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Introduction

This document proposes changes to Chapter 20 of theS@ndard Library in order to make full use of concepis [1].
Most of the changes in this document have been verified to work with ConceptGCC and its modified Standard Library
implementation. We make every attempt to provide complete backward compatibility with the pre-concept Standard
Library, and note each place where we have knowingly changed semantics.

This document is formatted in the same manner as the working draft ofthst@nhdard (N2009). Future versions

of this document will track the working draft and the concepts proposal as they evolve. Wherever the numbering of
a (sub)section matches a section of the working paper, the text in this document should be considered replacement
text, unless editorial comments state otherwise. All editorial comment: have a gray backgroundChanges to the
replacement text are categorized and typesetidsions removals or changesiodfications.
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Chapter 20 General utilities library [lib.utilities]

2 The following clauses describe utility and allocateguirementsorncepts utility components, tuples, type traits tem-
plates, function objects, dynamic memory management utilities, and date/time utilities, as summarizedin Table 27.

Table 27: General utilities library summary

] Subclause Header(s) |

20.1 Requirements <concepts>

20.2 Utility components <utility>

?? Tuples <tuple>

?? Type traits <type_traits>

?? Function objects <functional>
<memory>

??Memory <cstdlib>
<cstring>

?? Date and time <ctime>

20.1 Requirements [lib.utility.requirements]

1 [20.3 describes requirements on template argumeesatsrcepts[20.1.] through 20. Jdeseriberequirementsontypesie:
fine corceptsused toirstartiatecorstraintemplates| 20.1.18 describgee requirementson-storageallocaorsstorage

allocaor concepts

Header <concepts> synopsis
Note: Synchronize this with the rest of the text.
20.1.1 Equality comparison [lib.equalitycomparable]

1 ConceptEqualityComparable requires that two values be comparable wiflerator==

auto concept EqualityComparable<typename T, typename U = T> {
bool operator==(T a, U b);
default bool operator!=(T a, U b) { return !(a == b); }

}

2 WhenT andU areidertical, operator==is an equivalence relation, that is, it satisfies the following properties:

— Foralla,a == a.



3 General utilities library 20.1 Requirements

— If a == b, thenb == a.

— If a == bandb == c, thena == c.

20.1.2 Less than comparison [lib.lessthancomparable]
ConceptLessThanComparable requires the ability to order values waerator<.

auto concept LessThanComparable<typename T, typename U = T> {
bool operator<(T a, U b);
default bool operator>(T a, T b) { return b < a; }
default bool operator<=(T a, T b) { return !(b < a); }
default bool operator>=(T a, T b) { return !(a < b); }

};

operator< is a strict weak ordering relatior??)
20.1.3 Copy construction [lib.copyconstructible]

ConcepftCopyConstructible requires the ability to create and destroy copies of an olﬁ}ct.

auto concept CopyConstructible<typename T> {
T::T(T);
T::"T(Q);
};
20.1.4 Swapping [lib.swappable]

ConceptSwappable requires that two values andu can be swapped, after whiehhas the value originally held hy
andu has the value originally held by.

auto concept Swappable<typename T> {
void swap(T& t, T& u);
};

[[Remove paragraph 7]

20.1.5 Default construction [lib.default.con.req]

Thedefaultcorstrudoris-notrequired-Certain container class member function signatures specify the default construc-
tor as a default argument () shall be a well-defined expressid??] if one of those signatures is called using the default

argument ??).
ConcepbhefaultConstructible requires the existence of a default constructor.

auto concept DefaultConstructible<typename T> {
T::TQ);
};

1) Table 30 also contains the valid expressions &t and &u. However, we omit these requirements because we need references to model CopyConstructible.
2) This signature also covers construction from a renst value of typeT
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20.1 Requirements General utilities library 4

20.1.6 Assignment [lib.assignable]

We have moved the Assignable requirement from Section 23.1, paragraph 4 and Table 79, here, because assignability
has nothing to do with containers.

The Assignable requirements in C++03 specify ihadrator= must return a&&. This is too strong a requirement for
most of the uses afssignable, SO we have weakenddsignable to not require anything of its return type. When
we need &%, we'll add that as an explicit requirement. See, e.g. Ithesgral concept.

ConceptAssignable requires the existence of a suitable assignment operator.

auto concept Assignable<typename T, typename U = T> {
typename result_type;
result_type operator=(T&, U);

};

20.1.7 Regular types [lib.regular]

ConceptSemiRegular collects several common requirements for types that support many regular operations (default
construction, copy construction, copy assignment).

auto concept SemiRegular<typename T>
: DefaultConstructible<T>, CopyConstructible<T>, Assignable<T> { }

ConcepRegular describes semi-regular types that have equality comparison operators.

auto concept Regular<typename T> : SemiRegular<T>, EqualityComparable<T> { }

20.1.8 Convertibility [lib.convertible]
ConcepftConvertible requires an implicit conversion from one type to another.

auto concept Convertible<typename T, typename U> {
operator U(const T&);
};

template<typename T> concept_map Convertible<T, T> {};
template<typename T> concept_map Convertible<T, T&> {};
template<typename T> concept_map Convertible<T, const T&> {};

20.1.9 Same type [lib.sametype]

ConcepiSameType requires that its two type parameters have precisely the sam@type.

concept SameType<typename T, typename U> { /x unspecified/ };
template<typename T> concept_map SameType<T, T> { /x unspecified/ >

20.1.10 True [lib.true]

ConceptTrue requires that its argument t@ol value that must be an integral constant expression) be true.

3)Compiler support is required to correctly implement the type-checking semantics&iib®ype concept.
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5 General utilities library 20.1 Requirements

concept True<bool> { };
concept_map True<true> { };

20.1.11 Deferenceable [lib.dereferenceable]

1 ConcepbDereferenceable requires the existence of a dereference opesrator

auto concept Dereferenceable<typename T> {
typename reference;
reference operator*(T);

};
20.1.12 Numeric [lib.requirements.numeric]

1 ConceptArithmic requires all of the operations available on arithmetic types.

concept Arithmetic<typename T>
: DefaultConstructible<T>, CopyConstructible<T>,
LessThanComparable<T>, EqualityComparable<T> {
T::T(long long);

T operator+(T);

T operator+(T, T);

T& operator+=(T&, T);
T operator—(T);

T operator-(T, T);

T& operator-=(T&, T);
T operator*(T, T);

T& operator*=(T&, T);
T operator/(T, T);

T& operator/=(T&, T);

where Assignable<T> && SameType<Assignable<T>::result_type, T&>;
}

2 ConceptIntegral describes the requirements for integral types.

concept Integral<typename T> : Arithmetic<T> {
T& operator++(T&) ;
T operator++(T&, int);
T& operator--(T&);
T operator--(T&, int);

T operator’ (T, T);
T& operator’)=(T&, T);

T operator&(T, T);
T& operator&=(T&, T);
T operator| (T, T);
T& operator|=(T&, T);
T operator” (T, T);
T& operator”=(T&, T);
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20.1 Requirements General utilities library 6

T operator<<(T, T);

T& operator<<=(T&, T);

T operator>>(T, T);

T& operator>>=(T&, T);
}

ConcepiSignedIntegral describes signed integral types.

concept SignedIntegral<typename T> : Integral<T> { };
For every built-in signed integral typ® there exists an empty concept n&ifgnedIntegral<T>.

concept_map SignedIntegral<signed char> {3}
concept_map SignedIntegral<short> { };
concept_map SignedIntegral<int> { };
concept_map SignedIntegral<long> { };
concept_map SignedIntegral<long long> { };

ConceplUnsignedIntegral describes unsigned integral types.

concept UnsignedIntegral<typename T> : Integral<T> { };
For every built-in unsigned integral tyfTe there exists an empty concept nasignedIntegral<T>.

concept_map UnsignedIntegral<unsigned char> { };
concept_map UnsignedIntegral<unsigned short> { };
concept_map UnsignedIntegral<unsigned int> { };
concept_map UnsignedIntegral<unsigned long> { };
concept_map UnsignedIntegral<unsigned long long> { };

If char is a signed integral type, there shall exist an empty conceptSnggedIntegral<char>; otherwise, there
shall exist an empty concept mdpsignedIntegral<char>.

If wchar_t is a signed integral type, there shall exist an empty conceptIigpedIntegral<wchar_t>; otherwise,
there shall exist an empty concept magignedIntegral<wchar_t>.

TheFloating concept describes floating-point numbers.
concept Floating<typename T> : Arithmetic<T> { }

For every built-in floating point typ®, there exists an empty concept népating<T>.

concept_map Floating<float> { }
concept_map Floating<double> { }

20.1.13 Addable [lib.addable]
ConceptAddable requires that two values be addable vjgrator+.

auto concept Addable<typename T, typename U = T> {
typename result_type;
result_type operator+(T, U);

};

Draft



7 General utilities library 20.1 Requirements

20.1.14 Subtractable [lib.subtractable]
ConcepfSubtractable requires that two values be subtractableapiarator-.

auto concept Subtractable<typename T, typename U = T> {
typename result_type;
result_type operator-(T, U);

};

20.1.15 Multiplicable [lib.multiplicable]

ConcepMultiplicable requires that two values be addable sfgerator*.

auto concept Multiplicable<typename T, typename U = T> {
typename result_type;
result_type operator*(T, U);

};

20.1.16 Callable [lib.callable]

The Callable family of conceptséallable0, Callablel, ..., CallableM requires that the given parametebe
callable given arguments of typ&s, T2, ..., TN.

auto concept CallableN<typename F, typename T1, typename T2, ..., typename TN> {
typename result_type;
result_type operator() (F&, T1i, T2, ..., TN);
};
20.1.17 Predicates [lib.predicate]

ThePredicate concept requires that a function object be callable with a single argument, the result of which can be
used in a context that require®aol.

auto concept Predicate<typename F, typename T1> : Callablel<F, T1> {
where Convertible<result_type, bool>;

};

TheBinaryPredicate concept requires that a function object be callable with two arguments, the result of which can
be used in a context that requirese@o1.

auto concept BinaryPredicate<typename F, typename T1, typename T2> : Callable2<F, T1, T2> {
where Convertible<result_type, bool>;

};
Predicate function objects shall not apply any non-constant function through the predicate arguments.

20.1.18 Allocator requirements [lib.allocator.requirements]

The library describes a standard set of requirementalfocators which are objects that encapsulate the information
about an allocation model. This information includes the knowledge of pointer types, the type of their difference, the
type of the size of objects in this allocation model, as well as the memory allocation and deallocation primitives for it.
All of the containers (clause?) are parameterized in terms of allocators.

[[Remove Table 32: Descriptive variadic definition§
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20.1 Requirements General utilities library 8

[[Remove Table 33: Allocator requirement$]

‘ eregu . ou gors.The Allocaor corceptdescribesthe re-
quirementson allocéors. All the operations on the allocators are expected to be amortized constantTiiple-33

describegherequirementsonallocaor types.

concept Allocator<typename X> : Regular<X>
{

typename value_type = :value_type;
MutableRandomAccessIterator pointer = :pointer;
RandomAccessIterator const_pointer = :const_pointer;
typename reference = :reference;

:const_reference;
:difference_type;
:size_type;

typename const_reference =
SignedIntegral difference_type =
UnsignedIntegral size_type =

b T o I

where Convertible<pointer, const_pointer> &&
Convertible<pointer, void*> &&
Convertible<pointer, value_type*> &&
SameType<pointer::value_type, value_type> &&
SameType<pointer: :reference, reference>;

where Convertible<const_pointer, const void*> &&
Convertible<const_pointer, const value_type&> &&
SameType<const_pointer::value_type, value_type> &&
SameType<const_pointer::reference, const_reference>;

X::X(const X&);

pointer X::allocate(size_type n);

pointer X::allocate(size_type n, const_pointer p);
pointer X::deallocate(pointer p, size_type n);
size_type X::max_size();

void X::construct(pointer p, value_type);

void X::destroy(pointer p);

pointer X::address(reference);

const_pointer X::address(const_reference) ;

At present, we do not supparébind, because we are not certain what the intended requirements actually are.

UnsignedIntegral size_type;

a type that can represent the size of the largest object in the allocation model

SignedIntegral difference_type;

a type that can represent the difference between any two pointers in the allocation model

pointer X::allocate(size_type n);
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9 General utilities library 20.2 Utility components

pointer X::allocate(size_type n, const_pointer p);

Memory is allocated fon objects of typeT but objects are not constructeslllocate may raise an appropriate
exception. The result is a random access iterd®f.Note: If n == 0, the return value is unspecified—end
note]

pointer X::deallocate(pointer p, size_type n);

All n Fvalue typeobjects in the area pointed to byshall be destroyed prior to this catl.shall match the value
passed tallocate to obtain this memory. Does not throw exceptiondofe: p shall not beaulisingular. —end
note]

size_type X::max_size();
the largest value that can meaningfully be passett tallocate ()
void X::construct(pointer p, value_type);
Effects:: :new((void*)p) T(t)
void X::destroy(pointer p);
Effects: ((T*)p)->~T()
Two allocators compare equal wigs iff iff storage allocated from each can be deallocated via the other.

Implementations of containers described in this International Standard are permitted to assume that their Allocator
template parameter meets the following two additional requirements beyond the#ed33the Allocaor corncept

— Allinstances of a given allocator type are required to be interchangeable and always compare equal to each other.

nd-differencetype-arerequiredto-be T onstx
7

ssizet, = 1, ively. The Allocator concept may contain the following requirements:
SameType<pointer, value_type*>, SameType<const_pointer, const value_type*>, SameType<size_-
type, std::size_t>, andSameType<difference_type, std::ptrdiff_t>.

Implementors are encouraged to supply libraries that can accept allocators that encapsulate more general memory models
and that support non-equal instances. In such implementations, any requirements imposed on allocators by containers
beyond those requirements that appeafdble-33corceptAllocaor, and the semantics of containers and algorithms

when allocator instances compare non-equal, are implementation-defined.

20.2 Utility components [lib.utility]
This subclause contains some basic function and class templates that are used throughout the rest of the library.
Header<utility> synopsis

namespace std {

Ili , operators:

namespace rel_ops {
template<EqualityComparable T> bool operator!=(const T&, const T&);

Yt is intended that.allocate be an efficient means of allocating a single object of typeven whersizeof (T) is small. That is, there is no
need for a container to maintain its own “free list”.
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20.2 Utility components General utilities library 10

template<LessThanComparable T> bool operator> (const T&, const T&);

template<LessThanComparable T> bool operator<=(const T&, const T&);

template<LessThanComparable T> bool operator>=(const T&, const T&);
}

Vi , pairs:

template <class T1, class T2> struct pair;
template <elassEqualityComparable T1, elassEqualityComparable T2>
bool operator==(const pair<T1,T2>&, const pair<T1,T2>&);
template <elasslLessThanComparable T1, elassLessThanComparable T2>
bool operator< (const pair<T1,T2>&, const pair<T1,T2>&);
template <elassEqualityComparable T1, elassEqualityComparable T2>
bool operator!=(const pair<T1,T2>&, const pair<T1,T2>&);
template <elasslLessThanComparable T1, elassLessThanComparable T2>
bool operator> (const pair<T1,T2>&, const pair<T1,T2>&);
template <elassLessThanComparable T1, elassLessThanComparable T2>
bool operator>=(const pair<T1,T2>&, const pair<T1,T2>&);
template <elassLessThanComparable T1, elassLessThanComparable T2>
bool operator<=(const pair<T1,T2>&, const pair<T1,T2>&);
template <elassCopyConstructible T1, elassCopyConstructible T2> pair<T1,T2> make_pair(T1, T2);

20.2.1 Operators [lib.operators]

By adding concept constraints to the operatorsdb_ops, we eliminate nearly all of the problems witle1_ops that
caused them to be banished. We could consider bringing them back into namespatéey are deemed useful.

To avoid redundant definitions eperator!= out of operator== and operators, <=, and>= out of operator<, the
library provides the following:

template <EqualityComparable T> bool operator!=(const T& x, const T& y);
Returns:! (x == y).

template <LessThanComparable T> bool operator>(const T& x, const T& y);
Returnsy < x.

template <LessThanComparable T> bool operator<=(const T& x, const T& y);
Returns:! (y < x).

template <LessThanComparable T> bool operator>=(const T& x, const T& y);

Returns:! (x < y).
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In this library, whenever a declaration is provided foragrerator!=, operator>, operator>=, Of operator<=, and
requirements and semantics are not explicitly provided, the requirements and semantics are as specified in this clause.

20.2.2 Pairs [lib.pairs]

The library provides a template for heterogeneous pairs of values. The library also provides a matching function template
to simplify their construction and several templates that provide accessitoobjects as if they wereuple objects
(see??and??).

template <class T1, class T2>
struct pair {
typedef T1 first_type;
typedef T2 second_type;

T1 first;
T2 second;
where DefaultConstructible<T1> && DefaultConstructible<T2> pair();
where CopyConstructible<T1> && CopyConstructible<T2> pair(const T1& z, const T2& y);
template<class U, class V>
where Convertible<U, T1> && Convertible<U, T2>
pair(const pair<U, V> &p);

};

where DefaultConstructible<T1> && DefaultConstructible<T2> pair();

Effects:Initializes its members as if implementggiir () : first(), second() {}

where CopyConstructible<T1> && CopyConstructible<T2> pair(const T1& z, const T2& y);

Effects:The constructor initializegirst with z andsecond with y.

template<class U, class >
where Convertible<U, T1> && Convertible<U, T2>
pair(const pair<U, V> &p);

Effects:Initializes members from the corresponding members of the argument, performing implicit conversions
as needed.

template <elassEqualityComparable T1, elassEqualityComparable T2>
bool operator==(const pair<T1, T2>%& =, const pair<T1, T2>& y);

Returns:x.first == y.first && x.second == y.second.

template <elassLessThanComparable T1, <lassLessThanComparable T2>
bool operator<(const pair<T1l, T2>& z, const pair<T1l, T2>& y);

Returnsx.first < y.first || (!(y.first < x.first) && x.second < y.second).

template <elassCopyConstructible T1, elassCopyConstructible T2>
pair<Ti, T2> make_pair(Tl z, T2 y);
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20.2 Utility components General utilities library 12

7 Returns;pair<T1, T2>(x, y)[5_7]
8 [ Example:ln place of:

return pair<int, double>(5, 3.1415926); /I explicit types

a Cr+ program may contain:

return make_pair(5, 3.1415926); I types are deduced
—end example
tuple_size<pair<T1, T2> >::value

9 Returns:integral constant expression.
10 Value:2.

tuple_element<0, pair<T1, T2> >::type
11 Value:the typeT1.
TR1: tuple_element<l, pair<T1, T2> >::type

12 Value:the type T2.

TR1: template<int I, class T1, class T2>
P& get(pair<Ti, T2>&);

TR1: template<int I, class T1, class T2>
const P& get(const pair<Ti, T2>&);

13 Return typeif I == 0thenPisT1,if I == 1thenP isT2, and otherwise the program is ill-formed.
14 Returns:If I == 0 returnsp.first, otherwise returng.second.
Bibliography
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5) According to ?), an implementation is permitted to not perform a copy of an argument, thus avoiding unnecessary copies.
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