace std {
namespace trl {
int snprintf(char *s, size_t n, const char *format, ...);
int vsnprintf(char *s, size_t n, const char *format, va_list ap);

int vfscanf (FILE *stream, const char *format, va_list ap);
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int vscanf(const char *format, va_list ap);

int vsscanf (const char *s, const char *format, va_list ap);
} // namespace trl
} // namespace std

8.24.2 Definitions [tr.c99.cstdio.def]

The header defines all added functions the same as C99 subclause 7.19.

8.24.3 Additional format specifiers [tr.c99.cstdio.spec]

The formatted output functions shall support the additional conversion specifications specified in C99 subclause 7.19.6.1.
The formatted input functions shall support the additional conversion specifications specified in C99 subclause 7.19.6.2.

[Note These include the conversion specifiaror hexadecimal floating-point) aridl and the conversion qualifiers
hh, h, 11, £, andz (for various integer types). They also include the ability to match and generate various text forms of
infinity and NaN values—end notg

8.24.4 Additions to headexstdio.h> [tr.c99.stdioh]

The header behaves as if itincludes the headetdio>, and provides sufficient additionasingdeclarations to declare
in the global namespace all added function names defined in the headelio>.

8.25 Additions to header<cstdlib> [tr.c99.cstdlib]

8.25.1 Synopsis [tr.c99.cstdlib.syn]

namespace std {
namespace trl {
Il types
typedef struct {
_Longlong quot, rem;
} 11div_t;

Il functions
_Longlong llabs(long long i);
11div_t 11div(_Longlong numer, _Longlong denom);

_Longlong atoll(const char *s);
_Longlong strtoll(const char *s, char **endptr, int base);
_ULonglong strtoull(const char *s, char **endptr, int base);

float strtof(const char *s, char **endptr);
long double strtold(const char *s, char *xendptr);

I overloads

_Longlong abs(_Longlong 1i);

11div_t div(_Longlong numer, _Longlong denom) ;
} // namespace trl
} /I namespace std

ISO/IEC PDTR 19768



165 C compatibility 8.26 Additions to header<stdlib.h>

8.25.2 Definitions [tr.c99.cstdlib.def]

The header defines all added types and functions, other than the overleadsasfddiv, the same as C99 subclause
7.20.

8.25.3 Functionabs [tr.c99.cstdlib.abs]

_Longlong abs(_Longlong 1i);

Effects:Behaves the same as C99 functidrabs, defined in subclause 7.20.6.1.

8.25.4 Functiondiv [tr.c99.cstdlib.div]

11div_t div(_Longlong numer, _Longlong denom);

Effects:Behaves the same as C99 functidnliv, defined in subclause 7.20.6.2.

8.26 Additions to header<stdlib.h> [tr.c99.stdlibh]

The header behaves as if it includes the headertdlib>, and provides sufficient additionaking declarations to
declare in the global namespace all added type and function names defined in the<headetb>.

8.27 Header<ctgmath> [tr.c99.ctgmath]

The header simply includes the headetsomplex> and<cmath>.

[Note The overloads provided in C99 by magic macros are already providedcismplex> and<cmath> by "suffi-
cient" additional overloads—end notg

8.28 Header<tgmath.h> [tr.c99.tgmathh]

The header effectively includes the headetsmplex.h> and<math.h>.

8.29 Additions to header<ctime> [tr.c99.ctime]

The functionstrftime shall support the additional conversion specifiers and modifiers specified in C99 subclause
7.23.3.4.

[Note These include the conversion specifier®, e, F, g, G, h, r, R, t, T, u, V, andz, and the modifier& and0. —end
notd

8.30 Additions to header<cwchar> [tr.c99.cwchar]
8.30.1 Synopsis [tr.c99.cwchar.syn]

namespace std {
namespace trl {
float wcstof(const wchar_t *nptr, wchar_t *xendptr);
long double wcstold(const wchar_t *nptr, wchar_t *xendptr);
_Longlong wcstoll(const wchar_t *nptr, wchar_t **endptr, int base);
_ULonglong wcstoull(const wchar_t *nptr, wchar_t *xendptr, int base);

int vfwscanf (FILE *stream, const wchar_t *format, va_list arg);
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int vswscanf (const wchar_t *s, const wchar_t *format, va_list arg);
int vwscanf (const wchar_t *format, va_list arg);

} // namespace trl

} // namespace std

Moreover, the functionicsftime shall support the additional conversion specifiers and modifiers specified in C99
subclause 7.23.3.4.

8.30.2 Definitions [tr.c99.cwchar.def]

The header defines all added functions the same as C99 subclause 7.24.

8.30.3 Additional wide format specifiers [tr.c99.cwchar.spec]

The formatted wide output functions shall support the additional conversion specifications specified in C99 subclause
7.24.2.1.

The formatted wide input functions shall support the additional conversion specifications specified in C99 subclause
7.24.2.2.

[Note These are essentially the same extensions as for the headetio>. —end notg

8.31 Additions to header<wchar.h> [tr.c99.wcharh]

The header behaves as if it includes the headechar>, and provides sufficient additionasingdeclarations to declare
in the global namespace all added function names defined in the headaar>.

8.32 Additions to header<cwctype> [tr.c99.cwctype]
8.32.1 Synopsis [tr.c99.cwctype.syn]

namespace std {
namespace trl {
int iswblank(wint_t ch);

} // namespace trl

} // namespace std
8.32.2 Functioniswblank [tr.c99.cwctype.iswblank]
Functioniswblank behaves the same as C99 functiegwblank, defined in subclause 7.25.2.1.3.
8.33 Additions to header<wctype.h> [tr.c99.wctypeh]

The header behaves as if it includes the headegictype>, and provides sufficient additionaking declarations to
declare in the global namespace the additional function name declared in the headsipe>.
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Annex A
(informative)
Implementation quantities [tr.limits]

1 Npax, the maximum number of arguments that can be forwarded by the call wrapdi} defined in R.1], [3.5],
[3.6], [3.7], and the maximum number of argument types that can be passed in the argumenilte_of ([3.4]), is
implementation defined. The valuelgfzx should be at least 10.

2 The number of distinct placeholder8(f)) is implementation defined. The number should be at least 10.

3 The maximum number of elements in one tuple type (cl&ubds implementation defined. This limit should be at least
10.
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div, 155 164, 165
double_t, 156
dynamic_pointer_cast
shared_ptr, 13

ECMAScript,118 148
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egrep, 118
ellint_1,74
ellint_2,75
ellint_3,75
elliptic integrals,72, 74, 75
complete,72
incomplete,74, 75
empty
match_results, 136
enable_shared_from_this, 17
~“enable_shared_from_this, 18
enable_shared_from_this, 17
operator=, 18
shared_from_this, 18
end
array, 87
match_results, 137
unordered associative containeds,
engine
variate_generator, 50
entropy
random_device, 60
equal_range
unordered associative containeds,
erase
unordered associative containedg,
erf, 156, 161
erfc, 156, 161
error_type, 120, 121
Eulerian integral of the first kindseebeta
exception
bad_function_call, 24
bad_weak_ptr, 7
exp, 161
exp2, 156 161
expint, 75
expired
weak_ptr, 16
expml, 156 161
exponential integralf5
exponential_distribution, 65
exponential_distribution, 65
lambda, 66

fabs, 152 161
fdim, 156, 161

FE_ALL_EXCEPT, 154
FE_DFL_ENV, 154
FE_DIVBYZERO, 154
FE_DOWNWARD, 154
FE_INEXACT, 154
FE_INVALID, 154
FE_OVERFLOW, 154
FE_TONEAREST, 154
FE_TOWARDZERO, 154
FE_UNDERFLOW, 154
FE_UPWARD, 154
feclearexcept, 154
fegetenv, 154
fegetexceptflag, 154
fegetround, 154
feholdexcept, 154
<fenv.h>, 154
fenv_t, 154
feraiseexcept, 154
fesetenv, 154
fesetexceptflag, 154
fesetround, 154
fetestexcept, 154
feupdateenv, 154
fexcept_t, 154
find

unordered associative containeds,
finite state machine,09
<float.h>, 154
float_t, 156
floatfield, 156
floor, 161
FLT_EVAL_METHOD, 154
fma, 156, 161
fmax, 156, 161
fmin, 156 161
fmod, 161
format

match_results, 137
format specifier109, 154, 164, 166
format_default, 118 119
format_first_only, 118 120, 141
format_no_copy, 118 120, 141
format_sed, 118 119
forwarding call wrapper2l
FP_FAST_FMA, 156
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FP_FAST_FMAF, 156
FP_FAST_FMAL, 156
FP_ILOGBO, 156
FP_ILOGBNAN, 156
FP_INFINITE, 156
FP_NAN, 156
FP_NORMAL, 156
FP_SUBNORMAL, 156
FP_ZERO, 156
fpclassify, 156 160
frexp, 161
function, 25
~function, 27
bool conversion28
function, 26
invocation,28
operator!=, 29
operator(), 28
operator=, 27
operator==, 29
swap, 28, 29
target, 28
target_type, 28
function objects19-29
binders,22-24
mem_fn, 22
return type21-22
wrapper,24-29
<functional>, 3,19, 94

gamma_distribution, 67

alpha, 67

gamma_distribution, 67
geometric_distribution, 62
geometric_distribution, 63

p, 63

get
array, 89
pair, 85

reference_wrapper, 5

shared_ptr, 11

tuple, 84
get_deleter

shared_ptr, 14
grammar

regular expressiori,24, 148

grep, 118

hash, 94, 95
instantiation restriction95
operator(), 95
hash code90
hash function89
hash tablesseeunordered associative containers
hash_function
unordered associative containedg,
hasher
unordered associative containedg,
headers]l
hermite, 75
hexfloat, 154
Hn polynomials,75
HUGE_VALF, 156
HUGE_VALL, 156
hyperg, 76
hypergeometric function3,6
confluent,73
hypot, 156 161

ly, 73
ilogb, 156, 161
ilogbf, 156
ilogbl, 156
imag, 152
imaxabs, 155
imaxdiv, 155
imaxdiv_t, 155
INFINITY, 156
insert

unordered associative containedg,
int16_t, 162
int32_t, 162
int64_t, 162
int8_t, 162
int_fast16_t, 162
int_fast32_t, 162
int_fast64_t, 162
int_fast8_t, 162
int_least16_t, 162
int_least32_t, 162
int_least64_t, 162
int_least8_t, 162
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intmax_t, 155 162
intptr_t, 162
<inttypes.h>, 155
INVOKE, 20, 21
<ios>, 154
ios_base, 154, 156
is_bind_expression, 22
value, 23
is_placeholder, 23
value, 23
isblank, 153
isctype
regex_traits, 123
Regular Expression Trait§11, 149
isfinite, 156, 160
isgreater, 156 160
isgreaterequal, 156 160
isinf, 156 160
isless, 156, 160
islessequal, 156 160
islessgreater, 156 160
isnan, 156, 160
isnormal, 156, 160
isunordered, 156 160
isbwlank, 166

Jv, 73
in, 77

Ky, 74
key_eq

unordered associative containedg,
key_equal

unordered associative containeds,
key_type

unordered associative containeds,

laguerre, 76

Laguerre polynomials]1

lambda
exponential_distribution, 66

ldexp, 161

legendre, 76

Legendre functions/1, 76, 77

length
sub_match, 129

lgamma, 156, 161
linear_congruential, 50
linear_congruential, 51
seed, 51
template parameterS1
llabs, 164
11div, 164
LLONG_MAX, 156
LLONG_MIN, 156
1llrint, 156 161
llrintf, 156
1lrintl, 156
1llround, 156 161
1lroundf, 156
1llroundl, 156
load_factor
unordered associative containeds,
local_iterator, 90
unordered associative containeds,
locale,109-111, 118 123 128 148
<locale>, 156
lock
weak_ptr, 16
log, 161
logl0, 161
loglp, 156 161
log2, 156
logb, 156 161
long long, 151
lookup_classname
regex_traits, 122
Regular Expression Trait$,11, 149, 150
lookup_collatename
regex_traits, 122
Regular Expression Trait10, 149
lrint, 156 161
lrintf, 156
lrintl, 156
lround, 156 161
lroundf, 156
lroundl, 156

make_tuple, 82

match_any, 118 119
match_continuous, 118 119, 144
match_default, 118
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match_flag_type, 118 119 149
match_not_bol, 118 119
match_not_bow, 118 119
match_not_eol, 118 119
match_not_eow, 118 119
match_not_null, 118 119 144
match_prev_avail, 118 119 144
match_results, 134, 142 145
as Sequencd,34
begin, 137
empty, 136
end, 137
format, 137
match_results, 135
matched, 134
max_size, 136
operator=, 135
operator([], 136
prefix, 137
size, 136
str, 136
suffix, 137
swap, 138
matched;109
<math.h>, 78, 162
MATH_ERREXCEPT, 156
math_errhandling, 156
MATH_ERRNO, 156
max
random_device, 60
uniform_int, 61
uniform_real, 65
variate_generator, 50
max_bucket_count
unordered associative containeds,
max_load_factor
unordered associative containedd,
max_size
array, 87
match_results, 136
mean
normal_distribution, 66
poisson_distribution, 63
mem_fn, 22
<memory>, 6
mersenne_twister, 51

algorithm,52

mersenne_twister, 52, 53

operator==, 53

seed, 53

template parameters2
min

random_device, 60

uniform_int, 61

uniform_real, 65

variate_generator, 50
minstd_rand, 59
minstd_randO, 59
mt19937, 59

N,, 74

namespaceq,
placeholders, 24
regex_constants, 117
std, 1
trl, 1

NAN, 156

nan, 156

nearbyint, 156 161

Neumann functions(4, 78

nextafter, 156 161

nexttoward, 156, 161

n, function,78

norm, 152

normal_distribution, 66
mean, 66
normal_distribution, 66
sigma, 66

operator!=
function, 29
regex_iterator, 143
regex_token_iterator, 147
shared_ptr, 12
sub_match, 129-133
tuple, 85

operator ()
discard_block, 57
function, 28
hash, 95
random_device, 60
reference_wrapper, 5
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uniform_int, 61
variate_generator, 49, 50
xor_combine, 59

operatorx
regex_iterator, 144
regex_token_iterator, 147
shared_ptr, 11

operator++
regex_iterator, 144
regex_token_iterator, 147, 148

operator->
shared_ptr, 11

operator<
shared_ptr, 12
sub_match, 129-133
tuple, 84
weak_ptr, 16

operator<<
shared_ptr, 13
sub_match, 134

operator<=
sub_match, 129 130 132-134
tuple, 85

operator=
basic_regex, 126 127
enable_shared_from_this, 18
function, 27
match_results, 135
shared_ptr, 10
tuple, 82
weak_ptr, 15

operator==
function, 29
mersenne_twister, 53
regex_iterator, 143
regex_token_iterator, 145 147
shared_ptr, 12
sub_match, 129-133
subtract_with_carry, 54
subtract_with_carry_01, 56
tuple, 84

operator>
sub_match, 130-133
tuple, 85

operator>=
sub_match, 130, 132 133

tuple, 85
operator|[]
match_results, 136
unordered_map, 102
overloads
floating point,67, 70, 152, 161

P
bernoulli_distribution, 62
binomial_distribution, 64
geometric_distribution, 63
pair, 82,85

get, 85
tuple interface to85
R polynomials,76
placeholders, 24
Am, 71
poisson_distribution, 63
mean, 63
poisson_distribution, 63
polar, 152
POSIX
extended regular expressioid,8
regular expression§,18
pow, 152 161
prefix
match_results, 137
primary equivalence clas$p9

Pseudo-random number engine requiremefts,

<random>, 47
Random distribution requirement
random number generator3-67
random_device, 59

entropy, 60

max, 60

min, 60

operator(), 60

random_device, 60

using pseudo-random engiréf)
ranlux3, 59
ranlux3_01, 59
ranlux4, 59
ranlux4_01, 59
ranlux64_base_01, 59
ranlux_base_01, 59
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real, 152 matched ;109
ref requirements109

reference_wrapper, 5
reference_wrapper, 3
cref, 5,6
get, 5
operator(),5
ref,5
reference_wrapper, 4
<regex>, 111
regex, 111
regex_constants, 117
error_type, 120, 121
match_flag_type, 118
syntax_option_type, 117
regex_error, 121, 124, 149
regex_iterator, 142
end-of-sequencéd 43
increment144
operator!=, 143
operatorx*, 144
operator++, 144
operator==, 143
regex_iterator, 143
regex_match, 138 139
regex_replace, 141, 142
regex_search, 140 141
regex_token_iterator, 145
end-of-sequencéd 45
operator!=, 147
operatorx, 147
operator++, 147, 148
operator==, 145 147
regex_token_iterator, 146
regex_traits, 121
char_class_type, 122
isctype, 123
lookup_classname, 122
lookup_collatename, 122
specializations]22
transform, 122
transform_primary, 122
translate, 122
translate_nocase, 122
regular expressior,09-150
grammar124, 148

Regular Expression Trait$48
char_class_type, 110
isctype, 111, 149
lookup_classname, 111, 149 150
lookup_collatename, 110 149
requirements109, 122
transform, 110 150
transform_primary, 110, 149 150
translate, 110 150
translate_nocase, 110,150
rehash
unordered associative containeds,
remainder, 156 161
remquo, 156, 161
requirements
Container86, 88, 90, 134
not supported by unordered associated containers,
89,94
Pseudo-random number engidd,
Random distributior46
Regular Expression Trait§09, 122
Sequencel 34
uniform random number generatdf3
Unordered Associative Contain@f)
reset
shared_ptr, 11
weak_ptr, 16
result_of, 21
type, 22
result_type
xor_combine, 58
riemann_zeta, 77
rint, 156, 161
round, 156 161

scalbln, 156 161

scalbn, 156, 161

seed
discard_block, 57
linear_congruential, 51
mersenne_twister, 53
subtract_with_carry, 54
subtract_with_carry_01, 55
xor_combine, 58
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shared_from_this
enable_shared_from_this, 18

shared_ptr, 7,18
“shared_ptr, 10
const_pointer_cast, 13
dynamic_pointer_cast, 13
get, 11
get_deletger, 14
operator!=, 12
operatorx*, 11
operator->, 11
operator<, 12
operator<x, 13
operator=, 10
operator==, 12
reset, 11
shared_ptr, 9
static_pointer_cast, 13
swap, 11, 13
unique, 12
use_count, 12

sigma
normal _distribution, 66

signbit, 156 160

simple call wrapper21

sin, 161

sinh, 161

size
array, 87, 88
match_results, 136

smart pointersg-18

snprintf, 163

special functionsg7-78

sph_bessel, 77

sph_legendre, 77

sph_neumann, 78

spherical harmonicg,7

sqrt, 161

static_pointer_cast
shared_ptr, 13

std, 1

<stdarg.h>, 162

<stdbool.h>, 162

<stdint.h>, 163

<stdio.h>, 164

<stdlib.h>, 165

str
match_results, 136
sub_match, 129
strftime, 165
strtof, 164
strtoimax, 155
strtold, 164
strtoll, 164
strtoull, 164
strtoumax, 155
sub-expressior,09
sub_match, 128
compare, 129
length, 129
operator!=, 129-133
operator<, 129-133
operator<<, 134
operator<=, 129 130 132-134
operator==, 129-133
operator>, 130-133
operator>=, 130, 132 133
str, 129
subtract_with_carry, 53
algorithm,53
operator==, 54
seed, 54
subtract_with_carry, 54
template parameters4
subtract_with_carry_01, 55
algorithm,55
operator==, 56
seed, 55
subtract_with_carry_01, 55
suffix
match_results, 137
swap
array, 88
basic_regex, 128
function, 28, 29
match_results, 138
shared_ptr, 11,13
unordered_map, 102
unordered_multimap, 108
unordered_multiset, 105
unordered_set, 99
weak_ptr, 16, 17
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syntax_option_type, 117,118
awk, 118
basic, 118
collate, 118 150
ECMAScript, 118
egrep, 118
extended, 118
grep, 118
icase, 118
nosubs, 118
optimize, 118

t
binomial_distribution, 64
tan, 161
tanh, 161
target
function, 28
target objectl19, 21
target_type
function, 28
tgamma, 156, 161
<tgmath.h>, 165
tie, 83
trl, 1
transform
regex_traits, 122
Regular Expression Trait$,10, 150
transform_primaryl
Regular Expression Trait$10, 149 150
transform_primary
regex_traits, 122
translate
regex_traits, 122
Regular Expression Trait$,10, 150
translate_nocase
regex_traits, 122
Regular Expression Trait§10 150
trunc, 156 161
<tuple>, 79
tuple, 79, 81, 88, 167
andarray, 88
andpair, 85
get, 84
make_tuple, 82
operator!=, 85

operator<, 84
operator<=, 85
operator=, 82
operator==, 84
operator>, 85
operator>=, 85
tie, 83
tuple, 81, 82
tuple_element, 83, 85, 89
tuple_size, 83, 85, 88
type
result_of, 22

uintl6_t, 162
uint32_t, 162
uint64_t, 162
uint8_t, 162
uint_fast16_t, 162
uint_fast32_t, 162
uint_fast64_t, 162
uint_fast8_t, 162
uint_least16_t, 162
uint_least32_t, 162
uint_least64_t, 162
uint_least8_t, 162
uintmax_t, 162
uintptr_t, 162
ULLONG_MAX, 156
unary function3, 4, 22
unary_function, 95
Uniform number generator requirements,
uniform_int, 61
max, 61
min, 61
operator(), 61
uniform_int, 61
uniform_real, 64
max, 65
min, 65
uniform_real, 65
unique
shared_ptr, 12
unordered associative containe9,-108
begin, 93
bucket, 93
bucket_count, 93
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bucket_size, 93

clear, 93

complexity,89

const_local_iterator, 90

count, 93

end, 93

equal_range, 93

equality function 89

equivalent keys90, 103 105

erase, 92

exception safety94

find, 93

hash function89

hash_function, 92

hasher, 90

insert, 92

iterator invalidation94

iterators,94

key_eq, 92

key_equal, 90

key_type, 90

lack of comparison operator89, 94

load_factor, 93

local_iterator, 90

max_bucket_count, 93

max_load_factor, 94

rehash, 94

requirementsg9, 90, 94

unique keys90, 97, 99
<unordered_map>, 96
unordered_map, 96, 99, 100

element acces§02

operator[], 102

swap, 102

unique keys99

unordered_map, 102
unordered_multimap, 96, 105 106

equivalent keys105

swap, 108

unordered_multimap, 108
unordered_multiset, 95 103

equivalent keys103

swap, 105

unordered_multiset, 105
<unordered_set>, 95
unordered_set, 95, 97

swap, 99

unique keys97

unordered_set, 99
unsigned long long, 151
use_count

shared_ptr, 12

weak_ptr, 16

va_copy, 162
value
is_bind_expression, 23
is_placeholder, 23
variate_generator, 48
distribution, 50
engine, 50
max, 50
min, 50
operator(), 49, 50
variate_generator,49
viscanf, 163
vfwscanf, 165
vscanf, 163
vsnprintf, 163
vsscanf, 163
vswscanf, 165
vwscanf, 165

<wchar.h>, 166
wcsftime, 166
wcstof, 165
wcstoimax, 155
wcstold, 165
wcstoll, 165
wcstoull, 165
wcstoumax, 155
<wctype.h>, 166
weak result type21
weak_ptr, 9, 14
“weak_ptr, 15
expired, 16
lock, 16
operatorx, 16
operator=, 15
reset, 16
swap, 16, 17
use_count, 16
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weak_ptr, 15
what

bad_weak_ptr, 7
wregex, 111

xor_combine, 57
basel, 58
base2, 59
operator (), 59
result_type, 58
seed, 58
template parameters8
xor_combine, 58

Y6, 9), 77

¢ function, 77
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