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1 General [intro]

1.1 Scope [intro.scope]

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

2 The Infternational Standard, ISO/IEC 14882, provides important context and specification for this Te¢hnical
Specification. This document is written as a set of changes against that specification. Instructions to inodify
or add| paragraphs are written as explicit instructions. Modifications made directly to existing text fr¢m the
Internfitional Standard use underlining to represent added text and strikethrough to repuesent deletefl text.

3 WG21| paper N4191 defines “fold expressions”, which are used to define constraint ‘expressions regulting
from the use of constrained-parameters that declare template parameter packs.<This feature is not yresent
in ISO|/TEC 14882:2014, but it is planned to be included in the next revision ef that International Stapdard.
The specification of that feature is included in this document.

1.2 [Normative references [intrd.refs]

1 The fdllowing referenced document is indispensable for the application of this document. For dated refer-
ences, [only the edition cited applies. For undated references, the\atest edition of the referenced doqument
(including any amendments) applies.

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

ISO/IEC 14882:2014 is hereafter called the C++ Standard. The numbering of Clauses, sections, and para-
graphq in this document reflects the numbering in~tie C++ Standard. References to Clauses and s¢ctions
not apjpearing in this Technical Specification refer-to the original, unmodified text in the C++ Standard.

1.3 [Terms and definitions [introjdefs]

Modify the definitions of “signature” todnclude associated constraints (14.10.2). This allows different|trans-
lation [units to contain definitions of\functions with the same signature, excluding associated constjraints,
withoyt violating the one definitioirrule (3.2). That is, without incorporating the constraints in the[signa-
ture, spich functions would have the same mangled name, thus appearing as multiple definitions of th¢ same
functign.

1.3.1 [defns.signature
dignature

functio>yhame, parameter type list (8.3.5), and enclosing namespace (if any), and any associatpd
onstraims (14.10.2)

| Note: Signatures 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, cv-qualifiers (if any), ref-qualifier (if any), return type, and template parameter
list, and any associated constraints (14.10.2)

1.4 [Implementation compliance [intro.compliLince]
1 Conformance requirements for this specification are the same as those defined in 1.4 in the G4+ Stapdard.

[ Noteq Conformance is defined in terms of the behavior of programs. — end note|

1.5 [Feature-testing recommendations [intro.features]

1 An injplementation that provides support for this Technical Specification shall define the featufe test
macro(s) in Table A.

Table A — Feature-test macro(s)

’ Macro name Value ‘

’ __cpp_concepts 201507]

1.6 |Acknowledgments [intrg.ack]

1 The dg¢sign of this specification is based, in part, on a¢encept specification of the algorithms part|of the
C++ $tandard library, known as “The Palo Alto” report (WG21 N3351), which was developed by 4 large
group [of experts as a test of the expressive power'@f the idea of concepts. Despite syntactic diffgrences
betwedn the notation of the Palo Alto report andvthis Technical Specification, the report can be seqn as a
large-dcale test of the expressiveness of this Technical Specification.

2 This Work was funded by NSF grant ACI-1148461.

§1.6 2
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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

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

N4549

lexpr]

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.gellleral]
In thiq section, add the requires-expression to the rule for primary-expression.
Primary-expression:
literal
this
( expression )
id-expression
lambda-expression
fold-expression
requires-eTpression
In parpgraph 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: : :
Add a|new paragraph after paragraph 11
In a nested-name-specifier of theform auto:: or C::, where C is a constrained-type-name, thap
npested-name-specifier desighdbtes a placeholder that will be replaced later according to the ruleg
for placeholder deduction 1 7.1.6.4. If a placeholder designated by a constrained-type-specifiel
ik not a placeholder e, the program is ill-formed. [Note: A constrained-type-specifier can
lesignate a placeh&lder for a non-type or template (7.1.6.4.2). end note| The replacemeng
tlype deduced fgr\a/placeholder shall be a class or enumeration type. [ Ezample:
template<tipename T> concept bool C = sizeof(T) == sizeof (int);
templatediht N> concept bool D = true;
sgrugt S1 { int n; };
sbrlict S2 { char c; };
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 program that refers explicitly or implicitly to a function with associated constraints that are
not satisfied (14.10.2), other than to declare it, is ill-formed. [ Ezample:

void f(int) requires false; '\QD
£(0); // error: cannot call £ ’(19
void (*p1)(int) = f; // error: cannot take the address of £ /\ .
decltype(f)* p2 = N

nullptr; // error: the type decltype(£) is invalid (l/

>

In each case the associated constraints of f are not satisfied. In the decl a{}sn of p2, thos
onstraints are required to be satisfied even though f is an unevaluated&rand (Clause 5)|

end example] C)
N4

Insert [the following paragraph after paragraph 4 to define the term eric lambda”.

5.1.2| Lambda expressions [expr.prim.lambda]

5 A generic lambda is a lambda-expression where one or mor(‘@%«xcoholdcrs (7.1.6.4) appear in th¢
parameter-type-list of the lambda-declarator. Q

Modify paragraph 5 so that the meaning of a generic lalea s defined in terms of its abbreviated mlember
functign template call operator. 0‘\

The closure type for a non-generic lambda-expression has a public inline function call operato

declaration-clause and tmz’ling—retum—ty@respectively.
e . . Q ~

aine €OTT 6 A
Hocle (& 2 BN Ml st n& and frmetion sopoaatarng AL 4hn Lo atia 0]l aawotose daaa]od
t [en w2y \U.U.U/. T ITC TO0OrIT VU AT ToarrooToTT PalalllUDCLO A/ SV AV RS SAVAT AV A VIen S § UPCL@UUL \JCJJJPI@U
ra dorived from-—the Jamhda noema gomla Feaalim o motoipem Faimn ond mamaan o donlapadtinm olagoh
IS VELVAW AV UuN S BV S S S V) 5 Ly b(/lll/yww COPTCISTUTT S UF bbbbl/lby TrCoaritcrv IJD aTrrcr IJMI WITTCTCT WCCTOTOTrOTr— CTW WS
i TN 1Mo A ock: onee—o o heo o neeidio of thae naragmmeto oolapatd nm b
y pta £—€3a oCceHl of—au a S para d GFato G
IPrith—thehame—o -h corresponaing—inventea—tempiate-parameter: The closure type for

deneric lambdaghas’a public inline function call operator member template that is an abbreviatedl
flunction te te whose parameters and return type are derived from the lambda-expression’s
](zmmet(z(:ﬂgrjamtion—clause and trailing-return-type according to the rules in (8.3.5).

\4
Add the fo %1 example after those in paragraph 5 in the C++ Standard.
g g

| wple:

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]

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.

fold-expression:

( 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= "= &= |= <<= >>= =
= I= < > <= >= && || 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, thé
ast-expression shall contain an unexpanded parameter pack (14.6.3).

An expression of the form (el op! ... op2 e2) where op! and-op2 are fold-operators is called
d binary fold. In a binary fold, op! and op2 shall be the same“fold-operator, and either el shall
dontain an unexpanded parameter pack or e2 shall contain an*unexpanded parameter pack, buf
ot both. If e2 contains an unexpanded parameter pack] the expression is called a binary leff
flold. If el contains an unexpanded parameter pack,the/expression is called a binary right fold,
[

Ezxample:
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.req]
Add this section t@ 5.1
A requires-erpression provides a concise way to express requirements on template arguments. A

tlequirenient is one that can be checked by name lookup (3.4) or by checking properties of types
4nd expressions.

§5.1.4 6
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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

roong Yot 23
FeGUHAFEH Rt

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

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

equirements.
A requires-expression has type bool and is an unevaluated expression (¥h {Note: A requirest
qrpression is transformed into a constraint in order to determine if it is satisfied (14.10.2). — end
Rote |

A requires-expression shall appear only within a concept definition (7.1.7), or within the requirest
lause of a template-declaration (Clause 14) or function declaration/(8.3.5). [ Ezample: A common
yse of requires-expressions is to define requirements in concepts 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 usediin a requires-clause as a way of writing ad hoc constraints
n template arguments such as thé-éne below:

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

The first requires introduces the requires-clause, and the second introduces the requires-expressipn.
1+ end example] [ Note: Such requirements can also be written by defining them within a cont
dept.

template<typename T>

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

témplate<typename T> requires C<T>
T add(l a, I bJ) { return a * b; J

— 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

© ISO/IEC 2015 - All rights reserved


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

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

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() {

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

— end ezample ]

The requirement-body is comprised of a sequence of requirements. These requirements may refe
tlo local parameters, template parameters, and any other declarations visible from)ythe enclosing
dontext. Each requirement appends a constraint (14.10) to the conjunction of-constraints definedl
By the requires-expression. Constraints are appended in the order in which they are written.

The substitution of template arguments into a requires-expression may_result in the formation
f invalid types or expressions in its requirements. In such cases, thecénstraints correspondin
o those requirements are not satisfied; it does not cause the program to be ill-formed. If th
ubstitution of template arguments into a requirement would-always result in a substitution
hilure, the program is ill-formed; no diagnostic required. [ EZample:

b

=

= o+

template<typename T> concept bool C =
requires {
new int[-(int)sizeof(T)]; // ill-formed, no didgnostic required

}
— end ezample ]

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

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

| Ezample:

template<typename /T> concept bool C =
requires (T'a,/ T b) {
a + b; &/ an expression constraint for a + b

};

— end“ezample]

3.1.4.2 Type requirements [expr.prim.req.type
type-requirement:
typename nested-name-specifierop: 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

})

—_ p'nn' P'rn'rninlp}

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 forthe expressiof
H. The order in which those constraints are introduced is:

(1.1) — the compound-requirement introduces an expression constraint for £ (14.10.1.3);
(1.2) — if the noexcept specifier is present, the compound-requirement.appends an exception conf
straint for E (14.10.1.7);
(1.3) — if the trailing-return-type is present, the compound-requiréfnent appends one or more conf
straints derived from the type T named by the trailing,#eturn-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(D.
(1.3.2) — otherwise, the requirement appends two ¢enstraints: 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 Ei-=
requires(T x) {
{x++};

}!

The compound-requirement in'C1 introduces an expression constraint for x++. It is equivalent t
simple-requirement with, the same expression.

template<typenamé\T> concept bool C2 =
requires(T x)
{*x} -> $ypename T::inner;

};

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

<

template<typename T> concept bool C3 =
requires(T x) {

{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

© ISO/IEC 2015 - All rights reserved


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

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

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 deduction constraint requiring that overload resolution succeeds for the call g(f (x)) where
g is the following invented abbreviated function template.

void g(const C&);

— end ezample ]

5.1.4.4 Nested requirements [expr.prim.feq.nested

nested-requirement:
requires-clause ;

A nested-requirement can be used to specify additional constraints in texms“of local parameters|
N nested-requirement appends a predicate constraint (14.10.1.2) for its“eonstraint-expression t
the conjunction of constraints introduced by its enclosing requires-égpression. | Example:

template<typename T> concept bool C() { return sizeof(T)(=51; }

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

The nested-requirement appends the predicate gonstraint sizeof (decltype (+t)) == 1(14.10.].2).
+-end example] [ Note: The constraint-expfression of the predicate constraint introduced by
nested-requirement is later normalized for the purposes of determining constraint satisfaction
14.10.2) and partial ordering (14.10.3)¥ — end note|

§5.1.4.4 10
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7 Declarations

7.1 Specifiers

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

The specifiers that can be used in a declaration are

N4549

[del.dcl]

[dcl.spec]

dect-specifier:
storage-class-specifier
type-specifier
function-specifier
friend
typedef
constexpr
concept

7.1.6| Type specifiers
7.1.6.2 Simple type specifiers
Add constrained-type-specifier to the grammar for simple-type-specifi€rs:

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
con&trained-type-specifier

Modify paragraph’2 to begin:

J

- The auto specifier an

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

onstiained-type-specifiers are placeholders for values (type, non-type, template) to be deducedl

7164)

Add constrained-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
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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 below

constrained-type-specifier  placeholder for value (type, non-type, template) to be deduced

N

Replade paragraph 1 with the text below. Q

The type-specifiers auto and decltype(auto) and constrained-type-specifiers desig zmg a placet
Iolder (type, non-type, or template) that will be replaced later, either through d ?}tion or ai
dxplicit specification. The auto and decltype (auto) type-specifiers designate p&% 10lder types);
4 constrained-type-specifier can also designate placeholders for values and tex%lates. [ Note: Th

eduction of placeholders is done through the invention of template pafagiteters as described
ih 7.1.6.4.1 and 8.3.5. —end note| Placcholders are also used to sjgnify that a lambda is
deneric lambda (5.1.2), that a function declaration is an abbreviat 1ction template (8.3.5)),
dr that a trailing-return-type in a compound-requirement (5.1.4.3) { duces an argument deducf
tlion constraint (14.10.1.6). [ Note: A nested-name-specifier c so include placeholders (5.1)f
IReplacements for those placeholders are determined accordingito the rules in this section. — engl

ote | Q

Modify paragraph 2 to allow constrained-type-specifiers Q@function declarators, except in the dgclared

return|type. N\
3

B

Fhe-placeholdertypePlaceholders can appear glﬁq a function declarator in the decl-specifier-seq,

=

type-specifier-seq, conversion-function-id, ailing-return-type, in any context where such
declarator is valid. If the function declar@r includes a trailing-return-type (8.3.5), that specifieg
the declared return type of the functiof; If the declared return type of the function contains
placeholder, the return type of the funetion is deduced from return statements in the body of th¢
flunction, if any. In a function deo@‘tor of the form auto D -> T where T contains placeholders]
tlhe initial auto does not desjgfglwe a placeholder.

Modify paragraph 3 to allow thé use of auto within the parameter type of a lambda or function.

~ a placcholder appears
in a parameter type of a lambda-expression, the lambda is a generi

lhmbda (5.1.2), [@ample:

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

— endé%ple] Similarly, if a placeholder appears in a parameter type of a function declaration|,
tlhe @ ion declaration declares an abbreviated function template (8.3.5). [ Ezample:

>bld f(const auto&, int); QK. an abbreviated function template

— end example]

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

§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;

C const& £1(C); // has one template parameter and no deduced return type QD
Tuple<C...> £2(C); // has one template parameter and a deduced return type Q'\

In the declaration £1, the constraint-expression introduced by the constrained-type- (,‘LﬁElb i
tthe parameter- declamtzon clause and return type are equivalent ; they would botlril} oduce th
dxpression C<T>, for some invented template parameter T. In £2, the use of C i % return typ¢

T

yould introduce the constraint-expression (C<T> && ...), wh1ch is distinct from the constraintt
xrpression C<T> introduced by the invented constrained- pamm(zt(zr (14.1) f(f&; > constrained-typef
dpecifier in the parameter-declaration-clause according to the rules 1@ — end example]

Add the following after paragraph 4 to allow the use of auto in the iing-return-type of a compound-
requirqment. Also, disallow the use of decltype (auto) with function eters and deduction constjraints.

If a placeholder appears in the trailing-return-type of a ﬁqpound requirement in a requirest
¢rpression (5.1.4.3), that return type introduces an arg deduction constraint (14.10.1.6)f

| Example: QQ

template<typename T> concept bool C() {
return requires (T i) {

{*¥i} -> const auto&; // OK: mtmduces®n argument deduction constraint
}; Q
’ QD
.\@
end example] 3
The decltype(auto) type-speci, 'é%ghall not appear in the declared type of a parameter-declaratign
r the trailing-return-type of.<\ mpound-requirement.

Modify paragraph 4 (paragragf(ﬂ here) to allow multiple placeholders within a variable declaration, but
disallowing constrained-typesspecifiers.

The type of a v C}@e declared using a placcholder aute—er—decttypetante) is deduced from

ifs initializer. use is allowed when declaring variables in a block (6.3), in namespace scop¢

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

®h ¢— A placeholder can appear anywhere in the declared

ype o&ﬂs variable, but decltype(auto) shall appear only as one of the decl-specifiers of th¢

Jec Cifier-seq. and-theThe decl-specifier-seq of such a variable shall be followed by one o

moere/init-declarators, each of which shall have a non-empty initializer. In an initializer of th¢
form

( expression-list )

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 1> STIUCT WIap;

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(SizeqQx: :*) (int)
Pair<auto, auto> p2 = make_pair(0, ’a’); // OK: p2 has type Pair<int/\ cHar>

N::Wrap<auto> a = N::make_wrap(0.0); // OK: a has type Wrap<dguble>
auto::Wrap<int> x = N::make_wrap(0); // error: failed to dedudefvalue for auto
Size<sizeof (auto)> y = Size<0>{}; // error: failed to dgdwse 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 s@tigfied

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

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

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

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

8 A program that uses awte—er-decttypetaute) placcholders 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.d¢duct]

Factor| the deduction rules for auto into a new subsection.

1 When a variable declared using a placeholder is initialized, or a return statement occurs i
4 function declared with a return type that contains a placeholder, the deduced return type o
yariable type is determined from the type of its initializer. In the case of a return with no operand|,
tfhe initializersis,‘considered to be void(). Let T be the declared type of the variable or returi
flype of thefufiction. H-theplaceholderisthe-auto—type-speeifier; If T contains any occurrencef
f the abbe’ type-specifier or a constrained-type-specifier, the deduced type is determined using
tlhe railes for template argument deduction. If the deduction is for a return statement and thé¢
initidlizer is a braced-init-list (8.5.4), the program is ill-formed. —-Otherwise—obtainPfromT-by

3 . 3 e i 1 . 3 1 .
TPt E v OCCUTr TCHCeS O a 6O Wittt CIvIiCT o 1ICW 1itvetCt by pCtCpiatC—pat atiiCtCt OOt 1t

)

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,
then define C to be a constraint-expression as follows:

(1.3) Ll s s 1 L . ]t L 41 o 4] £ c ol - R | 1
11 UVIITIT 15 Dlllolc l/lllbn)blU/LIbeb'l/yIJC'DIJCl/beCI 3 UVIITII U 15 UIIT CUTLSTUT U/blbl/'C‘l/}Il Coo0UTy 1111 UTUULTU D
the invented template constrained-parameter (14.1) corresponding to that constrained~tiyper
specifier;
(1.4) — otherwise, C is the logical-and-expression (5.14) whose operands are the constraintferpressions

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
flype, the declaration is ill-formed. Otherwise, the type deduced for the-variable or return typ¢
ik obtained by substituting the deduced ¥ values for each invented t€mplate parameter into P|

| Ezample:
auto x1 = { 1, 2 }; // OK: decltype(x1) is std::initialdZer_list<int>
auto x2 = { 1, 2.0 }; // error: cannot deduce element type

— end ezample ]
Add the following to the first example in paragraph 7 in.the C++ Standard.
| Ezample:

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

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

template<typename... Ts> auto @ake_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> vl = make, vec({1, 2, 3}); // OK: decltype(vl) is Vec<int>

Vec<auto> v2 = {1N\2) 3}; // error: type deduction fails
Tuple<auto...>~n3_~ make_tup(0, ’a’); // OK: decltype(v3) is Tuple<int, char>

| end exzampte)
Add the following after the second example in paragraph 7 in the C++ Standard.

| Ezatople:

tefiplate<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);

§7.16.4.1 15
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Copy paragraphs 8-15 from 7.1.6.4 in the C++ Standard into this section. Modify paragraph 8 (here

read:

Add afld the following exampleg te*that paragraph.

Modify ‘paragraph 9 (here, 3).

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(x) (T2, T3), T4 (T5::%)(T6)> x);
end example]
[ Ezample:

template<typename T> concept bool C = true;

const C* cv = expr;

flunction:

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

end example]
| Example:

auto cf(int) -> Pair<C, C> { return expr; }

ipvented function:

template<C T> void £f2(Pair<T, T>);

Both constrained-type-specifiers in the return type of €€ c¢orrespond to the same invented templat
parameter. end example]

If the init-declarator-list contains moresthan one init-declarator, they shall all form declaration
df variables. The type of each declared variable is determined as described above, and if the typ

dach deduction, the program ig\ill-formed.

| Ezample:
Pair<auto, auteA pl = make_pair(0, 0),

*p2 = &pl; // OK: replacement type is Pair<int, int>
Pair<auto,%aito> p3 = make_pair(0, ’a’),

p4 = make_pair(’a’, 0); // error: different replacement types

— end ezample ]

The type of cv is deduced from the parameter p1l in the call £1(expr) of the following muvénted

The return type of cf is deduced from the parameter p2 in thetadl £2(expr) of the following

that replaces the-placeholder+ypelthe declared variable type or return type is not the same i

N4549

) 2) to

P

h

If a function with a declared return type that contains a—placeholder—type 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.
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Add the following examples to that paragraph.

Modify paragraph 14 (here, 8).

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

7.1.6.4.2 Constrained type specifiers [dcl.spec.auto.c
Add this section to 7.1.6.4.

ISO/IEC TS 19217:2015 (E)
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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).

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

Modify the text of paragraph 13 (here, 7).

f

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 typei-]]

4 placeholder is designated by a constrained-type-specifier, redeclarations or specializations,shall

s
|

yse the same constrained-type-specifier.

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\lzfferent placeholder

A function declared with a return type that uses a—pla€eholder—type placeholders shall not b
yirtual (10.3)

dlared using a-plaechoelder+type placeholdergibut it also does not prevent that entity from bein,
instantiated as needed to determine its type.

A constrained-type-specifier designates a placeholder (type, non-type, or template) and introduce
gn associated constraint (14/10.2).
constrained-type-specifier:

qualifiedéconcept-name

qualified-concept-name:
nested-name-specifierop: constrained-type-name

congtrdined-type-name:
concept-name
partial-concept-id

concept-name:

An explicit instantiation declaration (14.8.2) doés not cause the instantiation of an entity def

1=

b

bnstr|

P

wdentifier

partial-concept-id:
concept-name < template-argument-listop:>

[ Ezample:

§7.1.6.4.2
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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 £1(C1); // C1 designates a placeholder type
void f2(Array<auto, C2>); // C2 designates a placeholder for an integer value
void £3(Stack<auto, C32): C3 designates—aplaceholder for a class template

— end exzample ]

An identifier is a concept-name if it refers to a set of concept definitions (7.1.7). [ Noge: The sef
f concepts has multiple members only when referring to a set of overloaded functidbn ‘concepts.
There is at most one member of this set when a concept-name refers to a variable coneept. — endl
pote| [ Example:

template<typename T> concept bool C() { return true; } Y/ H#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 ezample ]

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

template<typename T, int N = 0> concept(bool Seq = true;

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

— end exzample ]

The concept designated by-a~eonstrained-type-specifier is the one selected according to the rulep
for concept resolution in,14-10.4.

[[Note: The constraing=¢zpression introduced by a constrained-type-name is the one introduced
by the invention ef‘a constrained-parameter (14.1). The rules for inventing template parametery
orresponding to placeholders in the type of a variable or the declared return type of a function ar¢
lescribed in73136.4.1. The rules for inventing template parameters corresponding to placeholders
in the paranieter-declaration-clause of a lambda-expression (5.1.2) or function declaration (8.3.5
4re deseribed in 8.3.5. The rules for inventing a template parameter corresponding to placeholders
in the_trailing-return-type of a compound-requirement are described in 14.10.1.6. — end note |

7.1.7 —<oncept specifter fdctspec.concept]
Add this section to 7.1.

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
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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 seope

};

— end example]

IEvery concept definition is implicitly defined to be a constexpr declaration (7.1.5). A concepf
lefinition shall not be declared with the thread_local, inlinenftriend, or constexpr specifiers,
nor shall a concept definition have associated constraints (1310.2).

A

[he definition of a function concept or the initializer(ofi'a variable concept shall not include
tleference to the concept being declared. [ Example:

template<typename T>

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

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

— end ezample ]

The first declared template parameéter of a concept definition is its prototype parameter. A
ariadic concept is a concept whose prototype parameter is a template parameter pack.

A function concept has the following restrictions:

— No function-speeifiers shall appear in its declaration (7.1.2).

— The declared return type shall have the type bool.

— The declaration’s parameter list shall be equivalent to an empty parameter list.

— Thed¢claration shall have a function-body equivalent to { return E; } where E is

constraint-expression (14.10.1.3).

| Vate: Return type deduction requires the instantiation of the function definition, but concepf
natantiot ,:I(1A 102} amd motol [ Blpsanan]

Cﬁn;u o o o4 3 atod. tbhayy avn o o110 e wnlo-
CeHATORSaFe- ot hStaRtisteathReyare-hormazeara—ro—=; CRE-ROTET LR PTe:

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

§7.1.7 19
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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.

[ Ezample:

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 exzample ]

7 A program shall not declare an explicit instantiation (14.8.2), an explicit-specialization (14.8.3)},
r a partial specialization of a concept definition. [ Note: This prevents‘users from subverting th
onstraint system by providing a meaning for a concept that differs from its original definition|.
1+ end note]

1=

§7.1.7 20

© ISO/IEC 2015 - All rights reserved


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

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

8 Declarators [dcl.decl]

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

declarator:
ptr-declarator
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-clagsBopt

Add the following paragraphs at the end of this section.

The optional requires-clause (14.10.2) in a declarator shall be present only wheprdhe declaratof
eclares a function (8.3.5), and that requires-clause shall not precede a trailingxeturn-type. Wheh
ppresent in a declarator, the requires-clause is called the trailing requires-clause. [ Ezample:

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

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

auto £3(int a) requires true -> bool; // error: requires-clayséplecedes trailing-return-type
void (xpf) () requires true; // error: constraint 8p-t variable

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

autox p = new void(*) (char) requires true; // eri@r)hot a function declaration
| end example]

8.3 [Meaning of declarators [dcl.meaning)]
8.3.5| Functions [del.fet]

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

D1 ( parameter-declaration-clagse ) cv-qualifier-seqop:
ref-qualifierop: “ewception-specificationop: attribute-specifier-seqop: requires-clauseqp:

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

D1 ( parameter-declaration-clause ) cv-qualifier-seqop:
ref-qualifierop, exception-specificationey: attribute-specifier-seqop: Tequires-clauseyp,

Modify the secondySentence of paragraph 5. The remainder of this paragraph has been omitted.

A single 'name can be used for several different functions in a single scope; this is functiol
verlpading (Clause 13). All declarations for a function shall agree exactly in beth the return
tlypes e 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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15 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.

16 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 fo
dach occurrence of a placeholder in the parameter-declaration-clause, in order of appeara@?l,

decording to the rules below. [Note: Template parameters are also invented to dedyeg¢

=

lype of a variable or the return type of a function when the declared type contains plad derp
7.1.6.4.1). — end note] N :
17 Fach template parameter is invented as follows. Q"l/
N

(17.1) — If the placeholder is designated by the auto type-specifier, then the in@lted template pa}
rameter is a type template-parameter.

(17.2) — Otherwise, the placeholder is designated by a constrained-type-~ g}ﬁer, and the invented
parameter is a constrained-parameter (14.1) whose qualified=gd®Cept-name is that of th¢
constrained-type-specifier.

(17.3) — If the placeholder appears in the decl-specifier-seq of a f&{}'ﬁon parameter pack (14.6.3), o
the type-specifier-seq of a type-id that is a pack expaQﬂi@i, the invented template paramete
is a template parameter pack. Q

\ 1] placeholders designated by constrained-type-spe grs whose corresponding constrained-paranpeters
vould introduce equivalent constmint—e.rpressiaik 4.1), using the rules for comparing exprest
ions in 14.6.6.1, have the same invented ter\rt@te parameter. [ Example:

namespace N { O
template<typename T> concept bqoéb = true;

} D

template<typename T> concept s@l C = true;

template<typename T, int> ggncépt bool D = true;

[ P R

template<typename, int =‘\é)concept bool E = true;

void abbr(C, D<0>);. .,

A

['he constrained- peciﬁers C and D<0> correspond to distinct invented template parameterg

ih the dcclara@ abbr.
void fo(Q.. C b);
The t, of a and b are the same invented template type parameter.

N

The type of a is a reference to an invented template type parameter T, and the type of b is a
pointer to T.

f1(C& a, C*x b);

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.
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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 £a31 (14.1)

18 The afljusted function parameters of an abbreviated function template are derived from the parajmeter-
declardtion-clause by replacing each occurrence of a placeholder with the name of the corresponding inyented
templdte-parameter. If the replacement of a placeholder with the name of a template paraméterresultg in an
invalid parameter declaration, the program is ill-formed. [ Note: Equivalent function template declatations
declar¢ the same function template (14.6.6.1). — end note] [ Ezample:

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

void| f1(const auto&, auto);
void| £2(Vec<auto*>...);

void| £3(Tuple<auto...>);

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

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

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

templlate<typename T> concept bool Cl1 = trug;
templlate<typename T> concept bool C2 = trie;
templlate<typename T, typename U> concept bool C3 = true;
templlate<typename... Ts> concept bool C4 = true;

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

void g3(Cl&...);

void| g4(Vec<C3<int>>);
void g6(C4...);

void| g6(Tuple<C4.,. .>);
void| g7(C4 p);

void| g8(Tuple<E4>) ;

templlate<CI T, C2 U> void gl(const T*, U&); // redeclaration of gl

templlate<Cl T> void g2(Vec<T>&); // redeclaration of g2
templlahe<Ci Ts> void g3(Ts& ) redecloration of g3
template<C3<int> T> void g4(Vec<T>); // redeclaration of g4
template<C4... Ts> void g5(Ts...); // redeclaration of gb
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]

A function template can be an abbreviated function template. The invented template-parameters are ap-

d i 41 L ]l L | IO N R 41 AEPNIR | n 1 J L ] ol L
pendeg—rotneTemprate-parameier=1tSTartet e eXPIICItTy aeCtrarea tempiate=paranerers:
[ Ezample:

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

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

— 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 constrained member function.

In( e 1C i 1 LR | - e 1410 9 41 1l 1 I L.
a viItual TUIIUUIUIL 11I4dS dasSSUUTIALTU CUILISUL ALLIUS KL‘t.LU. ). LLIC PLUSLALIl 15 1IIF1I0LIHICU. LLJJ/U,II[,[)I,('.

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
he same name but with different tvpes or different associated constraints (14.10.2) are calle

verloaded declarations. Only function and function template declarations can be overloaded}
yariable and type declarations cannot be overloaded.

13.1 | Overloadable declarations [over|load]

Updatp paragraph 3 to mention a function’s overloaded constraints. Note that the itemized list [in the
origingl text is omitted in this document.

| Note: As specified in 8.3.5, function declarations that have equivalent pdrameter declarationg
4nd associated constraints, if any (14.10.2), declare the same function@nd therefore cannot b¢
gverloaded: ... — end note]

13.1.1 Declaration matching [ovef.dcl]

Modify paragraph 1 to extend the notion of declaration matching to also include a function’s assqciated
constrpins. Note that the example in the original text is omitted ¥ this document.

Two function declarations of the same name refer to-the same function if they are in the samg¢
dcope and have equivalent parameter declarations(13.1) and equivalent associated constraintg
i

if any (14.10.2).

13.3 | Overload resolution [over.match]

13.3.2 Viable functions [over.match.vijable]

Updatg paragraph 1 to require the checkinglof a candidate’s associated constraints when determining [if that
candidate is viable.

=

Irom the set of candidate fufictions constructed for a given context (13.3.1), a set of viabl
flunctions is chosen, from which the best function will be selected by comparing argument conf
Yersion sequences and, associated constraints for the best fit (13.3.3). The selection of viablg
flunctions considers agociated constraints, if any (14.10.2), and relationships between arguments
dnd function parameters other than the ranking of conversion sequences.

Insert [a new paragraplr after paragraph 2; this introduces new a criterion for determining if a candiflate is
viable| Also, update'the beginning of the subsequent paragraph to account for the insertion.

N7

Jeconds£oT a function to be viable, if it has associated constraints, those constraints shall b
datisfied (14.10.2).

tecenrd Third, for F to be a viable function. ..

13.3.3 Best viable function [over.match.best]

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.

13.4 Address of overloaded function [over.over]

Modify paragraph 4 (paragraph 5 in this document) to incorporate constraints in the selection of an over-
loaded function when its address is taken.

Fliminate from the set of selected functions all those whose associated constraints are not satisfiedl

14.10.2). H-more-than-onefunetionisseleeted If more than one function in the set remaips, any

unction template specializations in the set are eliminated if the set also contains a funcfioir thap
is not a function template specializationsand. Any given non-template function FO ig"dliminatedl
if the set contains a second non-template function that is more constrained thai{'F0' according

f
i
i
flo the partial ordering rules of 14.10.3. Additionally, any given function templatespecialization
H
4
1

1 is eliminated if the set contains a second function template specialization whose functiom
emplate is more specialized than the function template of F1 according to.the partial ordering
ules of 14.6.6.2. After such eliminations, if any, there shall remain exactly one selected function].

Add 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) () = &f; // selects #2
void (*pg) O = &g; // error: noJgwlthing function
end example]
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[temp]

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

Add the following paragraphs after paragraph 6. '\OSI/

14.1

In parpgraph 1, extend the grammar for template parameters to éistrained template parameters.

Insert fa new paragraph after paragraph 1.

Insert |the f g paragraphs after paragraph 8. These paragraphs define the meaning of a const

templd t@r} eter.
A wohstrained-parameter declares a template parameter whose kind (tvpe, non-tvpe. template

template-declaration:

template < template-parameter-list > requires-clause,,; declaration 63
template-introduction declaration N

1"(3(171,7:1”(38—(JZ(I,’U,S(i.' (L

.
requires constraint-expression '<\ ‘

A template-declaration is written in terms of its template parameters. se parameters ar

eclared explicitly in a template-parameter-list (14.1), or they are intr(fg\u:ed by a template]
Introduction (14.2). The optional requires-clause following a templatg-narameter-list allows th
Jpecification of constraints (14.10.2) on template arguments (14.4).\\

Template parameters % [temp.p3

type-parameter

template-parameter: QQ
<

parameter-declaration \\

constrained-parameter Q\Q
constrained-parameter: <

qualified-concept-name ... idents, 57\,,;)1

qualified-concept-name identifigrdy: default-template-argument,p,
default-template-argument: 3

= type-id \O

= id-expression
. oy . N\
initializer-claus \0

There is an ambi in the syntax of a template parameter between the declaration of
onstrained-paraiefer and a parameter-declaration. If the type-specifier-seq of a paramete
Jeclaration is@onstmined—type—speciﬁer (7.1.6.4.2), then the template-parameter is a constraine

Ji (zmm(zt(zr.e

iram]

rained

and type match that of the prototype parameter of the concept designated by the qualified-

concept-name (7.1.6.4.2) in the constrained-parameter. The designated concept is selected by

I

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
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(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.

(9.4) — If the qualified-concept-name is followed by an ellipsis, then the declared parameter is a

template parameter pack (14.6.3).

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

— end example] \%

10 A constrained-parameter introduces a constraint-expressy <a4.10.2). The expression is derivedl

firom the qualified-concept-name Q in the constmined@ meter, its designated concept C, andl
the declared template parameter P. N

N
(10.1) — First, form a template argument A from P. 1@ declares a template parameter pack (14.6.3
and C is a variadic concept (7.1.7), th%&s the pack expansion P.... Otherwise, A is th¢
id-expression P. B\
(10.2) — Then, form a template-id TT basedggh the qualified-concept-name Q. If Q is a concept-namd

then TT is C<A>. Otherwise, Q\L\\a partial-concept-id of the form C<A1, A2, ..., AN>|
and TT is C<A, A1, A2, ..xOAN>.

(10.3) — Then, form an expressio@\)hl as follows. If C is a variable concept (7.1.7), then E is th¢
id-expression TT. Ot}@ se, C is a function concept and E is the function call TT().

d

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

[==1

is the introd C«Q)constmint—e:L’pression. [ Ezample:

template¢tiypename T> concept bool Cl1 = true;
templatfedtypename... Ts> concept bool C2() { return true; }
tem&) <typename T, typename U> concept bool C3 = true;

‘\%@1a‘ce<01 T> struct si; // associates C1<T>
template<Cl... T> struct sZ; assocrates (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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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 S2; '/ OK

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

end example]

Introduction of template parameters

Add this section after 14.1.

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

iks introduction-list.

A

fpllowing rules:

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

— If P declates.a template parameter pack, adjust P to be the pattern of that pack.

in 14.1, using P as the prototype parameter and with no ellipsis.

'he concept designated by the qualified-doncept-name is selected by the concept resolution rule:
lescribed in 14.10.4. Let C be the dé¢signated concept. The template parameters declared by
4 template-introduction are derived~rom its introduced-parameters and the template paramete
Jeclarations of C to which those introduced-parameters are matched as wildcards according t
tfhe rules in 14.10.4. For eacli_introduced-parameter I, declare a template parameter using th

— Let P be the template parameter declaration in C corresponding to I. If P does not declar

— Declare’atemplate parameter according to the rules for declaring a constrained-paramete

[temp.]

A template-introduction declares a template whogse sequence of template-parameters are de}
tlived from a qualified-concept-name (7.1.6.4.2) and the sequence of introduced-parameters iy

— [f T'includes an ellipsis, then the declared template parameter is a template parameter pack|

ntro|

L

<

[Lsarnple:
template<typename T, int N, typename... Xs> concept bool Cl1 = true;
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
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// 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 ]

3 A concept reterred to by a qualified-concept-name may have template parameters with detaulf
femplate arguments. An introduction-list may omit identifiers for a corresponding templaté
parameter if it has a default argument. Only the introduced-parameters are declared as templaté
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 ezample ]
4 An introduced template parameter does not have a default template'argument even if its corref
gponding template parameter does. [ Example:
template<typename T, int N = -1> concept bool P() { réturn true; }
P{T, N} struct Array { };
Array<double, 0> si1; // OK
Array<double> s2; // error: Array takes twotemplate arguments
— end ezample ]

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

(5.1) — First, form a sequence. 0fi*template arguments A1, A2, ..., AN corresponding to th¢
introduced-parameter§ P1, P2, ..., PN. For each introduced-parameter P, form a corf
responding template,argument A as follows. If P includes an ellipsis, then A is the pack
expansion P...J14.6.3). Otherwise, A is the id-ezpression P.

(5-2) — Then, form @n expression E as follows. If C designates a variable concept (7.1.7), then E i
the id-exptression C<Al, ..., AN>. Otherwise, C designates a function concept and E i
the funietion call C<A1, ..., AN>Q).

E is the introduced constraint-expression. | Example:
template<typename T, typename U> concept bool C1 = true;
témplate<typename T, typename U> concept bool C2() { return true; }
template<typena.me. .. I's> 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...>
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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;

C1{T} void (T, auto);
template<Cl T, typename U> void £(T, U); // OK: redeclaration of £(T, auto)

— end ezample ]

14.3 | Names of template specializations [témp.ngmes]

Add this paragraph at the end of the section to require the satisfaction of associated.constraints
formaftfion of the simple-template-id.

YWhen the template-name of a simple-template-id names a constrained nogi=function templat

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; }; // erngi™ constraints not satisfied

template<typename T>
struct S3 { Ptr<T> x; };<(_/7 OK: satisfaction is not required

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

template<template&€i“*T> class X>

struct 54 {
X<int> x; VS error: constraints not satisfied (#1)
5

templapedtypename T>

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

dr a constrained template template-parameter, but not a member template that is a membel
f an unknown specialization (14.7), and all template-arguments in $He simple-template-id ar¢
on-dependent 14.6.2.4, the associated constraints of the constrained\fefnplate shall be satisfied|

bn the

template<typename T> concept bool C2 = sizeof(T) == 1;

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
examples following this paragraph in the C++ Standard are omitted.

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 class
flemplate or alias template (call it A) matches the corresponding template parameter dn “‘the
femplate-parameter-list of P, and P is at least as constrained as A according to the‘rules i
14.10.3. Two template parameters match if they are of the same kind (type, non-type, temt
){
){

late), for non-type template-parameters, their types are equivalent (14.6.6.1),‘and for tem}
late 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 par
ameter pack will match zero or more template parameters or template parameter packs in th
emplate-parameter-list of A with the same kind (type, non-type, template) and type as the tem}

1
1
plate parameter pack in P (ignoring whether those template parameters are template paramete
packs).

Add 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{{I™M) { t.£(; };
template<typename T> concept bool D = C<T> &&Nrequires (T t) { t.g(); };

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

template<C> struct X { };
template<D> struct Y { };
template<typename T> struct ZXK¥/};

S<X> s1; // OK: X and P-hQQe equivalent constraints
S<Y> s2; // error: P is metat least as constrained Y (Y is more constrained than P)
S<z> s3; // OK: P isat-least as constrained as Z

— end example]

14.6 | Templateideclarations [temp.decls]

Modify paragraph'2 to indicate that associated constraints are instantiated separately from the tenplate
they afre associated with.

Forpurposes of name lookup and instantiation, default arguments, associated constraints (14.10.9),
and exception-specifications of TUuNction tempiates and default arguments, associated COmSiTainTs,
and ezception-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
parameters used in the definition of the member may be different from the template parameter
names used in the class template definition. The template argument list following the class
flemplate name in the member definition shall name the parameters in the same order as thé¢
dne used in the template parameter list of the member. Each template parameter pack shall b¢
dxpanded with an ellipsis in the template argument list.

Add 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>::#O)™M 1} // OK: parameters and constraints mdtch
template<typename T> void S<T>::g() { } // emdor:>no matching declaration for S<T>

template<C T> D{U} struct S<T>::Inner { X2, // OK
— end example]

14.6.1.1 Member functions of class templates [temp.mem/func]
Add the following example to the end 6fparagraph 1.

|Ezample:

template<typename T> stTuct S {
void £() requires\%rue;
void g() requireg true;

};

template<{tdpename T>
void (SIT>::£() requires true { } // OK
tempRgte<typename T>
yeid 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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1 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.
[ Ezample:

‘hzm}'ﬂ ate<typename T> concept bool C1 = 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 futclion in S<T>

end example]

14.6.3 Variadic templates [temp.varjadic]

Add fg¢ld-expressions to the list of contexts in which pack ekpansion can occur.

— In a fold-expression (5.1.3); the patterni§che cast-expression that contains an unexpandedl
parameter pack.

Modify paragraph 7 to exclude fold-expressidris from producing a comma-separated list of elements.

The instantiation of a pack expansion that—is—net—a—sizeof———expression that is neither

dizeof ... expression nor a fold-erpression produces a list Eq,Eo, ...,Eyx, where N is the numbe
df elements in the pack expangion parameters. Each E; is generated by instantiating the patterm
4nd replacing each pack expahsion parameter with its ¢th element.

Add the following paragraphs.at the end of this section.

9 The instantiation-ofa fold-expression produces:
(9.1) — ((E1 op Eg)Yp ---) op En for a unary left fold,
(9.2) Ey op > op (En_1 op En)) for a unary right fold,
(9:3) ((BWp E1) op E3) op ---) op Ey for a binary left fold, and
(9-4) — E1yop (--+ op (Exy—1 op (Ey op E))) for a binary right fold.

meéeh case, op is the fold-operator, N is the number of elements in the pack expansion param}
>TeTsS, and cach E; 1S generated Dy ImStantiating the pattern and Tepiacing cach pack expansion
parameter with its ith element. For a binary fold-expression, E is generated by instantiating the
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);
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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

I false .
s void() q/'<\
N

14.6.4 Friends &% [temp.fy

Modify paragraph 9 to restrict constrained friend declarations. C)

dter declarations shall not include default arguments, the declas

-

* 1

+ int ()

& =1

| int () y\<0

&& true (19

When a friend declaration refers to a specialization of a function ﬁ ate, the function paramt
n shall not have associate

iend]

|

onstraints (14.10.2), nor shall the inline specifier be used insih‘c'l'(a declaration.

Add examples following that paragraph. O
[[Vote: Other friend declarations can be constrained constrained friend declaration that i
ot a definition, the constraints are used for declagagion. — end note| [ Example:

template<typename T> concept bool Cl1 = trué%.o

template<typename T> concept bool C2 = e;
template<Cl T> void gO(T); ) ®$
template<Cl T> void gi(T); \)

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

template<typename T> . \E
P ypP \\C)

struct S {
friend void £f1() wequires true; // OK
friend void f requires C1<T>; // OK
friend void >(T) requires C1<T>; // error: constrained friend specialization
friend voﬁg1<T>(T); // OK
friend@id g2<T>(T); // error: constraint can never be satisfied,

// mo diagnostic required

}; OQ~

:g/g)fl() requires true; // friend of all S<T>

¥d £2() requires Cil<int>; // friend of only S<int>

The 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 |

[ 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
substituted into the constraints but not evaluated. Constraints are checked (14.10) only when
that function is considered as a viable candidate for overload resolution (13.3.2). If substitution

Iﬂb, the programr {5 tH=formed——end ntote]
14.6. Class template partial specialization [temp.classispec]

After paragraph 3, insert the following, which explains constrained partial specializations.
4 A class template partial specialization may be constrained (Clause 14). [ Exampld:
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 ezample ]

Remoye the 3rd item in the list of paragraph 8 to allow constrained class template partial specialiations
like #§, and because it is redundant with the 4th item. Note-that all other items in that list are elided.

8 Within the argument list of a class template partial specialization, the following restrictions
4pply:
(8.1) — ..
(8.2) _
(8-3) — The specialization shall be meze specialized than the primary template (14.6.5.2).
(8-4) — ..
14.6.5.1 Matching of classtemplate partial specializations [temp.class.spec.match)]

Modify paragraph 2; constraint$ must be satisfied in order to match a partial specialization.

2 A partial specialization matches a given actual template argument list if the template arguments
f the partial speefalization can be deduced from the actual template argument list (14.9.2) |
4nd the dedmcéed template arguments satisfy the constraints of the partial specialization, if any

14.10.2).

Add the foltowing example to the end of paragraph 2.

| Besrnple:

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):

(1.1) — the first function template has the same template parameters and associated constraints
(14.10.2) as the first partial specialization, and has a single function parameter whose type is

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

(1.2) — the second function template has the same template parameters and associated constrintp

(14.10.2) as the second partial specialization, and has a single function parametet) ‘whos¢

type is a class template specialization with the template arguments of the second partial
specialization.

Add the following example to the end of paragraph 1.
| Ezample:

template<typename T> concept bool C = requires (T t) { t.£0; &4
template<typename T> concept bool D = C<T> && requires (T tQ\N¥.£(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 specidlized than #1 because B is more specialized than A
1 end example ]

14.6.6 Function templates [temp.fct]
14.6.4.1 Function template overloading [temp.over.link]
Modify paragraph 6 to account for eonstraints on function templates.
6
T funetion—termbia tes—ar gosalopd 3£ +1 Ay re—deelared—in—+the—<same—seon have+the cam
WO TOIIC IO 0TI ITaAvc S  artcT qub( arCTIitr—IT hucy aArc goCrarca 1T oIt oSatrrcT D\/Ul_}(7 TIavVe—IIc—oarnn
Aarme—havvetdentiestl templateparameter-Hets—andha retrn—trpesand-parameter lictethat oy
1] @lllc’ TIAVCTOUCITURC AT l/ClllPl@l)t Pﬂ/l arrrc oorT llD\JD, A ITave TooaOrtr l/}’l}CD [ensivy 1}@lﬂlllcbcl TIO0S UITAU ar
€ 2ot acdaaN A gl deceri ibhed-ab + M Hare-expressioncinvebsne—templateparameter
\1[11 V(blrllb \1DH15 v T 3 \1(7\llllt\l (l/ll\}Vt O \ Ul TP AT T CAXPTTSSTOTLS 111VU1V1116 TCIITPTATC PararrrcoCT
Two functid@templates are equivalent if they:
(6.1) — ar'fdeclared in the same scope,
(6.2) {/have the same name,
(6.3) — have 1denfical Template parameter Iists, and

— have return types, parameter lists, and associated constraints that are equivalent using the
rules described above to compare expressions involving template parameters.

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
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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 template in turn (see next paragraph) and performing template argument de-
duction using the function type. The deduction process determines whether one of the templates
iFmore speciatized tham the otier. 1 S0, tie More Speciatized tempiate 1S the One Closen, by
tfhe partial ordering process. If both deductions succeed, the partial ordering selects the mGi¢
onstrained template as described by the rules in 14.10.3.

14.7 | Name resolution [temp.res]
Modify paragraph 8.

Knowing which names are type names allows the syntax of every templatéto be checked. N
Jiagnostic shall be issued for a template for which a valid specialization_can be generated. If n
yalid specialization can be generated for a template, and that template i not instantiated, th¢
flemplate is ill-formed, no diagnostic required. If every valid specialization of a variadic templaté
lequires an empty template parameter pack, the template is ill-formed, no diagnostic required|
If no instantiation of the associated constraints (14.10.2) of ,a\lefnplate would result in a validl
xpression, the template is ill-formed, no diagnostic requipedd. If a hypothetical instantiation
f a template immediately following its definition would be ill-formed due to a construct thaf
Joes 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 thé¢
interpretation of the corresponding construct in.amy actual instantiation of the template, thé
program is ill-formed; no diagnostic is requireds:

14.7.2 Dependent names [temp.dep]
14.7.2.2 Type-dependent expressions [temp.deplexpr]
Add the following paragraph to this section.

A fold-expression is type-depangdeént.

14.7.2.3 Value-dependent, expressions [temp.dep.constexpr]
Modify paragraph 4 to include fold-expressions in the set of value-dependent expressions.

Fxpressions of the following form are value-dependent:

sizeof «..N( identifier )
fold-efpression

14.7.4 Dependent name resolution [temp.dep.res]

14.7.4.1</ Point of instantiation [temp.point]

Add a mew paragraph alter paragraph 4.

The point of instantiation of a constraint-expression of a specialization immediately precedes the
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 of a local class are never considered to be entities that
can be separately instantiated (this includes their default arguments, exception-specifications,
nd non-static data member initializers, if any). As a result, the dependent names are lookedl
Ip, the semantic constraints are checked, and any templates used are instantiated as part-ofithe
nstantiation of the entity within which the local class or enumeration is declared. — end; note
he implicit instantiation of a class template specialization causes the implicit instantiation of
the declarations, but not of the definitions, default arguments, associated constraints (14.10.2)f
qr exception-specifications of the class member functions, member classes, scoped)member enut
therations, static data members and member templates; and it causes the implicit instantiation
f the definitions of unscoped member enumerations and member anonynious unions.

Qe — A

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

The associated constraints of a template specialization are not instuttiated along with the spef
ialization itself; they are instantiated only to determine if thef-nre satisfied (14.10.2). [ Notd:
The satisfaction of constraints is determined during name lapRup or overload resolution (13.3)]
Preserving the spelling of the substituted constraint alsp Allows constrained member functiof
o be partially ordered by those constraints accordinesfo the rules in 14.10.3. end note
| Ezample:

template<typename T> concept bool C = sizegof R > 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: poCgatching constructor
S<char[8]> s2; // OK: (alls’ #2

IEven though neither chustructor for S<char> will be selected by overload resolution, both conf
dtructors remain a paxd of the class template specialization. This also has the effect of suppressing
the implicit genefagion of a default constructor (12.1). end example] [ Example:

template<tfpaname T> struct S1 {

templaié<ltypename U> requires false struct Innerl; // OK
};

wempTate<typename T> struct S2 {
Template<typename 1>

requires sizeof (T[-(int)sizeof(T)]) > 1 // error: ill-formed, no diagnostic required
struct Inner2;

};

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.
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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 instantiated
1 Ol Qoo do o +ad

3 ac wl Qn 1al3 43 T PN 1+ 1a—aaat
duringrefss—terrphrte—peehdisttor—re-note—tthe —trrederdsontteds

An explicit instantiation that names a class template specialization is also an explicit instantiar
tlion 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 pretiously ext
plicitly specialized in the translation unit containing the explicit instantiation, andeprovided thaf
{
d

he associated constraints, if any, of that member are satisfied by the template g¥g)fiments of th¢
xplicit instantiation (14.10.2), except as described below.

14.8.3 Explicit specialization [temp.explispec]
Add the following note after paragraph 10.

[[Note: An explicit specialization of a constrained template shaligatisfy that template’s assof
iated constraints (14.10.2). The satisfaction of constraints gs\d€termined during name lookuy
for explicit specializations in which all template argument{ate specified (14.3), or for explicif
gpecializations of function templates, during template af§ument deduction (14.9.2.6) when ong

dqr more trailing template arguments are left unspecifiptis end note ]
14.9 | Function template specializations [temp.fctispec]
14.9.2 Template argument deduction [temp.deduct]

Add the following sentences to the end of paragtaph 5. This defines the substitution of template argyments
into a function template’s associated constraiabs. Note that the last part of paragraph 5 has been duplicated
in ord¢r to provide context for the additior:

When all template arguments have been deduced or obtained from default template arguments
41l uses of template parameters’in the template parameter list of the template and the function
flype are replaced with the'corresponding deduced or default argument values. If the substitutioy
tlesults in an invalid type; as described above, type deduction fails. If the function templat
lfas associated constraints (14.10.2), the template arguments are substituted into the associate
onstraints withqfityevaluating the resulting expression. If this substitution results in an invali
tlype or expregsiap, type deduction fails. [ Note: The satisfaction of constraints (14.10) associate
With the fufitlion template specialization is determined during overload resolution (13.3), an
ot at th& point of substitution. — end note]

allealleal il iAN — —

14.9.2.6, \Deducing template arguments from a function declaration [temp.deducq.decl]

Add theMollowing 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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If, £ red 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> void £(T) { } // #1
—template<typoname T> void g("l"\ {1} D
template<C T> void g(T) { } // #3

template void f(int); // OK: refers to #1
template void f(voidx); // error: no matching template
template void g(int); // OK: refers to #3
template void g(void*); // OK: refers to #2

— end ezample ]
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