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Introduction

This document proposes changes to Chapter 24 of the C++ Standard Library in order to make full use of concepts [1].
Unless otherwise specified, all 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 of the C++ standard (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 comments willhave a gray background. Changes to the
replacement text are categorized and typeset asadditions, removals, or changesmodifications..
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Chapter 24 Iterators library [lib.iterators]

2 The following subclauses describe iteratorrequirementsconcepts, and components for iterator primitives, predefined
iterators, and stream iterators, as summarized in Table 1.

Table 1: Iterators library summary
Subclause Header(s)

24.1 Requirements <iterator>
24.3 Iterator primitives <iterator>
??Predefined iterators
??Stream iterators

24.1 Iterator requirements [lib.iterator.requirements]

1 Iterators are a generalization of pointers that allow a C++ program to work with different data structures (containers)
in a uniform manner. To be able to construct template algorithms that work correctly and efficiently on different types
of data structures, the library formalizes not just the interfaces but also the semantics and complexity assumptions of
iterators. All input iteratorsi support the expression*i, resulting in a value of some class, enumeration, or built-in type
T, called thevalue typeof the iterator. All output iterators support the expression*i = o whereo is a value of some
type that is in the set of types that arewritable to the particular iterator type ofi. All iteratorsi for which the expression
(*i).m is well-defined, support the expressioni->m with the same semantics as(*i).m. For every iterator typeX for
which equality is defined, there is a corresponding signed integral type called thedifference typeof the iterator.

concept IteratorAssociatedTypes<typename X> {

typename value_type = X::value_type;

typename difference_type = X::difference_type;

typename reference = X::reference;

typename pointer = X::pointer;

};

2 Since iterators are an abstraction of pointers, their semantics is a generalization of most of the semantics of pointers in
C++. This ensures that every function template that takes iterators works as well with regular pointers. This International
Standard definesfive categoriesof iteratorseight iterator concepts, according to the operations defined on them:input
iterators, output iterators, forward iterators, mutable forward iterators, bidirectional iterators, mutable bidirectional
iterators, random access iterators, andmutable randomaccessiteratorsas shown in Table 2.

3 Forward iterators satisfy all the requirements of the inputandoutput iterators and can be used whenevereitherkindan
input iterator is specified.Mutable forwarditeratorssatisfy all therequirementsof forwardandoutput iterators,ancan



3 Iterators library 24.1 Iterator requirements

Table 2: Relations among iteratorcategoriesconcepts
Random Access → Bidirectional → Forward → Input

↑ ↑ ↑
Mutable Random Access → Mutable Bidi rectional → Mutable Forward → Output

beusedwhenevereitherkind is specified. Bidirectional iterators also satisfy all the requirements of the forward iterators
and can be used whenever a forward iterator is specified. Random access iterators also satisfy all the requirements of
bidirectional iterators and can be used whenever a bidirectional iterator is specified.

4 Besidesits category, a forward,bidirectional, or randomaccessiterator canalsobemutable or constantdepending on
whethertheresult of theexpression*i behavesasa referenceor asa referenceto a constant.Constantiteratorsdo not
satisfy the requirementsfor output iterators,andthe result of theexpression*i (for constantiterator i) cannot beused
in an expression wherean lvalue is required.The mutable variantsof the forward, bidirectional, andrandom access
iterator conceptssatisfy the requirementsfor output iterators,andcanbeusedwhereveranoutput iterator is required.
Non-mutable iteratorsarereferredto asconstantiterators.

5 Just as a regular pointer to an array guarantees that there is a pointer value pointing past the last element of the array, so
for any iterator type there is an iterator value that points past the last element of a corresponding container. These values
are calledpast-the-endvalues. Values of an iteratori for which the expression*i is defined are calleddereferenceable.
The library never assumes that past-the-end values are dereferenceable. Iterators can also have singular values that are
not associated with any container. [Example:After the declaration of an uninitialized pointerx (as withint* x;), x
must always be assumed to have a singular value of a pointer.— end example] Results of most expressions are undefined
for singular values; the only exceptions are destroying an iterator that holds a singular value and the assignment of a
non-singular value to an iterator that holds a singular value. In this case the singular value is overwritten the same way
as any other value. Dereferenceable values are always non-singular.

6 An iteratorj is calledreachablefrom an iteratori if and only if there is a finite sequence of applications of the expression
++i that makesi == j. If j is reachable fromi, they refer to the same container.

7 Most of the library’s algorithmic templates that operate on data structures have interfaces that use ranges. Arangeis a
pair of iterators that designate the beginning and end of the computation. A range[i,i) is an empty range; in general, a
range[i,j) refers to the elements in the data structure starting with the one pointed to byi and up to but not including
the one pointed to byj. Range[i,j) is valid if and only if j is reachable fromi. The result of the application of
functions in the library to invalid ranges is undefined.

8 All the categoriesof iteratorsiterator conceptsrequire only those functions that are realizablefor a given category in
constant time (amortized).Therefore, requirementtablesfor theiteratorsdonothaveacomplexity column.

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

10 An invalid iterator is an iterator that may be singular.1)

11 In the following sections,a andb denotevaluesof typeconstX, n denotesa valueof thedifferencetypeDistance,u,
tmp,andm denoteidentifiers,r denotesavalueof X&, t denotesavalueof valuetypeT, o denotesavalueof sometype

1)This definition applies to pointers, since pointers are iterators. The effect of dereferencing an iterator that has been invalidated is undefined.
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24.1 Iterator requirements Iterators library 4

thatis writableto theoutput iterator.

24.1.1 Input iterators [lib.input.iterators]

1 A class or a built-in typeX satisfies the requirements of an input iterator for the value typeT if thefollowing expressions
arevalid,whereU is thetypeof anyspecifiedmemberof typeT, asshownin Table89.it meetsthesyntactic andsemantic
requirementsof theInputIterator concept.

concept InputIterator<typename X>

: IteratorAssociatedTypes<X>, CopyConstructible<X>, EqualityComparable<X> {

where Assignable<X> && SameType<Assignable<X>::result_type, X&>;

where SignedIntegral<difference_type> &&

Convertible<reference, value_type> &&

Convertible<pointer, const value_type*>;

typename postincrement_result;

where Dereferenceable<postincrement_result> &&

Convertible<Dereferenceable<postincrement_result>::reference, value_type>;

pointer operator->(X);

X& operator++(X&);

postincrement_result operator++(X&, int);

reference operator*(X);

bool operator!=(X, X);

};

2 In Table 89In theInputIterator concept, the termthe domain of== is used in the ordinary mathematical sense to
denote the set of values over which== is (required to be) defined. This set can change over time. Each algorithm places
additional requirements on the domain of== for the iterator values it uses. These requirements can be inferred from
the uses that algorithm makes of== and!=. [ Example:the callfind(a,b,x) is defined only if the value ofa has the
propertyp defined as follows:b has propertyp and a valuei has propertyp if (*i==x) or if (*i!=x and++i has
propertyp). — end example]

[[Remove Table 89: Input iterator requirements]]

3 [ Note:For input iterators,a == b does not imply++a == ++b. (Equality does not guarantee the substitution property
or referential transparency.) Algorithms on input iterators should never attempt to pass through the same iterator twice.
They should besingle passalgorithms.ValuetypeT is not requiredto beanAssignabletype(23.1).These algorithms
can be used with istreams as the source of the input data through theistream_iterator class. — end note]

reference operator*(X a );

4 Requires:a is dereferenceable.

5 Remarks:If b is a value of typeX, a == b and(a, b) is in the domain of== then*a is equivalent to*b.

pointer operator->(X a);

6 Requires:(*a ).m is well-defined
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5 Iterators library 24.1 Iterator requirements

Effects:Equivalent to(*a ).m.

bool operator!=(X a , X b )

7 Returns:!(a == b )

24.1.2 Output iterators [lib.output.iterators]

1 A class or a built-in typeX satisfies the requirements of an output iterator ifX is a CopyConstructible(20.1.3)and
Assignabletype(23.1)andalsothefollowing expressionsarevalid, asshownin Table90meetsthesyntactic andseman-
tic requirementsof theOutputIterator or BasicOutputIterator concepts.

[[Remove Table 90: Output iterator requirements]]

2 [ Note: The only valid use of anoperator* is on the left side of the assignment statement.Assignment through the
same value of the iterator happens only once.Algorithms on output iterators should never attempt to pass through the
same iterator twice. They should besingle passalgorithms. Equality and inequality might not be defined. Algorithms
that take output iterators can be used with ostreams as the destination for placing data through theostream_iterator
class as well as with insert iterators and insert pointers.— end note]

3 TheOutputIterator concept describes an output iterator that may permit output of many different value types.

concept OutputIterator<typename X, typename Value> : CopyConstructible<X> {

typename value_type = Value;

typename reference = X::reference;

where Assignable<X> && SameType<Assignable<X>::result_type, X&>;

where SameType<value_type, Value> &&

Assignable<reference, value_type>;

typename postincrement_result;

where Dereferenceable<postincrement_result&> &&

Convertible<postincrement_result, const X&> &&

Assignable<Dereferenceable<postincrement_result&>::reference,

value_type>;

reference operator*(X&);

X& operator++(X& r);

postincrement_result operator++(X& r, int);

};

X& operator++(X& r);

4 Postcondition:&r == &++r

postincrement_result operator++(X& r, int);

5 Effects:equivalent to

{ X tmp = r;

++r;

return tmp; }
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24.1 Iterator requirements Iterators library 6

6 TheBasicOutputIterator concept describes an output iterator that has one, fixed value type. UnlikeOutputIter-
ator, BasicOutputIterator is a part of the iterator refinement hierarchy.

concept BasicOutputIterator<typename X>

: IteratorAssociatedTypes<X>, CopyConstructible<X>

{

where Assignable<X> && SameType<Assignable<X>::result_type, X&>;

where Assignable<reference, value_type>;

typename postincrement_result = X;

where Dereferenceable<postincrement_result&> &&

Assignable<Dereferenceable<postincrement_result&>::reference,

value_type> &&

Convertible<postincrement_result, const X&>;

reference operator*(X&);

X& operator++(X&);

postincrement_result operator++(X&, int);

};

X& operator++(X& r);

7 Postcondition:&r == &++r

postincrement_result operator++(X& r, int);

8 Effects:equivalent to

{ X tmp = r;

++r;

return tmp; }

9 EveryBasicOutputIterator is anOutputIterator for value typesAssignable to itsvalue_type. 2)

ConceptGCC cannot type-check this concept map template at present, but anecdotal evidence and its use throughout the
ConceptGCC standard library testsuite indicates that it is most likely correct.

template<BasicOutputIterator X, typename Value>

where Assignable<value_type, Value>

concept_map OutputIterator<X, Value> {

typedef Value value_type;

typedef X::reference reference;

typedef X::postincrement_result postincrement_result;

};

24.1.3 Forward iterators [lib.forward.iterators]

1 A class or a built-in typeX satisfies the requirements of a forward iterator ifthe following expressionsarevalid, as

2)This allows algorithms specified withOutputIterator (the less restrictive concept) to work with iterators that have concept maps for the more
commonBasicOutputIterator concept.
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7 Iterators library 24.1 Iterator requirements

shownin Table 91.it meetsthesyntactic andsemantic requirementsof theForwardIterator or MutableForwardIterator
concepts.

[[Remove Table 91: Forward iterator requirements.]]

concept ForwardIterator<typename X> : InputIterator<X>, DefaultConstructible<X> {

where Convertible<reference, const value_type&> &&

Convertible<postincrement_result, const X&>;

};

concept MutableForwardIterator<typename X> : ForwardIterator<X>, BasicOutputIterator<X> {

where SameType<reference, value_type&> && SameType<pointer, value_type*>;

};

TheForwardIterator concept here provides slightly weaker requirements on thereference andpointer types than
the associated requirements table in C++98, because we only require convertibility toconst value_type& andconst
value_type* instead of exact type matches. This convertibility is crucial, because theMutableForwardIterator
concept must be a refinement of theForwardIterator concept. This refinementdoes not work if ForwardIterator
says thatreference is const value_type& and thenMutableForwardIterator changes that to say thatrefer-
ence is value_type&.

2 [ Note:The condition thata == b implies++a == ++b (which is not true for input and output iterators) and the removal
of the restrictions on the number of the assignments through the iterator (which applies to output iterators) allows the
use of multi-pass one-directional algorithms with forward iterators.— end note]

bool operator==(X, X);

3 If a andb are equal, then eithera andb are both dereferenceable or else neither is dereferenceable.

4 If a andb are both dereferenceable, thena == b if and only if *a and*b are the same object.

24.1.4 Bidirectional iterators [lib.bidirectional.iterators]

1 A class or a built-in typeX satisfies the requirements of a bidirectional iterator if, in addition to satisfying therequire-
mentsfor forwarditerators,thefollowing expressionsarevalid asshownin Table92.it meetsthesyntactic andsemantic
requirementsof theBidirectionalIterator or MutableBidirectionalIterator concept.

[[Remove Table 92: Bidirectional iterator requirements.]]

concept BidirectionalIterator<typename X> : ForwardIterator<X> {

typename postdecrement_result;

where Dereferenceable<postdecrement_result> &&

Convertible<Dereferenceable<postdecrement_result>::reference,

value_type> &&

Convertible<postdecrement_result, const X&>;

X& operator--(X&);

postdecrement_result operator--(X&, int);

};

concept MutableBidirectionalIterator<typename X>

: BidirectionalIterator<X>, MutableForwardIterator<X> { };
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24.1 Iterator requirements Iterators library 8

2 [ Note:Bidirectional iterators allow algorithms to move iterators backward as well as forward.— end note]

X& operator--(X& r);

3 Precondition:there existss such thatr == ++s.

4 Postcondition:r is dereferenceable.

5 Effects:--(++r) == r.
--r == --s impliesr == s.
&r == &--r.

postdecrement_result operator--(X& r, int);

6 Effects:equivalent to

{ X tmp = r;

--r;

return tmp; }

24.1.5 Random access iterators [lib.random.access.iterators]

1 A class or a built-in typeX satisfies the requirements of a random access iterator if, in addition to satisfying the re-
quirementsfor bidirectional iterators,thefollowing expressionsarevalid asshownin Table93.it meetsthesyntactic and
semantic requirementsof theRandomAccessIterator or MutableRandomAccessIterator concept.

concept RandomAccessIterator<typename X> : BidirectionalIterator<X>, LessThanComparable<X> {

X& operator+=(X&, difference_type);

X operator+ (X, difference_type);

X operator+ (difference_type, X);

X& operator-=(X&, difference_type);

X operator- (X, difference_type);

difference_type operator-(X, X);

reference operator[](X, difference_type);

bool operator>=(X, X);

bool operator>(X, X);

bool operator<=(X, X);

};

concept MutableRandomAccessIterator<typename X>

: RandomAccessIterator<X>, MutableBidirectionalIterator<X> { };

[[Remove Table 93: Random access iterator requirements.]]

X& operator+=(X&, difference_type);

2 Effects:equalivalent to

{ difference_type m = n;

if (m >= 0) while (m--) ++r;

else while (m++) --r;
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9 Iterators library 24.1 Iterator requirements

return r; }

X operator+(X a, difference_type n);

X operator+(difference_type n, X a);

3 Effects:equivalent to

{ X tmp = a;

return tmp += n; }

4 Postcondition:a + n == n + a

X& operator-=(X& r, difference_type n);

5 Returns:r += -n

X operator-(X, difference_type);

6 Effects:equivalent to

{ X tmp = a;

return tmp -= n; }

difference_type operator-(X a, X b);

7 Precondition:there exists a valuen of difference_type such thata + n == b.

8 Effects:b == a + (b - a)

9 Returns:(a < b) ? distance(a,b) : -distance(b,a)

bool operator>(X, X);

10 Effects:> is a total ordering relation opposite to<.

11 Pointers are mutable random access iterators with the following concept map

namespace std {

template<typename T> concept_map MutableRandomAccessIterator<T*> {

typedef T value_type;

typedef std::ptrdiff_t difference_type;

typedef T& reference;

typedef T* pointer;

};

}

and pointers to const are random access iterators

namespace std {

template<typename T> concept_map RandomAccessIterator<const T*> {

typedef T value_type;

typedef std::ptrdiff_t difference_type;

typedef const T& reference;

typedef const T* pointer;

Draft



24.2 Header<iterator> synopsis Iterators library 10

};

}

12 [ Note: If there is an additional pointer type_ _ far such that the difference of two_ _ far is of typelong, an imple-
mentation may define

template<class T> concept_map RandomAccessIterator<T _ _ far*> {

typedef long difference_type;

typedef T value_type;

typedef T _ _ far* pointer;

typedef T _ _ far& reference;

};

— end note]

24.2 Header<iterator> synopsis [lib.iterator.synopsis]

Note: Update synopsis

24.3 Iterator primitives [lib.iterator.primitives]

1 To simplify thetaskof defining iteratorsuseof iteratorsandprovidebackwardcompatibility with previousC++Standard
Libraries, the library provides several classes and functions:

24.3.1 DeprecatedIterator traits [lib.iterator.traits]

1 To implementalgorithmsonly in termsof iterators,it is oftennecessaryto determinethevalueanddifferencetypesthat
correspondto a particular iterator type.Accordingly, it is requiredthat if Iterator traitsprovide anauxil iary mechanism
for accessing theassociatedtypesof aniterator. If Iterator is the type of an iterator, the types

iterator_traits<Iterator>::difference_type

iterator_traits<Iterator>::value_type

iterator_traits<Iterator>::iterator_category

shallbe defined as the iterator’s difference type, value type and iterator category(24.3.3), respectively. In addition, the
types

iterator_traits<Iterator>::reference

iterator_traits<Iterator>::pointer

shall be defined as the iterator’s reference and pointer types, that is, for an iterator objecta, the same type as the type of
*a anda->, respectively.In thecaseof anoutput iterator, thetypes

iterator_traits<Iterator>::difference_type

iterator_traits<Iterator>::value_type

iterator_traits<Iterator>::reference

iterator_traits<Iterator>::pointer

maybedefinedasvoid.

2 The templateiterator_traits<Iterator> is defined as
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11 Iterators library 24.3 Iterator primitives

namespace std {

template<class Iterator> struct iterator_traits {

typedef typename Iterator::difference_type difference_type;

typedef typename Iterator::value_type value_type;

typedef typename Iterator::pointer pointer;

typedef typename Iterator::reference reference;

typedef typename Iterator::iterator_category iterator_category;

};

}

3 It ismaybespecialized for pointers3) as

namespace std {

template<class T> struct iterator_traits<T*> {

typedef ptrdiff_t difference_type;

typedef T value_type;

typedef T* pointer;

typedef T& reference;

typedef random_access_iterator_tag iterator_category;

};

}

and for pointers to const as

namespace std {

template<class T> struct iterator_traits<const T*> {

typedef ptrdiff_t difference_type;

typedef T value_type;

typedef const T* pointer;

typedef const T& reference;

typedef random_access_iterator_tag iterator_category;

};

}

4 [ Note: If there is an additional pointer type_ _ far such that the difference of two_ _ far is of typelong, an imple-
mentation may define

template<class T> struct iterator_traits<T _ _ far*> {

typedef long difference_type;

typedef T value_type;

typedef T _ _ far* pointer;

typedef T _ _ far& reference;

typedef random_access_iterator_tag iterator_category;

};

— end note]

5 [ Example:To implement a genericreverse function, a C++ program can do the following:

3)These specializations are redundant, because concept maps for pointers are provided for the corresponding iterator concepts. These concept maps
will be used with the concept-based partial specializations ofiterator_traits.
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24.3 Iterator primitives Iterators library 12

template <class BidirectionalIterator>

void reverse(BidirectionalIterator first, BidirectionalIterator last) {

typename iterator_traits<BidirectionalIterator>::difference_type n =

distance(first, last);

--n;

while(n > 0) {

typename iterator_traits<BidirectionalIterator>::value_type

tmp = *first;

*first++ = *--last;

*last = tmp;

n -= 2;

}

}

— end example]

6 iterator_traits is specialized for any typeIterator for which there is a concept map for any of the iterator
concepts (24.1).4)

template<InputIterator Iterator> struct iterator_traits<Iterator> {

typedef Iterator::difference_type difference_type;

typedef Iterator::value_type value_type;

typedef Iterator::pointer pointer;

typedef Iterator::reference reference;

typedef input_iterator_tag iterator_category;

};

template<BasicOutputIterator Iterator> struct iterator_traits<Iterator> {

typedef Iterator::difference_type difference_type;

typedef Iterator::value_type value_type;

typedef Iterator::pointer pointer;

typedef Iterator::reference reference;

typedef output_iterator_tag iterator_category;

};

template<ForwardIterator Iterator> struct iterator_traits<Iterator> {

typedef Iterator::difference_type difference_type;

typedef Iterator::value_type value_type;

typedef Iterator::pointer pointer;

typedef Iterator::reference reference;

typedef forward_iterator_tag iterator_category;

};

template<BidirectionalIterator Iterator> struct iterator_traits<Iterator> {

typedef Iterator::difference_type difference_type;

typedef Iterator::value_type value_type;

typedef Iterator::pointer pointer;

typedef Iterator::reference reference;

4)These specializations permit forward compatibility of iterators, allowing those iterators that provide only concept maps to be used through
iterator_traits.
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13 Iterators library 24.3 Iterator primitives

typedef bidirectional_iterator_tag iterator_category;

};

template<RandomAccessIterator Iterator> struct iterator_traits<Iterator> {

typedef Iterator::difference_type difference_type;

typedef Iterator::value_type value_type;

typedef Iterator::pointer pointer;

typedef Iterator::reference reference;

typedef random_access_iterator_iterator_tag iterator_category;

};

Note that we cannot support types that only have concept maps forOutputIterator, because we only have the iterator
type (no value type). This is a (probably minor) problem for forward compatibility.

ConceptGCC does not yet have these forward-compatibility specializations.

24.3.2 DeprecatedBasic iterator [lib.iterator.basic]

We deprecated the basiciterator template because it isn’t really the right way to specify iterators any more. Even
when using this template, users should write concept maps so that (1) their iterators will work wheniterator_traits
and the backward-compatibility models go away, and (2) so that their iterators will be checked against the iterator
concepts as early as possible.

1 Theiterator template may be used as a base class to ease the definition of required types for new iterators.

namespace std {

template<class Category, class T, class Distance = ptrdiff_t,

class Pointer = T*, class Reference = T&>

struct iterator {

typedef T value_type;

typedef Distance difference_type;

typedef Pointer pointer;

typedef Reference reference;

typedef Category iterator_category;

};

}

24.3.3 StandardDeprecatediterator tags [lib.std.iterator.tags]

1 It is often desirablefor a function templatespecialization to find out what is the mostspecific category of its iterator
argument,so that the function canselect themostefficientalgorithm at compile time. To facilitatethis, theThe library
introducescategory tagclasses which are used as compile time tagsfor algorithm selection.to distinguishthedifferent
iterator conceptswhenusing theiterator_traitsmechanism.They are:input_iterator_tag, output_iterator_tag,
forward_iterator_tag, bidirectional_iterator_tag andrandom_access_iterator_tag. For every iterator
of type Iterator, iterator_traits<Iterator>::iterator_category shall be defined to be the most specific
category tag that describes the iterator’s behavior.

namespace std {

struct input_iterator_tag {};

struct output_iterator_tag {};
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24.3 Iterator primitives Iterators library 14

struct forward_iterator_tag: public input_iterator_tag {};

struct bidirectional_iterator_tag: public forward_iterator_tag {};

struct random_access_iterator_tag: public bidirectional_iterator_tag {};

}

2 [[Remove this paragram: It gives an example usingiterator_traits, which we no longer encourage.]]

24.3.4 Iterator operations [lib.iterator.operations]

1 Since only random access iterators provide+ and- operators, the library provides two function templatesadvance
anddistance. These function templates use+ and- for random access iterators (and are, therefore, constant time for
them); for input, forward and bidirectional iterators they use++ to provide linear time implementations.

template <InputIterator Iter>

void advance(Iter& i, Iter::difference_type n);

template <BidirectionalIterator Iter>

void advance(Iter& i, Iter::difference_type n);

template <RandomAccessIterator Iter>

void advance(Iter& i, Iter::difference_type n);

We have made a minor change to the declaration ofadvance. In the existing standard, it has a second template pa-
rameter,Distance, which is the type ofn. We have eliminated this parameter and instead used thedifference_type
iterator. This is clearly what was intended, but it may break backward compatibility in certain, very limited cases.

2 Requires:n may be negative only for random access and bidirectional iterators.

3 Effects:Increments (or decrements for negativen) iterator referencei by n.

template<InputIterator Iter>

Iter::difference_type

distance(Iter first, Iter last);

template<RandomAccessIterator Iter>

Iter::difference_type

distance(Iter first, Iter last);

4 Effects:Returns the number of increments or decrements needed to get fromfirst to last.

5 Requires:last shall be reachable fromfirst.

24.3.5 Iterator backward compatibility [lib.iterator.backward]

1 The library provides concept maps that allow iterators specified withiterator_traits to interoperate with algorithms
that require iterator concepts.

2 The associated typesdifference_type, value_type, pointer andreference are given the same values as their
counterparts initerator_traits.

3 These concept maps shall only be defined when theiterator_traits specialization contains the nested typesdif-
ference_type, value_type, pointer, reference anditerator_category.

[ Example:The following example is well-formed. The backward-compatbility concept map forInputIterator does
not match becauseiterator_traits<int> fails to provide the required nested types.
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15 Iterators library 24.3 Iterator primitives

template<Integral T> void f(T);

template<InputIterator T> void f(T);

void g(int x) {

f(x); // okay
}

— end example]

4 The library shall provide a concept mapInputIterator for any typeIterator with
iterator_traits<Iterator>::iterator_category convertible toinput_iterator_tag.

5 The library shall provide a concept mapForwardIterator for any typeIterator with
iterator_traits<Iterator>::iterator_category convertible toforward_iterator_tag.

6 The library shall provide a concept mapMutableForwardIterator for any typeIterator with
iterator_traits<Iterator>::iterator_category convertible toforward_iterator_tag for which theref-
erence type is equal tovalue_type& andvalue_type is Assignable.

7 The library shall provide a concept mapBidirectionalIterator for any typeIterator with
iterator_traits<Iterator>::iterator_category convertible tobidirectional_iterator_tag.

8 The library shall provide a concept mapMutableBidirectionalIterator for any typeIterator with
iterator_traits<Iterator>::iterator_category convertible tobidirectional_iterator_tag for which
thereference type is equal tovalue_type& andvalue_type is Assignable.

9 The library shall provide a concept mapRandomAccessIterator for any typeIterator with
iterator_traits<Iterator>::iterator_category convertible torandom_access_iterator_tag.

10 The library shall provide a concept mapMutableRandomAccessIterator for any typeIterator with
iterator_traits<Iterator>::iterator_category convertible torandom_access_iterator_tag for which
thereference type is equal tovalue_type& andvalue_type is Assignable.

Note that we do not automatically provide concept maps that adapt output iterators, although we believe it is possible.
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