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1 Scope [intro.scope]

Naturally the villagers were intrigued and soon a fire was put to the town’s greatest kettle as the
soldiers dropped in three smooth stones.

“Now this will be a fine soup”, said the second soldier; “but a pinch of salt and some parsley
would make it wonderful!”

— Author Unknown

This Technical Specification describes extensions to the C++ Programming Language (2) that permit oper-
ations on ranges of data. These extensions include changes and additions to the existing library facilities as
well as the extension of one core language facility. In particular, changes and extensions to the Standard
Library include:

— The formulation of the foundational and iterator concept requirements using the syntax of the Concepts

TS (2).
— Analogues of the Standard Library algorithms specified in terms of the new concepts.

— The loosening of the algorithm constraints to permit the use of sentinels to denote the end of a range
and corresponding changes to algorithm return types where necessary.

— The addition of new concepts describing range and view abstractions; that is, objects with a begin
iterator and an end sentinel.

— New algorithm overloads that take range objects.
— Support of callable objects (as opposed to function objects) passed as arguments to the algorithms.

— The addition of optional projection arguments to the algorithms to permit on-the-fly data transforma-
tions.

— Analogues of the iterator primitives and new primitives in support of the addition of sentinels to the
library.

— Constrained analogues of the standard iterator adaptors and stream iterators that satisfy the new
iterator concepts.

— New iterator adaptors (counted_iterator and common_iterator) and sentinels (unreachable).
Changes to the core language include:
— the extension of the range-based for statement to support the new iterator range requirements (9.10).

This document does not specify constrained analogues of other parts of the Standard Library (e.g., the
numeric algorithms), nor does it add range support to all the places that could benefit from it (e.g., the
containers).

This document does not specify any new range views, actions, or facade or adaptor utilities; all are left as
future work.

Scope 1
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2 References [intro.refs]

The following referenced documents are indispensable for the application of this document. For dated refer-
ences, only the edition cited applies. For undated references, the latest edition of the referenced document
(including any amendments) applies.

— ISO/IEC 14882:2014, Programming Languages - C++
— ISO/IEC TS 19217:2015, Programming Languages - C++ Extensions for Concepts
— JTC1/SC22/WG21 N4128, Ranges for the Standard Library, Revision 1

— JTC1/SC22/WG21 N3351, A Concept Design for the STL

ISO/IEC 14882:2014 is herein called the C++ Standard, N3351 is called the “The Palo Alto” report, and
ISO/IEC TS 19217:2015 is called the Concepts TS.

References 2
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3 Terms and Definitions [intro.defs]

Terms defined in ISO/IEC 14882:2014 §17.3 are used in this document with the same meaning.

3.1 [defns.projection)]
projection

(function object argument) used by an algorithm to examine the values of elements. This enables algorithms
to behave based on the projected values rather than the actual element values.

[ Ezample:

std::pair<int, comnst char*> pairs[] = {{2, "foo"}, {1, "bar"}, {0, "baz"l}};
ranges: :sort(pairs, std::less<>{}, [](auto const& p) { return p.first; });

sorts the pairs in increasing order of their first members:

{{O, "baz"}, {1, "bar"}, {2’ "fOO"}}

— end example |

§3.1 3
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4 General Principles [intro]

4.1 Implementation compliance [intro.compliance]

Conformance requirements for this specification are the same as those defined in 4.1 in the C++ Standard.
[ Note: Conformance is defined in terms of the behavior of programs. — end note|

4.2 Namespaces, headers, and modifications to standard classes [intro.namespaces]

Since the extensions described in this technical specification are experimental and not part of the C++
standard library, they should not be declared directly within namespace std. Unless otherwise specified, all
components described in this document either:

— modify an existing interface in the C++ Standard Library in-place,

— are declared in namespace std: :experimental: :ranges::vl.

The International Standard, ISO/IEC 14882, together with ISO/IEC TS 19217:2015 (the Concepts TS),
provide important context and specification for this document. In places, this document suggests changes
to be made to components in namespace std in-place. In other places, entire chapters and sections are
copied from ISO/IEC 14882 and modified so as to define similar but different components in namespace
std::experimental: :ranges: :vl.

Instructions to modify or add paragraphs are written as explicit instructions. Modifications made to existing
text from the International Standard use underlining to represent added text and strikethroueh to represent
deleted text.

This document assumes that the contents of the std: :experimental: :ranges: :v1 namespace will become
a new constrained version of the C++ Standard Library that will be delivered alongside the existing uncon-
strained version.

Unless otherwise specified, references to other entities described in this document are assumed to be qualified
with std::experimental: :ranges: :, and references to entities described in the International Standard are
assumed to be qualified with std::.

New header names are prefixed with experimental/ranges/. Where the final element of a new header
name is the same as an existing standard header name (e.g., <experimental/ranges/algorithm>), the new
header shall include the standard header as if by

#include <algorithm>

§4.2 4
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5 Statements [stmt]

5.1 Iteration statements [stmt.iter]
5.1.1 The range-based for statement [stmt.ranged]

[Editor’s note: Modify ISO/IEC 14882:2014 §6.5.4/pl to allow differently typed begin and end iterators,
like in C4+17.]

For a range-based for statement of the form

for ( for-range-declaration : expression ) statement
let range-init be equivalent to the expression surrounded by parentheses

( expression )
and for a range-based for statement of the form

for ( for-range-declaration : braced-init-list ) statement
let range-init be equivalent to the braced-init-list. In each case, a range-based for statement is
equivalent to

{
auto &% __range = range-init;
for ( auto __begin = begin-expr,
__end = end-expr;
__begin != __end;
++__begin ) {
for-range-declaration = *__begin;
statement

}

auto && __range = range-init;
auto __begin = begin-ezpr;
auto __end = end-expr;

for ( ; __begin != __end; ++__begin ) {
for-range-declaration = *__begin;
statement
}
}

where __range, __begin, and __end are variables defined for exposition only, and _RangeT is
the type of the expression, and begin-expr and end-expr are determined as follows:

— if _RangeT is an array type, begin-expr and end-expr are __range and __range + __bound,
respectively, where __bound is the array bound. If _RangeT is an array of unknown size or
an array of incomplete type, the program is ill-formed;

— if _RangeT is a class type, the unqualified-ids begin and end are looked up in the scope of
class _RangeT as if by class member access lookup (3.4.5), and if either (or both) finds at
least one declaration, begin-expr and end-expr are __range.begin() and __range.end(),
respectively;

— otherwise, begin-expr and end-expr are begin(__range) and end(__range), respectively,
where begin and end are looked up in the associated namespaces (3.4.2). [ Note: Ordinary
unqualified lookup (3.4.1) is not performed. — end note]

§5.1.1 5
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[ Example:
int array(5] = {1, 2, 3, 4, 5 };
for (int& x : array)
X *= 2;
— end example]

In the decl-specifier-seq of a for-range-declaration, each decl-specifier shall be either a type-
specifier or constexpr. The decl-specifier-seq shall not define a class or enumeration.

§5.1.1 6



(1.1)
(1.2)

(1.3)

©ISO/IEC N4651

6 Library introduction [library]

6.1 General [library.general]

This Clause describes the contents of the Ranges library, how a well-formed C++ program makes use of the
library, and how a conforming implementation may provide the entities in the library.

Clause 6.3, Clauses 7 through 11, and Annex A specify the contents of the library, as well as library
requirements and constraints on both well-formed C++ programs and conforming implementations.

Detailed specifications for each of the components in the library are in Clauses 7-11, as shown in Table 1.

Table 1 — Library categories

| Clause Category ‘

7 Concepts library

8 General utilities library
9 Iterators library

10 Algorithms library

11 Numerics library

The concepts library (Clause 7) describes library components that C++ programs may use to perform
compile-time validation of template parameters and perform function dispatch based on properties of types.

The general utilities library (Clause 8) includes components used by other library elements and components
used as infrastructure in C++ programs, such as function objects.

The iterators library (Clause 9) describes components that C++ programs may use to perform iterations over
containers (Clause ISO/TEC 14882:2014 §23), streams (ISO/TEC 14882:2014 §27.7), stream buffers (ISO/IEC
14882:2014 §27.6), and ranges (9.9).

The algorithms library (Clause 10) describes components that C++ programs may use to perform algorithmic
operations on containers (Clause ISO/TEC 14882:2014 §23) and other sequences

The numerics library (Clause 11) provides concepts that are useful to constrain numeric algorithms.

6.2 Method of description (Informative) [description)]

This subclause describes the conventions used to specify the Ranges library. 6.2.1 describes the structure of
the normative Clauses 7 through 11 and Annex A. 6.2.2 describes other editorial conventions.

6.2.1 Structure of each clause [structure]
6.2.1.1 Elements [structure.elements]

Each library clause contains the following elements, as applicable:!

— Summary
— Requirements

— Detailed specifications

1) To save space, items that do not apply to a Clause are omitted. For example, if a Clause does not specify any requirements,
there will be no “Requirements” subclause.

§6.2.1.1 7
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6.2.1.2 Summary [structure.summary]

1 The Summary provides a synopsis of the category, and introduces the first-level subclauses. Each subclause
also provides a summary, listing the headers specified in the subclause and the library entities provided in
each header.

2 Paragraphs labeled “Note(s):” or “Example(s):” are informative, other paragraphs are normative.

3 The contents of the summary and the detailed specifications include:

(3.1) — macros
(3-2) — values
(3.3) — types
(3.4) — classes and class templates
(3.5) — functions and function templates
(3.6) — objects
(3.7) — concepts
6.2.1.3 Requirements [structure.requirements]

1 Requirements describe constraints that shall be met by a Ct++ program that extends the Ranges library.
Such extensions are generally one of the following:

(1.1) — Template arguments
(1.2) — Derived classes
(1.3) — Containers, iterators, and algorithms that meet an interface convention or satisfy a concept

2 Interface convention requirements are stated as generally as possible. Instead of stating “class X has to
define a member function operator++(),” the interface requires “for any object x of class X, ++x is defined.”
That is, whether the operator is a member is unspecified.

3 Requirements are stated in terms of concepts (Concepts TS [dcl.spec.concept]). Concepts are stated in
terms of well-defined expressions that define valid terms of the types that satisfy the concept. For every
set of well-defined expression requirements there is a named concept that specifies an initial set of the valid
expressions and their semantics. Any generic algorithm (Clause 10) that uses the well-defined expression
requirements is described in terms of the valid expressions for its formal type parameters.

4 Template argument requirements are sometimes referenced by name. See ISO/IEC 14882:2014 §17.5.2.1.

5 In some cases the semantic requirements are presented as C++ code. Such code is intended as a specifica-
tion of equivalence of a construct to another construct, not necessarily as the way the construct must be
implemented.?

6 Required operations of any concept defined in this document need not be total functions; that is, some
arguments to a required operation may result in the required semantics failing to be satisfied. [ Ezample: The
required < operator of the StrictTotallyOrdered concept (7.4.4) does not meet the semantic requirements
of that concept when operating on NaNs. — end example] This does not affect whether a type satisfies the
concept.

7 A declaration may explicitly impose requirements through its associated constraints (Concepts TS [temp.constr.decl]).
When the associated constraints refer to a concept (Concepts TS [dcl.spec.concept]), additional semantic
requirements are imposed on the use of the declaration.

2) Although in some cases the code given is unambiguously the optimum implementation.

§6.2.1.3 8
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If the semantic requirements of a declaration are not satisfied at the point of use, the program is ill-formed,
no diagnostic required.
6.2.1.4 Detailed specifications [structure.specifications]

The detailed specifications of each entity defined in Clauses 711 follows the conventions established by
ISO/IEC 14882:2014 §17.5.1.4.

6.2.2 Other conventions [conventions]

This subclause describes several editorial conventions used to describe the contents of the Ranges library.
These conventions are for describing member functions (6.2.2.1), private members (6.2.2.2), and customiza-
tion point objects (6.2.2.3).

6.2.2.1 Functions within classes [functions.within.classes]
This document follows the same conventions as specified in ISO/IEC 14882:2014 §17.5.2.2.

6.2.2.2 Private members [objects.within.classes]
This document follows the same conventions as specified in ISO/TEC 14882:2014 §17.5.2.3.

6.2.2.3 Customization Point Objects [customization.point.object]

A customization point object is a function object (8.3) with a literal class type that interacts with user-defined
types while enforcing semantic requirements on that interaction.

The type of a customization point object shall satisfy Semiregular (7.5.8).
All instances of a specific customization point object type shall be equal (7.1.1).

The type of a customization point object T shall satisfy Invocable<const T, Args...>() (7.6.2) when the
types of Args. .. meet the requirements specified in that customization point object’s definition. Otherwise,
T shall not have a function call operator that participates in overload resolution.

Each customization point object type constrains its return type to satisfy a particular concept.

The library defines several named customization point objects. In every translation unit where such a name
is defined, it shall refer to the same instance of the customization point object.

[ Note: Many of the customization point objects in the library evaluate function call expressions with an
unqualified name which results in a call to a user-defined function found by argument dependent name
lookup (ISO/IEC 14882:2014 §3.4.2). To preclude such an expression resulting in a call to unconstrained
functions with the same name in namespace std, customization point objects specify that lookup for these
expressions is performed in a context that includes deleted overloads matching the signatures of overloads
defined in namespace std. When the deleted overloads are viable, user-defined overloads must be more
specialized (ISO/IEC 14882:2014 §14.5.6.2) or more constrained (Concepts TS [temp.constr.order]) to be
used by a customization point object. — end note]

6.3 Library-wide requirements [requirements]

This subclause specifies requirements that apply to the entire Ranges library. Clauses 7 through 11 and
Annex A specify the requirements of individual entities within the library.

Requirements specified in terms of interactions between threads do not apply to programs having only a
single thread of execution.

Within this subclause, 6.3.1 describes the library’s contents and organization, 6.3.3 describes how well-formed
C++ programs gain access to library entities, 6.3.4 describes constraints on well-formed C++ programs, and
6.3.5 describes constraints on conforming implementations.

§6.3 9
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6.3.1 Library contents and organization [organization)]

6.3.1.1 describes the entities and macros defined in the Ranges library.

6.3.1.1 Library contents [contents]

The Ranges library provides definitions for the entities and macros specified in the Ranges library head-
ers (6.3.2).

All library entities are defined within an inline namespace v1 within the namespace std: :experimental: :ranges
or namespaces nested within namespace std: :experimental: :ranges: :v1. It is unspecified whether names
declared in a specific namespace are declared directly in that namespace or in an inline namespace inside
that namespace.

6.3.2 Headers [headers]

Each element of the Ranges library is declared or defined (as appropriate) in a header.

The Ranges library provides the Ranges library headers, shown in Table 2.

Table 2 — Ranges TS library headers

<experimental/ranges/algorithm>  <experimental/ranges/random>
<experimental/ranges/concepts> <experimental/ranges/tuple>
<experimental/ranges/functional> <experimental/ranges/utility>
<experimental/ranges/iterator>

6.3.3 Using the library [using]
6.3.3.1 Overview [using.overview|

This section describes how a C++ program gains access to the facilities of the Ranges library. 6.3.3.2 describes
effects during translation phase 4, while 6.3.3.3 describes effects during phase 8 (ISO/IEC 14882:2014 §2.2).

6.3.3.2 Headers [using.headers]

The entities in the Ranges library are defined in headers, the use of which is governed by the same require-
ments as specified in ISO/IEC 14882:2014 §17.6.2.2.

6.3.3.3 Linkage [using.linkage]

Entities in the C++ standard library have external linkage (ISO/IEC 14882:2014 §3.5). Unless otherwise
specified, objects and functions have the default extern "C++" linkage (ISO/IEC 14882:2014 §7.5).

6.3.4 Constraints on programs [constraints]
6.3.4.1 Overview [constraints.overview]

This section describes restrictions on C++ programs that use the facilities of the Ranges library. The following
subclauses specify constraints on the program’s use of Ranges library classes as base classes (6.3.4.2) and
other constraints.

6.3.4.2 Derived classes [derived.classes]

Virtual member function signatures defined for a base class in the Ranges library may be overridden in a
derived class defined in the program (ISO/IEC 14882:2014 §10.3).

6.3.4.3 Other functions [res.on.functions]

In certain cases (operations on types used to instantiate Ranges library template components), the Ranges
library depends on components supplied by a C++ program. If these components do not meet their require-
ments, this document places no requirements on the implementation.

§6.3.4.3 10
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In particular, the effects are undefined if an incomplete type (ISO/TEC 14882:2014 §3.9) is used as a template
argument when instantiating a template component or evaluating a concept, unless specifically allowed for
that component.

6.3.4.4 Function arguments [res.on.arguments]
The constraints on arguments passed to C++ standard library function as specified in ISO/IEC 14882:2014
§17.6.4.9 also apply to arguments passed to functions in the Ranges library.

6.3.4.5 Library object access [res.on.objects]
The constraints on object access by C++ standard library functions as specified in ISO/IEC 14882:2014
§17.6.4.10 also apply to object access by functions in the Ranges library.

6.3.4.6 Requires paragraph [res.on.required]

Violation of the preconditions specified in a function’s Requires: paragraph results in undefined behavior
unless the function’s Throws: paragraph specifies throwing an exception when the precondition is violated.

6.3.5 Conforming implementations [conforming]

The constraints upon, and latitude of, implementations of the Ranges library follow the same constraints
and latitudes for implementations of the C++ standard library as specified in ISO/IEC 14882:2014 §17.6.5.

§6.3.5 11
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7 Concepts library [concepts.lib]

7.1 General [concepts.lib.general]

This Clause describes library components that C++ programs may use to perform compile-time validation
of template parameters and perform function dispatch based on properties of types. The purpose of these
concepts is to establish a foundation for equational reasoning in programs.

The following subclauses describe core language concepts, comparison concepts, object concepts, and function
concepts as summarized in Table 3.

Table 3 — Fundamental concepts library summary

’ Subclause Header(s)

7.3 Core language concepts <experimental/ranges/concepts>
7.4 Comparison concepts

7.5 Object concepts

7.6  Callable concepts

7.1.1 Equality Preservation [concepts.lib.general.equality]

An expression is equality preserving if, given equal inputs, the expression results in equal outputs. The inputs
to an expression are the set of the expression’s operands. The output of an expression is the expression’s
result and all operands modified by the expression.

Not all input values must be valid for a given expression; e.g., for integers a and b, the expression a / b is
not well-defined when b is 0. This does not preclude the expression a / b being equality preserving. The
domain of an expression is the set of input values for which the expression is required to be well-defined.

Expressions required by this specification to be equality preserving are further required to be stable: two
evaluations of such an expression with the same input objects must have equal outputs absent any explicit
intervening modification of those input objects. [ Note: This requirement allows generic code to reason about
the current values of objects based on knowledge of the prior values as observed via equality preserving
expressions. It effectively forbids spontaneous changes to an object, changes to an object from another
thread of execution, changes to an object as side effects of non-modifying expressions, and changes to an
object as side effects of modifying a distinct object if those changes could be observable to a library function
via an equality preserving expression that is required to be valid for that object. — end note]

Expressions declared in a requires-expression in this document are required to be equality preserving, except
for those annotated with the comment “not required to be equality preserving.” An expression so annotated
may be equality preserving, but is not required to be so.

An expression that may alter the value of one or more of its inputs in a manner observable to equality
preserving expressions is said to modify those inputs. This document uses a notational convention to specify
which expressions declared in a requires-expression modify which inputs: except where otherwise specified,
an expression operand that is a non-constant Ivalue or rvalue may be modified. Operands that are constant
Ivalues or rvalues must not be modified.

Where a requires-expression declares an expression that is non-modifying for some constant lvalue operand,
additional variants of that expression that accept a non-constant lvalue or (possibly constant) rvalue for
the given operand are also required except where such an expression variant is explicitly required with
differing semantics. Such implicit expression variants must meet the semantic requirements of the declared

§7.1.1 12
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expression. The extent to which an implementation validates the syntax of these implicit expression variants
is unspecified.

[ Ezample:

template <class T>
concept bool C() {
return requires(T a, T b, const T c, const T d) {

c==d; /) #1
a = std::move(b); // #2
a = c; /) #3
I
}

Expression #1 does not modify either of its operands, #2 modifies both of its operands, and #3 modifies
only its first operand a.

Expression #1 implicitly requires additional expression variants that meet the requirements for ¢ ==
(including non-modification), as if the expressions

a == d; a == b; a == move(b); a == d;

c == a; c == move(a); c == move(d);

move(a) == d; move(a) == b; move(a) == move(b); move(a) == move(d);
move(c) == b; move(c) == move(b); move(c) == d; move(c) == move(d);

had been declared as well.

Expression #3 implicitly requires additional expression variants that meet the requirements for a = ¢ (in-
cluding non-modification of the second operand), as if the expressions a = b and a = move(c) had been
declared. Expression #3 does not implicitly require an expression variant with a non-constant rvalue second
operand, since expression #2 already specifies exactly such an expression explicitly. — end example|

[ Example: The following type T meets the explicitly stated syntactic requirements of concept C above but
does not meet the additional implicit requirements:

struct T {

bool operator==(const T&) const { return true; }
bool operator==(T&) = delete;

};

T fails to meet the implicit requirements of C, so C<KT>() is not satisfied. Since implementations are not
required to validate the syntax of implicit requirements, it is unspecified whether or not an implementation
diagnoses as ill-formed a program which requires C<T>(). — end ezample |

7.2 Header <experimental/ranges/concepts> synopsis [concepts.lib.synopsis|

namespace std { namespace experimental { namespace ranges { inline namespace vl {
// 1.3, core language concepts:
// 1.8.2, Same:
template <class T, class U>
concept bool Same() {
return see below;

}

// 1.8.3, DerivedFrom:

template <class T, class U>

concept bool DerivedFrom() {
return see below;

}
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// 1.8.4, ConvertibleTo:

template <class T, class U>

concept bool ConvertibleTo() {
return see below;

}

// 1.8.5, CommonReference:

template <class T, class U>

concept bool CommonReference() {
return see below;

}

// 1.8.6, Common:

template <class T, class U>

concept bool Common() {
return see below;

}

// 7.3.7, Integral:

template <class T>

concept bool Integral() {
return see below;

}

// 7.3.8, SignedIntegral:

template <class T>

concept bool SignedIntegral() {
return see below;

}

// 1.8.9, UnsignedIntegral:

template <class T>

concept bool UnsignedIntegral() {
return see below;

}

// 7.3.10, Assignable:

template <class T, class U>

concept bool Assignable() {
return see below;

}

// 71.8.11, Swappable:

template <class T>

concept bool Swappable() {
return see below;

}

template <class T, class U>

concept bool Swappable() {
return see below;

}

// 7.4, comparison concepts:
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// 1.4.2, Boolean:

template <class B>

concept bool Boolean() {
return see below;

}

// 1.4.3, EqualityComparable:

template <class T, class U>

concept bool WeaklyEqualityComparable() {
return see below;

}

template <class T>
concept bool EqualityComparable() {
return see below;

}

template <class T, class U>
concept bool EqualityComparable() {
return see below;

}

// 1.4.4, StrictTotallyOrdered:

template <class T>

concept bool StrictTotallyOrdered() {
return see below;

}

template <class T, class U>
concept bool StrictTotallyOrdered() {
return see below;

}

// 7.5, object concepts:

// 1.5.1, Destructible:

template <class T>

concept bool Destructible() {
return see below;

}

// 71.5.2, Constructible:

template <class T, class... Args>

concept bool Constructible() {
return see below;

}

// 71.5.3, DefaultConstructible:

template <class T>

concept bool DefaultConstructible() {
return see below;

}
// 1.5.4, MoveConstructible:

template <class T>
concept bool MoveConstructible() {
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return see below;

}

// 1.5.5, CopyConstructible:

template <class T>

concept bool CopyConstructible() {
return see below;

}

// 1.5.6, Movable:

template <class T>

concept bool Movable() {
return see below;

}

// 1.5.7, Copyable:

template <class T>

concept bool Copyable() {
return see below;

}

// 1.5.8, Semiregular:

template <class T>

concept bool Semiregular() {
return see below;

}

// 71.5.9, Regular:

template <class T>

concept bool Regular() {
return see below;

}

// 7.6, callable concepts:

// 7.6.2, Invocable:

template <class F, class... Args>

concept bool Invocable() {
return see below;

}

// 7.6.3, RegularInvocable:

template <class F, class... Args>

concept bool RegularInvocable() {
return see below;

}

// 1.6.4, Predicate:

template <class F, class... Args>

concept bool Predicate() {
return see below;

}
// 71.6.5, Relation:

template <class R, class T>
concept bool Relation() {
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return see below;

}

template <class R, class T, class U>
concept bool Relation() {
return see below;

}

// 1.6.6, StrictWeakOrder:

template <class R, class T>

concept bool StrictWeakOrder() {
return see below;

}

template <class R, class T, class U>
concept bool StrictWeakOrder() {
return see below;

}

333}
7.3 Core language concepts [concepts.lib.corelang]
7.3.1 In general [concepts.lib.corelang.general]

This section contains the definition of concepts corresponding to language features. These concepts express
relationships between types, type classifications, and fundamental type properties.

7.3.2 Concept Same [concepts.lib.corelang.same]

template <class T, class U>
concept bool Same() {
return see below;

}
Same<T, U>() is satisfied if and only if T and U denote the same type.
Remarks: For the purposes of constraint checking, Same<T, U>() implies Same<U, T>().
7.3.3 Concept DerivedFrom [concepts.lib.corelang.derived]

template <class T, class U>
concept bool DerivedFrom() {
return see below;

}

DerivedFrom<T, U>() is satisfied if and only if is_base_of<U, T>::value is true.

7.3.4 Concept ConvertibleTo [concepts.lib.corelang.convertibleto]

template <class T, class U>
concept bool ConvertibleTo() {
return see below;

}

ConvertibleTo<T, U>() is satisfied if and only if is_convertible<T, U>::value is true.

7.3.5 Concept CommonReference [concepts.lib.corelang.commonref]

For two types T and U, if common_reference_t<T, U> is well-formed and denotes a type C such that both
ConvertibleTo<T, C>() and ConvertibleTo<U, C>() are satisfied, then T and U share a common reference
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type, C. [ Note: C could be the same as T, or U, or it could be a different type. C may be a reference type. C
need not be unique. — end note]

template <class T, class U>
concept bool CommonReference() {
return requires(T (&t) (), U (&uw) ()) {
typename common_reference_t<T, U>;
typename common_reference_t<U, T>;
requires Same<common_reference_t<T, U>,
common_reference_t<U, T>>();

common_reference_t<T, U>(t());
common_reference_t<T, U>(u());

Let C be common_reference_t<T, U>. Let t be a function whose return type is T, and let u be a
function whose return type is U. CommonReference<T, U>() is satisfied if and only if:

— C(t () equals C(t()) if and only if t() is an equality preserving expression (7.1.1).

— C(u()) equals C(u()) if and only if u() is an equality preserving expression.

[ Note: Users can customize the behavior of CommonReference by specializing the basic_common_-
reference class template (8.4.3). — end note ]

7.3.6 Concept Common [concepts.lib.corelang.common]|

If T and U can both be explicitly converted to some third type, C, then T and U share a common type, C.
[ Note: C could be the same as T, or U, or it could be a different type. C may not be unique. — end note|

template <class T, class U>
concept bool Common() {
return CommonReference<const T&, const U&>() &&
requires(T (&t) (), U (&u) ) {
typename common_type_t<T, U>;
typename common_type_t<U, T>;
requires Same<common_type_t<U, T>, common_type_t<T, U>>();
common_type_t<T, U>(t());
common_type_t<T, U>(u());
requires CommonReference<add_lvalue_reference_t<common_type_t<T, U>>,
common_reference_t<add_lvalue_reference_t<const T>,
add_lvalue_reference_t<const U>>>();

};
Let C be common_type_t<T, U>. Let t be a function whose return type is T, and let u be a function
whose return type is U. Common<T, U>() is satisfied if and only if:

— C(t () equals C(t()) if and only if t() is an equality preserving expression (7.1.1).
— C(u0)) equals C(u()) if and only if u() is an equality preserving expression (7.1.1).

[ Note: Users can customize the behavior of Common by specializing the common_type class tem-
plate (8.4.2). —end note]

7.3.7 Concept Integral [concepts.lib.corelang.integral]
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template <class T>
concept bool Integral() {
return is_integral<T>::value;

}
7.3.8 Concept SignedIntegral [concepts.lib.corelang.signedintegral]

template <class T>
concept bool SignedIntegral() {
return Integral<T>() && is_signed<T>::value;

}
[ Note: SignedIntegral<T>() may be satisfied even for types that are not signed integral types (ISO/IEC
14882:2014 §3.9.1); for example, char. — end note]

7.3.9 Concept UnsignedIntegral [concepts.lib.corelang.unsignedintegral]

template <class T>
concept bool UnsignedIntegral() {
return Integral<T>() && !SignedIntegral<T>();

}
[ Note: UnsignedIntegral<T>() may be satisfied even for types that are not unsigned integral types (ISO/IEC
14882:2014 §3.9.1); for example, char. — end note]

7.3.10 Concept Assignable [concepts.lib.corelang.assignable]

template <class T, class U>
concept bool Assignable() {
return CommonReference<const T&, const U&>() && requires(T&& t, U&& u) {
{ std::forward<T>(t) = std::forward<U>(u) } -> Same<T&>;

};
}
Let t be an lvalue of type T, and R be the type remove_reference_t<U>. If U is an lvalue reference
type, let v be an lvalue of type R; otherwise, let v be an rvalue of type R. Let uu be a distinct object
of type R such that uu is equal to v. Then Assignable<T, U>() is satisfied if and only if
— addressof (t = v) == addressof (t).
— After evaluating t = v, t is equal to uu and:
— If v is a non-const rvalue, its resulting state is valid but unspecified (ISO/IEC 14882:2014
§17.6.5.15).
— Otherwise, v is not modified.
7.3.11 Concept Swappable [concepts.lib.corelang.swappable]

template <class T>
concept bool Swappable() {
return requires(T&& a, T&& b) {
ranges: :swap(std: :forward<T>(a), std::forward<T>(b));
};
}

template <class T, class U>
concept bool Swappable() {
return Swappable<T>() &&
Swappable<U>() &&
CommonReference<const T&, const U&>() &&
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requires(T&& t, U&&k uw) {
ranges: :swap(std: :forward<T>(t), std::forward<U>(u));
ranges: :swap(std: :forward<U>(u), std::forward<T>(t));

};
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This subclause provides definitions for swappable types and expressions. In these definitions, let t
denote an expression of type T, and let u denote an expression of type U.

An object t is swappable with an object u if and only if Swappable<T, U>() is satisfied. Swappable<T,
U>() is satisfied if and only if given distinct objects t2 equal to t and u2 equal to u, after evaluating
either ranges: :swap(t, u) or ranges::swap(u, t), t2 is equal to u and u2 is equal to t.

An rvalue or lvalue t is swappable if and only if t is swappable with any rvalue or lvalue, respectively,

of

type T.

[ Example: User code can ensure that the evaluation of swap calls is performed in an appropriate
context under the various conditions as follows:

§7.3.11

#include <utility>

// Requires: std::forward<T>(t) shall be swappable with std: :forward<U>(u).

template <class T, class U>

void value_swap(T&& t, U&& uw) {
using std::experimental::ranges::swap;
swap(std: :forward<T>(t), std::forward<U>(u));

}

// Requires: lvalues of T shall be swappable.
template <class T>
void lv_swap(T& t1, T& t2) {
using std::experimental::ranges: :swap;
swap(tl, t2);
}

namespace N {
struct A { int m; };
struct Proxy { A*x a; };
Proxy proxy(A& a) { return Proxy{ &a }; }

void swap(A& x, Proxy p) {
std::experimental: :ranges::swap(x.m, p.a->m);

}
void swap(Proxy p, A% x) { swap(x, p); }
}

int main() {

1, j =25
lv_swap(i, j);

assert(i == 2 & j == 1);

int i =

N::Aal={5132 a2={-513%;
value_swap(al, proxy(a2));
assert(al.m -5 && a2.m == 5);

// OK: uses “swappable with” conditions
// for rvalues and lvalues

// OK: uses swappable conditions for
// lalues of type T

// OK: uses context equivalent to swappable
// conditions for fundamental types

// satisfy symmetry constraint

20
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— end example]

7.4 Comparison concepts [concepts.lib.compare]

7.4.1 In general [concepts.lib.compare.general]

This section describes concepts that establish relationships and orderings on values of possibly differing
object types.

7.4.2 Concept Boolean [concepts.lib.compare.boolean]

The Boolean concept specifies the requirements on a type that is usable in Boolean contexts.

template <class B>
concept bool Boolean() {
return MoveConstructible<B>() && // (see 7.5.4)
requires(const B bl, const B b2, const bool a) {
bool(bl);
{ bl } -> bool;
bool(!bl);
{ b1 } -> bool;
{ bl && b2 } -> Same<bool>;
{ bl & a } -> Same<bool>;
{ a & b1l } -> Same<bool>;
{ b1 || b2 } -> Same<bool>;
{ Dbl || a} -> Same<bool>;
{ a |l bl } -> Same<bool>;
{ bl == b2 } -> bool;
{ Dbl !'=b2 } -> bool;
{ bl ==a} -> bool;
{ a=="bl13} -> bool;
{ bl !'=al} -> bool;
{a!=bl} -> bool;

};
}
Given values bl and b2 of type B, then Boolean<B> () is satisfied if and only if
— bool(bl) == [J(bool x) { return x; }(bl).
— bool(bl) == !bool(!bl).

— (bl && b2), (bl && bool(b2)), and (bool(bl) && b2) are all equal to (bool(bl) && bool(b2)),
and have the same short-circuit evaluation.

— (b1 |l b2), (b1 || bool(b2)), and (bool(bl) || b2) are all equal to (bool(bl) || bool(b2)),
and have the same short-circuit evaluation.

— bool(bl == b2), bool(bl == bool(b2)), and bool(bool(bl) == b2) are all equal to (bool(bl)
== bool(b2)).

— bool(bl !'= b2), bool(bl != bool(b2)), and bool(bool(bl) != b2) are all equal to (bool(bl)
I= bool(b2)).

[ Example: The types bool, std: :true_type, and std: :bitset<N>::reference are Boolean types. Point-
ers, smart pointers, and types with explicit conversions to bool are not Boolean types. — end example ]
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7.4.3 Concept EqualityComparable [concepts.lib.compare.equalitycomparable]

template <class T, class U>
concept bool WeaklyEqualityComparable() {
return requires(const T& t, const U& u) {
{t ==1u} -> Boolean;
{u==1t 3} -> Boolean;
{t !'=u} -> Boolean;
{u!=1t 3} -> Boolean;
};
}

Let t and u be objects of types T and U respectively. WeaklyEqualityComparable<T, U>() is satisfied
if and only if:

— t ==u,u==1t,t != u and u != t have the same domain.
— bool(u == t) == bool(t == u).
— bool(t != u) == !bool(t == u).

— bool(u '= t) == bool(t != u).

template <class T>

concept bool EqualityComparable() {
return WeaklyEqualityComparable<T, T>();

}

Let a and b be objects of type T. EqualityComparable<T>() is satisfied if and only if:

— bool(a == b) if and only if a is equal to b.
[ Note: The requirement that the expression a == b is equality preserving implies that == is reflexive,
transitive, and symmetric. — end note ]

template <class T, class U>
concept bool EqualityComparable() {
return CommonReference<const T&, const U&>() &&
EqualityComparable<T>() &&
EqualityComparable<U>() &&
EqualityComparable<
remove_cv_t<remove_reference_t<common_reference_t<const T&, const U&>>>>() &&

WeaklyEqualityComparable<T, U>();

}
Let t be an object of type T, u be an object of type U, and C be common_reference_t<const T&,
const U&>. Then EqualityComparable<T, U>() is satisfied if and only if:
— bool(t == u) == bool(C(t) == C(w)).
7.4.4 Concept StrictTotallyOrdered [concepts.lib.compare.stricttotallyordered]

template <class T>
concept bool StrictTotallyOrdered() {
return EqualityComparable<T>() &&
requires(const T a, const T b) {
{ a< b} ->Boolean;

{a>b} -> Boolean;
{ a<=b } -> Boolean;
{ a> b} -> Boolean;

}J
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Let a, b, and ¢ be objects of type T. Then StrictTotallyOrdered<T>() is satisfied if and only if
— Exactly one of bool(a < b), bool(a > b), or bool(a == b) is true.

— If bool(a < b) and bool(b < c), then bool(a < c).
— bool(a > b) == bool(b < a).

— bool(a <= b) == !bool(b < a).

— bool(a >= b) == !bool(a < b).

template <class T, class U>
concept bool StrictTotallyOrdered() {
return CommonReference<const T&, const U&>() &&
StrictTotallyOrdered<T>() &&
StrictTotallyOrdered<U>() &&
StrictTotallyOrdered<
remove_cv_t<remove_reference_t<common_reference_t<const T&, const U&>>>>() &&
EqualityComparable<T, U>() &&
requires(const T t, const U u) {
{t <ul} -> Boolean;
> u } -> Boolean;
<= u } -> Boolean;
>= u } -> Boolean;
< t } -> Boolean;
> t } -> Boolean;
<=t } -> Boolean;
>= t } -> Boolean;

N T
e e g g c

};
}
Let t be an object of type T, u be an object of type U, and C be common_reference_t<const T&,
const U&>. Then StrictTotallyOrdered<T, U>() is satisfied if and only if
— bool(t < u) == bool(C(t) < C(u)).
— bool(t > u) == bool(C(t) > C(u)).
— bool(t <= u) == bool(C(t) <= C(u)).
— bool(t >= u) == bool(C(t) >= C(u)).
— bool(u < t) == bool(C(u) < C(t)).
— bool(u > t) == bool(C(u) > C(t)).
— bool(u <= t) == bool(C(u) <= C(t)).
— bool(u >= t) == bool(C(u) >= C(t)).
7.5 Object concepts [concepts.lib.object]

This section describes concepts that specify the basis of the value-oriented programming style on which the
library is based.

7.5.1 Concept Destructible [concepts.lib.object.destructible]

The Destructible concept is the base of the hierarchy of object concepts. It specifies properties that all
such object types have in common.

template <class T>
concept bool Destructible() {
return requires(T t, const T ct, T* p) {
{ t.~TQO } noexcept;

§75.1 23



(3.1)

(3.2)

(3.3)

©ISO/IEC N4651

{ &t } -> Same<T*>; // not required to be equality preserving
{ &ct } -> Same<const T*>; // not required to be equality preserving

delete p;
delete[] p;
};
}
The expression requirement &ct does not require implicit expression variants.
Given a (possibly const) lvalue t of type T and pointer p of type T*, Destructible<T>() is satisfied
if and only if
— After evaluating the expression t.~T(), delete p, or delete[] p, all resources owned by the
denoted object(s) are reclaimed.
— &t == addressof (t).
— The expression &t is non-modifying.
[ Note: Unlike the Destructible library concept in the C++ Standard (ISO/TEC 14882:2014 §17.6.3.1),
this concept forbids destructors that are noexcept (false), even if non-throwing. — end note]
7.5.2 Concept Constructible [concepts.lib.object.constructible]

The Constructible concept is used to constrain the type of a variable to be either an object type con-
structible from a given set of argument types, or a reference type that can be bound to those arguments.

template <class T, class... Args>
concept bool __ConstructibleObject = // exposition only
Destructible<T>() && requires(Args&&... args) {
T{std: :forward<Args>(args)...}; // not required to be equality preserving
new T{std::forward<Args>(args)...}; // not required to be equality preserving

};
template <class T, class... Args>
concept bool __BindableReference = // exposition only
is_reference<T>::value && requires(Args&&... args) {
T(std: :forward<Args>(args)...);
};
template <class T, class... Args>

concept bool Constructible() {
return __ConstructibleObject<T, Args...> ||
__BindableReference<T, Args...>;

}

7.5.3 Concept DefaultConstructible [concepts.lib.object.defaultconstructible]

template <class T>
concept bool DefaultConstructible() {
return Constructible<T>() &&
requires(const size_t n) {
new T[nl{}; // not required to be equality preserving
};
}

[ Note: The array allocation expression new T[n]{} implicitly requires that T has a non-explicit default
constructor. — end note]

7.5.4 Concept MoveConstructible [concepts.lib.object.moveconstructible]
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template <class T>
concept bool MoveConstructible() {
return Constructible<T, remove_cv_t<T>&&>() &&
ConvertibleTo<remove_cv_t<T>&&, T>();

Let U be the type remove_cv_t<T>, rv be an rvalue of type U, and u2 be a distinct object of type T
equal to rv. Then MoveConstructible<T>() is satisfied if and only if

— After the definition T u = rv;, uis equal to u2.

— T{rv} or *new T{rv} is equal to u2.
rv’s resulting state is valid but unspecified (ISO/TEC 14882:2014 §17.6.5.15).

7.5.5 Concept CopyConstructible [concepts.lib.object.copyconstructible]

template <class T>
concept bool CopyConstructible() {
return MoveConstructible<T>() &&
Constructible<T, const remove_cv_t<T>&>() &&
ConvertibleTo<remove_cv_t<T>&, T>() &&
ConvertibleTo<const remove_cv_t<T>&, T>() &&
ConvertibleTo<const remove_cv_t<T>&&, T>();

}
Let v be an lvalue of type (possibly const) remove_cv_t<T> or an rvalue of type const remove_cv_-
t<T>. Then CopyConstructible<T>() is satisfied if and only if
— After the definition T u = v;, u is equal to v.
— T{v} or *new T{v} is equal to v.
7.5.6 Concept Movable [concepts.lib.object.movable]

template <class T>
concept bool Movable() {
return MoveConstructible<T>() &&
Assignable<T&, T>() &&
Swappable<T&> () ;
}

7.5.7 Concept Copyable [concepts.lib.object.copyable]

template <class T>
concept bool Copyable() {
return CopyConstructible<T>() &&
Movable<T>() &&
Assignable<T&, const T&>();
}

7.5.8 Concept Semiregular [concepts.lib.object.semiregular]

template <class T>
concept bool Semiregular() {
return Copyable<T>() &&
DefaultConstructible<T>();

[ Note: The Semiregular concept is satisfied by types that behave similarly to built-in types like int,
except that they may not be comparable with ==. — end note ]
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7.5.9 Concept Regular [concepts.lib.object.regular]

template <class T>
concept bool Regular() {
return Semiregular<T>() &&
EqualityComparable<T>();

}
[ Note: The Regular concept is satisfied by types that behave similarly to built-in types like int and
that are comparable with ==. — end note]
7.6 Callable concepts [concepts.lib.callable]
7.6.1 In general [concepts.lib.callable.general]

The concepts in this section describe the requirements on function objects (8.3) and their arguments.

7.6.2 Concept Invocable [concepts.lib.callable.invocable]

The Invocable concept specifies a relationship between a callable type (ISO/IEC 14882:2014 §20.9.1) F and
a set of argument types Args... which can be evaluated by the library function invoke (8.3.1).

template <class F, class... Args>
concept bool Invocable() {
return requires(F&& f, Args&&... args) {
invoke(std: :forward<F>(f), std::forward<Args>(args)...); // not required to be equality preserving
I

[ Note: Since the invoke function call expression is not required to be equality-preserving (7.1.1), a
function that generates random numbers may satisfy Invocable. — end note]

7.6.3 Concept RegularInvocable [concepts.lib.callable.regularinvocable]

template <class F, class... Args>
concept bool RegularInvocable() {
return Invocable<F, Args...>();

}

The invoke function call expression shall be equality-preserving (7.1.1). [Note: This requirement

supersedes the annotation in the definition of Invocable. — end note]

[ Note: A random number generator does not satisfy RegularInvocable. — end note|

[ Note: The distinction between Invocable and RegularInvocable is purely semantic. — end note]
7.6.4 Concept Predicate [concepts.lib.callable.predicate]
template <class F, class... Args>

concept bool Predicate() {
return RegularInvocable<F, Args...>() &&
Boolean<result_of_t<F&&(Args&&...)>>();
}

7.6.5 Concept Relation [concepts.lib.callable.relation)]

template <class R, class T>
concept bool Relation() {

return Predicate<R, T, T>();
}
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template <class R, class T, class U>
concept bool Relation() {
return Relation<R, T>() &&
Relation<R, U>() &&
CommonReference<const T&, const U&>() &&
Relation<R,
common_reference_t<const T&, const U&>>() &&

Predicate<R, T, U>() &&
Predicate<R, U, T>();

}
1 Let r be any object of type R, t be any object of type T, u be any object of type U, and C be common_-
reference_t<const T&, const U&>. Then Relation<R, T, U>() is satisfied if and only if
(1.1) — bool(r(t, u)) == bool(r(C(t), C(u))).
(1.2) — bool(r(u, t)) == bool(r(C(u), C(t))).
7.6.6 Concept StrictWeakOrder [concepts.lib.callable.strictweakorder]

template <class R, class T>
concept bool StrictWeakOrder() {
return Relation<R, T>();

}

template <class R, class T, class U>
concept bool StrictWeakOrder() {
return Relation<R, T, U>();

}
1 A Relation satisfies StrictWeakOrder if and only if it imposes a strict weak ordering on its arguments.
2 The term strict refers to the requirement of an irreflexive relation (!comp(x, x) for all x), and the
term weak to requirements that are not as strong as those for a total ordering, but stronger than
those for a partial ordering. If we define equiv(a, b) as !comp(a, b) && !comp(b, a), then the
requirements are that comp and equiv both be transitive relations:
(2.1) — comp(a, b) && comp(b, c) implies comp(a, c)
(2.2) — equiv(a, b) && equiv(b, c) implies equiv(a, c) [Note: Under these conditions, it can be
shown that
(2.2.1) — equiv is an equivalence relation
(2.2.2) — comp induces a well-defined relation on the equivalence classes determined by equiv
(2.2.3) — The induced relation is a strict total ordering. — end note]
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8 General utilities library [utilities]

8.1 General [utilities.general]

This Clause describes utilities that are generally useful in C++ programs; some of these utilities are used by
other elements of the Ranges library. These utilities are summarized in Table 4.

Table 4 — General utilities library summary

] Subclause Header(s)
8.2  Utility components <experimental/ranges/utility>
8.3 Function objects <experimental/ranges/functional>
8.4 Type traits <type_traits>

8.5 Tagged tuple-like types <experimental/ranges/utility> &
<experimental/ranges/tuple>

8.2 Utility components [utility]

This subclause contains some basic function and class templates that are used throughout the rest of the
library.

Header <experimental/ranges/utility> synopsis

The header <experimental/ranges/utility> defines several types, function templates, and concepts that
are described in this Clause. It also defines the templates tagged and tagged_pair and various function
templates that operate on tagged_pair objects.

namespace std { namespace experimental { namespace ranges { inline namespace v1 {
// 8.2.1, swap:
namespace {
constexpr unspecified swap = unspecified ;

}

// 8.2.2, exchange:

template <MoveConstructible T, class U=T>
requires Assignable<T&, U>()

T exchange(T& obj, U&& new_val);

// 8.5.2, struct with named accessors

template <class T>

concept bool TagSpecifier() {
return see below;

}

template <class F>
concept bool TaggedType() {
return see below;

}
template <class Base, TagSpecifier... Tags>

requires sizeof...(Tags) <= tuple_size<Base>::value
struct tagged;
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// 8.5.4, tagged pairs
template <TaggedType T1l, TaggedType T2> using tagged_pair = see below;

template <TagSpecifier Tagl, TagSpecifier Tag2, class T1, class T2>
constexpr see below make_tagged_pair(T1&& x, T2&& y);
333}

namespace std {
// 8.5.3, tuple-like access to tagged
template <class Base, class... Tags>
struct tuple_size<experimental::ranges::tagged<Base, Tags...>>;

template <size_t N, class Base, class... Tags>
struct tuple_element<N, experimental::ranges::tagged<Base, Tags...>>;

}

3 Any entities declared or defined directly in namespace std in header <utility> that are not already defined
in namespace std: :experimental: :ranges: :v1 in header <experimental/ranges/utility> are imported
with using-declarations (ISO/IEC 14882:2014 §7.3.3). [ Example:

namespace std { namespace experimental { namespace ranges { inline namespace vl {
using std::pair;
using std::make_pair;
// ... others

1313

— end example]

8.2.1 swap [utility.swap|

1 The name swap denotes a customization point object (6.2.2.3). The effect of the expression ranges: : swap (E1,
E2) for some expressions E1 and E2 is equivalent to:

(1.1) — (void)swap(E1l, E2), if that expression is valid, with overload resolution performed in a context that
includes the declarations

template <class T>

void swap(T&, T&) = delete;

template <class T, size_t N>

void swap(T(&) [N], T(&) [N]) = delete;

and does not include a declaration of ranges: :swap. If the function selected by overload resolution
does not exchange the values referenced by E1 and E2, the program is ill-formed with no diagnostic
required.

(12)  — Otherwise, (void)swap_ranges(E1l, E2) if E1 and E2 are lvalues of array types (ISO/IEC 14882:2014
§3.9.2) of equal extent and ranges: :swap(*(E1), *(E2)) is a valid expression, except that noexcept (
ranges: :swap(E1l, E2)) is equal to noexcept(ranges: :swap(*(E1), *(E2))).

(1.3) — Otherwise, if E1 and E2 are lvalues of the same type T which meets the syntactic requirements of
MoveConstructible<T>() and Assignable<T&, T>(), exchanges the referenced values. ranges: :swap(E1,
E2) is a constant expression if the constructor selected by overload resolution for T{std: :move (E1)}
is a constexpr constructor and the expression E1 = std::move(E2) can appear in a constexpr func-
tion. noexcept(ranges::swap(E1l, E2)) is equal to is_nothrow_move_constructible<T>::value
&& is_nothrow_move_assignable<T>::value. If either MoveConstructible or Assignable is not
satisfied, the program is ill-formed with no diagnostic required.

§8.2.1 29



(1.4)

1

©ISO/IEC N4651

— Otherwise, ranges: :swap(E1, E2) is ill-formed.

Remark: Whenever ranges: :swap(E1, E2) is a valid expression, it exchanges the values referenced by E1
and E2 and has type void.

8.2.2 exchange [utility.exchange)]

template <MoveConstructible T, class U=T>
requires Assignable<T&, U>()
T exchange(T& obj, U&& new_val);

Effects: Equivalent to:

T old_val = std::move(obj);
obj = std::forward<U>(new_val);
return old_val;

8.3 Function objects [function.objects]
Header <experimental/ranges/functional> synopsis

namespace std { namespace experimental { namespace ranges { inline namespace vl {
// 8.3.1, invoke:
template <class F, class... Args>
result_of _t<F&&(Args&&...)> invoke(F&& f, Args&&... args);

// 8.3.2, comparisons:
template <class T = void>

requires EqualityComparable<T>() || Same<T, void>()
struct equal_to;

template <class T = void>
requires EqualityComparable<T>() || Same<T, void>()
struct not_equal_to;

template <class T = void>
requires StrictTotallyOrdered<T>() || Same<T, void>()
struct greater;

template <class T = void>
requires StrictTotallyOrdered<T>() || Same<T, void>()
struct less;

template <class T = void>
requires StrictTotallyOrdered<T>() || Same<T, void>()
struct greater_equal;

template <class T = void>
requires StrictTotallyOrdered<T>() || Same<T, void>()
struct less_equal;

template <> struct equal_to<void>;
template <> struct not_equal_to<void>;
template <> struct greater<void>;
template <> struct less<void>;

template <> struct greater_equal<void>;
template <> struct less_equal<void>;
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// 8.8.3, identity:
struct identity;

333

Any entities declared or defined directly in namespace std in header <functional> that are not already
defined in namespace std::experimental::ranges in header <experimental/ranges/functional> are
imported with using-declarations (ISO/IEC 14882:2014 §7.3.3). [ Example:

namespace std { namespace experimental { namespace ranges { inline namespace vl {
using std::reference_wrapper;
using std::ref;
// ... others

1

— end example]

Any nested namespaces defined directly in namespace std in header <functional> that are not already
defined in namespace std::experimental::ranges in header <experimental/ranges/functional> are
aliased with a namespace-alias-definition (ISO/IEC 14882:2014 §7.3.2). [ Example:

namespace std { namespace experimental { namespace ranges { inline namespace vl {
namespace placeholders = std::placeholders;

I
— end example]

8.3.1 Function template invoke [func.invoke]

template <class F, class... Args>
result_of_t<F&&(Args&&...)> invoke(F&& f, Args&&... args);

Effects: Equivalent to:
return INVOKE (std::forward<F>(f), std::forward<Args>(args)...); (ISO/IEC 14882:2014 §20.9.2).

8.3.2 Comparisons [comparisons]

The library provides basic function object classes for all of the comparison operators in the language (ISO/IEC
14882:2014 §5.9, ISO/IEC 14882:2014 §5.10).

template <class T = void>

requires EqualityComparable<T>() || Same<T, void>()
struct equal_to {

constexpr bool operator() (const T& x, const T& y) const;

}s

operator () returns x == y.

template <class T = void>

requires EqualityComparable<T>() || Same<T, void>()
struct not_equal_to {

constexpr bool operator() (const T& x, const T& y) const;

I
operator () returns x != y.
template <class T = void>

requires StrictTotallyOrdered<T>() || Same<T, void>()
struct greater {
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constexpr bool operator() (const T& x, const T& y) const;

};

operator() returns x > y.

template <class T = void>

requires StrictTotallyOrdered<T>() || Same<T, void>()
struct less {

constexpr bool operator() (const T& x, const T& y) const;

};

operator() returns x < y.

template <class T = void>

requires StrictTotallyOrdered<T>() || Same<T, void>()
struct greater_equal {

constexpr bool operator() (const T& x, const T& y) const;

};

operator () returns x >= y.

template <class T = void>

requires StrictTotallyOrdered<T>() || Same<T, void>()
struct less_equal {

constexpr bool operator() (const T& x, const T& y) const;

};

operator () returns x <= y.

template <> struct equal_to<void> {
template <class T, class U>
requires EqualityComparable<T, U>()
constexpr auto operator() (T&& t, U&& u) const
-> decltype(std: :forward<T>(t) == std::forward<U>(u));

typedef unspecified is_transparent;

})

operator () returns std: :forward<T>(t) == std::forward<U>(u).

template <> struct not_equal_to<void> {
template <class T, class U>
requires EqualityComparable<T, U>()
constexpr auto operator() (T&& t, U&& u) const
-> decltype(std: :forward<T>(t) != std::forward<U>(u));

typedef unspecified is_transparent;

})

operator () returns std::forward<T>(t) != std::forward<U>(u).

template <> struct greater<void> {
template <class T, class U>
requires StrictTotallyOrdered<T, U>()
constexpr auto operator() (T&& t, U&& u) const
-> decltype(std::forward<T>(t) > std::forward<U>(uw));

typedef unspecified is_transparent;

})
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operator () returns std::forward<T>(t) > std::forward<U>(u).

template <> struct less<void> {
template <class T, class U>
requires StrictTotallyOrdered<T, U>()
constexpr auto operator() (T&& t, U&& u) const
-> decltype(std: :forward<T>(t) < std::forward<U>(u));

typedef unspecified is_transparent;

})

operator () returns std: :forward<T>(t) < std::forward<U>(u).

template <> struct greater_equal<void> {
template <class T, class U>
requires StrictTotallyOrdered<T, U>()
constexpr auto operator() (T&& t, U&& u) const
-> decltype(std: :forward<T>(t) >= std::forward<U>(u));

typedef unspecified is_transparent;
};

operator () returns std::forward<T>(t) >= std::forward<U>(u).

template <> struct less_equal<void> {
template <class T, class U>
requires StrictTotallyOrdered<T, U>()
constexpr auto operator() (T&& t, U&& u) const
-> decltype(std: :forward<T>(t) <= std::forward<U>(u));

typedef unspecified is_transparent;

})
operator () returns std: :forward<T>(t) <= std::forward<U>(u).

For templates greater, less, greater_equal, and less_equal, the specializations for any pointer type
yield a total order, even if the built-in operators <, >, <=, >= do not.

8.3.3 Class identity [func.identity]

struct identity {
template <class T>
constexpr T&& operator() (T&% t) const noexcept;

typedef unspecified is_transparent;

}’

operator () returns std: :forward<T>(t).
8.4 Metaprogramming and type traits [meta]
8.4.1 Header <type_traits> synopsis [meta.type.synop]

[Editor’s note: Change the <type_traits> synopsis (ISO/IEC 14882:2014 §20.10.2) as follows. Note: this
change is intended to be made in namespace std.]

namespace std {
[...]
// 20.10.4.3, type properties:
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[...]

template <class T> struct is_move_assignable;

template <class T, class U> struct is_swappable_with;
template <class T> struct is_swappable;

template <class T> struct is_destructible;
[...]

template <class T> struct is_nothrow_move_assignable;

template <class T, class U> struct is_nothrow_swappable_with;
template <class T> struct is_nothrow_swappable;

template <class T> struct is_nothrow_destructible;

[...]

// 20.10.7.6, other transformations:

[...]

template <class... T> struct common_type;

template <class T, class U, template <class> class TQual, template <class> class UQual>
struct basic_common_reference { };

template <class... T> struct common_reference;
template <class T> struct underlying_type;
[...]
template <class... T>
using common_type_t = typename common_type<T...>::type;
template <class... T>

using common_reference_t = typename common_reference<T...>::type;
template <class T>

using underlying_type_t = typename underlying_type<T>::type;
[...]

// 20.15.4.3, type properties

[...]

template <class T, class U> constexpr bool is_swappable_with_v
= is_swappable_with<T, U>::value;

template <class T> constexpr bool is_swappable_v
= is_swappable<T>::value;

[...]

template <class T, class U> constexpr bool is_nothrow_swappable_with_v
= is_nothrow_swappable_with<T, U>::value;

template <class T> constexpr bool is_nothrow_swappable_v
= is_nothrow_swappable<T>::value;

[...]

}

8.4.2 Type properties [meta.unary.prop]

[Editor’s note: Change [meta.unary.prop|, Table 49 — “Type property predicates” in ISO/IEC 14882:2014 as
indicated. The following is taken from the current Working Draft of C+417.]

Table 49 — Type property predicates

‘ Template Condition Preconditions ‘
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Table 49 — Type property predicates (continued)

Template

Condition Preconditions

template <class T, class U>
struct is_swappable with;

The expressions

T and U shall be complete
types, (possibly

swap(declval<T>(),

declval<U>()) and cv-qualified) void, or

swap (declval<U>(), arrays of unknown bound.

declval<T>()) are each

well-formed when treated

as an unevaluated operand

(Clause ISO/IEC 14882:2014 §5)

in an overload-resolution

context for swappable

values (7.3.11). Access

checking is performed as if

in a context unrelated to T

and U. Only the validity of

the immediate context of

the swap expressions is

considered. Remark: The

compilation of the

expressions can result in

side effects such as the

instantiation of class

template specializations

and function template

specializations, the

generation of

implicitly-defined

functions, and so on. Such

side effects are not in the

“immediate context” and

can result in the program

being ill-formed.

template <class T>
struct is_swappable;

For a referenceable type T, T shall be a complete type,

the same result as
is_swappable with v<
T& ,T&>, otherwise
false.

(possibly cv-qualified)
void, or an array of
unknown bound.

template <class T, class U>
struct is_nothrow swappable with;

T and U shall be complete
types, (possibly

is_swappable with v<T,
U> is true and each swap

cv-qualified) void, or
arrays of unknown bound.

expression of the

definition of

is_swappable with<T, U>
is known not to throw any
exceptions (ISO/IEC 14882:2014 §5.3.7).
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Table 49 — Type property predicates (continued)

Template

Condition

Preconditions ‘

template <class T>
struct is_nothrow swappable;

For a referenceable type T,

T shall be a complete type,

the same result as

is_nothrow_swappable

(possibly cv-qualified)
void, or an array of

with v<T&, T&>,

otherwise false.

unknown bound.

8.4.3 Other transformations

[meta.trans.other|

[Editor’s note: Change Table 57 — “Other Transformations” in ISO/TEC 14882:2014 as follows:]

Table 57 — Other transformations

\ Template

Condition

Comments

template <class... T>
struct common_type;

The member typedef type shall be
defined or omitted as specified below.
If it is omitted, there shall be no
member type. Altypes Fach type in
the parameter pack T shall be
complete or (possibly cv) void. A
program may specialize this trait if at
least one template parameter in the
specialization isdepends on a
user-defined type and

sizeof...(T) == 2. Remark: Such
specializations are needed when only
explicit conversions are desired among
the template arguments.

template <class T, class U,
template <class> class TQual,

template <class> class UQual>

struct basic common_reference;

The primary template shall have no
member typedef type. A program
may specialize this trait if at least one
template parameter in the
specialization depends on a
user-defined type. In such a
specialization, a member typedef type
may be defined or omitted. If it is
omitted, there shall be no member
type. Remark: Such specializations
may be used to influence the result of

common__ reference.

template <class... T>

struct cormnonfreference;

The member typedef type shall be

defined or omitted as specified below.

If it is omitted, there shall be no

member type. Each type in the

parameter pack T shall be complete or

(possibly cv) void.
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[Editor’s note: Delete [meta.trans.other]/p3 from ISO/IEC 14882:2014 and replace it with the following:]

Let CREF(A) be add_1lvalue_reference_t<const remove_reference_t<A>>. Let UNCVREF (A) be remove_-
cv_t<remove_reference_t<A>>. Let XREF (A) denote a unary template T such that TKUNCVREF (A) > denotes
the same type as A. Let COPYCV(FROM, TO) be an alias for type TO with the addition of FROM’s top-level
cv-qualifiers. [ Ezample: COPYCV(const int, volatile short) is an alias for const volatile short.
— end example| Let RREF_RES(Z) be remove_reference_t<Z>&& if Z is a reference type or Z otherwise.
Let COND_RES(X, Y) be decltype(declval<bool>() 7 declval<X>() : declval<Y>()). Given types
A and B, let X be remove_reference_t<A>, let Y be remove_reference_t<B>, and let COMMON_REF (A, B)
be:

— If A and B are both lvalue reference types, COMMON_REF (A, B) is COND_RES(COPYCV(X, Y) &, COPYCV(Y,
X) &).

— Otherwise, let C be RREF_RES (COMMON_REF (X&, Y&)). If A and B are both rvalue reference types, and
C is well-formed, and is_convertible<A, C>::value and is_convertible<B, C>::value are true,
then COMMON_REF (A, B) is C.

— Otherwise, let D be COMMON_REF (const X&, Y&). If A is an rvalue reference and B is an lvalue reference
and D is well-formed and is_convertible<A, D>::value is true, then COMMON_REF (A, B) is D.

— Otherwise, if A is an lvalue reference and B is an rvalue reference, then COMMON_REF (A, B) is COMMON_-
REF(B, A).

— Otherwise, COMMON_REF (A, B) is decay_t<COND_RES(CREF(A), CREF(B))>

If any of the types computed above are ill-formed, then COMMON_REF (A, B) is ill-formed.

For the common_type trait applied to a parameter pack T of types, the member type shall be either defined
or not present as follows:

— If sizeof...(T) is zero, there shall be no member type.

— Otherwise, if sizeof...(T) is one, let T6T1 denote the sole type in the pack T. The member typedef
type shall denote the same type as decay_t<ToT1>.

— Otherwise, if sizeof...(T) is two, let T1 and T2 denote the two types in the pack T, and let D1 and
D2 be decay_t<T1> and decay_t<T2> respectively. Then
— If D1 and T1 denote the same type and D2 and T2 denote the same type, then
If COMMON_REF (T1, T2) is well-formed, then the member typedef type denotes that type.
— Otherwise, there shall be no member type.

— Otherwise, if common_type_t<D1, D2> is well-formed, then the member typedef type denotes
that type.

— Otherwise, there shall be no member type.

— Otherwise, if sizeof. .. (T) is greater than enetwo, let T1, T2, and Rest, respectively, denote the first,

second, and (pack of) remalnlng types comprlslng T %Neée—s&eef—éR}may—b&zefe——%aLﬁete%
Let Cd § :

— If there is such a type C, the member typedef type shall denote the same type, if any, as common_-
type_t<C, Rest...>
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(2.4.2) — Otherwise, there shall be no member type.

3 For the common_reference trait applied to a parameter pack T of types, the member type shall be either
defined or not present as follows:

(3.1) — If sizeof...(T) is zero, there shall be no member type.
(3.2) — Otherwise, if sizeof...(T) is one, let T1 denote the sole type in the pack T. The member typedef
type shall denote the same type as T1.
(3.3) — Otherwise, if sizeof...(T) is two, let T1 and T2 denote the two types in the pack T. Then
(3.3.1) If COMMON_REF(T1, T2) is well-formed and denotes a reference type then the member typedef
type denotes that type.
(3.3.2) — Otherwise, if basic_common_reference<UNCVREF(T1), UNCVREF(T2), XREF(T1), XREF(T2)>::type
is well-formed, then the member typedef type denotes that type.
(3-33) — Otherwise, if common_type_t<T1, T2> is well-formed, then the member typedef type denotes
that type.
(3.3.4) — Otherwise, there shall be no member type.
(3.4) — Otherwise, if sizeof...(T) is greater than two, let T1, T2, and Rest, respectively, denote the first,
second, and (pack of) remaining types comprising T. Let C be the type common_reference_t<T1, T2>.
Then:
(3.4.1) — If there is such a type C, the member typedef type shall denote the same type, if any, as common_-
reference_t<C, Rest...>.
(3.4.2) — Otherwise, there shall be no member type.
8.5 Tagged tuple-like types [taggedtup]
8.5.1 In general [taggedtup.general]

1 The library provides a template for augmenting a tuple-like type with named element accessor member
functions. The library also provides several templates that provide access to tagged objects as if they were
tuple objects (see ISO/IEC 14882:2014 §20.4.2.6).

8.5.2 Class template tagged [taggedtup.tagged]
1 Class template tagged augments a tuple-like class type (e.g., pair (ISO/IEC 14882:2014 §20.3), tuple (ISO/IEC

14882:2014 §20.4)) by giving it named accessors. It is used to define the alias templates tagged_pair (8.5.4)
and tagged_tuple (8.5.5).

2 In the class synopsis below, let i be in the range [0,sizeof...(Tags)) and T; be the i*" type in Tags,
where indexing is zero-based.

// defined in header <exzperimental/ranges/utility>

namespace std { namespace experimental { namespace ranges { inline namespace vl {
template <class T>
concept bool TagSpecifier() {
return implementation-defined;

}

template <class F>
concept bool TaggedType() {

§ 8.5.2 38



3

t

©ISO/IEC N4651

return implementation-defined;

}

template <class Base, TagSpecifier... Tags>
requires sizeof...(Tags) <= tuple_size<Base>::value
struct tagged :
Base, TAGGET (tagged<Base, Tags...>, T;, i)... { // see below
using Base: :Base;
tagged() = default;
tagged (tagged&&) = default;
tagged(const tagged&) = default;
tagged &operator=(tagged&&) = default;
tagged &operator=(const tagged&) = default;
template <class Other>
requires Constructible<Base, Other>()
tagged (tagged<Other, Tags...> &&that) noexcept(see below);
template <class Other>
requires Constructible<Base, const Other&>()
tagged(const tagged<Other, Tags...> &that);
template <class Other>
requires Assignable<Base&, Other>()
tagged& operator=(tagged<Other, Tags...>&& that) noexcept(see below);
template <class Other>
requires Assignable<Base&, const Other&>()
tagged& operator=(const tagged<Other, Tags...>& that);
template <class U>
requires Assignable<Base&, U>() && !Same<decay_t<U>, tagged>()
tagged& operator=(U&& u) noexcept(see below);
void swap(tagged& that) noexcept(see below)
requires Swappable<Base&>();
friend void swap(tagged&, tagged&) noexcept(see below)
requires Swappable<Base&>();
I
1313

A tagged getter is an empty trivial class type that has a named member function that returns a reference
to a member of a tuple-like object that is assumed to be derived from the getter class. The tuple-like type
of a tagged getter is called its DerivedCharacteristic. The index of the tuple element returned from the
getter’s member functions is called its ElementIndex. The name of the getter’'s member function is called
its ElementName

A tagged getter class with DerivedCharacteristic D, ElementIndex N, and ElementName name shall provide
the following interface:

struct __TAGGED_GETTER {
constexpr decltype(auto) name() & { return get<N>(static_cast<D&>(*this)); }
constexpr decltype(auto) name() && { return get<N>(static_cast<D&&>(*this)); }
constexpr decltype(auto) name() const & { return get<N>(static_cast<const D&>(*this)); }

};

A tag specifier is a type that facilitates a mapping from a tuple-like type and an element index into a tagged
getter that gives named access to the element at that index. TagSpecifier<T>() is satisfied if and only if
T is a tag specifier. The tag specifiers in the Tags parameter pack shall be unique. [Note: The mapping
mechanism from tag specifier to tagged getter is unspecified. — end note|

Let TAGGET (D, T, N) name a tagged getter type that gives named access to the N-th element of the
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tuple-like type D.

It shall not be possible to delete an instance of class template tagged through a pointer to any base other
than Base.

TaggedType<F>() is satisfied if and only if F is a unary function type with return type T which satisfies
TagSpecifier<T>(). Let TAGSPEC (F) name the tag specifier of the TaggedType F, and let TAGELEM (F)
name the argument type of the TaggedType F.

template <class Other>
requires Constructible<Base, Other>()
tagged(tagged<Other, Tags...> &&that) noexcept(see below);

Remarks: The expression in the noexcept is equivalent to:

is_nothrow_constructible<Base, Other>::value
Effects: Initializes Base with static_cast<Other&&>(that).

template <class Other>
requires Constructible<Base, const Other&>()
tagged(const tagged<Other, Tags...>& that);

Effects: Initializes Base with static_cast<const Other&>(that).

template <class Other>
requires Assignable<Base&, Other>()
tagged& operator=(tagged<Other, Tags...>&& that) noexcept(see below);

Remarks: The expression in the noexcept is equivalent to:

is_nothrow_assignable<Base&, Other>::value

Effects: Assigns static_cast<Other&&>(that) to static_cast<Base&>(*this).

Returns: *this.

template <class Other>
requires Assignable<Base&, const Other&>()
tagged& operator=(const tagged<Other, Tags...>& that);

Effects: Assigns static_cast<const Other&>(that) to static_cast<Base&>(*this).

Returns: *this.

template <class U>
requires Assignable<Base&, U>() && !Same<decay_t<U>, tagged>()
tagged& operator=(U&& u) noexcept(see below);

Remarks: The expression in the noexcept is equivalent to:

is_nothrow_assignable<Base&, U>::value

Effects: Assigns std: :forward<U>(u) to static_cast<Base&>(*this).

Returns: *this.

void swap(tagged& rhs) noexcept(see below)
requires Swappable<Base&>();

Remarks: The expression in the noexcept is equivalent to:

noexcept (swap(declval<Base&>(), declval<Base&>()))
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Effects: Calls swap on the result of applying static_cast to *this and that.
Throws: Nothing unless the call to swap on the Base sub-objects throws.
friend void swap(tagged& lhs, tagged& rhs) noexcept(see below)
requires Swappable<Base&>();
Remarks: The expression in the noexcept is equivalent to:

noexcept (1lhs.swap(rhs))
Effects: Equivalent to 1hs.swap(rhs).

8.5.3 Tuple-like access to tagged [tagged.astuple]

namespace std {
template <class Base, class... Tags>
struct tuple_size<experimental::ranges::tagged<Base, Tags...>>
: tuple_size<Base> { };

template <size_t N, class Base, class... Tags>
struct tuple_element<N, experimental::ranges::tagged<Base, Tags...>>
: tuple_element<N, Base> { };
}

8.5.4 Alias template tagged_pair [tagged.pairs]
// defined in header <experimental/ranges/utility>

namespace std { namespace experimental { namespace ranges { inline namespace vl {

/).

template <TaggedType T1l, TaggedType T2>
using tagged_pair = tagged<pair<TAGELEM (T1), TAGELEM(T2)>,
TAGSPEC (T1), TAGSPEC(T2)>;
I

[ Example:

// See 10.2:

tagged_pair<tag::min(int), tag::max(int)> p{0, 1};
assert(&p.min() == &p.first);

assert(&p.max() == &p.second);

— end example]

8.5.4.1 Tagged pair creation functions [tagged.pairs.creation]

// defined in header <experimental/ranges/utility>

namespace std { namespace experimental { namespace ranges { inline namespace vl {
template <TagSpecifier Tagl, TagSpecifier Tag2, class T1l, class T2>
constexpr see below make_tagged_pair(T1&& x, T2&& y);
313}

Let P be the type of make_pair(std::forward<T1>(x), std::forward<T2>(y)). Then the return
type is tagged<P, Tagl, Tag2>.

Returns: {std::forward<T1>(x), std::forward<T2>(y)}.
[ Ezample: In place of:

return tagged_pair<tag::min(int), tag::max(double)>(5, 3.1415926); // explicit types
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a Ct+t+ program may contain:
return make_tagged_pair<tag::min, tag::max>(5, 3.1415926); // types are deduced

— end example ]

8.5.5 Alias template tagged_tuple [tagged.tuple]

1 Header <experimental/ranges/tuple> synopsis

namespace std { namespace experimental { namespace ranges { inline namespace vl {
template <TaggedType... Types>
using tagged_tuple = tagged<tuple<TAGELEM (Types)...>,
TAGSPEC (Types) . . .>;

template <TagSpecifier... Tags, class... Types>
requires sizeof...(Tags) == sizeof...(Types)
constexpr see below make_tagged_tuple(Types&&... t);

I
Any entities declared or defined in namespace std in header <tuple> that are not already defined in name-
space std::experimental::ranges in header <experimental/ranges/tuple> are imported with using-
declarations (ISO/IEC 14882:2014 §7.3.3). [ Ezample:
namespace std { namespace experimental { namespace ranges { inline namespace vl {
using std::tuple;
using std::make_tuple;
// ... others
I
— end example]
template <TaggedType... Types>
using tagged_tuple = tagged<tuple<TAGELEM (Types)...>,
TAGSPEC (Types) . . .>;
[ Ezample:
// See 10.2:

tagged_tuple<tag::in(char*), tag::out(char*)> t{0, 0};
assert(&t.in() == &get<0>(t));
assert (&t.out() == &get<1>(t));

— end example]

8.5.5.1 Tagged tuple creation functions [tagged.tuple.creation)]

template <TagSpecifier... Tags, class... Types>
requires sizeof...(Tags) == sizeof...(Types)
constexpr see below make_tagged_tuple(Types&&... t);

Let T be the type of make_tuple(std: :forward<Types>(t)...). Then the return type is tagged<T,
Tags...>.

Returns: tagged<T, Tags...>(std::forward<Types>(t)...).
[ Example:
int i; float j;
make_tagged_tuple<tag::inl, tag::in2, tag::out>(1, ref(i), cref(j))
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creates a tagged tuple of type

tagged_tuple<tag::ini(int), tag::in2(int&), tag::out(const float&)>

— end example ]
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9 Iterators library

9.1 General

N4651

[iterators]

[iterators.generall]

This Clause describes components that C++ programs may use to perform iterations over containers (Clause
ISO/IEC 14882:2014 §23), streams (ISO/IEC 14882:2014 §27.7), stream buffers (ISO /TEC 14882:2014 §27.6),

and ranges (9.9).

The following subclauses describe iterator requirements, and components for iterator primitives, predefined
iterators, and stream iterators, as summarized in Table 5.

Table 5 — Iterators library summary

|

Subclause

Header(s)

9.3
9.4
9.5

Tterator requirements

Indirect callable requirements
Common algorithm requirements

9.6
9.7
9.8
9.9

Iterator primitives
Predefined iterators
Stream iterators
Ranges

<experimental/ranges/iterator>

9.2 Header <experimental/ranges/iterator> synopsis

[iterator.synopsis|

namespace std { namespace experimental { namespace ranges { inline namespace vl {
template <class T> concept bool dereferenceable // exposition only
= requires(T& t) { {*t} -> auto&&; };

// 9.8, iterator requirements:
// 9.3.2, customization points:

namespace {

// 9.8.2.1, iter_move:
constexpr unspectified iter_move

// 9.8.2.2, iter_swap:
constexpr unspecified iter_swap

}

// 9.3.3, associated types:

// 9.3.3.1, difference_ type:

template <class> struct difference_type;

template <class T> using difference_type_t
= typename difference_type<T>::type;

// 9.3.3.2, value__type:
template <class> struct value_type;

template <class T> using value_type_t

= typename value_type<T>::type;

// 9.8.3.3, iterator_category:
template <class> struct iterator_category;

§9.2
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template <class T> using iterator_category_t
= typename iterator_category<T>::type;

template <dereferenceable T> using reference_t
= decltype(*declval<T&>());

template <dereferenceable T>
requires see below using rvalue_reference_t
= decltype(ranges::iter_move(declval<T&>()));

// 9.8.4, Readable:

template <class In>

concept bool Readable() {
return see below;

}

// 9.8.5, Writable:

template <class Out, class T>

concept bool Writable() {
return see below;

}

// 9.8.6, WeaklyIncrementable:

template <class I>

concept bool WeaklyIncrementable() {
return see below;

}

// 9.8.7, Incrementable:

template <class I>

concept bool Incrementable() {
return see below;

}

// 9.8.8, Iterator:

template <class I>

concept bool Iterator() {
return see below;

}

// 9.3.9, Sentinel:

template <class S, class I>

concept bool Sentinel() {
return see below;

}

// 9.8.10, SizedSentinel:
template <class S, class I>
constexpr bool disable_sized_sentinel = false;

template <class S, class I>
concept bool SizedSentinel() {
return see below;

}
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// 9.8.11, Inputlterator:

template <class I>

concept bool InputIterator() {
return see below;

}

// 9.8.12, Outputlterator:

template <class I>

concept bool OutputIterator() {
return see below;

}

// 9.3.13, ForwardIterator:

template <class I>

concept bool ForwardIterator() {
return see below;

}

// 9.3.14, Bidirectionallterator:

template <class I>

concept bool BidirectionalIterator() {
return see below;

}

// 9.3.15, RandomAccesslterator:

template <class I>

concept bool RandomAccessIterator() {
return see below;

}

// 9.4, indirect callable requirements:

// 9.4.2, indirect callables:

template <class F>

concept bool IndirectInvocable() {
return see below;

}

template <class F, class I>

concept bool IndirectInvocable() {
return see below;

}

template <class F, class Il, class I2>

concept bool IndirectInvocable() {
return see below;

}

template <class F>

concept bool IndirectRegularInvocable() {
return see below;

}

template <class F, class I>

concept bool IndirectRegularInvocable() {
return see below;

}

template <class F, class Il, class I2>

concept bool IndirectRegularInvocable() {
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return see below;

}

template <class F, class I>

concept bool IndirectPredicate() {
return see below;

}

template <class F, class Il, class I2>

concept bool IndirectPredicate() {
return see below;

}

template <class F, class Il, class I2 = I1>
concept bool IndirectRelation() {
return see below;

}

template <class F, class Il1, class I2 = I1>
concept bool IndirectStrictWeakOrder() {
return see below;

}
template <class> struct indirect_result_of;

template <class F, class... Is>
requires IndirectInvocable<decay_t<F>, Is...>()
struct indirect_result_of<F(Is...)>;

template <class F>
using indirect_result_of_t
= typename indirect_result_of<F>::type;

// 9.4.3, projected:
template <Readable I, IndirectRegularInvocable<I> Proj>

struct projected;

template <WeaklyIncrementable I, class Proj>
struct difference_type<projected<I, Proj>>;

// 9.5, common algorithm requirements:

// 9.5.2 IndirectlyMovable:

template <class In, class Out>

concept bool IndirectlyMovable() {
return see below;

}

template <class In, class Out>
concept bool IndirectlyMovableStorable() {
return see below;

}

// 9.5.3 IndirectlyCopyable:

template <class In, class Out>

concept bool IndirectlyCopyable() {
return see below;
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template <class In, class Out>
concept bool IndirectlyCopyableStorable() {

return see below;

}

// 9.5.4 IndirectlySwappable:
template <class I1, class I2 = I1>
concept bool IndirectlySwappable() {

return see below;

}

// 9.5.5 IndirectlyComparable:

template <class I1, class I2, class R = equal_to<>, class P1 = identity,
class P2 = identity>
concept bool IndirectlyComparable() {

return see below;

}

// 9.5.6 Permutable:

template <class

I>

concept bool Permutable() {

return see below;

}

// 9.5.7 Mergeable:
template <class Il, class I2, class Out,
class R = less<>, class P1 = identity, class P2 = identity>

concept bool Mergeable() {
return see below;

}

template <class I, class R = less<>, class P = identity>
concept bool Sortable() {

return see below;

}

// 9.6, primitives:

// 9.6.1, traits:

template <class
template <class
template <class
template <class

11,
11,
11,
11,

class
class
class
class

I2> struct is_indirectly_movable;

I2 = I1> struct is_indirectly_swappable;

I2> struct is_nothrow_indirectly_movable;

I2 = I1> struct is_nothrow_indirectly_swappable;

template <class Il, class I2> constexpr bool is_indirectly_movable_v
= is_indirectly_movable<Il, I2>::value;

template <class Il, class I2> constexpr bool is_indirectly_swappable_v
= is_indirectly_swappable<Il, I2>::value;

template <class I1, class I2> constexpr bool is_nothrow_indirectly_movable_v

= is_nothrow_indirectly_movable<I1l, I2>::value;

template <class I1, class I2> constexpr bool is_nothrow_indirectly_swappable_v

= is_nothrow_indirectly_swappable<Il, I2>::value;

template <class Iterator> using iterator_traits = see below;
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template <Readable T> using iter_common_reference_t
= common_reference_t<reference_t<T>, value_type_t<T>&>;

// 9.6.3, iterator tags:

struct output_iterator_tag { };

struct input_iterator_tag { };

struct forward_iterator_tag : input_iterator_tag { };

struct bidirectional_iterator_tag : forward_iterator_tag { };
struct random_access_iterator_tag : bidirectional_iterator_tag { };

// 9.6.4, iterator operations:
template <Iterator I>

void advance(I& i, difference_type_t<I> n);
template <Iterator I, Sentinel<I> S>

void advance(I& i, S bound);
template <Iterator I, Sentinel<I> S>

difference_type_t<I> advance(I& i, difference_type_t<I> n, S bound);
template <Iterator I, Sentinel<I> S>

difference_type_t<I> distance(I first, S last);
template <Iterator I>

I next(I x, difference_type_t<I> n = 1);
template <Iterator I, Sentinel<I> S>

I next(I x, S bound);
template <Iterator I, Sentinel<I> S>

I next(I x, difference_type_t<I> n, S bound);
template <BidirectionalIterator I>

I prev(I x, difference_type_t<I> n = 1);
template <BidirectionalIterator I>

I prev(I x, difference_type_t<I> n, I bound);

// 9.7, predefined iterators and sentinels:

// 9.7.1, reverse iterators:
template <BidirectionalIlterator I> class reverse_iterator;

template <class Il, class I2>
requires EqualityComparable<Il, I2>()
bool operator==
const reverse_iterator<Ii>& x,
const reverse_iterator<I2>& y);
template <class Il, class I2>
requires EqualityComparable<I1, I2>()
bool operator!=(
const reverse_iterator<Il>& x,
const reverse_iterator<I2>& y);
template <class I1, class I2>
requires StrictTotallyOrdered<I1, I2>()
bool operator<(
const reverse_iterator<Ii>& x,
const reverse_iterator<I2>& y);
template <class I1, class I2>
requires StrictTotallyOrdered<I1, I2>()
bool operator>(
const reverse_iterator<I1>& x,
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const reverse_iterator<I2>& y);
template <class Il, class I2>
requires StrictTotallyOrdered<I1, I2>()
bool operator>=(
const reverse_iterator<I1>& x,
const reverse_iterator<I2>& y);
template <class Il, class I2>
requires StrictTotallyOrdered<I1, I2>()
bool operator<=(
const reverse_iterator<Il>& x,
const reverse_iterator<I2>& y);

template <class Il, class I2>
requires SizedSentinel<I1, I2>()
difference_type_t<I2> operator-(
const reverse_iterator<Il>& x,
const reverse_iterator<I2>& y);
template <RandomAccessIterator I>
reverse_iterator<I>
operator+(
difference_type_t<I> n,
const reverse_iterator<I>& x);

template <BidirectionalIlterator I>
reverse_iterator<I> make_reverse_iterator(I i);

// 9.7.2, insert iterators:
template <class Container> class back_insert_iterator;
template <class Container>

back_insert_iterator<Container> back_inserter(Container& x);

template <class Container> class front_insert_iterator;
template <class Container>
front_insert_iterator<Container> front_inserter(Container& x);

template <class Container> class insert_iterator;
template <class Container>
insert_iterator<Container> inserter(Container& x, iterator_t<Container> i);

// 9.7.3, move iterators and sentinels:
template <Inputlterator I> class move_iterator;
template <class Il, class I2>
requires EqualityComparable<I1, I2>()
bool operator==
const move_iterator<I1>& x, const move_iterator<I2>& y);
template <class Il, class I2>
requires EqualityComparable<Il, I2>()
bool operator!=(
const move_iterator<I1>& x, const move_iterator<I2>& y);
template <class I1, class I2>
requires StrictTotallyOrdered<I1, I2>()
bool operator<(
const move_iterator<I1>& x, const move_iterator<I2>& y);
template <class Il, class I2>
requires StrictTotallyOrdered<I1, I2>()
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bool operator<=(
const move_iterator<I1>& x, const move_iterator<I2>& y);
template <class I1, class I2>
requires StrictTotallyOrdered<I1, I2>()
bool operator>(
const move_iterator<I1>& x, const move_iterator<I2>& y);
template <class Il, class I2>
requires StrictTotallyOrdered<I1, I2>()
bool operator>=(
const move_iterator<I1>& x, const move_iterator<I2>& y);

template <class I1, class I2>
requires SizedSentinel<I1l, I2>()
difference_type_t<I2> operator-(
const move_iterator<Ii>& x,
const move_iterator<I2>& y);
template <RandomAccessIterator I>
move_iterator<I>
operator+(
difference_type_t<I> n,
const move_iterator<I>& x);
template <Inputlterator I>
move_iterator<I> make_move_iterator(I i);

template <Semiregular S> class move_sentinel;

template <class I, Sentinel<I> S>
bool operator==
const move_iterator<I>& i, const move_sentinel<S>& s);
template <class I, Sentinel<I> S>
bool operator==
const move_sentinel<S>& s, const move_iterator<I>& i);
template <class I, Sentinel<I> S>
bool operator!=(
const move_iterator<I>& i, const move_sentinel<S>& s);
template <class I, Sentinel<I> S>
bool operator!=(
const move_sentinel<S>& s, const move_iterator<I>& i);

template <class I, SizedSentinel<I> S>
difference_type_t<I> operator-(
const move_sentinel<S>& s, const move_iterator<I>& i);
template <class I, SizedSentinel<I> 8>
difference_type_t<I> operator-(
const move_iterator<I>& i, const move_sentinel<S>& s);

template <Semiregular S>
move_sentinel<S> make_move_sentinel(S s);

// 9.7.4, common iterators:
template <Iterator I, Sentinel<I> S>
requires !Same<I, $>()

class common_iterator;

template <Readable I, class S>
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struct value_type<common_iterator<I, S>>;

template <Inputlterator I, class S>
struct iterator_category<common_iterator<I, S>>;

template <ForwardIterator I, class S>
struct iterator_category<common_iterator<I, S>>;

template <class I1, class I2, Sentinel<I2> S1, Sentinel<I1> S2>
bool operator==
const common_iterator<Il, S1>& x, const common_iterator<I2, S2>& y);
template <class I1, class I2, Sentinel<I2> S1, Sentinel<I1> S2>
requires EqualityComparable<Il, I2>()
bool operator==
const common_iterator<Il, S1>& x, const common_iterator<I2, S2>& y);
template <class Il, class I2, Sentinel<I2> S1, Sentinel<I1> S2>
bool operator!=(
const common_iterator<Il, S1>& x, const common_iterator<I2, S2>& y);

template <class I2, SizedSentinel<I2> I1, SizedSentinel<I2> S1, SizedSentinel<I1> S2>
difference_type_t<I2> operator-(
const common_iterator<Il, S1>& x, const common_iterator<I2, S2>& y);

// 9.7.5, default sentinels:
class default_sentinel;

// 9.7.6, counted iterators:
template <Iterator I> class counted_iterator;

template <class Il, class I2>
requires Common<I1, I2>()
bool operator==
const counted_iterator<Ii>& x, const counted_iterator<I2>& y);
bool operator==(
const counted_iterator<auto>& x, default_sentinel);
bool operator==
default_sentinel, const counted_iterator<auto>& x);
template <class I1, class I2>
requires Common<I1l, I2>()
bool operator!=(
const counted_iterator<Ii>& x, const counted_iterator<I2>& y);
bool operator!=(
const counted_iterator<auto>& x, default_sentinel y);
bool operator!=(
default_sentinel x, const counted_iterator<auto>& y);
template <class Il, class I2>
requires Common<I1l, I2>()
bool operator<(
const counted_iterator<I1>& x, const counted_iterator<I2>& y);
template <class I1, class I2>
requires Common<I1l, I2>()
bool operator<=(
const counted_iterator<Ii>& x, const counted_iterator<I2>& y);
template <class Il, class I2>
requires Common<I1, I2>()
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bool operator>(
const counted_iterator<I1>& x, const counted_iterator<I2>& y);
template <class I1, class I2>
requires Common<I1l, I2>()
bool operator>=(
const counted_iterator<Ii>& x, const counted_iterator<I2>& y);
template <class Il, class I2>
requires Common<I1, I2>()
difference_type_t<I2> operator-(
const counted_iterator<Ii>& x, const counted_iterator<I2>& y);
template <class I>
difference_type_t<I> operator-(
const counted_iterator<I>& x, default_sentinel y);
template <class I>
difference_type_t<I> operator-(
default_sentinel x, const counted_iterator<I>& y);
template <RandomAccessIterator I>
counted_iterator<I>
operator+(difference_type_t<I> n, const counted_iterator<I>& x);
template <Iterator I>
counted_iterator<I> make_counted_iterator(I i, difference_type_t<I> n);

template <Iterator I>
void advance(counted_iterator<I>& i, difference_type_t<I> n);

// 9.7.8, unreachable sentinels:
class unreachable;
template <Iterator I>

constexpr bool operator==(const I&, unreachable) noexcept;
template <Iterator I>

constexpr bool operator==(unreachable, const I&) noexcept;
template <Iterator I>

constexpr bool operator!=(const I&, unreachable) noexcept;
template <Iterator I>

constexpr bool operator!=(unreachable, const I&) noexcept;

// 9.7.7, dangling wrapper:
template <class T> class dangling;

// 9.8, stream iterators:
template <class T, class charT = char, class traits = char_traits<charT>,
class Distance = ptrdiff_t>
class istream_iterator;
template <class T, class charT, class traits, class Distance>
bool operator==(const istream_iterator<T, charT, traits, Distance>& x,
const istream_iterator<T, charT, traits, Distance>& y);
template <class T, class charT, class traits, class Distance>
bool operator==(default_sentinel x,
const istream_iterator<T, charT, traits, Distance>& y);
template <class T, class charT, class traits, class Distance>
bool operator==(const istream_iterator<T, charT, traits, Distance>& x,
default_sentinel y);
template <class T, class charT, class traits, class Distance>
bool operator!=(const istream_iterator<T, charT, traits, Distance>& x,
const istream_iterator<T, charT, traits, Distance>& y);
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template <class T, class charT, class traits, class Distance>
bool operator!=(default_sentinel x,
const istream_iterator<T, charT, traits, Distance>& y);
template <class T, class charT, class traits, class Distance>
bool operator!=(const istream_iterator<T, charT, traits, Distance>& x,
default_sentinel y);

template <class T, class charT = char, class traits =

char_traits<charT>>

class ostream_iterator;

template <class charT, class traits =

char_traits<charT> >

class istreambuf_iterator;
template <class charT, class traits>
bool operator==(const istreambuf_iterator<charT, traits>& a,
const istreambuf_iterator<charT, traits>& b);
template <class charT, class traits>
bool operator==(default_sentinel a,
const istreambuf_iterator<charT, traits>& b);
template <class charT, class traits>
bool operator==(const istreambuf_iterator<charT, traits>& a,
default_sentinel b);
template <class charT, class traits>
bool operator!=(const istreambuf_iterator<charT, traits>& a,
const istreambuf_iterator<charT, traits>& b);
template <class charT, class traits>
bool operator!=(default_sentinel a,
const istreambuf_iterator<charT, traits>& b);
template <class charT, class traits>
bool operator!=(const istreambuf_iterator<charT, traits>& a,
default_sentinel b);

template <class charT, class traits =

char_traits<charT> >

class ostreambuf_iterator;

// 9.10, range access:

namespace {
constexpr
constexpr
constexpr
constexpr
constexpr
constexpr
constexpr
constexpr

}

unspectfied
unspectfied
unspectfied
unspectfied
unspectfied
unspectified
unspectfied
unspectfied

// 9.11, range primitives:

namespace {
constexpr
constexpr
constexpr
constexpr

}

unspectfied
unspectfied
unspectfied
unspectfied

template <Range R>
difference_type_t<iterator_t<R>> distance(R&& r);

§9.2

begin = unspecified ;
end = unspecified ;
cbegin = unspecified ;
cend = unspecified ;
rbegin = unspecified ;
rend = unspecified ;
crbegin = unspecified ;
crend = unspecified ;

size = unspecified ;
empty = unspecified ;
data = unspecified ;

cdata = unspecified ;

54



©ISO/IEC N4651

template <SizedRange R>
difference_type_t<iterator_t<R>> distance(R&& r);
33

namespace std {

// 9.6.2, iterator traits:

template <experimental::ranges::Iterator I>
struct iterator_traits;

template <experimental::ranges::Inputlterator I>
struct iterator_traits;

template <experimental::ranges::Inputlterator I>

requires experimental::ranges::Sentinel<I, I>()

struct iterator_traits;

}

1 Any entities declared or defined in namespace std in header <iterator> that are not already defined in

namespace std: :experimental: :ranges in header <experimental/ranges/iterator> are imported with
using-declarations (ISO/IEC 14882:2014 §7.3.3).

9.3 Iterator requirements [iterator.requirements]

9.3.1 In general [iterator.requirements.general]

1 Tterators are a generalization of pointers that allow a C++ program to work with different data structures
(for example, containers and ranges) in a uniform manner. To be able to construct template algorithms
that work correctly and efficiently on different types of data structures, the library formalizes not just the
interfaces but also the semantics and complexity assumptions of iterators. All input iterators i support the
expression *i, resulting in a value of some object type T, called the value type of the iterator. All output
iterators support the expression *i = o where o is a value of some type that is in the set of types that are
writable to the particular iterator type of i. For every iterator type X there is a corresponding signed integer
type called the difference type of the iterator.

2 Since iterators are an abstraction of pointers, their semantics are a generalization of most of the semantics
of pointers in C++. This ensures that every function template that takes iterators works as well with regular
pointers. This document defines five categories of iterators, according to the operations defined on them:
input iterators, output iterators, forward iterators, bidirectional iterators and random access iterators, as
shown in Table 6.

Table 6 — Relations among iterator categories

Random Access — Bidirectional — Forward — Input
— Output

3 The five categories of iterators correspond to the iterator concepts InputIterator, OutputIterator, Forward-
Iterator, BidirectionalIterator, and RandomAccessIterator, respectively. The generic term iterator
refers to any type that satisfies Iterator.

4 Forward iterators satisfy all the requirements of input iterators and can be used whenever an input iterator is
specified; Bidirectional iterators also satisfy all the requirements of forward iterators and can be used when-
ever a forward iterator is specified; Random access iterators also satisfy all the requirements of bidirectional
iterators and can be used whenever a bidirectional iterator is specified.

5 Tterators that further satisfy the requirements of output iterators are called mutable iterators. Nonmutable
iterators are referred to as constant iterators.

6 Just as a regular pointer to an array guarantees that there is a pointer value pointing past the last element of
the array, so for any iterator type there is an iterator value that points past the last element of a corresponding

§9.3.1 55



©ISO/IEC N4651

sequence. These values are called past-the-end values. Values of an iterator i for which the expression *i is
defined are called dereferenceable. The library never assumes that past-the-end values are dereferenceable.
Tterators can also have singular values that are not associated with any sequence. [ Ezample: After the
declaration of an uninitialized pointer x (as with int* x;), x must always be assumed to have a singular
value of a pointer. — end example] Results of most expressions are undefined for singular values; the only
exceptions are destroying an iterator that holds a singular value, the assignment of a non-singular value
to an iterator that holds a singular value, and using a value-initialized iterator as the source of a copy or
move operation. [ Note: This guarantee is not offered for default initialization, although the distinction only
matters for types with trivial default constructors such as pointers or aggregates holding pointers. — end
note] In these cases the singular value is overwritten the same way as any other value. Dereferenceable
values are always non-singular.

7 Most of the library’s algorithmic templates that operate on data structures have interfaces that use ranges.
A range is an iterator and a sentinel that designate the beginning and end of the computation. An iterator
and a sentinel denoting a range are comparable. A sentinel denotes an element when it compares equal to
an iterator i, and i points to that element. The types of a sentinel and an iterator that denote a range must
satisfy Sentinel (9.3.9).

8 A range [i,s) is empty if i == s; otherwise, [i,s) refers to the elements in the data structure starting
with the element pointed to by i and up to but not including the element pointed to by the first iterator j
such that j == s.

9 A sentinel s is called reachable from an iterator i if and only if there is a finite sequence of applications of
the expression ++i that makes i == s. If s is reachable from i, they denote a range.

10 A range [i,s) is valid if and only if s is reachable from i. The result of the application of functions in the
library to invalid ranges is undefined.

11 All the categories of iterators require only those functions that are realizable for a given category in constant
time (amortized).

12 Destruction of an iterator may invalidate pointers and references previously obtained from that iterator.

13 An 4nvalid iterator is an iterator that may be singular.?

9.3.2 Customization points [iterator.custpoints]
9.3.2.1 iter_move [iterator.custpoints.iter__move]
1 The name iter_move denotes a customization point object (6.2.2.3). The effect of the expression ranges: :iter_-

move (E) for some expression E is equivalent to the following:

(1.1) — iter_move(E), if that expression is well-formed when evaluated in a context that does not include
ranges: :iter_move but does include the lookup set produced by argument-dependent lookup (ISO/IEC
14882:2014 §3.4.2).

(1.2) — Otherwise, if the expression *E is well-formed
(1.2.1) — If *E is an lvalue, std: :move (*E)
(1.2.2) — Otherwise, *E

(1.3)  — Otherwise, ranges: :iter_move(E) is ill-formed.

2 If ranges::iter_move(E) does not equal *E, the program is ill-formed with no diagnostic required.

3) This definition applies to pointers, since pointers are iterators. The effect of dereferencing an iterator that has been
invalidated is undefined.
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.3.2. iter_swa iterator.custpoints.iter_ swa
9.3.2.2 i P iterat tpoints.it P

1 The name iter_swap denotes a customization point object (6.2.2.3). The effect of the expression ranges: :iter_-
swap(E1, E2) for some expressions E1 and E2 is equivalent to the following:

(1.1) — (void)iter_swap(El, E2), if that expression is well-formed when evaluated in a context that does

not include ranges::iter_swap but does include the lookup set produced by argument-dependent
lookup (ISO/IEC 14882:2014 §3.4.2) and the following declaration:

void iter_swap(auto, auto) = delete;

(1.2) — Otherwise, if the types of E1 and E2 both satisfy Readable, and if the reference type of E1 is swappable
with (7.3.11) the reference type of E2, then ranges: :swap(*E1, *E2)

(1.3) — Otherwise, if the types T1 and T2 of E1 and E2 satisfy IndirectlyMovableStorable<T1, T2>() &&
IndirectlyMovableStorable<T2, T1>(), exchanges the values denoted by E1 and E2.

(1.4) — Otherwise, ranges: :iter_swap(E1l, E2) is ill-formed.

2 If ranges::iter_swap(El, E2) does not swap the values denoted by the expressions E1 and E2, the program
is ill-formed with no diagnostic required.

9.3.3 Iterator associated types [iterator.assoc.types]

1 To implement algorithms only in terms of iterators, it is often necessary to determine the value and difference
types that correspond to a particular iterator type. Accordingly, it is required that if WI is the name of
a type that satisfies the WeaklyIncrementable concept (9.3.6), R is the name of a type that satisfies the
Readable concept (9.3.4), and II is the name of a type that satisfies the InputIterator concept (9.3.11)
concept, the types

difference_type_t<WI>
value_type_t<R>
iterator_category_t<II>

be defined as the iterator’s difference type, value type and iterator category, respectively.

9.3.3.1 difference_type [iterator.assoc.types.difference__type]
1 difference_type_t<T> is implemented as if:

template <class> struct difference_type { };

template <class T>
struct difference_type<T*>
: enable_if<is_object<T>::value, ptrdiff_t> { };

template <class I>
s