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Introduction

This document proposes changes to Chapter 24 of theS@ndard Library in order to make full use of concepis [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 ofthst@ndard (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 typeseatidsions remevals or ehangesiodficaions.
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Chapter 24 Iterators library [lib.iterators]

The following subclauses describe iterateguirementsoncepts 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>
?7? Predefined iterators

?7? Stream iterators

24.1 Iterator requirements [lib.iterator.requirements]

Iterators are a generalization of pointers that allowtéa @rogram 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 iterators support the expressiori, resulting in a value of some class, enumeration, or built-in type

T, called thevalue typeof the iterator. All output iterators support the expressian= o whereo is a value of some

type that is in the set of types that avetable to the particular iterator type af All iteratorsi for which the expression

(i) .mis well-defined, support the expressipr>m with the same semantics &8i) .m. For every iterator typ# for

which equality is defined, there is a corresponding signed integral type callddfdrence typof 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;
};
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 defineve-catgoriesef-iteratorseightiterator corncepts according to the operations defined on theénuut
iterators, output iterators forward iterators mutable forward iterators bidirectional iterators mutable bidiredional
iterators random access iteratorandmutable ranrdomacacessteratorsas shown in Tabl@ 2.

Forward iterators satisfy all the requirements of the irpuloutputiterators and can be used wheneg@herkindan
inputiterator is specified Mutable forwarditerators satsfy all the requirementsof forward andoutputiterators,ancan




3 lterators library 24.1 lterator requirements

Table 2: Relations among iteratesiegerieconcepts
Random Access — Bidirectional — Forward — Input

T T T

Mutable Random Access — Mutable Bidirectional — Mutable Forward — Output

beusedwherevereitherkind is spedfied. 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.

m%e;@#estenwhereahwalueﬁreqwred The mutable varlantsof the forward b|d|red|onal and rardom aaess

iterator corceptssatsfy the requirementsfor output iterators, and canbe usedwhereveran output iterator is required.
Non-mutable iterators arereferredto ascorstantiterators.

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-endialues. Values of an iteratarfor which the expressiori is defined are calledereferenceable

The library never assumes that past-the-end values are dereferenceable. Iterators can also have singular values that are
not associated with any containeiEfample:After the declaration of an uninitialized pointeras withint* x;), x

must always be assumed to have a singular value of a poirt@mnd exampleResults 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.

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

Most of the library’s algorithmic templates that operate on data structures have interfaces that use raaggsis/a
pair of iterators that designate the beginning and end of the computation. Alrangeis an empty range; in general, a
range[i, j) refers to the elements in the data structure starting with the one pointed tariyup to but not including
the one pointed to by. Rangeli, 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.

All the eaegeriesof-iteratordterator Conceptsreqwre onIy those functlons that are reallzakde&gwenee\fegepy in

constant time (amortlze :

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

An invalid iterator is an iterator that may be singl@r.

DThis 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 lIterator requirements Iterators library 4

24.1.1 Input iterators [lib.input.iterators]

1 A class or a built- |n type{ satlsfles the requwements of an input |terator for the value hyipéhe foHowing-expresions
)it meetghesyntadic andsemartic

requwementsof the InputIterator corcept.

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-Table89In the InputIterator concept the termthe domain of== is used in the ordinary mathematical sense to
denote the set of values over whiehis (required to be) defined. This set can change over time. Each algorithm places
additional requirements on the domain=ef for the iterator values it uses. These requirements can be inferred from
the uses that algorithm makes=6f and !=. [ Examplethe callfind(a,b,x) is defined only if the value of has the
propertyp defined as followsb has propertyp and a valuei has propertyp if (xi==x) or if (xi!=x and++i has
propertyp). —end examplp

[[Remove Table 89: Input iterator requirementg]

3 [ Note:For input iteratorsa == 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.Valuetype T-is-notrequiredto-beanAssignablaype(23.1). These algorithms
can be used with istreams as the source of the input data throughttheam_iterator class. —end not¢

reference operator*(X a);

4 Requires:a is dereferenceable.

5 Remarksif bis a value of typ&, a == b and(a, b) is in the domain of= thenx*a is equivalent tob.
pointer operator->(X a);

6 Requires:(xa) .mis well-defined
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5 Iterators library 24.1 lterator requirements

Effects:Equivalent to(*xa ) .m.
bool operator!=(X a, X b)
7 Returns:!(a == b)

24.1.2 Output iterators [lib.output.iterators]
1 A class or a bU|It in typex satlsﬁes the requwements of an output |teratm¢|f&areepyeerstruet+ble{294%}and

eetghesyrntadic andseman

tic requwementsof the Outputlterator or BasmOquutIterator comepts

[[Remove Table 90: Output iterator requirementg]

2 [Note: The only valid use of amperator* is on the left side of the assignment statemekgsignment through the
same value of the iterator happens only onskgorithms on output iterators should never attempt to pass through the
same iterator twice. They should bigle passlgorithms. Equality and inequality might not be defined. Algorithms
that take output iterators can be used with ostreams as the destination for placing data throaghdle_iterator
class as well as with insert iterators and insert pointersend noté

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;

s

return tmp; }
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24.1 lIterator requirements Iterators library 6

TheBasicOutputIterator concept describes an output iterator that has one, fixed value type. UntiketIter-
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);
35
X& operator++(X& r);

Postcondition&r == &++r

postincrement_result operator++(X& r, int);
Effects:equivalent to

{ X tmp = r;
++r;
return tmp; }

EveryBasicOutputIterator is anOutputIterator for value typedissignable to itSvalue_type. El

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]

A class or a built-in typ& satisfies the requirements of a forward iteratothif-folowing-expresionsarevalid.as

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

shownin—Table 91it meetsthe synadic andsemartic requirementsof the Forwardlterator or MutableForwardIterator
corcepts.

[[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 omélierence andpointer types than
the associated requirements table in C++98, because we only require convertilitihsto value_type& andconst
value_typex* instead of exact type matches. This convertibility is crucial, becausktwbleForwardIterator
concept must be a refinement of therwardIterator concept. This refinemedbes not workif ForwardIterator
says thatreference is const value_type& and therMutableForwardIterator changes that to say thaéfer-
ence is value_type&.

[ Note: The condition thak == bimplies++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 iteratersend noté

bool operator==(X, X);
If a andb are equal, then eitherandb are both dereferenceable or else neither is dereferenceable.
If a andb are both dereferenceable, ther== b if and only if xa and*b are the same object.

24.1.4 Bidirectional iterators [lib.bidirectional.iterators]

Aclassora bwlt in type( satlsfles the reqwrements of a bldlrectlonal |teratenm£aeﬂ+tmtesais¥ymg4herequ#e

it meetghesyrtadic andsemartic

requwementsof the B|d| reoﬂonallterator or MutabIeB|d|red|0naIIteranr corcept.

[[Remove Table 92: Bidirectional iterator requirements]]

concept Bidirectionallterator<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 MutableBidirectionallterator<typename X>
: BidirectionalIlterator<X>, MutableForwardIterator<X> { };
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24.1 lIterator requirements Iterators library 8

[ Note:Bidirectional iterators allow algorithms to move iterators backward as well as forwardnd noté
X& operator--(X& r);
Precondition:there exists such thatr == ++s.

Postconditionr is dereferenceable.

Effects:-- (++r) == r.
--r == --simpliesr ==
&r == &--r.

postdecrement_result operator--(X& r, int);
Effects:equivalent to

{ X tmp =
—r;
return tmp; }

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

A class ora bU|It -in type( satlsfles the requwements of a random access |tera;9m&eu4tmm$aisfymg4#%
: , ble93.it meetghesynadic and
samnartic reqwrementsof the Ran:lomAcce$Iterator or MutabIeRarujomAcce$lterator corcept.

concept RandomAccessIterator<typename X> : Bidirectionallterator<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 requirementis.
X& operator+=(X&, difference_type);
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 lterator 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 Postconditiona + n == n + a

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

5 Returnsr += -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 value of difference_type suchthat + n ==
8 Effectsb == 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 o
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;
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24.2 Header<iterator> synopsis Iterators library 10

};
}

[ 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 noté¢

24.2 Header<iterator> synopsis [lib.iterator.synopsis]
Note: Update synopsis

24.3 lterator primitives [lib.iterator.primitives]

To simplify thetaskof defining-iteratorsuseof iteratorsandprovide backvardconpatibility with previousC++ Stardard
Libraries the library provides several classes and functions:

24.3.1 Deprecated Iterator traits [lib.iterator.traits]

iflterator traits pro\/|de anauxliary mechanlsm
for accesing thea$00|atedtypesof amteralor 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 catggyoBy3) 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 iteratonptijectame type as the type of

*a anda->, respecuvelyin%heeaseeﬁaneutpumaatemhe@yp%s

The templateiterator_traits<Iterator> is defined as
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11 lterators library 24.3 lIterator 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 Itismaybespecialized for pointe@ 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 noté

5 [ Example:To implement a generieeverse function, a G+ program can do the following:

3These 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 specializatiorisetator_traits.
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24.3 lIterator primitives Iterators library 12

template <class Bidirectionallterator>
void reverse(BidirectionalIlterator first, BidirectionalIlterator last) {
typename iterator_traits<BidirectionalIlterator>::difference_type n =
distance(first, last);
--n;
while(n > 0) {
typename iterator_traits<BidirectionalIlterator>::value_type
tmp = *first;
*first++ = *--last;
*last = tmp;
n -= 2;

—end example

6 iterator_traits is specialized for any typ&terator for which there is a concept map for any of the iterator
concepts](24]17)

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<Bidirectionallterator 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;

“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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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 mapatputIterator, 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 basieerator 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 workwef@nor_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.

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]

a h Thellbrary
mtroducescategory tag:lasses WhICh are used as comp|Ie time ﬁagsigemhmsdeeemto dlstlngwshthe different

iterator corceptswhenudng 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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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 {3};

}

[[Remove this paragram: It gives an example usingterator_traits, which we no longer encouragd]
24.3.4 lterator operations [lib.iterator.operations]

Since only random access iterators providand - operators, the library provides two function templatéésance
anddistance. These function templates usend- for random access iterators (and are, therefore, constant time for
them); for input, forward and bidirectional iterators they wsdo provide linear time implementations.

template <Inputlterator Iter>

void advance(Iter& i, Iter::difference_type n);
template <Bidirectionallterator 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 declaratioadefince. In the existing standard, it has a second template pa-
rameterDistance, which is the type oh. We have eliminated this parameter and instead usedlithference_type
iterator. This is clearly what was intended, but it may break backward compatibility in certain, very limited cases.

Requiresn may be negative only for random access and bidirectional iterators.

Effects:Increments (or decrements for negatiydterator reference by n.

template<InputIterator Iter>
Iter::difference_type
distance(Iter first, Iter last);
template<RandomAccessIterator Iter>
Iter::difference_type
distance(Iter first, Iter last);

Effects:Returns the number of increments or decrements needed to gef ficsn to 1ast.

Requireslast shall be reachable fromirst.

24.3.5 Iterator backward compatibility [lib.iterator.backward]

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

The associated typesifference_type, value_type, pointer andreference are given the same values as their
counterparts interator_traits.

These concept maps shall only be defined wheniterator_traits specialization contains the nested tyjaes-
ference_type, value_type, pointer, reference anditerator_category.

[ Example:The following example is well-formed. The backward-compatbility concept mapdpttIterator does
not match becauseterator_traits<int> fails to provide the required nested types.
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template<Integral T> void f(T);
template<InputIterator T> void £(T);

void g(int x) {
£(x); // okay
¥

—end examplp

The library shall provide a concept mapputIterator for any typelterator with
iterator_traits<Iterator>::iterator_category convertible toinput_iterator_tag.

The library shall provide a concept maprwardIterator for any typelterator with
iterator_traits<Iterator>::iterator_category convertible toforward_iterator_tag.

The library shall provide a concept m#ptableForwardIterator for any typelterator with
iterator_traits<Iterator>::iterator_category convertible toforward_iterator_tag for which theref-
erence type is equal toralue_type& andvalue_type iS Assignable.

The library shall provide a concept mapdirectionalIterator for any typelterator with
iterator_traits<Iterator>::iterator_category convertible tobidirectional_iterator_tag.

The library shall provide a concept mptableBidirectionalIterator for any typelterator with
iterator_traits<Iterator>::iterator_category convertible tobidirectional_iterator_tag for which
thereference type is equal taralue_type& andvalue_type iS Assignable.

The library shall provide a concept mApndomAccessIterator for any typelterator with
iterator_traits<Iterator>::iterator_category convertible torandom_access_iterator_tag.

The library shall provide a concept meptableRandomAccessIterator for any typelterator with
iterator_traits<Iterator>::iterator_category convertible torandom_access_iterator_tag for which
thereference type is equal toaralue_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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