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1 General [tr.intro]

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

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

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

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

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

1.2 Categories of extensions [trintro.ext]

This technical report describes four general categories of library extensions:

1. New requirement tables, such as the regular expression traits requirements in7c2audgese are not directly
expressed as software; they specify the circumstances under which user-written components will interoperate with
the components described in this technical report.

2. New library components (types and functions) that are declared in entirely new headers, such as the class templates
in the<unordered_set> headei6.3.4.1

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

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

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

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

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

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

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

—end notg

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

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

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

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

1.4 Caveat [trintro.caveat]

This is a draft. It's known to be incomplet and incorrekt, and it has some bad  fonmtti ng.

Draft: September 10, 2004



2 General Utilities [tr.util]

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

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

Table 1: Utilities library summary

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

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

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

template <class T> class reference_wrapper {
public

/1 types

typedef T type;

typedef see below result_type; // Notalways defined

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

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

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

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

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

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

Throws:Does not throw.

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

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

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

Throws:Does not throw.

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

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

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

Throws:Does not throw.

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

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

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

/1 [2.2.3.6 shared_ptr comparisons
template<class T, class U>
bool operator==(shared_ptr<T> const& a, shared_ptr<U> const& b);

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

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

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

/1 [2.2.3.9 shared_ptr casts
template<class T, class U>
shared_ptr<T> static_pointer_cast (shared_ptr<U> const& r);

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

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

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

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

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

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

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

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

2.2.2 Classad_weak_ptr [tr.util.smartptr.weakptr]

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

An exception of typ@&ad_weak_ptr is thrown by theshared_ptr constructor taking aeak_ptr.
bad_weak_ptr ();
Postconditionswhat () returns"tri: :bad_weak_ptr".

Throws:nothing.

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

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

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

/| constructors

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

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

/| destructor
~“shared_ptr ();

/] assignment

shared_ptr& operator=(shared_ptr const& r);

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

/1 modifiers

void swap(shared_ptr& r);

void reset ();

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

/1 observers

T* get() const;

T& operator*() const;

T* operator->() const;

long use_count () const;

bool unique () const;

operator unspecified-bool-type () const;

};

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

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

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

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

/'l specialized algorithms

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

Draft: September 10, 2004
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/1 casts
template<class T, class U>
shared_ptr<T> static_pointer_cast (shared_ptr<U> const& r);

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

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

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

[Example:

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

}
—end examplg.

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

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

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

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

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

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

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

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

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

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

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

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

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

Effects:If r is empty constructs aemptyshared_ptr; otherwise, constructsshared_ptr thatshares owner-
shipwith r.

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

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

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

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

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

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

~“shared_ptr ();
Effects:

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

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

— Otherwisexthis ownsa pointerp, anddelete pis called.
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Throws:nothing.

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

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

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

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

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

| S

q = P

both assignments may be no-ops.

2.2.3.4 shared_ptr modifiers [tr.util.smartptr.shared.mod]

void swap(shared_ptr& r);
Effects:Exchanges the contentsethis andr.

Throws:nothing.

void reset ();

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

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

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

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

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

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

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

Throws:nothing.

T& operator*() const;
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Requiresget () != 0.
Returns*get ().
Throws:nothing.

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

T * operator->() const;
Requiresget () != 0.
Returns:get ).
Throws:nothing.

long use_count () const;

Returnsthe number okhared_ptr objects xthis included, thashare ownershigvith *this, or0 whenthis
is empty

Throws:nothing.

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

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

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

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

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

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

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

Returns:a.get() == b.get().

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

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

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

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

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

Throws:nothing.

Notes:Allows shared_ptr objects to be used as keys in associative containers.

2.2.3.7 shared_ptr operators [tr.util.smartptr.shared.op]

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

Effectsios << p.get();.

Returns:os.

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

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

Effects:Equivalent toa. swap (b).

Throws:nothing.

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

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

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

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

Throws:nothing.
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Notes:the seemingly equivalent expressishared_ptr<T>(static_cast<T*>(r.get())) will eventually
result in undefined behavior, attempting to delete the same object twice.

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

Requires:The expressiodynamic_cast<T*>(r.get ()) is well-formed and does not invoke undefined behav-

ior.
Returns:

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

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

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

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

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

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

Throws:Nothing.

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

2.2.3.10 get_deleter [tr.util.smartptr.getdeleter]

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

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

Throws:nothing.

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

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

namespace trl {
template<class T> class weak_ptr {

public:
typedef T element_type;
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/1 constructors

weak_ptr ();

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

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

/| destructor
“weak_ptr ();

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

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

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

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

/| observers

long use_count () const;

bool expired() const;

shared_ptr<T> lock() const;
};

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

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

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

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

weak_ptr ();
Effects:Constructs ammptyweak_ptr.
Postconditionstise_count () ==

Throws:nothing.

template<class Y> weak_ptr(shared_ptr<Y> const& r);
weak_ptr (weak_ptr const& r);
template<class Y> weak_ptr(weak_ptr<Y> const& r);
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Effects:If r is empty constructs ammptyweak_ptr; otherwise, constructsaeak_ptr that shares ownership
with r and stores a copy of the pointer storedtin

Postconditionsuise_count () == r.use_count().

Throws:nothing.

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

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

Throws:nothing.

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

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

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

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

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

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

void reset ();

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

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

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

Throws:nothing.

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

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

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

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

Throws:nothing.

Notes:Allows weak_ptr objects to be used as keys in associative containers.

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

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

Effects:Equivalent toa. swap (b).

Throws:nothing.

2.2.5 Classtemplatenable_shared_from_this [tr.util.smartptr.enab]

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

[Example:

struct X: public enable_shared_from_this<X>
{
};

int main ()

{
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shared_ptr<X> p(new X);

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

assert(p == q);

assert(!(p < q ) &% '(q < p)); /I pandqshare ownership

—end examplg.

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

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

Effects:Constructs arnable_shared_from_this<T> instance.
Throws:nothing.

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

Returns:xthis.
Throws:nothing.
enable_shared_from_this<T>:: enable_shared_from_this ();
Effects:Destroys«this.
Throws:nothing.

template<class T> shared_ptr<T>
enable_shared_from_this<T>::shared_from_this ();

template<class T> shared_ptr<T const>
enable_shared_from_this<T>::shared_from_this () const;

Requiresienable_shared_from_this<T> is an accessible base classTokthis is a subobject of an instance
t of typeT. There is at least onghared_ptr instancep thatowns&t.
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10 Returns:A shared_ptr<T> instancer thatshares ownership with.
11 Postconditionsr.get () == this.
12 [Note: a typical implementation is shown below:

template<class T> class enable_shared_from_this

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

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

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

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

Table 2: Function object library summary

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

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

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

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

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

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

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

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

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

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

template<class R, class F, class Al>



3.2 Function return types Function objects 20

unspecified bind(F f, Al al);

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

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

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

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

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

extern unspecified _M;

}

/1 [3.5 polymorphic function wrappers
class bad_function_call;

template<class Function> class function;

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

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

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

3.2 Function return types [tr.func.ret]

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

/1 types

typedef wunspecified type;
3

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

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

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

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

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

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

6. Otherwise, the program is ill-formed.

3.3 Function templatemem_fn [tr.func.memfn]

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

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

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

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

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

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

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

Throws:nothing.

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

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

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

static const bool value;

2 trueif Tis atype returned fromind, false otherwise.

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

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

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

static const int value;

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

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

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

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

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

type.
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23 Function objects 3.4 Function object binders

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

10

11

12

13

14

15

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

struct forward {

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

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

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

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

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

Throws:nothing unless the copy constructorfothrows an exception.

Notes:Implementations are allowed to impose an upper liminoftypically one more than the number of sup-
ported placeholders). It is implementation defined wheghemssignable or DefaultConstructible.

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

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

Throws:nothing unless the copy constructorfofhrows an exception.

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

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

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

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

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

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

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

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

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

Returnsbind (mem_fn(pm), al).

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

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

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

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

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

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

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

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

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

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

type.

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

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

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

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

expression convertible ®

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

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

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

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

3.4.4 Placeholders [tr.func.bind.place]

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

}
}

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

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

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

3.5.1 Classad_function_call [tr.func.wrap.badcall]

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

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

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

bad_function_call ();

Effects:constructs @ad_function_call object.

3.5.2 Classtemplatefunction [tr.func.wrap.func]

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

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

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

convertible toR.

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

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

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

function (F);
template<class F>

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

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

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

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

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

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

/1 [3.5.2. undefined operators

template<class Functionl, class Function2>

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

template<class Functionl, class Function2>

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

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

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

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

template<class F>
function(F f);

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

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

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

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

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

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

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

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

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

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

Returns:xthis

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

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

Returns:xthis

Throws:will not throw.
“function();

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

3.5.2.2 function modifiers

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

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

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

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

Throws:will not throw.

operator unspecified-bool-type () const

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

Throws:will not throw.

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

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

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

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

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

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

Effects:f1.swap(£2) ;

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

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

This function shall be left undefined.

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

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

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

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

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

Table 3: Type traits library summary

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

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

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

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

Table 4: UnaryTypeTrait requirements

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

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

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

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

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

Table 5: BinaryTypeTrait requirements

expression return type requirement |

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

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

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

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

4.1.3 Transformation type traits [tr.meta.rgmts.trans]

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

Table 6: TransformationTrait requirements

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

namespace tri{

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

/1 [4.3.9 Primary type categories:

template <class T> struct is_void;

template <class T> struct is_integral;

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

template <class T> struct is_pointer;

template <class T> struct is_reference;

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

template <class T> struct is_union;

template <class T> struct is_class;

template <class T> struct is_function;

/1 [4.3.3 composite type categories:

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

/1 [4.3.4 type properties:

template <class T> struct is_const;

template <class T> struct is_volatile;

template <class T> struct is_pod;

template <class T> struct is_empty;

template <class T> struct is_polymorphic;

template <class T> struct is_abstract;

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

template <class T> struct is_unsigned;

template <class T> struct alignment_of;

template <class T> struct rank;

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

/1 [4.4 type relations:

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

/1 [4.5.] const-volatile modifications:

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

struct
struct
struct
struct
struct
struct

template
template
template
template
template
template

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

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

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

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

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

remove_reference;
add_reference;

remove_extent;
remove_all_extents;

remove_pointer;
add_pointer;

aligned_storage;

class Derived> struct is_base_of;

} // namespace trl

4.3 Unary Type Traits [trmeta.unary]

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

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

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

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

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

template <class T, T v>
struct integral_constant

{

static const T value = v;
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typedef T value_type;
typedef integral_constant<T,v> type;
3
typedef integral_constant<bool, true> true_type;
typedef integral_constant<bool, false> false_type;

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

tions where a type rather than a value is required.

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

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

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

For any given typd, the result of applying one of these templates,tand tocv-qualifiedT shall yield the same result.
Undefined behaviour results if any C++ program adds specializations for any of the class templates defined in this clause.

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

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

3

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

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

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

3

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

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

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

3

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

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

{

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

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

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

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

s

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

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

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

3

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

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

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

s

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

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

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

3

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

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

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

};

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

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

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

3

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

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

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

3

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

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

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

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

For any given typd, the result of applying one of these templates,tand tocv-qualifiedT shall yield the same result.

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

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

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

template <class T> struct is_fundamental
public integral_constant<value_type,value>
{
static const bool value =
is_integral<T>::value
|| is_floating_point<T>::value
|| is_void<T>::value;
typedef bool value_type;
typedef integral_constant<value_type,value> type;
3

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

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

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

template <class T> struct is_scalar
public integral_constant<value_type,value>
{
static const bool value =
is_arithmetic<T>::value
|| is_enum<T>::value
|| is_pointer<T>::value
|| is_member_pointer<T>::value;
typedef bool value_type;
typedef integral_constant<value_type,value> type;

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

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

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

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

{
static const bool value =
is_member_object_pointer <T>::value
|| is_member_function_pointer<T>::value;
typedef bool value_type;
typedef integral_constant<v