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Foreword [foreword]

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members
of ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and
IEC technical committees collaborate in fields of mutual interest. Other international organizations,
governmental and non-governmental, in liaison with ISO and TEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different
types of document should be noted. This document was drafted in accordance with the editorial rules of
the ISO/IEC Directives, Part 2 (see www.iso.org/directives or www.iec.ch/members_ experts/refdocs).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.
Details of any patent rights identified during the development of the document will be in the Introduction
and/or on the ISO list of patent declarations received (see www.iso.org/patents) or the IEC list of patent
declarations received (see patents.iec.ch).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related to conformity assessment, as well as information about ISO’s adherence to the World Trade Orga-
nization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.org/iso/foreword.html.
In the TEC, see www.iec.ch/understanding-standards.

This document was prepared by Joint Technical Committee ISO/TEC JTC 1, Information technology,
Subcommittee SC 22, Programming languages, their environments and system software interfaces.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html and www.iec.ch/national-
committees.
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1 Scope [scope]

1 This document describes extensions to the C++ Programming Language (Clause 2) that enable operations
on source code. These extensions include new syntactic forms and modifications to existing language
semantics, as well as changes and additions to the existing library facilities.

2 Instructions to modify or add paragraphs are written as explicit instructions. Modifications made directly
to existing text from ISO/IEC 14882:2020 use underlining to represent added text and strikethrough to
represent deleted text.
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2 Normative references [refs]

1 The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

(1.1) — ISO/IEC 14882:2020, Programming Languages — C++
(1.2) — ISO/IEC TS 19217:2015, C++ Extensions for Concepts
©ISO/IEC 2021 — All rights reserved 2
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3 Terms and definitions [defs]

1 No terms and definitions are listed in this document. ISO and IEC maintain terminological databases for
use in standardization at the following addresses:

(1) — IEC Electropedia: available at https://www.electropedia.org/
(1.2)  — ISO Online browsing platform: available at https://www.iso.org/obp
©ISO/IEC 2021 — All rights reserved 3
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4 General [general]

4.1 Implementation compliance [general.compliance]

1 Conformance requirements for this document are those defined in ISO/IEC 14882:2020, 4.1. Similarly, all
references to ISO/IEC 14882:2020 in the resulting document shall be taken as referring to the resulting
document itself. [ Note: Conformance is defined in terms of the behavior of programs. — end note]

4.2 Namespaces and headers [general.namespaces]

1 Whenever a name x declared in subclause 21.11 at namespace scope is mentioned, the name x is assumed to
be fully qualified as : :std: :experimental::reflect::v1l: :x, unless otherwise specified. The header de-
scribed in this document (see Table 1) shall import the contents of : :std: :experimental::reflect::v1
into ::std::experimental::reflect as if by:

namespace std::experimental::reflect {
inline namespace vi {}

}

2 Whenever a name x declared in the standard library at namespace scope is mentioned, the name x is
assumed to be fully qualified as ::std: :x, unless otherwise specified.

Table 1 — Reflection library headers

’ <experimental/reflect> ‘

4.3 Feature-testing recommendations [general.features]

1 An implementation that provides support for this document shall define each feature test macro defined
in Table 2 if no associated headers are indicated for that macro, and if associated headers are indicated
for a macro, that macro is defined after inclusion of one of the corresponding headers specified in the
table.

Table 2 — Feature-test macros

Macro name Value Header

__cpp_reflection 201902 none
__cpp_lib_reflection 201902 <experimental/reflect>
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5 Lexical conventions [lex]

5.12 Keywords [lex.key]

1 In ISO/IEC 14882:2020 [lex.key], add the keyword reflexpr to the list of keywords in Table 4. Refer to
Annex A for compatibility with the original features of ISO/IEC 14882:2020.
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6 Basic concepts [basic]

1 The set of changes proposed in this document, as applied to the specification of ISO/TEC 14882:2020,
shall be as per C++ Extensions for Concepts, ISO/IEC TS 19217:2015.

2 In ISO/IEC 14882:2020 [basic], add the following last paragraph:

An alias is a name introduced by a typedef declaration, an alias-declaration, or a using-declaration.

6.2 One definition rule [basic.def.odr]
1 In ISO/IEC 14882:2020 [basic.def.odr], insert a new paragraph after the existing paragraph 3:

A function or variable of static storage duration reflected by T (10.1.6.5) is odr-used by the
specialization std: :experimental::reflect::get_pointer<T> (21.11.4.9, 21.11.4.17), as if by
taking the address of an id-expression nominating the function or variable.

2 In ISO/IEC 14882:2020 [basic.def.odr], apply the following changes to the second bullet within paragraph
6:
and the object has the same value in all definitions of D, or a type implementing

std::experimental::reflect::0bject (21.11.3.1), as long as all operations (21.11.4) on this
type yield the same constant expression results; and

6.9 Types [basic.types]
6.9.1 Fundamental types [basic.fundamental]
1 In ISO/IEC 14882:2020 [basic.fundamental], apply the following change to paragraph 9:

An expression of type void shall be used only as an expression statement (6.2), as an
operand of a comma expression (5.18), as a second or third operand of ?: (5.16), as the
operand of typeid, noexcept, reflexpr, or decltype, as the expression in a return statement
(6.6.3) for a function with the return type void, or as the operand of an explicit conversion
to type cv void.
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7 Standard conversions [conv]

For Standard conversions, ISO/IEC 14882:2020, Clause 7 shall be used.
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8 Expressions [expr]

8.1 Primary expressions [expr.prim)]
8.1.2 Lambda expressions [expr.prim.lambda]

1 In ISO/IEC 14882:2020 [expr.prim.lambdal, apply the following change to the second bullet in paragraph
12:

— names the entity in a potentially-evaluated expression (3.2) where the enclosing full-
expression depends on a generic lambda parameter declared within the reaching scope
of the lambda-expressions;

where, for the process of this determination, reflexpr operands are not considered to be
unevaluated operands.

2 Also apply the following change to paragraph 18:

Every id-expression within the compound-statement of a lambda-expression that is an odr-
use (6.2) of an entity captured by copy, as well as every use of an entity captured by copy
in a reflexpr-operand, is transformed into an access to the corresponding unnamed data
member of the closure type.

8.2 Postfix expressions [expr.post]
1 In ISO/IEC 14882:2020 [expr.post], apply the following change:

postfiz-expression:
Primary-expression
postfiz-expression [ expression ]
postfiz-expression [ braced-init-list ]
g or ron-listor)
function-call-expression
P~ T rom-bistopr
o ( son-listoo
il o ] it
o L imitti
functional-type-conv-expression
postfiz-expression . template .y id-expression
postfiz-expression -> template o id-expression
postfiz-expression . pseudo-destructor-name
postfiz-expression -> pseudo-destructor-name
postfiz-expression ++
postfiz-erpression ——
dynamic_cast < type-id > ( expression )
static_cast < type-id > ( expression )
reinterpret_cast < type-id > ( expression )
const_cast < type-id > ( expression )
typeid ( expression )
typeid ( type-id )

function-call-expression:
postfiz-expression ( expression-listop )

functional-type-conv-expression:
simple-type-specifier (_expression-listop: )
typename-specifier ( expression-listop: )
simple-type-specifier braced-init-list
typename-specifier braced-init-list

expression-list:
initializer-list
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9 Statements [stmt.stmt]

For Statements, ISO/IEC 14882:2020, Clause 9 shall be used.
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10 Declarations

10.1 Specifiers

10.1.6 Type specifiers
10.1.6.2 Simple type specifiers
1 In ISO/TEC 14882:2020 [dcl.type.simple], apply the following change:

The simple type specifiers are
simple-type-specifier:
nested-name-specifierop: type-name
nested-name-specifier template simple-template-id
char
charl6_t
char32_t
wchar_t
bool
short
int
long
signed
unsigned
float
double
void
auto
decltype-specifier
reflexpr-specifier
type-name:
class-name
enum-name
typedef-name
stmple-template-id
decltype-specifier:
decltype ( expression )
decltype ( auto )
reflexpr-specifier:
reflexpr ( reflexpr-operand )

reflexpr-operand:

type-id

nested-name-specifierop: namespace-name
id-expression

( expression )

function-call-expression
functional-type-conv-expression

[del.dc]]

[dcl.spec]
[dcl.type]
[dcl.type.simple]

The other simple-type-specifiers specify either a previously-declared type, a type determined
from an expression, a reflection meta-object type (10.1.6.5), or one of the fundamental types

(6.9.1).
2 Append the following row to Table 10:

’ reflexpr ( reflexpr-operand )  the type as defined below ‘
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3 At the end of 7.1.6.2, insert the following paragraph:

For a reflexpr-operand x, the type denoted by reflexpr(x) is a type that satisfies the constraints

laid out in 10.1.6.5.

10.1.6.5

Reflection type specifiers [dcl.type.reflexpr]

Insert the following subclause:

1 The reflexpr-specifier yields a type T that allows inspection of some properties of its operand
through type traits or type transformations on T (21.11.4). The operand to the reflexpr-
specifier shall be a type, namespace, enumerator, variable, data member, function param-

eter,

captured entity, parenthesized expression, function-call-expression or functional-type-

conv-expression. Any such T satisfies the requirements of reflect::0bject (21.11.3) and
other reflect concepts, depending on the operand. A type satisfying the requirements of
reflect: :0Object is called a meta-object type. A meta-object type is an unnamed, incomplete
namespace-scope class type (Clause 9).

2 An entity or alias B is reflection-related to an entity or alias A if
2.1 — A and B are the same entity or alias,
2.2) — A is a variable or enumerator and B is the type of 4,
2.3 — A is an enumeration and B is the underlying type of A,
24 — Ais a class and B is a member or base class of A,
2.9 — A is a non-template alias that designates the entity B,
2.6) — A is not the global namespace and B is an enclosing class or namespace of 4,
@7 — A is the parenthesized expression ( B ),
2.8) — A is a lambda capture of the closure type B,
2.9) — A is the closure type of the lambda capture B,
(2.10) — B is the type specified by the functional-type-conv-expression A,
2.11) — B is the function selected by overload resolution for a function-call-expression A,
2.12) — B is the return type, a parameter type, or function type of the function 4, or
(2.13) — B is reflection-related to an entity or alias X and X is reflection-related to A.
3 [ Note: This relationship is reflexive and transitive, but not symmetric. —end note]
4 [ Example:
struct X;
struct B {
using X = ::X;
typedef X Y;
};
struct D : B {
using B::Y;
};

5 The alias D: :Y is reflection-related to : :X, but not to B::Y or B: :X. —end example]

6 Zero or more successive applications of type transformations that yield meta-object types
(21.11.4) to the type denoted by a reflexpr-specifier enable inspection of entities and aliases
that are reflection-related to the operand; such a meta-object type is said to reflect the
respective reflection-related entity or alias.

7 [ Example:

template <typename T> std::string get_type_name() {

}

namespace reflect = std::experimental::reflect;

// T_tis an Alias reflecting T:

using T_t = reflexpr(T);

// aliased__T _t is a Type reflecting the type for which T is a synonym:
using aliased_T_t = reflect::get_aliased_t<T_t>;

return reflect::get_name_v<aliased_T_t>;

std::cout << get_type_name<std::string>(); // outpuls basic_string
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