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mmittees established by the respective organization to deal with particular fields of téchnidal
tivity. ISO and IEC technical committees collaborate in fields of mutual interest. Other intérnational
ganizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
prk. In the field of information technology, ISO and IEC have established a joint techhicdl committee,
O/IEC]TC 1.

scribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed fpr
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r an explanation on the meaning of SO specific terms and expressions related to conformity
sessment, as well as information apout ISO's adherence to the WTO principles in the Technidal
irriers to Trade (TBT) see the following URL: Foreword - Supplementary information

ogramming languages, theip environments and system software interfaces.

Foreword v

© ISO/IEC 2015 — All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=3a061e318b2e782afdbc78ee0abe4216



https://standardsiso.com/api/?name=3a061e318b2e782afdbc78ee0abe4216

ISO/IEC TS 19217:2015 (E)
©ISO/IEC N4549

1 General [intro]

1.1 Scope [intro.scope]

1 This Technical Specification describes extensions to the C++ Programming Language (1.2) that enable the
syfecification and checking of constraints on template arguments, and the ability to overload tunctions,afd
specialize class templates based on those constraints. These extensions include new syntactic forms ‘atjd
mjodifications to existing language semantics.

2 The International Standard, ISO/TEC 14882, provides important context and specification for tiis Technicpl
Specification. This document is written as a set of changes against that specification. Instrucfiorns to modify
olf add paragraphs are written as explicit instructions. Modifications made directly to existing text from the
Irfternational Standard use underlining to represent added text and strikethrough to represent deleted text.

3 WG21 paper N4191 defines “fold expressions”, which are used to define constraint ‘expressions resultifg
frpm the use of constrained-parameters that declare template parameter packs,/This feature is not present
inl ISO/IEC 14882:2014, but it is planned to be included in the next revision of\bhiat International Standarfl.
The specification of that feature is included in this document.

1]2 Normative references [intro.refp]

1 The following referenced document is indispensable for the application of this document. For dated refer-
ces, only the edition cited applies. For undated references, the\atest edition of the referenced document
ihcluding any amendments) applies.

(1.1) — ISO/IEC 14882:2014, Programming Languages — Ct+

ISO/IEC 14882:2014 is hereafter called the C++ Standard. The numbering of Clauses, sections, and parh-
gifaphs in this document reflects the numbering inthe C++ Standard. References to Clauses and sectiohs
not appearing in this Technical Specification refer*to the original, unmodified text in the C++ Standard.

)
=

—~
—

1|3 Terms and definitions [intro.deff]

Modify the definitions of “signature” to«nclude associated constraints (14.10.2). This allows different tranis-
lafion units to contain definitions of _fiinctions with the same signature, excluding associated constraints,
wjthout violating the one definition rule (3.2). That is, without incorporating the constraints in the signh-
tyre, such functions would haye the same mangled name, thus appearing as multiple definitions of the sanhe
function.

1.3.1 [defns.signature]
signature

<functionXaame, parameter type list (8.3.5), and enclosing namespace (if any), and any associated
constraiyts (14.10.2)

[ NotexSignatures are used as a basis for name mangling and linking. — end note]

1.3.2 [defns.signature.templ]
signature

<function template> name, parameter type list (8.3.5), enclosing namespace (if any), return
type, and template parameter list, and any associated constraints (14.10.2)

1.3.3 [defns.signature.member]

§1.3 1
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signature
<class member function> name, parameter type list (8.3.5), class of which the function is a
member, cv-qualifiers (if any), and ref-qualifier (if any), and any associated constraints (14.10.2)

1.3.4 [defns.signature.member.templ]

signature
<class member function template> name, parameter type list (8.3.5), class of which the function
is a member cu-qualifiers Gf anvy) ref-qualifier Gf any) return tx pe _and template parameter

list, and any associated constraints (14.10.2)

1{4 Implementation compliance [intro.complianc
Cpnformance requirements for this specification are the same as those defined in 1.4 in the Ci+\Standar
[ Note: Conformance is defined in terms of the behavior of programs. — end note|

5 Feature-testing recommendations [intro.feature

1
Ap implementation that provides support for this Technical Specification shall define the feature te
miacro(s) in Table A.

Table A — Feature-test macro(s)

’ Macro name Value ‘

’ __cpp_concepts 201507 J

116 Acknowledgments [intro.acl
The design of this specification is based, in part, on a cencept specification of the algorithms part of t
CH-+ standard library, known as “The Palo Alto” report (WG21 N3351), which was developed by a lar
gioup of experts as a test of the expressive powertof the idea of concepts. Despite syntactic differenc
b¢tween the notation of the Palo Alto report and“his Technical Specification, the report can be seen as
lafrge-scale test of the expressiveness of this Technical Specification.

This work was funded by NSF grant ACKL148461.

%
—_—
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—_—
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2 Lexical conventions [lex]
2.1 Keywords [lex.key]

In 2.1, add the keywords concept and requires to Table 4.

§2.1 3
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5 Expressions [expr]

Modify paragraph 8 to include a reference to requires-expressions.

In some contexts, unevaluated operands appear (5.1.4, 5.2.8, 5.3.3, 5.3.7).
5|1 Primary expressions [expr.prim]
5/1.1 General [expr.prim.general]

In this section, add the requires-expression to the rule for primary-expression.
Primary-expression:

literal

this

( expression )

id-expression

lambda-expression

fold-expression

requires-eTpression

It paragraph 8, add auto and constrained-type-name to nested-name-specifier:

nested-name-specifier:

type-name : :

namespace-name : :
decltype-specifier : :

auto ::

constrained-type-name : :
nested-name-specifier identifier .}
nested-name-specifier templat€yp: : :

Afd a new paragraph after paragraph 11:

In a nested-name-specifier of the/form auto:: or C::, where C is a constrained-type-name, that
nested-name-specifier desighatés a placeholder that will be replaced later according to the rules
for placeholder deductignym 7.1.6.4. If a placeholder designated by a constrained-type-specifier
is not a placeholder {ype, the program is ill-formed. [Note: A constrained-type-specifier can
designate a placehplylér for a non-type or template (7.1.6.4.2). end note| The replacement
type deduced fo*@placeholder shall be a class or enumeration type. [ Ezample:

template<typéname T> concept bool C = sizeof(T) == sizeof (int);
template<inht N> concept bool D = true;

stxdet S1 { int n; };
styuct S2 { char c; I};
struct S3 { struct X { using Y = int; }; };

int auto::* pl = &S1::n; //auto deduced as S1

int D::* p2 = &S1::n; // error: D does not designate a placeholder type

int C::* p3 = &S1::n; // OK: C deduced as S1

char C::x p4 = &S2::c; // error: deduction fails because constraints are not satisfied

§5.1.1 4
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void f(typename auto::X::Y);
£(S10); // error: auto cannot be deduced from S1()
£<83>(0); // OK

In the declaration of £, the placeholder appears in a non-deduced context (14.8.2.5). It may be
replaced later through the explicit specification of template arguments. — end example ]

Add a new paragraph after paragraph 13:

14

A lood L 1icail 3 1icadl 4 L s sl | 4 tradtdtlo o d
7Y PrOgraiT tiat IS CRPIICItry O HIITPIICITLY O & TOIICUIOT Wit aosSOCIatet COIISTIaiITsS tiIat are

not satisfied (14.10.2), other than to declare it, is ill-formed. [ Ezample:

void f(int) requires false; (‘19
£(0); // error: cannot call £ '<\
void (*p1)(int) = f; // error: cannot take the address of £ q(l/

decltype(f)* p2 = nullptr; // error: the type decltype(£) is invalid N

constraints are required to be satisfied even though f is an unevaluate rand (Clause 5).
end example] \\

O

5{1.2 Lambda expressions \% [expr.prim.lambd4]
Insert the following paragraph after paragraph 4 to define the term “generic lambda”.

In each case the associated constraints of f are not satisfied. In the de@%@n of p2, those

ot

A generic lambda is a lambda-expression where one or mor€ Placeholders (7.1.6.4) appear in the
parameter-type-list of the lambda-declarator.

Modify paragraph 5 so that the meaning of a generic lamh®1\s defined in terms of its abbreviated membgr
function template call operator. (%)

The closure type for a non-generic lambda-ex X’sion has a public inline function call operator
(13.5.4) whose parameters and return type described by the lambda-expression’s parameter-

declaratzon clause and tmzlmg return- ty eArespectlvely «Fefﬂ—geﬂeﬂ%hﬂabda—t}lee}esufe%ype

generic lambdgﬂg a public inline functlon call operator member template that is an abbreviated

function tepaﬁ‘&e whose parameters and return type are derived from the lambda-expression’s

p(zmm(zt(m{lamtion—clause and trailing-return-type according to the rules in (8.3.5).
QO

Afd the f ing example after those in paragraph 5 in the C++ Standard.

,{@Lpl e:

% template<typename T> concept bool C = true;

auto gl = [J(C& a, Cx b) { a = *b; }; // OK: denotes a generic lambda

struct Fun {
auto operator()(C& a, C* b) const { a = *b; }
} fun;

§5.1.2 5
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C is a constrained-type-specifier, signifying that the lambda is generic. The generic lambda gl
and the function object fun have equivalent behavior when called with the same arguments.
end example]

9

5.1.3 Fold expressions [expr.prim.fold]

Add this section after 5.1.2.

A fold expression performs a fold of a template parameter pack (14.6.3) over a binary operator.

JOlA-eTPTeESsSton.

( cast-expression fold-operator ... )
( ... fold-operator cast-expression )
( cast-expression fold-operator . .. fold-operator cast-expression )
fold-operator: one of
+ - x /% T w | << >
4= = %= /= Y= "= &= |= <<= >>= =
== 1= < > <= >= && | s Lk =>%
An expression of the form (... op e) where op is a fold-operator is called a unary left fold.
An expression of the form (e op ...) where op is a fold-operator is called.a unary right fold.

Unary left folds and unary right folds are collectively called unary folds.” In a unary fold, the
cast-expression shall contain an unexpanded parameter pack (14.6.3)

An expression of the form (el op! ... op2 e2) where op! and,gp2 are fold-operators is called
a binary fold. In a binary fold, op! and op2 shall be the samé, fold-operator, and either el shall
contain an unexpanded parameter pack or e2 shall containfan unexpanded parameter pack, but
not both. If e2 contains an unexpanded parameter pack{the expression is called a binary left
fold. If el contains an unexpanded parameter pack, .the-expression is called a binary right fold.

[ Ezample:
template<typename ...Args>
bool f(Args ...args) {
return (true && ... && args); // OK
}
template<typename ...Args>
bool f(Args ...args) {
return (args + ... + args); // error: both operands contain unexpanded parameter packs
}

— end example]

5/1.4 Requires expressions [expr.prim.reg
Afd this section te5.1.
A requireséerpression provides a concise way to express requirements on template arguments. A

requirentent is one that can be checked by name lookup (3.4) or by checking properties of types
and-expressions.

§5.1.4

© ISO/IEC 2015 - All rights reserved


https://standardsiso.com/api/?name=3a061e318b2e782afdbc78ee0abe4216

ISO/IEC TS 19217:2015 (E)
©ISO/IEC N4549

TequiTes-eTpression:
requires requirement-parameter-list,p; requirement-body
requirement-parameter-list:
( parameter-declaration-clause,p; )
requirement-body:
{ requirement-seq }
requirement-seq:
requirement

requirement-seq requirement

requirement:
stmple-requirement
type-requirement
compound-requirement
nested-requirement

A requires-expression defines a constraint (14.10) based on its parameters (if anyj-and its nested

requirements.

A requires-expression has type bool and is an unevaluated expression () ['Note: A requires-
expression is transformed into a constraint in order to determine if it is satisfied (14.10.2). — end
note |

A requires-expression shall appear only within a concept definition(7:1.7), or within the requires-
clause of a template-declaration (Clause 14) or function declaration’(8.3.5). [ Ezxample: A common
use of requires-expressions is to define requirements in coneépts such as the one below:

template<typename T>
concept bool R() {
return requires (T i) {
typename T::type;
{*i} -> const T::type&;
I
}

A requires-expression can also be used in a requires-clause as a way of writing ad hoc constraints
on template arguments such as the-éne below:

template<typename T>
requires requires (T.x). { x + x; }
T add(T a, T b) { return a + b; }

The first requiresdntroduces the requires-clause, and the second introduces the requires-expression.

— end example]J-Note: Such requirements can also be written by defining them within a con-
cept.

template<typename T>

concépt bool C = requires (T x) { x + x; };

template<typename T> requires C<T>
T add(T a, T b) { return a + b; }

— end note |

A requires-expression may introduce local parameters using a parameter-declaration-clause (8.3.5).
A local parameter of a requires-expression shall not have a default argument. Each name intro-
duced by a local parameter is in scope from the point of its declaration until the closing brace
of the requirement-body. These parameters have no linkage, storage, or lifetime; they are only

§5.1.4 7
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used as notation for the purpose of defining requirements. The parameter-declaration-clause of a
requirement-parameter-list shall not terminate with an ellipsis. [ Example:

template<typename T>
concept bool C1() {
requires(T t, ...) { t; }; // error: terminates with an ellipsis

}

template<typename T>
concept bool C2() 1

requires(T t, void (*p) (T*, ...)) // OK: the parameter-declaration-clause of
{p®); }; // the requires-expression does not terminate
} // with an ellipsis

— end example ]

The requirement-body is comprised of a sequence of requirements. These requirements ay refer
to local parameters, template parameters, and any other declarations visible frenithe enclosing
context. Each requirement appends a constraint (14.10) to the conjunction of-constraints defined
by the requires-expression. Constraints are appended in the order in whichi, they are written.

The substitution of template arguments into a requires-expression may\xesult in the formation
of invalid types or expressions in its requirements. In such cases, tlfe-¢onstraints corresponding
to those requirements are not satisfied; it does not cause the prégram to be ill-formed. If the
substitution of template arguments into a requirement would always result in a substitution
failure, the program is ill-formed; no diagnostic required. [£xample:
template<typename T> concept bool C =
requires {

new int[-(int)sizeof(T)]; // ill-formed, no diagnostic required

}
— end example]

5.1.4.1 Simple requirements [expr.prim.req.simple]
stmple-requirement:
exrpression ;

A simple-requirement introduces an expression constraint (14.10.1.3) for its expression. [ Note:
An expression constraint asserts the validity of an expression. — end note|

[ Ezample:

template<typename)T> concept bool C =
requires (T“g) T b) {
a + b; &7/ an expression constraint for a + b

};
— end~égample]

5:1.4.2 Type requirements [expr.prim.req.type]
type-requirement:
typename nested-name-specifieroy; type-name ;

A type-requirement introduces a type constraint (14.10.1.4) for the type named by its optional
nested-name-specifier and type-name. | Note: A type requirement asserts the validity of an
associated type, either as a member type, a class template specialization, or an alias template.
It is not used to specify requirements for arbitrary type-specifiers. — end note| [ Example:

§5.1.4.2 8
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template<typename T> struct S { };
template<typename T> using Ref = T&;

template<typename T> concept bool C =
requires () {
typename T::inner; // required nested member name
typename S<T>; // required class template specialization
typename Ref<T>;  // required alias template substitution
}.

— end example]

5.1.4.3 Compound requirements [expr.prim.req.compound]

compound-requirement:
{ ezpression } noexcept,y: trailing-return-typeop: ;

1 A compound-requirement introduces a conjunction of one or more constraints fordhe expression
E. The order in which those constraints are introduced is:

(1.1) — the compound-requirement introduces an expression constraint for EN14.10.1.3);

(1.2) — if the noexcept specifier is present, the compound-requirement-appends an exception con-
straint for E (14.10.1.7);

(1.3) — if the trailing-return-type is present, the compound-requirement appends one or more con-

straints derived from the type T named by the trailing=return-type:

(1.3.1) — if T contains one or more placeholders (7.1.6.4),the requirement appends a deduction
constraint (14.10.1.6) of E against the type(T.
(1.3.2) — otherwise, the requirement appends two constraints: a type constraint on the formation

of T (14.10.1.4) and an implicit conversion constraint from E to T (14.10.1.5).

[ Example:

template<typename T> concept bool @1 =
requires(T x) {
{x++};

}!

The compound-requirement\in C1 introduces an expression constraint for x++. It is equivalent to
a simple-requirement with)the same expression.

template<typename, T> concept bool C2 =
requires (T x)
{*x} ->~typename T::inner;

};

The cormpound-requirement in C2 introduces three constraints: an expression constraint for *x, a
typesconstraint for typename T::inner, and a conversion constraint requiring *x to be implicitly
convertible to typename T::inner.

template<typename T> concept bool C3 =

q daul N[
requrreS<TTr X7

{g(x)} noexcept;
};

The compound-requirement in C3 introduces two constraints: an expression constraint for g(x)
and an exception constraint for g(x).

§5.1.4.3 9
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template<typename T> concept bool C() { return true; }

template<typename T> concept bool C5 =
requires(T x) {

{f(x)} -> const C&;

};

The compound-requirement in C5 introduces two constraints: an expression constraint for f (x),
and a dednction constraint requiring that overload resolntion sneceeds for the call g(f (x)) where

g is the following invented abbreviated function template.

void g(const C&);
— end example ]

5.1.4.4 Nested requirements [expr.prim.req.nested]

nested-requirement:
requires-clause ;

A nested-requirement can be used to specify additional constraints in texnis/6f local parameters.
A nested-requirement appends a predicate constraint (14.10.1.2) for ifs vonstraint-expression to
the conjunction of constraints introduced by its enclosing requires-expression. | Example:

template<typename T> concept bool C() { return sizeof(T) %5 1; }

template<typename T> concept bool D =
requires (T t) {
requires C<decltype (+t)>();
3

The nested-requirement appends the predicate constraint sizeof (decltype (+t)) == 1(14.10.1.2).
—end example] [ Note: The constraint-exp@ession of the predicate constraint introduced by a
nested-requirement is later normalized for\the purposes of determining constraint satisfaction
(14.10.2) and partial ordering (14.10.3)%2— end note|

§5.1.4.4 10
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7 Declarations [dcl.dcl]

7.1 Specifiers [dcl.spec]

Extend the decl-specifier production in paragraph 1 to include the concept specifier.

The specifiers that can be used in a declaration are
decl-specifier:
storage-class-specifier
type-specifier
function-specifier
friend
typedef
constexpr
concept

\]

1.6 Type specifiers [dcl.type

L\

1.6.2 Simple type specifiers [dcl.type.simplp
Afd constrained-type-specifier to the grammar for simple-type-specifiers.

simple-type-specifier:
nested-name-specifierop: type-name
nested-name-specifier template simple-templaté~id
char
charl6_t
char32_t
wchar_t
bool
short
int
long
signed
unsigned
float
double
void
auto
decltype=specifier
copsbrained-type-specifier

Modify paragraph\2 to begin:

- The auto specifier and

J

congbriined-type-specifiers are placeholders for values (type, non-type, template) to be deduced
™6.4).

Afdd éonstrained-type-specifiers to the table of simple-type-specifiers in Table 10.

7.1.6.4 auto specifier [dcl.spec.auto]

Extend this section to allow for constrained-type-specifiers as a new syntax for designating placeholders.
The section is refactored so that placeholders are introduced in this section, deduction rules are defined in
subsection 7.1.6.4.1, and the meaning of constrained-type-specifiers is described in 7.1.6.4.2.

§7.1.6.4 11
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Table 10 — simple-type-specifiers and the types they specify

| Specifier(s) Type
type-name the type named
simple-template-id the type as defined in 14.3
auto placeholder for a type to be deduced
decltype(expression) the type as defined helow
constrained-type-specifier  placeholder for value (type, non-type, template) to be deduced <Q

Rpplace paragraph 1 with the text below. ,<\ ‘

The type-specifiers auto and decltype(auto) and constrained-type-specifiers design@qﬁ place-

holder (type, non-type, or template) that will be replaced later, either through %ku tion or an

explicit specification. The auto and decltype (auto) type-specifiers designate & s@holder types;

a constrained-type-specifier can also designate placeholders for values and teyaplates. [ Note: The

deduction of placeholders is done through the invention of template p@ eters as described
t

in 7.1.6.4.1 and 8.3.5. — end note] Placeholders are also used to sjexily that a lambda is a
generic lambda (5.1.2), that a function declaration is an abbreviat 1ction template (8.3.5),

or that a trailing-return-type in a compound-requirement (5.1.4.3) wtroduces an argument deduc-
tion constraint (14.10.1.6). [ Note: A nested-name-specifier can@lso include placeholders (5.1).
Replacements for those placeholders are determined accordi Qo the rules in this section. — end

note] Q

Modify paragraph 2 to allow constrained-type-specifiers \g&’}\function declarators, except in the declar¢d
rdturn type.

%

Fhe-plaeceholdertypePlaceholders can appear fé\a function declarator in the decl-specifier-seq,
type-specifier-seq, conversion-function-id, o \gailz'ng-retum-type, in any context where such a
declarator is valid. If the function declarator includes a trailing-return-type (8.3.5), that specifies
the declared return type of the functiofiy If the declared return type of the function contains a
placeholder, the return type of the fu@.c ion is deduced from return statements in the body of the
function, if any. In a function dﬁ@&%‘tor of the form auto D -> T where T contains placeholders,
the initial auto does not desighafe a placeholder.

Modify paragraph 3 to allow tl@sé of auto within the parameter type of a lambda or function.
If %he&u%e—type—speﬁj‘@  placeholder appears as-one-of-the-decl-specifiersin-the-deel-specifier—seq

o in a parameter type of a lambda-expression, the lambda is a generic
lambda (5.1.2).\ ample:

auto gl %= [1(int i, auto a) { return i; }; // OK: a generic lambda

—end hple] Similarly, if a placeholder appears in a parameter type of a function declaration,
the fgdtion declaration declares an abbreviated function template (8.3.5). [ Example:

« d f(const auto&, int); // OK: an abbreviated function template

o)

Add the following after paragraph 3 to describe when constrained-type-specifiers in the return type refer to
template parameters.

— ond exagmule ]
T ]

§7.1.6.4 12
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A constrained-type-specifier C1 within the declared return type of an abbreviated function tem-
plate declaration does not designate a placeholder if its introduced constraint-expression (7.1.6.4.2)
is determined to be equivalent, using the rules in 14.6.6.1 for comparing expressions, to the intro-
duced constraint-expression for a constrained-type-specifier C2 in the parameter-declaration-clause
of that function declaration. Instead, C1 is replaced by the template parameter invented for C2
(8.3.5). [ Example:

template<typename T> concept bool C = true;

template<typename... T> struct Tuple; QD
C const& £1(C); // has one template parameter and no deduced return type (’19
Tuple<C...> £2(C); // has one template parameter and a deduced return type /\’ .

N

In the declaration £1, the constraint-expression introduced by the constrained-type- (}{fwlb in
the parameter- declamtzon clause and return type are equivalent ; they would bot %}Nbroduce the
expression C<T>, for some invented template parameter T. In £2, the use of C i return type
would introduce the constraint-expression (C<T> && ...), wh1ch is distinct from the constraint-
expression C<T> introduced by the invented constrained- pamm()t(’r (14.1) 4& constrained-type-
specifier in the parameter-declaration-clause according to the rules in — end example]

Afd the following after paragraph 4 to allow the use of auto in the h@ng return-type of a compounfl-
raquirement. Also, disallow the use of decltype(auto) with function ]é‘ameters and deduction constraints.

If a placeholder appears in the trailing-return-type of a @(yound—’r@quir@ment in a requires-
expression (5.1.4.3), that return type introduces an argt@e deduction constraint (14.10.1.6).

[ Example: 0\\

template<typename T> concept bool C() { @s\
return requires (T i) { \Q
{*¥i} -> const auto&; // OK: mtroducegn argument deduction constraint
35 Q@
} X\
\o

end example]
The decltype(auto) type- spec@l\ all not appear in the declared type of a parameter-declaration
or the trailing-return-type of a pound-requirement.
Modify paragraph 4 (paragra, ) here) to allow multiple placeholders within a variable declaration, byt
disallowing constrained-typ ifiers.

The type of a var@lé declared using a placcholder aute—er—decttypetaute) is deduced from
its initializer. R@use is allowed when declaring variables in a block (6.3), in namespace scope

: for init- statement (6.5.3). auto or decltype(auto) shall appear as one of

A placeholdel can appear anywhele in the declared

N a4 N
U CApPIessIVIITList )

the expression-list shall be a single assignment-expression. | Ezample:
auto x = 5; // OK: x has type int
const auto *v = &x, u = 6; // OK: v has type const int*, u has type const int

§7.1.6.4 13
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static auto y = 0.0; // OK:y has type double
auto int r; // error: auto is not a storage-class-specifier
auto £() -> int; // OK: £ returns int
auto g() { return 0.0; } // OK: g returns double
auto h(); // OK: h’s return type will be deduced when it is defined

— end example ]

Add the following declarations to the example in the previous paragraph.

struct N {

template<typename T> struct Wrap;

template<typename T> static Wrap<T> make_wrap(T);
};
template<typename T, typename U> struct Pair;
template<typename T, typename U> Pair<T, U> make_pair(T, U);
template<int N> struct Size { void f(int) { } };

void (auto::* pl)(auto) = &Size<0>::f; // OK: pl has type void(Sizeq0>; :*) (int)
Pair<auto, auto> p2 = make_pair(0, ’a’); // OK: p2 has type Pair<in#/ ¢har>

N::Wrap<auto> a = N::make_wrap(0.0); // OK: a has type Wrap<deubie>
auto::Wrap<int> x = N::make_wrap(0); // error: failed to deduyeeNdlue for auto
Size<sizeof (auto)> y = Size<0>{}; // error: failed to dgdWw¢e’value for auto

template<typename T> concept bool C = true;

template<typename T> concept bool D = false;

C zl = 0; // OK: z1 has type int

D z2 = 0; // error: constraints not sawsfied

C cf1() { return 0.0; }; // OK: cfl returns double

D cf2() { return 0.0; }; // error: constraintsynd¥ satisfied

auto cf3() -> C; // OK: c£3’s returp Wype will be deduced when it is defined

Update paragraph 6 (paragraph 9, here) to disallow placeholders in other contexts.

8 A program that uses auwte-er-decttypetaute) placeholders in a context not explicitly allowed
in this section is ill-formed.

7]1.6.4.1 Deducing replacements for variables and return types [dcl.spec.auto.deducit]

Factor the deduction rules for auto into a new subsection.

1 When a variable declargd using a placeholder is initialized, or a return statement occurs in
a function declared with a return type that contains a placeholder, the deduced return type or
variable type is determined from the type of its initializer. In the case of a return with no operand,
the initializeris) considered to be void(). Let T be the declared type of the variable or return
type of the function. H-theplaceholderisthe-auto—type-speeifier; If T contains any occurrences
of the amto type-specifier or a constrained-type-specifier, the deduced type is determined using
the rtles for template argument deduction. If the deduction is for a return statement and the

inifializer is a braced-init-list (8.5.4), the program is ill-formed. -OtherwiseobtainPAromT by

)

Otherwise, obtain P from T as follows:

(1.1) when the initializer is a braced-init-list and a placeholder is a decl-specifier of the decl-
specifier-seq of the variable declaration, replace that occurrence of the placeholder with
std::initializer_list<U> where U is an invented type template parameter;

§7.16.4.1 14
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(1.2) — otherwise, replace each occurrence of a placeholder in the variable or return type with a new
invented type template parameter according to the rules for inventing template parameters
for placeholders in 8.3.5.

Deduce a value for ¥ each invented type template parameter in P using the rules of template
argument deduction from a function call (14.8.2.1), where P is a function template parameter
type and the initializer is the corresponding argument. If the deduction fails, the declaration is ill-
formed. If any placeholders in the declared type were introduced by a constrained-type-specifier,

) 1L VRN 1 e o - f£all
VLTI UCIHIITC U LU DT A4 CUTLSUTWITIL=CLPITCSSLUTE As TULTUWS.

(1.3) — if there is single constrained-type-specifier, then C is the constraint-expression introduced by,
the invented template constrained-parameter (14.1) corresponding to that constrained-type-
specifier;

(1.4) — otherwise, C is the logical-and-expression (5.14) whose operands are the constraintzegpressions

introduced by the invented template constrained-parameters corresponding to each constrained-
type-specifier, in order of appearance.

If the normalized constraint for C (14.10.2) is not satisfied by the values deduced for the declared
type, the declaration is ill-formed. Otherwise, the type deduced for the\variable or return type
is obtained by substituting the deduced ¥ values for each invented tédmplate parameter into P.

[ Example:
auto x1 = { 1, 2 }; // OK: decltype(x1) is std::initializer_ list<int>
auto x2 = { 1, 2.0 }; // error: cannot deduce element type

— end example]
Afd the following to the first example in paragraph 7 in the"C++ Standard.
[ Example:

template<typename T> struct Vec { };
template<typename T> Vec<T> make_vec(§bd::initializer_list<T>) { return Vec<T>{}; }

template<typename... Ts> struct Tuple { };

template<typename... Ts> autg.fnake_tup(Ts... args) { return Tuple<Ts...>{}; }
auto& x3 = *x1.begin(); // OK: decltype(x3) is int&

const auto* p = &x3; // OK: decltype(p) is const int*
Vec<auto> vi1 = make_yet ({1, 2, 3}); // OK: decltype(vl) is Vec<int>

Vec<auto> v2 = {1,\2) 3}; // error: type deduction fails
Tuple<auto...> {3)= make_tup(0, ’a’); // OK: decltype(v3) is Tuple<int, char>
— end ezam€}
Afd the following-after the second example in paragraph 7 in the C++ Standard.
[ Exafqpit:

Pemplate<typename F, typename S> struct Pair;
template<typename T, typename U> Pair<T, U> make_pair(T, U);

struct S { void mfn(bool); } s;
int fn(char, double);

Pair<auto (*)(auto, auto), auto (auto::*)(auto)> p = make_pair(fn, &S::mfn);
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The declared type of p is the deduced type of the parameter x in the call of g(make_pair(fn,
&S::mfn)) of the following invented function template:

template<class T1, class T2, class T3, class T4, class T5, class T6>
void g(Pair< T1(*) (T2, T3), T4 (T5::%)(T6)> x);
end example]

[ Ezample:

N4549

rdad:

template<typename T> concept bool C = true;
const C* cv = expr;
The type of cv is deduced from the parameter p1l in the call £1(expr) of the following inyénted

function:

template<C T> void fil(const T* pl);

end example]
[ Ezample:
auto cf(int) -> Pair<C, C> { return expr; }
The return type of cf is deduced from the parameter p2 in the~¢all £2(expr) of the following
invented function:
template<C T> void £f2(Pair<T, T>);

Both constrained-type-specifiers in the return type of &orrespond to the same invented template
parameter. end example]

Cppy paragraphs 8-15 from 7.1.6.4 in the C++ Standard into this section. Modify paragraph 8 (here, 2)

If the init-declarator-list contains moredhan one init-declarator, they shall all form declarations
of variables. The type of each declared variable is determined as described above, and if the type
that replaces the-placeholder+ygelthie declared variable type or return type is not the same in
each deduction, the program is\ill-formed.

Afld add the following examples_to that paragraph.

[ Example:
Pair<auto, autof p! = make_pair(0, 0),
*p2 = &pl; // OK: replacement type is Pair<int, int>
Pair<auto, ‘efito> p3 = make_pair(0, ’a’),
p4 = make_pair(’a’, 0); // error: different replacement types

— end ezample |

Modifysparagraph 9 (here, 3).

If a function with a declared return type that contains a—placeholder—+t¥pe placeholders has

multiple return statements, the return type is deduced for each return statement. If the type
deduced is not the same in each deduction, the program is ill-formed.

Modify the text of paragraph 10 (here, 4).

§7.1.6.4.1
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4 If a function with a declared return type that uses a—plaechelder+ype placeholders has no return
statements, the return type is deduced as though from a return statement with no operand at
the closing brace of the function body.

Modify the first sentence of paragraph 11 (here, 5).

5 If the type of an entity with an undeduced placeholder +¥pe is needed to determine the type of
an expression, the program is ill-formed.

odify the text of naragraph 13 (here 7)
T (=) T \ 7

7 Redeclarations or specializations of a function or function template with a declared return type
that uses a-placeholdertype placcholders shall also use that placeholder, not a deduced type:\l
a placeholder is designated by a constrained-type-specifier, redeclarations or specializationg\shall
use the same constrained-type-specifier.

Afd the following examples to that paragraph.

template<typename T> concept bool Cl = true;
template<typename T> concept bool C2 = true;

template<typename T> auto cf(T) -> Cl; // #I

template<typename T> C1 cf(T); /) #2, redeclaration of #A
template<typename T> C2 cf(T); // error: redeclared wigh\g#fferent placeholder
Modify paragraph 14 (here, 8).

8 A function declared with a return type that uses a—pladeholder—type placeholders shall not be
virtual (10.3)

Modify paragraph 15 (paragraph 8, here) to read:

8 An explicit instantiation declaration (14.8.2) does not cause the instantiation of an entity de-
clared using a-plaeehelder—+type placeholderspybut it also does not prevent that entity from being
instantiated as needed to determine its type.

7{1.6.4.2 Constrained type specifiers [dcl.spec.auto.consty
Afld this section to 7.1.6.4.

—

1 A constrained-type-specifier,désignates a placeholder (type, non-type, or template) and introduces
an associated constraint(14:10.2).
constrained-type-specifier:
qualified=eoncept-name

qualified-conecept-name:
nésted-name-specifierop: constrained-type-name

congtrained-type-name:
concept-name
partial-concept-id

concept-name:
identifier

nartial-concept-id:
’ 2

concept-name < template-argument-listop:>

[ Ezample:

§7164.2 17
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template<typename T> concept bool C1 = false;
template<int N> concept bool C2 = false;
template<template<typename> class X> concept bool C3 = false;

template<typename T, int N> class Array { };
template<typename T, template<typename> class A> class Stack { };

template<typename T> class Alloc { };

void f£1(C1); C1 designates a placeholder type

void f2(Array<auto, C2>); // C2 designates a placeholder for an integer value
void f£3(Stack<auto, C3>); // C3 designates a placeholder for a class template

— end example ]

An identifier is a concept-name if it refers to a set of concept definitions (7.1.7). [ Noté:) The set
of concepts has multiple members only when referring to a set of overloaded functieii~concepts.
There is at most one member of this set when a concept-name refers to a variable ¢oncept. — end
note| [ Ezample:

template<typename T> concept bool C() { return true; } /) #1
template<typename T, typename U> concept bool C() { return true;. }“// #2
template<typename T> concept bool D = true; /) #38

void £(C); // OK: the set of concepts referred to by C includes both~#1 and #2;
// concept resolution (14.10.4) selects #1.
void g(D); // OK: the concept-name D refers only to #3

— end example]

A partial-concept-id is a concept-name followed by @ sequence of template-arguments. | Example:

template<typename T, int N = 0> conceptsbool Seq = true;

void £1(Seq<3>); // OK
void £2(Seq<>); // OK

— end example ]

The concept designated by constrained-type-specifier is the one selected according to the rules
for concept resolution in~44:10.4.

[ Note: The constrainit-ézpression introduced by a constrained-type-name is the one introduced
by the invention of a)constrained-parameter (14.1). The rules for inventing template parameters
corresponding te placeholders in the type of a variable or the declared return type of a function are
described in7,1.6.4.1. The rules for inventing template parameters corresponding to placeholders
in the par@meter-declaration-clause of a lambda-expression (5.1.2) or function declaration (8.3.5)
are desctibed in 8.3.5. The rules for inventing a template parameter corresponding to placeholders
in thewtrailing-return-type of a compound-requirement are described in 14.10.1.6. — end note |

AUdds=this section to 7.1

711.7 ‘concept specifier [dcl.spec.concept]

The concept specifier shall be applied only to the definition of a function template or variable
template, declared in namespace scope (3.3.6). A function template definition having the concept
specifier is called a function concept. A function concept shall have no exception-specification
and is treated as if it were specified with noexcept (true) (15.4). When a function is declared

§7.1.7
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to be a concept, it shall be the only declaration of that function. A variable template definition
having the concept specifier is called a variable concept. A concept definition refers to either a
function concept and its definition or a variable concept and its initializer. [ Ezample:

template<typename T>

concept bool F1() { return true; } // OK: declares a function concept
template<typename T>

concept bool F2(); // error: function concept is not a definition
template<typename T>

constexpr bool F3();
template<typename T>

concept bool F3() { return true; } // error: redeclaration of a function as a concept
template<typename T>

concept bool V1 = true; // OK: declares a variable concept
template<typename T>
concept bool V2; // error: variable concept with no initializer
struct S {
template<typename T>
static concept bool C = true; // error: concept declared in class stope

};

— end example]

2 Every concept definition is implicitly defined to be a constexpr-declaration (7.1.5). A concept
definition shall not be declared with the thread_local, inlin&; friend, or constexpr specifiers,
nor shall a concept definition have associated constraints (14,10.2).

3 The definition of a function concept or the initializer f a variable concept shall not include a
reference to the concept being declared. [ Example:

template<typename T>

concept bool F() { return F<typename T:stype>(); } // error
template<typename T>

concept bool V = V<T*>; // error

— end example]

4 The first declared template parameter of a concept definition is its prototype parameter. A
variadic concept is a concept whose prototype parameter is a template parameter pack.
5 A function concept has theXollowing restrictions:
(5.1) — No function-spedifiers shall appear in its declaration (7.1.2).
(5.2) — The declared return type shall have the type bool.
(5.3) — The declaration’s parameter list shall be equivalent to an empty parameter list.
(5-4) — Thedeelaration shall have a function-body equivalent to { return E; } where E is a

cofistraint-expression (14.10.1.3).

[ Note: Return type deduction requires the instantiation of the function definition, but concept
definitions are not instantiated; they are normalized (14.10.2). — end note] [ Example:

template<typename T>

concept int F1() { return 0; } // error: return type is not bool
template<typename T>

concept auto F2() { return true; } // error: return type is deduced
template<typename T>

concept bool F3(T) { return true; } // error: not an empty parameter list
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— end example ]

6 A variable concept has the following restrictions:

(6.1) — The declared type shall have the type bool.
(6.2) — The declaration shall have an initializer.

(6.3) — The initializer shall be a constraint-expression.

[ Example:

template<typename T>
concept bool V1 = 3 + 4; // error: initializer is not a constraint-expression
concept bool V2 = 0; // error: not a template

template<typename T> concept bool C = true;

template<C T>
concept bool V3 = true; // error: constrained template declared as a concept

— end example ]

7 A program shall not declare an explicit instantiation (14.8.2), an explicil specialization (14.8.3),
or a partial specialization of a concept definition. [ Note: This preveuts'users from subverting the
constraint system by providing a meaning for a concept that differs from its original definition.
— end note]
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8 Declarators [dcl.decl]

Factor the grammar of declarators to allow the specification of constraints on function declarations.

declarator:

ptr—dectarator
noptr-declarator parameters-and-qualifiers trailing-return-type requires-clauseq,:

parameters-and-qualifiers:
( parameter-declaration-clause ) cv-qualifier-seqopt
ref-qualifierop; exception-specificationoy: attribute-specifier-seqop: Tequires-claudeopt

Afld the following paragraphs at the end of this section.

The optional requires-clause (14.10.2) in a declarator shall be present only whén<he declarator
declares a function (8.3.5), and that requires-clause shall not precede a trailing-return-type. When
present in a declarator, the requires-clause is called the trailing requires-clagise. [ Example:

void fi1(int a) requires true; // OK

auto f2(int a) -> bool requires true; // OK

auto f3(int a) requires true -> bool; // error: requires-clauséprecedes trailing-return-type
void (xpf) () requires true; // error: constrainy gn~t variable

void g(int (%) () requires true); // error: constradnyvn a parameter-declaration

autox p = new void(*)(char) requires true; // errdennot a function declaration

— end example |

—

8|3 Meaning of declarators [dcl.meaning
8/3.5 Functions [dcl.fc]

Modify the matching condition in paragraph.t to accept a requires-clause.

D1 ( parameter-declaration-clouse ) cv-qualifier-seqop:
ref-qualifierop: lexeeption-specificationop: attribute-specifier-seqop: requires-clauseqp:

Modify the matching condition-iir paragraph 2 to accept a requires-clause.

D1 ( parameter-declaration-clause ) cv-qualifier-seqop:
réf-qualifierop; exception-specificationey: attribute-specifier-seqop: Tequires-clauseqp,

Modify the second-séntence of paragraph 5. The remainder of this paragraph has been omitted.

A single ‘Wame can be used for several different functions in a single scope; this is function
overleading (Clause 13). All declarations for a function shall agree exactly in beth the return
typerahd the parameter-type-list, and associated constraints, if any (14.10.2).

Modify, paragraph 6 to exclude constraints from the type of a function. Note that the change occurs in the
sentence following the example in the C++ Standard.

The return type, the parameter-type-list, the ref-qualifier, and the cv-qualifier-seq, but not the
default arguments (8.3.6), associated constraints (14.10.2), or the exception specification (15.4),
are part of the function type.

Modify paragraph 15. Note that the footnote reference has been omitted.
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There is a syntactic ambiguity when an ellipsis occurs at the end of a parameter-declaration-clause
without a preceding comma. In this case, the ellipsis is parsed as part of the abstract-declarator if
the type of the parameter either names a template parameter pack that has not been expanded or
contains aute a placeholder (7.1.6.4); otherwise, it is parsed as part of the parameter-declaration-
clause.

Add the following paragraphs after paragraph 15.

An abbreviated function template is a function declaration whose parameter-type-list includes

one or more placeholders (7.1.6.4). An abbreviated function template is equivalent to a function
template (14.6.6) whose template-parameter-list includes one invented template-parameter for?\<0
each occurrence of a placeholder in the parameter-declaration-clause, in order of appear
according to the rules below. [Note: Template parameters are also invented to deduéﬁ’ e
type of a variable or the return type of a function when the declared type contains pl: ders

(7.1.6.4.1). — end note| ,\Q

Each template parameter is invented as follows. %

— If the placeholder is designated by the auto type-specifier, then the in@ted template pa-
rameter is a type template-parameter.

N
— Otherwise, the placeholder is designated by a constmz‘ned-type—ﬁer, and the invented
parameter is a constrained-parameter (14.1) whose qualified cept-name is that of the
constrained-type-specifier. o

— If the placeholder appears in the decl-specifier-seq of a &ction parameter pack (14.6.3), or
the type-specifier-seq of a type-id that is a pack expa , the invented template parameter

template<typename T> concept boo#\C = true;
RO

} ¢
template<typename T> concept. C = true;
template<typename T, int> o\ept bool D = true;
template<typename, int = 0> concept bool E = true;

void abbr(c, D<0>); ()

The constrained-t specifiers C and D<0> correspond to distinct invented template parameters
in the dcclarati\ f abbr.

void fo(g,%c b);

The types-of a and b are the same invented template type parameter.

v@ £1(C& a, Cx b);
?\

é&‘ho type of a is a reference to an invented template type parameter T, and the type of b is a

is a template parameter pack. \\
All placeholders designated by constrained-type-spe S’rs whose corresponding constrained-parameterp
would introduce equivalent constraint-expressiog§X14.1), using the rules for comparing expres-
sions in 14.6.6.1, have the same invented ten@ite parameter. [ Example:
namespace N { A\Q)

L 4 T
PUIIITTI TU 1T

void f2(N::C a, C b);
void £3(D<0> a, D<1> b);

In both functions, the parameters a and b have different invented template type parameters.

§8.3.5
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void f4(E a, E<> b, E<0> c);

The types of a, b, and ¢ are the same because the constrained-type-specifiers E, E<>, and E<0>
all associate the constraint-expression E<T, 0>, where T is an invented template type parame-
ter.

void f5(C head, C... tail);
The types of head and tail are different. Their respective introduced constraint-expressions

are C<T> and (C<U> && ...), where T is the template parameter invented for head and U is the
template parameter invented for tail (14.1).

18 The adjusted function parameters of an abbreviated function template are derived from the,parameter-
d¢claration-clause by replacing each occurrence of a placeholder with the name of the corresponding invent¢d
tgmplate-parameter. If the replacement of a placeholder with the name of a template parameter results in gn
invalid parameter declaration, the program is ill-formed. [ Note: Equivalent function teniplate declaratiohs
d¢clare the same function template (14.6.6.1). — end note] [ Ezample:

template<typename T> class Vec { };
template<typename T, typename U> class Pair { };
template<typename... Args> class Tuple { };

void f1(const auto&, auto);
void f2(Vec<auto*>...);

void f£3(Tuple<auto...>);

void f4(auto (auto::*) (auto));

template<typename T, typename U> void f1(comnst T&, U); // redeclaration of £1
template<typename... T> void f2(Vec<T*>...); // redeclaration of £2
template<typename... Ts> void £f3(Tuple<Ts...>); // redeclaration of £3

template<typename T, typename U, typename V> void f4(T (U::¥)(V)); // redeclaration of £4

template<typename T> concept bool Cl1 = trug;
template<typename T> concept bool C2 = _tTue;
template<typename T, typename U> concept’ bool C3 = true;
template<typename... Ts> concept bool 'C4 = true;

void gl(const Clx*, C2&);
void g2(Vec<C1>&);

void g3(Cl&...);

void g4(Vec<C3<int>>);
void g5(C4...);

void g6(Tuple<C4. s.3);
void g7(C4 p);

void g8(Tuple<C4>) ;

template<Ci'T, C2 U> void gl(const T*, U&); // redeclaration of gl

template<Cl T> void g2(Vec<T>&); // redeclaration of g2
template<Cl... Ts> void g3(Ts&...); // redeclaration of g3
template<C3<int> T> void g4 (Vec<T>); // redeclaration of g4
Lsemplate<td——TFe>—voidgblFe—); redectaration—of—£6
template<C4... Ts> void g6(Tuple<Ts...>); // redeclaration of g6
template<C4 T> void g7(T); // redeclaration of g7
template<C4 T> void g8(Tuple<T>); // redeclaration of g8

— end example] [ Example:
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template<int N> concept bool Num = true;
void h(Num*); // error: invalid type in parameter declaration

The equivalent declaration would have this form:

template<int N> void h(N*); // error: invalid type

— end example]

Al function template can be an abbreviated function template. The invented template-parameters are ap-
pé¢nded to the template-parameter-list after the explicitly declared template-parameters.

Fzrample:

template<typename T, int N> class Array { };

template<int N> void f(Array<auto, N>x);
template<int N, typename T> void f(Array<T, N>*); // OK: redeclaration of f(Arrdy<auto, N>*)

-t end example|
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10 Derived classes [class.derived]

10.3 Virtual functions [class.virtual]

Insert the following paragraph after paragraph 5 in order to prohibit the declaration of constrained virtual
functions and the overriding of a virtual function by a constramed member Tunction.

If a virtual function has associated constraints (14.10.2), the program is ill-formed. [Ezampfe

struct A {
virtual void £() requires true; // error: constrained virtual function

};

end example]
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13 Overloading [over]

Modify paragraph 1 to allow overloading based on constraints.

When two or more different declarations are specified for a single name in the same scope, that

name is said to be overloaded. By extension, two declarations in the same scope that declare
the same name but with different types or different associated constraints (14.10.2) are called
overloaded declarations. Only function and function template declarations can be overloaded;
variable and type declarations cannot be overloaded.

Update paragraph 3 to mention a function’s overloaded constraints. Note that the~itemized list in t]
olliginal text is omitted in this document.

[ Note: As specified in 8.3.5, function declarations that have equivalent parameter declarations
and associated constraints, if any (14.10.2), declare the same function_and’therefore cannot be
overloaded: ... —end note]

18.1.1 Declaration matching [over.dd

Modify paragraph 1 to extend the notion of declaration matching<{to also include a function’s associatq
cqnstrains. Note that the example in the original text is omitted i this document.

Two function declarations of the same name refer to the same function if they are in the same
scope and have equivalent parameter declarations (13.1) and equivalent associated constraints,

if any (14.10.2).

B.3 Overload resolution [over.matcl

=

13.3.2 Viable functions [over.match.viabl

Update paragraph 1 to require the checking of a candidate’s associated constraints when determining if th
cgndidate is viable.

From the set of candidate functions constructed for a given context (13.3.1), a set of viable
functions is chosen, from avhich the best function will be selected by comparing argument con-
version sequences and_éssociated constraints for the best fit (13.3.3). The selection of viable
functions considers assotiated constraints, if any (14.10.2), and relationships between arguments
and function parameters other than the ranking of conversion sequences.

viable. Also, updaté the beginning of the subsequent paragraph to account for the insertion.

Second,for a function to be viable, if it has associated constraints, those constraints shall be
satisfied (14.10.2).

seeendThird, for F to be a viable function. ..

18.1 Overloadable declarations [over.loadl]

Irsert a new paragraph after paragraph 2; this introduces new a criterion for determining if a candidate |i

ne

d

S

t+

18.373 Best viable function [nvnr match bes

]

Modify the last item in the list in paragraph 1 and extend it with a final comparison based on the associated
constraints of those functions. Note that the preceding (unmodified) items in the C++ Standard are elided

in this document.
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— F1 and F2 are function template specializations, and the function template for F1 is more
specialized than the template for F2 according to the partial ordering rules described in

14.6.6.2-, or, if not that,

— F1 and F2 are non-template functions with the same parameter-type-lists, and F1 is more

constrained than F2 according to the partial ordering of constraints described in 14.10.3.

N4549

Address of overloaded function [over.over]

nﬂhcy paragrnph 4 (paragrqph 5 in this ﬂnr'nmpnf) to inr’nrpnrafn constraints in the selection of an gver-

lopded function when its address is taken.

Eliminate from the set of selected functions all those whose associated constraints are not satished

(14.10.2). H-more-than-onefunetionis-seleeted If more than one function in the set remain§, any
function template specializations in the set are eliminated if the set also contains a funetion that
is not a function template specializations-and. Any given non-template function FO jstdlifhinated
if the set contains a second non-template function that is more constrained thaa FO according
to the partial ordering rules of 14.10.3. Additionally, any given function template-specialization
F1 is eliminated if the set contains a second function template specialization whose function
template is more specialized than the function template of F1 according.fe the partial ordering
rules of 14.6.6.2. After such eliminations, if any, there shall remain exactly one selected function.

Afd the following example at the end of paragraph 5.

[ Ezample:

void £(); /) #1
void £() requires true ; // #2
void g() requires false;

void g() requires false and true;

void (xpf) )
void (*pg) O

&f; // selects #2
&g; // error: no mwiching function

end example]

§13.4
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14 Templates [temp]

Modify the template-declaration grammar in paragraph 1 to allow a template declaration introduced by a
concept.

A

template-declaration: ?\63
template < template-parameter-list > requires-clause,,; declaration Q
template-introduction declaration /\q/

.

7"(3(171,7:1”(38—CZII/’U,S(i.' (L
requires constraint-expression '\O.)
1d the following paragraphs after paragraph 6. %

A template-declaration is written in terms of its template parameters. THese parameters are
declared explicitly in a template-parameter-list (14.1), or they are int @ced by a template-
introduction (14.2). The optional requires-clause following a templat@r meter-list allows the
specification of constraints (14.10.2) on template arguments (14.4)\%

S

trained template parameters.

—_—

[temp.param

paragraph 1, extend the grammar for template parameters to

1.1 Template parameters E

template-parameter:
type-parameter 5\0\‘\
parameter-declaration ")
constrained-parameter \Q

constrained-parameter: ®$
qualified-concept-name ... identifi@Rop:
qualified-concept-name identif@om default-template-argumentpt

default-template-argument: C\)b

= type-id N
= id-expression C)

.

irLitializer—cla% .
sert a new paragraph after @ graph 1.

There is an ambiguity”’in the syntax of a template parameter between the declaration of a
constmmed-pam@r and a parameter-declaration. 1If the type-specifier-seq of a parameter-
declaration is @mstmined—type—speciﬁer (7.1.6.4.2), then the template-parameter is a constrained-

parameter. Q

sert the following paragraphs after paragraph 8. These paragraphs define the meaning of a constraingd
mplate @meter.

ronstrained-parameter declares a template parameter whose kind (type, non-type, template)

%1 d type match that of the prototype parameter of the concept designated by the qualified-

71649 ¢
TOTT

§

£ [ £l 4 i £ Tha Jdocs VR | 4 3 leatad b
CORECEPT— Gt TR EORSTFGt R eGP e C e T RGeS e te G COCEPT IS Sere ey

the rules for concept resolution described in 14.10.4. Let X be the prototype parameter of the
designated concept. The declared template parameter is determined by the kind of X (type,
non-type, template) and the optional ellipsis in the constrained-parameter as follows.

— If X is a type template-parameter, the declared parameter is a type template-parameter.

14.1 28

© ISO/IEC 2015 - All rights reserved


https://standardsiso.com/api/?name=3a061e318b2e782afdbc78ee0abe4216

ISO/IEC TS 19217:2015 (E)

©ISO/IEC N4549

(9.2) — If X is a non-type template-parameter, the declared parameter is a non-type template-
parameter having the same type as X.

(9.3) — If X is a template template-parameter, the declared parameter is a template template-
parameter having the same template-parameter-list as X, excluding default template ar-
guments.

: — e qualified-concept-name is followed by an ellipsis, then the declared parameter is a

(9-4) If th lified t is followed b llipsis, then the declared ter i
template parameter pack (14.6.3).

[ Ezample: (0
template<typename T> concept bool Cl1 = true; Q'\
template<template<typename> class X> concept bool C2 = true; .(]/
template<int N> concept bool C3 = true; y<\ :
template<typename... Ts> concept bool C4 = true; (1/
template<char... Cs> concept bool C5 = true; y\q
template<Cl T> void £1(); // OK: T is a type template-parameter ’@
template<C2 X> void £2(); // OK: X is a template with one type—pamm@
template<C3 N> void £3(); // OK: N has type int
template<C4... Ts> void f4(); // OK: Ts is a template parameter pa, types
template<C4 T> void £5(); // OK: T is a type template-param
template<C5... Cs> f6(); // OK: Cs is a template pammet;{ ck of chars

O
— end example] Q
10 A constrained-parameter introduces a constraint-expressi 4.10.2). The expression is derived
from the qualified-concept-name Q in the constrained-peameter, its designated concept C, and
the declared template parameter P. ‘\

(10.1) — First, form a template argument A from P. @ declares a template parameter pack (14.6.3)
and C is a variadic concept (7.1.7), ther@is the pack expansion P.... Otherwise, A is the
id-expression P. A\

(10.2) — Then, form a template-id TT basgdyn the qualified-concept-name Q. If Q is a concept-name,
then TT is C<A>. Otherwise, Qus“a partial-concept-id of the form C<A1, A2, ., AN>,
and TT is C<A, A1, A2, \\O N>.

(10.3) — Then, form an expressiorgg as follows. If C is a variable concept (7.1.7), then E is the
id-expression TT. Ot ise, C is a function concept and E is the function call TT().

(10.4) — Finally, if P decl template parameter pack and C is not a variadic concept, E is adjusted
to be the fold_ezpeession (E && ...) (5.1.3).

E is the introdu@ constraint-expression. | Example:
template name T> concept bool Cl1 = true;
templa pename. .. Ts> concept bool C2() { return true; }
tem&?@<typename T, typename U> concept bool C3 = true;

@1a‘ce<01 T> struct si; // associates C1<T>
& emplate<Cl... T> struct s2; // associates (C1<T> && ...)
template<C2... T> struct s3; // associates C2<T...>()

template<C3<int> T> struct s4; // associates C3<T, int>

— end example ]

Insert the following paragraph after paragraph 9 to require that the kind of a default-argument matches the

kind of its constrained-parameter.
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12 The default template-argument of a constrained-parameter shall match the kind (type, non-type,

template) of the declared template parameter. | Ezample:

template<typename T> concept bool Cl = true;
template<int N> concept bool C2 = true;
template<template<typename> class X> concept bool C3 = true;

template<typename T> struct S0;

template<Cl T = int> struct S1; OK
template<C2 N = 0> struct 82; // OK
template<C3 X = S0> struct S3; // OK
template<Cl T = 0> struct S4; // error: default argument is not a type

end example]

[

1.2 Introduction of template parameters
Afld this section after 14.1.

1 A template-introduction provides a concise way of declaring templates.
template-introduction:
qualified-concept-name { introduction-list }

introduction-list:
introduced-parameter
introduction-list , introduced-parameter

introduced-parameter:
.. opt tdentifier

its introduction-list.

2 The concept designated by the qualified-concept-name is selected by the concept resolution rules
described in 14.10.4. Let C be the désignated concept. The template parameters declared by
a template-introduction are derivedfrom its introduced-parameters and the template parameter
declarations of C to which those 4ntroduced-parameters are matched as wildcards according to
the rules in 14.10.4. For each introduced-parameter I, declare a template parameter using the

following rules:

(2.1) — Let P be the teniplate parameter declaration in C corresponding to I. If P does not declare

a template parameter pack (14.6.3), I shall not include an ellipsis.

(2.2) — If P declares-a template parameter pack, adjust P to be the pattern of that pack.

(2.3) — Declare a template parameter according to the rules for declaring a constrained-parameter

in 14¢ using P as the prototype parameter and with no ellipsis.

(2.4) —J{ I'includes an ellipsis, then the declared template parameter is a template parameter pack.

[ Bzample:

template<typename T, int N, typename... Xs> concept bool C1 = true;

A template-introduction declares a template whe$é sequence of template-parameters are de-
rived from a qualified-concept-name (7.1.6.4.2) ‘and the sequence of introduced-parameters in

—_

[temp.intre

template<template<typename> class X> concept bool C2 = true;
template<typename... Ts> concept bool C3 = true;

Cc1{A, B, ...C} // OK: A is declared as typename A,
struct S1;  //B is declared as int B, and

§ 14.2

© ISO/IEC 2015 - All rights reserved

30


https://standardsiso.com/api/?name=3a061e318b2e782afdbc78ee0abe4216

(5.1)

(5.2)

©ISO/IEC

ISO/IEC TS 19217:2015 (E)
N4549

// C is declared as typename ... C

C2{T} void £Q); // OK: T is declared as template<typename> class T
c2{...Ts} void g(Q; // error: the template parameter corresponding to Ts
// is not a template parameter pack

C3{T} struct S2; // OK: T is declared as typename T
€3{...Ts} struct 82; // OK: Ts is declared as typename ... Ts

— end example ]

A concept referred to by a qualified-concept-name may have template parameters with default
template arguments. An introduction-list may omit identifiers for a corresponding template
parameter if it has a default argument. Only the introduced-parameters are declared as template
parameters. [ Example:

template<typename A, typename B = bool> concept bool C() { return true; }

C{T} void £(T); // OK: £(T) is a function template with
// a single template type parameter T

— end example]

An introduced template parameter does not have a default templaté argument even if its corre-
sponding template parameter does. [ Example:

template<typename T, int N = -1> concept bool P() { return true; }
P{T, N} struct Array { };

Array<double, 0> si1; // OK
Array<double> s2; // error: Array takes twolemplate arguments
— end example ]

A template-introduction introduces a ‘cdustraint-expression (14.10.2). This expression is derived
from the qualified-concept-name C in-the template-introduction and the sequence of introduced-

parameters.
— First, form a sequence -of template arguments A1, A2, ..., AN corresponding to the
introduced-parameters \P1, P2, ..., PN. For each introduced-parameter P, form a cor-

responding template)argument A as follows. If P includes an ellipsis, then A is the pack
expansion P. .. (14.6.3). Otherwise, A is the id-ezpression P.

— Then, formcan-éxpression E as follows. If C designates a variable concept (7.1.7), then E is
the id-expression C<Al, ..., AN>. Otherwise, C designates a function concept and E is
the function call C<A1, ..., AN>Q).

E is theduntroduced constraint-expression. | Example:

template<typename T, typename U> concept bool C1 = true;
template<typename T, typename U> concept bool C2() { return true; }

template<typename... Ts> concept bool C3 = true;
C1{A, B} struct si; associates C1<A, B>
C2{A, B} struct s2; // associates C2<A, B>()
€3{...Ts} struct s3; // associates C3<Ts...>
C3{X, ...Y} struct s4; // associates C3<X, Y...>

§14.2
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— end example ]

A template declared by a template-introduction can also be an abbreviated function template
(8.3.5). The invented template parameters introduced by the placeholders in the abbreviated
function template are appended to the list of template parameters declared by the template-
introduction. | Example:

template<typename T> concept bool Cl = true;

CH T —votd—f(F—eauter;
template<Cl T, typename U> void £(T, U); // OK: redeclaration of £(T, auto)

— end example]

14.3 Names of template specializations [temp.nameg]

Afld this paragraph at the end of the section to require the satisfaction of associated ¢enstraints on the
formation of the simple-template-id.

When the template-name of a simple-template-id names a constrained nogfi-function template
or a constrained template template-parameter, but not a member template that is a member
of an unknown specialization (14.7), and all template-arguments in the\simple-template-id are
non-dependent 14.6.2.4, the associated constraints of the constrainedg¢mplate shall be satisfied.
(14.10.2). [ Ezample:

template<typename T> concept bool Cl1 = false;

template<Cl T> struct S1 { };
template<Cl T> using Ptr = Tx;

Sicint>* p; // error: constraints not satisfied
Ptr<int> p; // error: constraints not satisfied

template<typename T>
struct 82 { Ptr<int> x; }; // ernow: constraints not satisfied

template<typename T>
struct 83 { Ptx<T> x; }; (C ¥/ OK: satisfaction is not required

83<int> x; // error: constraints not satisfied

template<template<Cl) T> class X>

struct S4 {
X<int> x4 // error: constraints not satisfied (#1)
3

templaté<typename T>

struct S5 {
Wsing Type = typename T::template MT<char>; // #2
5

template<typename T> concept haol G2 = sizeaf (T) ==

template<C2 T> struct S { };

template struct S<char[2]>; // error: constraints not satisfied
template<> struct S<char[2]> { }; // error: constraints not satisfied
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In #1, the error is caused by the substitution of int into the associated constraints of the template
parameter X. In #2, no constraints can be checked for typename T::template MT<char> because

MT is a member of an unknown specialization. end example]
14.4 Template arguments [temp.arg]
14.4.1 Template template arguments [temp.arg.template]

Modify paragraph 3 to include rules for matching constrained template template-parameters. Note that the
exampres—folowinethis-parasra hinthe Cl Stopdard a¢ maitted

o
S PTCSTOTTO WIS vt por ch S r oo pPTt Tit otH oot o e OTrrrea

A template-argument matches a template template-parameter (call it P) when each of the tem-
plate parameters in the template-parameter-list of the template-argument’s corresponding alass
template or alias template (call it A) matches the corresponding template parameter 40 the
template-parameter-list of P, and P is at least as constrained as A according to theyritles in
14.10.3. Two template parameters match if they are of the same kind (type, non‘type, tem-
plate), for non-type template-parameters, their types are equivalent (14.6.6.1);~ and for tem-
plate template-parameters, each of their corresponding template-parameters matches, recursively.
When P’s template-parameter-list contains a template parameter pack (14.643); the template pa-
rameter pack will match zero or more template parameters or template parameter packs in the
template-parameter-list of A with the same kind (type, non-type, template) and type as the tem-
plate parameter pack in P (ignoring whether those template parameters are template parameter
packs).

Afld the following example to the end of paragraph 3, after the examples given in the C++ Standard.
[ Ezample:

template<typename T> concept bool C = requires¢fI)t) { t.£0; };
template<typename T> concept bool D = C<T> &&srequires (T t) { t.g(); };

template<template<C> class P>
struct S { };

template<C> struct X { };
template<D> struct Y { };
template<typename T> struct Z\#/};

S<X> s1; // OK: X and Phave equivalent constraints
S<Y> s2; // error: P igod at least as constrained Y (Y is more constrained than P)
S<Z> s3; // OK: P jsutdeast as constrained as Z

end example]

14.6 Templatedeclarations [temp.decl

2}
—_—

Modify paragraph 2 to indicate that associated constraints are instantiated separately from the templafe
tHey are associated with.

Ferpurposes of name lookup and instantiation, default arguments, associated constraints (14.10.2),
and exception-specifications of function templates and default arguments, associated constraints,

and exception-specifications of member functions of class templates are considered definitions;

each default argument, associated constraint, or exception-specification is a separate defini-

tion which is unrelated to the function template definition or to any other default arguments,

associated constraints, or exception-specifications.
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14.6.1 Class templates [temp.class]

Modify paragraph 3 to require template constraints for out-of-class definitions of members of constrained
templates.

When a member function, a member class, a member enumeration, a static data member or
a member template of a class template is defined outside of the class template definition, the
member definition is defined as a template definition in which the template-parameters and
associated constraints (14.10.2) are those of the class template. The names of the template
paraieters used 1 the definition of the member may be different fTom tie tempiate parameter
names used in the class template definition. The template argument list following the class
template name in the member definition shall name the parameters in the same order as the
one used in the template parameter list of the member. Each template parameter pack shall be
expanded with an ellipsis in the template argument list.

Afd the following example at the end of paragraph 3.
[ Ezample:

template<typename T> concept bool C = true;
template<typename T> concept bool D = true;

template<C T> struct S {
void £();
void g();
template<D U> struct Inner;

}

template<typename T> requires C<T> void S<T>::E£QY{ } // OK: parameters and constraints match
template<typename T> void S<T>::g() { } // ergor:"no matching declaration for S<T>

template<C T> D{U} struct S<T>::Inner { }} // OK
— end example]
14.6.1.1 Member functions of class templates [temp.mem.fung]
Afd the following example to the end-efparagraph 1.

[ Ezample:

template<typename T>(8t¥ruct S {
void £() require§ fTue;
void g() requiTes true;

};

template<typename T>
void §<¥>::£ () requires true { } // OK
template<typename T>
wowd S<T>::g() { } // error: no matching function in S<T>

end example]

14.6.2 Member templates [temp.mem)]

Modify paragraph 1 in order to account for constrained member templates of (possibly) constrained class
templates.
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A template can be declared within a class or class template; such a template is called a member
template. A member template can be defined within or outside its class definition or class
template definition. A member template of a class template that is defined outside of its class
template definition shall be specified with the template-parameters and associated constraints
(14.10.2) of the class template followed by the template-parameters and associated constraints of
the member template.

Add the following example at the end of paragraph 1.

L 1—v

A

14.6.3 Variadic templates
Afd fold-expressions to the list of contexts in which pack éxpansion can occur.

[ L LLNL[)L(’

template<typename T> concept bool Cl = true;
template<typename T> concept bool C2 = sizeof(T) <= 4;

template<Cl T>
struct S {
template<C2 U> void f(U);
template<C2 U> void g(U);
};

template<Cl T> template<typename U>
void S<T>::f(U) requires C2<U> { } // OK
template<Cl T> template<typename U>
void S<T>::g(U) { } // error: no matching fukiction in S<T>

end example]

— In a fold-expression (5.1.3); the pattern i§the cast-expression that contains an unexpanded
parameter pack.

odify paragraph 7 to exclude fold-expressidns from producing a comma-separated list of elements.

The instantiation of a pack expamsion that—is—snet—a—sizeof———expression that is neither a

sizeof... expression nor a fold-¢pression produces a list E1, Eo, ..., Ey, where N is the number
of elements in the pack expansion parameters. Each E; is generated by instantiating the pattern
and replacing each pack expansion parameter with its ¢th element.

d the following paragraphs; at the end of this section.
The instantiation &f h°fold-expression produces:
— ((E1 op EN@p ---) op En for a unary left fold,
Ey op {&N~op (En_1 op En)) for a unary right fold,
(((Ep E1) op Eg) op ---) op Ey for a binary left fold, and
—E;)op (--+ op (Exy—1 op (Ey op E))) for a binary right fold.

Ingach case, op is the fold-operator, N is the number of elements in the pack expansion param-
stors, and each E; is generated by instantiating the pattern and replacing each pack expansion

parameter with its ith element. For a binary fold-expression, E is generated by instantiating the

[temp.variadi

TJ
—_—

§

cast-expression that did not contain an unexpanded parameter pack. [ Ezample:

template<typename ...Args>
bool all(Args ...args) { return (... &% args); }

bool b = all(true, true, true, false);

14.6.3
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Within the instantiation of all, the returned expression expands to ((true && true) && true)
&% false, which evalutes to false. — end example]| If N is zero for a unary fold-expression,
the value of the expression is shown in Table B; if the operator is not listed in Table B, the
instantiation is ill-formed.

Table B — Value of folding empty sequences

| Operator Value when parameter pack is empty

* 1

+ int () \2)
& -1 Q'\
| int Q) q/

&& true r<\ :

[ false q/
R void() ,\@

<
14.6.4 Friends Q/C) [temp.friend]
\

Modify paragraph 9 to restrict constrained friend declarations.

9 When a friend declaration refers to a specialization of a function ts@late, the function param-
eter declarations shall not include default arguments, the declapé\%ion shall not have associated
constraints (14.10.2), nor shall the inline specifier be used ianchla declaration.

Afd examples following that paragraph. Q
10 [ Note: Other friend declarations can be constrained ,@,\ constrained friend declaration that is
not a definition, the constraints are used for declar, s%n. — end note] [ Example:

template<typename T> concept bool Cl = tr g@
template<typename T> concept bool C2 = f~§s

€;
.\@

template<Cl T> void gO(T); o)

template<Cl T> void gi(T); \E\

template<C2 T> void g2(T); O

template<typename T> . Q
struct S { $ :
friend void £1() uires true; // OK
friend void f Tequires C1<T>; // OK
friend voi <T>(T) requires C1<T>; // error: constrained friend specialization
friend vo 1<T>(T) ; // OK
friend g2<T>(T); // error: constraint can never be satisfied,

Q // mo diagnostic required
}; ?9‘
v, 1() requires true; // friend of all S<T>
« id £2() requires Cil<int>; // friend of only S<int>
%Th() friend declaration of g2 is ill-formed. no diagnostic required. because no valid specialization of
S can be generated: the constraint on g2 can never be satisfied, so template argument deduction
(14.9.2.6) will always fail. — end example |

1 [ Note: Within a class template, a friend may define a non-template function whose constraints
specify requirements on template arguments. [ Ezample:
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template<typename T> concept bool Eq = requires (T t) { t == t; };

template<typename T>
struct S {
friend bool operator==(S a, S b) requires Eq<T> { return a == b; } // OK
};

end example] In the instantiation of such a class template (14.8), the template arguments are

sunbstitnted into the constraints bit not evalnated Canstraints are checked (14 10) only when

R
lil

]_z

A

that function is considered as a viable candidate for overload resolution (13.3.2). If substitution

fails, the program is ill-formed. — end note]
1.6.5 Class template partial specialization [temp,class.spef]

fter paragraph 3, insert the following, which explains constrained partial specializations.
A class template partial specialization may be constrained (Clause 14). [ Example:

template<typename T> concept bool C = requires (T t) { t.£0; };
template<int I> concept bool N =TI > 0;

template<C T1, C T2, N I> class A<T1, T2, I>; // #6
template<C T, N I> class A<int, Tx, I>; // #7

— end example]

bmove the 3rd item in the list of paragraph 8 to allow constrained class template partial specializatiofs
ke #6, and because it is redundant with the 4th item. Notethat all other items in that list are elided.

Within the argument list of a class template partial-specialization, the following restrictions
apply:

— The specialization shall be meréspecialized than the primary template (14.6.5.2).

1.6.5.1 Matching of classstemplate partial specializations [temp.class.spec.match]

odify paragraph 2; constraints must be satisfied in order to match a partial specialization.

A partial specialization matches a given actual template argument list if the template arguments
of the partial specialization can be deduced from the actual template argument list (14.9.2) ,
and the dedm(€d template arguments satisfy the constraints of the partial specialization, if any

(14.10.2).

d the following example to the end of paragraph 2.
[ Baymple:

struct S { void £(0); };

§

A<S, S, 1> a6; // uses #6
A<int, S*, 3> a8; // uses #7

end example]
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14.6.5.2 Partial ordering of class template specializations [temp.class.order]

Modify paragraph 1 so that constraints are considered in the partial ordering of class template specializations.

For two class template partial specializations, the first is at least as specialized as the second if,
given the following rewrite to two function templates, the first function template is at least as
specialized as the second according to the ordering rules for function templates (14.6.6.2):

— the first function template has the same template parameters and associated constraints

(14102) asthe first I‘\Qrfiﬂl Q;npm’a]i7nﬁ'nn7 and has a Qing]p function parameter hose type is

a class template specialization with the template arguments of the first partial specialization,
and

— the second function template has the same template parameters and associated conspraints
(14.10.2) as the second partial specialization, and has a single function parameterswhose
type is a class template specialization with the template arguments of the second/partial
specialization.

Afd the following example to the end of paragraph 1.
[ Ezample:

template<typename T> concept bool C = requires (T t) { t.£0; K
template<typename T> concept bool D = C<T> && requires (T tI\{TA.f(0; };

template<typename T> class S { };
template<C T> class S<T> { }; // #I
template<D T> class S<T> { }; // #2

template<C T> void £(S<T>); // A
template<D T> void f(S<T>); // B

The partial specialization #2 is more specdidized than #1 because B is more specialized than A.
—end example |

Modify paragraph 6 to account for constraints on function templates.

Two functidn templates are equivalent if they:
— a#¢\declared in the same scope,
<have the same name,

— have identical template parameter lists, and

14.6.6 Function templates [temp.fct]

14.6.6.1 Function template ovérloading [temp.over.link]

baxa rotairen tne ovasnntor iode o d accnatatnd cocdnatate 4ot oy Ao
HreFeti Rty pesPatraineter Ists—aha—ot rated—eoRSstraints—+hatoaF Sac=

rules described above to compare expressions involving template parameters.

ol 1o +tho
+

nt acin o
ToTT— i S ot

Two function templates are functionally equivalent if they are equivalent except that one or
more expressions that involve template parameters in the return types, and parameter lists,
and associated constrains (14.10.2) are functionally equivalent using the rules described above

§14.6.6.1
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to compare expressions involving template parameters. If a program contains declarations of
function templates that are functionally equivalent but not equivalent, the program is ill-formed;
no diagnostic is required.

14.6.6.2 Partial ordering of function templates [temp.func.order]

Modify paragraph 2 to include constraints in the partial ordering of function templates.

Partial ordering selects which of two function templates is more specialized than the other by

transforming each temuplate in turn (see next naracranh) and nerforming temuplate arcument de
S T Y g (SRl S T S T =]

duction using the function type. The deduction process determines whether one of the templates
is more specialized than the other. If so, the more specialized template is the one chosen by
the partial ordering process. If both deductions succeed, the partial ordering selects the,midre
constrained template as described by the rules in 14.10.3.

=

1.7 Name resolution [temp.rep

Modify paragraph 8.

Knowing which names are type names allows the syntax of every templat€ to be checked. No
diagnostic shall be issued for a template for which a valid specialization cafivbe generated. If no
valid specialization can be generated for a template, and that templageyis not instantiated, the
template is ill-formed, no diagnostic required. If every valid specialization of a variadic template
requires an empty template parameter pack, the template is ill-formied, no diagnostic required.
If no instantiation of the associated constraints (14.10.2) of &, témplate would result in a valid
expression, the template is ill-formed, no diagnostic requifég If a hypothetical instantiation
of a template immediately following its definition would\be ill-formed due to a construct that
does not depend on a template parameter, the programis ill-formed; no diagnostic is required.
If the interpretation of such a construct in the hypothetical instantiation is different from the
interpretation of the corresponding construct incamy actual instantiation of the template, the
program is ill-formed; no diagnostic is required,

—_

14.7.2 Dependent names [temp.dep
14.7.2.2 Type-dependent expressions [temp.dep.exp

=
—

Afd the following paragraph to this section.

A fold-expression is type-dependént.

—

14.7.2.3 Value-dependent-expressions [temp.dep.constexpy
Modify paragraph 4 to include fold-expressions in the set of value-dependent expressions.
Expressions of the-fellowing form are value-dependent:

sizeof Lo~'( identifier )

fold-gdpression
14.7.4 Depéndent name resolution [temp.dep.re§]
14.7.4.15-Point of instantiation [temp.poinit]
Afdd &\new paragraph after paragraph 4.

(anil . fui . : Id , . ° I LI J . 1 1 h] 1
1 1IC l)()llli Ol lllbl;(,tll‘l»l(l‘ill)ll ol a (,Ull,rhl,l(l/l,ll,ll/—l/,l/}lll/hh (U7 O d SPCllall (Lil()ll llllllll/(ll(l“l,(,l',\ preceucs uvlic

point of instantiation of the specialization.
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14.8 Template instantiation and specialization [temp.spec]
14.8.1 Implicit Instantiation [temp.inst]

Change paragraph 1 to include associated constraints.

Unless a class template specialization has been explicitly instantiated 14.8.2 or explicitly special-
ized 14.8.3, the class template specialization is implicitly instantiated when the specialization is
referenced in a context that requires a completely-defined object type or when the completeness
of the class type affects the semantics of the program. [ Note: Within a template declaration, a lo-

cal class or enumeration and the members ol a local class are never considered to be entities that
can be separately instantiated (this includes their default arguments, exception-specifications|
and non-static data member initializers, if any). As a result, the dependent names are logked
up, the semantic constraints are checked, and any templates used are instantiated as partf the
instantiation of the entity within which the local class or enumeration is declared. — endnote]
The implicit instantiation of a class template specialization causes the implicit instdntiation of
the declarations, but not of the definitions, default arguments, associated constraints (14.10.2),
or exception-specifications of the class member functions, member classes, scoped“member enu-
merations, static data members and member templates; and it causes the implicit instantiation
of the definitions of unscoped member enumerations and member anonyunieis unions.

Hd a new paragraph after paragraph 15 to describe how associated constraints are instantiated.

The associated constraints of a template specialization are not instantiated along with the spe-
cialization itself; they are instantiated only to determine if they~gre satisfied (14.10.2). [ Note:
The satisfaction of constraints is determined during name lo§kup or overload resolution (13.3).
Preserving the spelling of the substituted constraint alsgyallows constrained member function
to be partially ordered by those constraints according, td the rules in 14.10.3. end note]
[ Ezample:

template<typename T> concept bool C = sizeQf{D) > 2;

template<typename T> concept bool D = C<T>™&& sizeof (T) > 4;

template<typename T> struct S {
S() requires C<T> { } // #1
S() requires D<T> { } // #2
s

S<char> si; // error: na matching constructor

S<char[8]> s2; // OK: cads #2

Even though neither gohstructor for S<char> will be selected by overload resolution, both con-
structors remain a partof the class template specialization. This also has the effect of suppressing
the implicit genefafion of a default constructor (12.1). end example] [ Ezample:

template<typename T> struct S1 {
templajegtypename U> requires false struct Imnerl; // OK
};

template<typename T> struct S2 {
template<typename U>
requires sizeof (T[-(int)sizeof(T)]) > 1 // error: ill-formed, no diagnostic required

$rpet Tooard.
=5

};

end example] Every instantiation of S1 results in a valid type, although any use of its nested
Innerl template is invalid. S2 is ill-formed, no diagnostic required, since no substitution into
the constraints of its Inner2 template would result in a valid expression.

§14.8.1
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14.8.2 Explicit instantiation [temp.explicit]
Add the following note after paragraph 7.

[ Note: An explicit instantiation of a constrained template shall satisfy that template’s associ-
ated constraints (14.10.2). The satisfaction of constraints is determined during name lookup
for explicit instantiations in which all template arguments are specified (14.3), or for explicit
instantiations of function templates, during template argument deduction (14.9.2.6) when one or
more trailing template arguments are left unspecified. — end note|

Modify paragraph 8 to ensure that only members whose constraints are satisfied are explicitly instantiat¢d
diiring class template specialization. The note in the C++ Standard is omitted.

An explicit instantiation that names a class template specialization is also an explicit instantia-
tion of the same kind (declaration or definition) of each of its members (not including members
inherited from base classes and members that are templates) that has not been premiously ex-
plicitly specialized in the translation unit containing the explicit instantiation, and provided that
the associated constraints, if any, of that member are satisfied by the templateargiments of the
explicit instantiation (14.10.2), except as described below.

14.8.3 Explicit specialization [temp.expl.spe

TJ
—_—

Afd the following note after paragraph 10.

[ Note: An explicit specialization of a constrained template shai\satisfy that template’s asso-
ciated constraints (14.10.2). The satisfaction of constraints € determined during name lookup
for explicit specializations in which all template argumep{§ _are specified (14.3), or for explicit
specializations of function templates, during template argument deduction (14.9.2.6) when one

or more trailing template arguments are left unspecifi¢td end note ]
14.9 Function template specializations [temp.fct.speg]
14.9.2 Template argument deduction [temp.deduct]

Afld the following sentences to the end of paragtaph 5. This defines the substitution of template argumenys
info a function template’s associated constrainps. Note that the last part of paragraph 5 has been duplicatgd
in| order to provide context for the additioh.

When all template arguments haye been deduced or obtained from default template arguments,
all uses of template parameters in the template parameter list of the template and the function
type are replaced with theteotresponding deduced or default argument values. If the substitution
results in an invalid type] as described above, type deduction fails. If the function template
has associated congtrairts (14.10.2), the template arguments are substituted into the associated
constraints withgut-évaluating the resulting expression. If this substitution results in an invalid
type or expregsiOdy type deduction fails. [ Note: The satisfaction of constraints (14.10) associated
with the fui®§ién template specialization is determined during overload resolution (13.3), and
not at th&¢point of substitution. — end note]

14.9.2.6 “Deducing template arguments from a function declaration [temp.deduct.ded]]

Afd therfollowing after paragraph 1 in order to require the satisfaction of constraints when matching|a
specialization to a template.

Remove from the set of function templates considered all those whose associated constraints (if
any) are not satisfied by the deduced template arguments (14.10.2).

Update paragraph 2 (now paragraph 3) to accommodate the new wording.
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4 for the remaining function templates, there is

elther no match or more than one match after partial ordering has been considered (14.6.6.2),
deduction fails and, in the declaration cases, the program is ill-formed.

Add the following example to paragraph 3.

[ Example:

template<typename T>

concept bool C = requires (T t) { -t; };

template<C T>
template<typename T>
template<C T>

— end example]

template void f(int);
template void f(voidx); // error: no matching template
template void g(int);
template void g(void*); // OK: refers to #2

void £(T) { } // #1
void g(T) { } // #2
void g(T) { } // #3

// OK: refers to #1

// OK: refers to #3

§14.9.2.6
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