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Introduction

The Boost Iterator Library contains two parts. Thefirst isasystem of concepts which extend the C++ standard iterator requirements.
The second isaframework of componentsfor building iterators based on these extended concepts and includes several useful iterator
adaptors. The extended iterator concepts have been carefully designed so that old-style iterators can fit in the new concepts and so
that new-style iterators will be compatible with old-style algorithms, though algorithms may need to be updated if they want to take
full advantage of the new-style iterator capabilities. Several components of this library have been accepted into the C++ standard
technical report. The components of the Boost Iterator Library replace the older Boost Iterator Adaptor Library.

New-Style Iterators

The iterator categories defined in C++98 are extremely limiting because they bind together two orthogonal concepts: traversal and
element access. For example, because arandom accessiterator isrequired to return areference (and not a proxy) when dereferenced,
itisimpossible to capture the capabilities of vect or <bool >: : i t er at or using the C++98 categories. Thisistheinfamous"vec-

t or <bool > is not a container, and its iterators aren't random access iterators', debacle about which Herb Sutter wrote two papers
for the standards comittee (N1185 and N1211), and a Guru of the Week. New-style iterators go well beyond patching up vec-

t or <bool >, though: there are lots of other iterators already in use which can't be adequately represented by the existing concepts.
For details about the new iterator concepts, see our Standard Proposal for New-Style Iterators.

Iterator Facade and Adaptor

Writing standard-conforming iterators is tricky, but the need comes up often. In order to ease the implementation of new iterators,
the Boost.Iterator library providesthe facade classtemplate, which implements many useful defaults and compile-time checks designed
to help the iterator author ensure that his iterator is correct.

It isa so common to define anew iterator that issimilar to some underlying iterator or iterator-like type, but that modifies some aspect
of the underlying type's behavior. For that purpose, the library supplies the adaptor class template, which is specialy designed to
take advantage of as much of the underlying type's behavior as possible.

Both facade and adaptor aswell asmany of thespeci al i zed adapt or s_ mentioned below have been proposed for standardization
(Standard Proposal For Iterator Facade and Adaptor).

Specialized Adaptors

Theiterator library supplies auseful suite of standard-conforming iterator templates based on the Boost iterator facade and adaptor
templates.

e counting_iterator:aniterator over asequence of consecutive values. Implements a"lazy sequence"
e filter_iterator:aniterator over the subset of elements of some sequence which satisfy a given predicate

e function_out put _iterator: an output iterator wrapping a unary function object; each time an element is written into the
dereferenced iterator, it is passed as a parameter to the function object.

e indirect_iterator:aniterator over the objects pointed-to by the elements of some sequence.

e pernutation_iterator:aniterator over the elements of somerandom-access sequence, rearranged according to some sequence
of integer indices.

e reverse_iterator: aniterator which traverses the elements of some bidirectional sequence in reverse. Corrects many of the
shortcomings of C++98's

std::reverse_iterator
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e shared_contai ner_iterator:aniterator over elements of acontainer whose lifetimeis maintained by ashar ed_pt r stored
in the iterator.

» transform.terator:aniterator over elementswhich aretheresult of applying some functional transformation to the elements
of an underlying sequence. This component also replaces the old

projection_iterator_adaptor

e zip_iterator:aniterator over tuples of the elements at corresponding positions of heterogeneous underlying iterators.

lterator Utilities

Traits

» poi nt ee. hpp: Providesthe capability to deduce the referent types of pointers, smart pointers and iteratorsin generic code. Used
inindirect_iterator.

e iterator_traits. hpp: ProvidesMPL compatible metafunctions which retrieve an iterator's traits. Also corrects for the defi-
ciencies of broken implementationsof std: :iterator_traits.

[* |interoperable| (PDF_): Provides an MPL compatible metafunction for testing iterator interoperability |
Testing and Concept Checking

e iterator_concepts. hpp: Concept checking classes for the new iterator concepts.

» iterator_archetypes. hpp: Concept archetype classes for the new iterators concepts.
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lterator Concepts

Access

Readable Iterator Concept

A class or built-in type X models the Readable Iterator concept for value type T if, in addition to X being Assignable and Copy
Constructible, the following expressions are valid and respect the stated semantics. Uis the type of any specified member of type T.

Table 1. Readable Iterator Requirements (in addition to Assignable and Copy Constructible)

Expression Return Type Note/Precondition
iterator_traits<xX>::value_type T Any non-reference, non cv-qualified type
*a Convertibleto T pre: a isdereferenceable. If a == b then

*aisequivalent to *b.
a->m U& pre: (*a) . mis well-defined. Equivalent
to(*a). m
Writable Iterator Concept

A classor built-intype X modelsthe Writablelterator concept if, in addition to X being Copy Constructible, thefollowing expressions
arevalid and respect the stated semantics. Writable Iterators have an associated set of value types.

Table 2. Writable Iterator Requirements (in addition to Copy Constructible)

Expression Return Type Precondition
*a=o0 pre: The type of o isin the set of value
types of X

Swappable Iterator Concept

A class or built-in type X models the Swappable Iterator concept if, in addition to X being Copy Constructible, the following ex-
pressions are valid and respect the stated semantics.

Table 3. Swappable Iterator Requirements (in addition to Copy Constructible)

Expression Return Type Postcondition
iter_swap(a, b) voi d the pointed to values are exchanged

Note: An iterator that is a model of the Readable and Writable Iterator conceptsis also a model of Swappable Iterator.
--end note

Lvalue Iterator Concept

The Lvalue Iterator concept adds the requirement that the return type of oper at or * type be a reference to the value type of the
iterator.
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Table 4. Lvalue Iterator Requirements

Expression Return Type Note/Assertion

*a T& T is cv iterat -
or _traits<X>::value_type where
cv is an optional cv-qualification. pre: a
is dereferenceable. If a == b then*ais
equivalent to * b.

Traversal

Incrementable Iterator Concept

A class or built-in type X models the Incrementable Iterator concept if, in addition to X being Assignable and Copy Constructible,
the following expressions are valid and respect the stated semantics.

Table 5. Incrementable Iterator Requirements (in addition to Assignable, Copy Constructible)

Expression Return Type Assertion/Semantics
41 X& & == &t++r
r++ X
{
Xtnp = r;
++r
return tnp;
}
iterator_traversal <X>::type Convertible to i ncrement abl e_tra-

versal _tag

Single Pass Iterator Concept

A class or built-in type X models the Single Pass I terator concept if the following expressions are valid and respect the stated se-
mantics.
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Table 6. Single Pass Iterator Requirements (in addition to Incrementable Iterator and Equality

Comparable)

Expression Return Type Assertion/Semantics/ Pre-/Post-condi-
tion

+4r X& pre:
r isdereferenceable;
post:
r isdereferenceable or
r is past-the-end

a == convertible to bool == is an equivalence relation over its do-
main

al=h convertible to bool I(a == b)

iterator _traversal <X>::type Convertible tosi ngl e_pass_tra-

versal _tag

Forward Traversal Concept

A classor built-in type X modelsthe Forwar d Tr aver sal concept if, in addition to X meeting the requirements of Default Constructible
and Single Pass Iterator, the following expressions are valid and respect the stated semantics.

Table7. Forward Traversal Iterator Requirements (in addition to Default Constructibleand Single Pass

Iterator)
Expression Return Type Assertion/Note
X u; X& note: u may have asingular value.
+41 X& r == s andr isdereferenceable implies

++r == ++S.

iterator_traits<X>::differ- A signed integra type representing the
ence_type distance between iterators

iterator_traversal <X>::type Convertible to forward_tra-
versal _tag

Bidirectional Traversal Concept

A class or built-in type X models the Bidirectional Traversal concept if, in addition to X meeting the requirements of Forward
Traversal Iterator, the following expressions are valid and respect the stated semantics.

render
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Table 8. Bidirectional Traversal Iterator Requirements (in addition to Forward Traversal Iterator)

Expression Return Type Assertion/Semantics/Pre-/Post-condi-
tion
--r X& pre: thereexistss suchthatr == ++s.
post: s is dereferenceable. - - (++r) ==
r.--r == --simpliesr == s. & ==
& -r.
r-- convertibleto const  X& (
Xtmp =r;
- r ’
return tnp;
}
iterator_traversal <X>::type Convertible to bidirectional _tra-

versal _tag

Random Access Traversal Concept

A classor built-in type X modelsthe Random Access Traver sal concept if the following expressions are valid and respect the stated
semantics. In the table below, Di st ance isiterator_traits<X>::difference_type and n represents a constant object of
typeDi st ance.

render
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Table 9. Random Access Traversal Iterator Requirements (in addition to Bidirectional Traversal)

Expression
r +=n

a+nn+a

r -=n
a-n
b - a
a\[n\]

a>»h
a<=b

iterator _tra-
versal <X>::type

Return Type

X&

X&

Di st ance

convertibleto T
convertibleto T
convertible to bool
convertible to bool
convertible to bool
convertible to bool

convertible to random ac-
cess_traversal _tag

Operational Semantics

{
Di stance m = n;
if (m>=0)
while (m-)
+4r1;
el se
whil e (m+)
._r;
return r;
}
{
Xtnmp = a;

return tnp+= n;

return r += -n

{
Xtnp = a;
return tnmp-= n;

}

a < b ? distance(a,b)
-di stance(b, a)

“(a + n)

Assertion/Precondition

pre: there exists a value n of
Di stance such that a + n
== b.b ==a + (b - a).
pre: aisaReadable Iterator
pre: aisaWritableiterator

< isatotal ordering relation

> isatotal ordering relation
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Generic lterators

lterator Facade

While theiterator interfaceisrich, thereisacore subset of the interface that is necessary for all the functionality. We have identified
the following core behaviors for iterators:

* dereferencing

* incrementing

* decrementing
 equality comparison
* random-access motion
* distance measurement

In addition to the behaviors listed above, the core interface elements include the associated types exposed through iterator traits:
val ue_type,reference,difference_type,anditerator_category.

Iterator facade uses the Curiously Recurring Template Pattern (CRTP) [Cop95] _ so that the user can specify the behavior of i t er -
at or _f acade in aderived class. Former designs used policy objects to specify the behavior, but that approach was discarded for
several reasons:

1. the creation and eventual copying of the policy object may create overhead that can be avoided with the current approach.

2. The policy object approach does not allow for custom constructors on the created iterator types, an essential featureif i t er at -
or _f acade should be used in other library implementations.

3. Without the use of CRTP, the standard requirement that an iterator's oper at or ++ returns the iterator type itself would mean that
all iteratorsbuilt with the library would have to be speciaizationsof i t er at or _f acade<. . . >, rather than something more descriptive
likei ndi rect _i t er at or <T*>. Cumbersome type generator metafunctions would be needed to build new parameterized iterators,
and aseparatei t er at or _adapt or layer would be impossible.

Usage

Theuser of i t er at or _f acade deriveshisiterator classfrom aspecialization of i t er at or _f acade and passesthe derived iterator
classasiterator_facade'sfirst template parameter. The order of the other template parameters have been carefully chosen to
take advantage of useful defaults. For example, when defining a constant Ivalue iterator, the user can pass a const-qualified version
of theiterator'sval ue_t ype asi t er at or _f acade's Val ue parameter and omit the Ref er ence parameter which follows.

The derived iterator class must define member functions implementing the iterator's core behaviors. The following table describes
expressionswhich arerequired to be valid depending on the category of the derived iterator type. These member functions are described
briefly below and in more detail in the iterator facade requirements.
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Table 10. Corelnterface

Expression Effects

i . dereference() Access the value referred to [i.equal (j) Compare for equality with j
i .increnent() Advance by one position

i . decrenent () Retreat by one position

i . advance(n) Advance by n positions [i . distance_to(j) Measure the distanceto

In addition to implementing the core interface functions, an iterator derived from i t er at or _f acade typically defines severa
constructors. To model any of the standard iterator concepts, the iterator must at least have a copy constructor. Also, if the iterator
type X is meant to be automatically interoperate with another iterator type Y (as with constant and mutable iterators) then there must
be an implicit conversion from X to Y or from Y to X (but not both), typically implemented as a conversion constructor. Finally, if
the iterator isto model Forward Traversal Iterator or amore-refined iterator concept, a default constructor is required.

Ilterator Core Access

i terator_facade and the operator implementations need to be able to access the core member functions in the derived class.
Making the core member functions public would expose an implementation detail to the user. The design used here ensures that
implementation details do not appear in the public interface of the derived iterator type.

Preventing direct access to the core member functions has two advantages. First, there is no possibility for the user to accidently use
amember function of the iterator when a member of the value_type was intended. This has been an issue with smart pointer imple-
mentationsin the past. The second and main advantage isthat library implementers can freely exchange ahand-rolled iterator imple-
mentation for onebased oni t er at or _f acade without fear of breaking code that was accessing the public core member functions
directly.

In anaive implementation, keeping the derived class core member functions private would requireit to grant friendship toi t er at -
or _f acade and each of the seven operators. In order to reduce the burden of limiting access, i t er at or _cor e_access isprovided,
aclass that acts as a gateway to the core member functions in the derived iterator class. The author of the derived class only needs
to grant friendshiptoi t er at or _cor e_access to make his core member functions available to the library.

iterator_core_access will betypically implemented as an empty class containing only private static member functions which
invoke the iterator core member functions. Thereis, however, no need to standardize the gateway protocol. Note that evenif i t er -
at or _core_access used public member functions it would not open a safety loophole, as every core member function preserves
the invariants of the iterator.

operator\[\]

Theindexing operator for ageneralized iterator presents special challenges. A random accessiterator'soper at or [ ] isonly required
to return something convertible to itsval ue_t ype. Requiring that it return an Ivalue would rule out currently-legal random-access
iterators which hold the referenced value in a data member (e.g. |counting| ), because * ( p+n) is a reference into the temporary
iterator p+n, which is destroyed when oper at or [ ] returns.

.. |counting| replace:: count i ng_i t er at or

Writableiterators built with i t er at or _f acade implement the semantics required by the preferred resolutiontoi ssue 299 and
adopted by proposal n1550 : the result of p[ n] isan object convertible to the iterator'sval ue_t ype, and p[ n] = x isequivalent
to*(p + n) = x (Note: Thisresult object may be implemented as a proxy containing a copy of p+n). This approach will work
properly for any random-access iterator regardless of the other details of its implementation. A user who knows more about the im-
plementation of her iterator is free to implement an oper at or [ ] that returns an Ivalue in the derived iterator class; it will hide the
onesupplied by i t er at or _f acade from clients of her iterator.

.. _n1550: http://www.open-std.org/JTCL/SC22/WG21/docs/papers'2003/n1550.htm
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.._i ssue 299: http://www.open-std.org/jtcl/sc22/wg21/docs/lwg-active.html#299

.._operator arrow

oper at or - >

Ther ef er ence type of areadableiterator (and today's input iterator) need not in fact be areference, so long asit is convertible to
theiterator'sval ue_t ype. Whentheval ue_t ype isaclass, however, it must still be possible to access membersthrough oper at -
or - >. Therefore, aniterator whoser ef er ence typeisnot in fact areference must return a proxy containing acopy of the referenced
value fromitsoper at or - >.

Thereturntypesfori t er at or _f acade'soper at or - >andoper at or [ ] arenot explicitly specified. Instead, thosetypes are described
in terms of a set of requirements, which must be satisfied by thei t er at or _f acade implementation.

.. [Cop95] [Coplien, 1995] Coplien, J., Curiously Recurring Template Patterns, C++ Report, February 1995, pp. 24-27.

Reference

tenplate <
cl ass Derived
cl ass Val ue
cl ass CategoryOr Traver sal
cl ass Reference = Value&
class Difference = ptrdiff_t
>
class iterator_facade {
public:
t ypedef renove_const <Val ue>::type val ue_type;
t ypedef Reference reference;
typedef Val ue\* pointer;
typedef Difference difference_type;
typedef /* see below__ \*/ iterator_category;

ref erence operator\*() const;

/* see below__ \*/ operator->() const;

/* see below__ \*/ operator[](difference_type n) const;

Deri ved& operator++();

Derived operator++(int);

Derived& operator--();

Derived operator--(int);

Derived& operator+=(difference_type n);

Derived& operator-=(difference_type n);

Derived operator-(difference_type n) const;
pr ot ect ed:

typedef iterator_facade iterator_facade\ _;

I

/1 Conparison operators
tenpl ate <class Drl, class V1, class TCl, class Rl, class DI,
class Dr2, class V2, class TC2, class R2, class D2>
typenane enabl e_i f_i nteroperabl e<Dr1, Dr2, bool >::type // exposition
operator ==(iterator_facade<Drl, V1, TCl, R1, D1> const & | hs,
iterator_facade<Dr2, V2, TC2, R2, D2> const& rhs);

tenplate <class Drl, class V1, class TCl, class Rl, class DI,
class Dr2, class V2, class TC2, class R2, class D2>
t ypenane enabl e_i f _i nteroperabl e<Dr 1, Dr2, bool >: : type
operator !=(iterator_facade<Dr1, V1, TCl, Rl, D1> const& | hs,
iterator_facade<Dr2, V2, TC2, R2, D2> const & rhs);

tenplate <class Drl, class V1, class TCl, class Rl, class DI,

11
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class Dr2, class V2, class TC2, class R2, class D2>
t ypenane enabl e_i f_i nteroperabl e<Dr1, Dr2, bool >: : type
operator <(iterator_facade<Dr1, V1, TCl, Rl, D1> const& | hs,
iterator_facade<Dr2, V2, TC2, R2, D2> const & rhs);

tenplate <class Drl, class V1, class TCl, class Rl, class DI,
class Dr2, class V2, class TC2, class R2, class D2>
t ypenane enabl e_i f _i nteroperabl e<Dr1, Dr2, bool >: : type
operator <=(iterator_facade<Drl, V1, TCl, R1, D1> const & | hs,
iterator_facade<Dr2, V2, TC2, R2, D2> const & rhs);

tenplate <class Drl, class V1, class TCl, class Rl, class DI,
class Dr2, class V2, class TC2, class R2, class D2>
t ypenane enabl e_i f _i nteroperabl e<Dr 1, Dr2, bool >: : type
operator >(iterator_facade<Dr1, V1, TCl, Rl, D1> const& | hs,
iterator_facade<Dr2, V2, TC2, R2, D2> const & rhs);

tenplate <class Drl, class V1, class TCl, class Rl, class DI,
class Dr2, class V2, class TC2, class R2, class D2>
t ypenane enabl e_i f _i nteroperabl e<Dr 1, Dr2, bool >: : type
operator >=(iterator_facade<Drl, V1, TCl, R1, D1> const & | hs,
iterator_facade<Dr2, V2, TC2, R2, D2> const & rhs);

/1 lterator difference

tenplate <class Drl, class V1, class TCl, class Rl, class DI,
class Dr2, class V2, class TC2, class R2, class D2>

/* see below__ \*/

operator-(iterator_facade<Dr1, V1, TCl, Rl, D1> const & | hs,
iterator_facade<Dr2, V2, TC2, R2, D2> const & rhs);

/1 lterator addition

tenplate <class Dr, class V, class TC, class R class D>

Derived operator+ (iterator_facade<Dr,V, TC R D> const§&,

typenane Derived::difference_type n);
tenplate <class Dr, class V, class TC, class R class D>

Derived operator+ (typenane Derived::difference_type n,
iterator_facade<Dr,V, TC R D> const&);

__iterator category_

__operator arrow_

__ brackets

__minus_

.._iterator category:

Theiterator_category memberofiterator_facadeis

.. parsed-literal::
*iterator-category*\ (CategoryO Traversal, value_type, reference)
where iter ator-category is defined as follows:

.. include:: facade iterator_category.rst

The enabl e_i f _i nt er oper abl e template used above is for exposition purposes. The member operators should only be in an
overload set provided the derived types Dr 1 and Dr 2 are interoperable, meaning that at least one of the types is convertible to the
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other. Theenabl e_i f _i nt er oper abl e approach uses SFINAE to take the operators out of the overload set when the types are
not interoperable. The operators should behave as-if enabl e_i f _i nt er oper abl e were defined to be;

tenpl ate <bool
{};

t ypename> enabl e_i f _i nt er oper abl e_i npl

tenpl ate <typenane T> enable_if _interoperabl e_inpl <true, T>

{ typedef T type; };

tenpl at e<typenane Dr1l, typenane Dr2,
struct enable_if_interoperable
enabl e_if _i nteroperabl e_i npl <
i s_convertible<Drl, Dr2>::val ue ||
T

{h

Requirements

typenanme T>

is_convertible<Dr2, Dr1>::val ue

The following table describes the typical valid expressionsoni t er at or _f acade's Der i ved parameter, depending on the iterator
concept(s) it will model. The operationsin thefirst column must be made accessibleto member functionsof classi t er at or _cor e_ac-
cess. Inaddition, st ati c_cast <Deri ved*>(iterator_facade*) shall bewell-formed.

Inthe table below, Fisi terat or _f acade<X, V, C, R, D>, a isan object of type X, b and ¢ are objects of typeconst X, nisan
object of F: : di f f er ence_t ype, y isaconstant object of asingle passiterator type interoperable with X, and z isaconstant object

of arandom access traversal iterator type interoperable with X.
.._core operations:

.. topic::i terator _f acade Core Operations
Table 11. Core Operations

Expression Return Type

F::reference

c. dereference()

convertible to bool

(9]

.equal (y)

a.increment() unused
a. decrenent () unused
a. advance(n) unused

convertible to F::differ-
ence_type

c.di stance_to(z)

Operations

Assertion/Note

true iff ¢ and y refer to the
same position

equivalent to di st ance(c,
X(2)) .

Used to implement Iterator
Concept(s)

Readable lterator, Writable
Iterator

Single Pass Iterator

Incrementable Iterator
Bidirectional Traversal Iterator

Random Access Traversa
Iterator

Random Access Traversa
Iterator

The operations in this section are described in terms of operations on the core interface of Der i ved which may beinaccessible (i.e.
private). The implementation should access these operations through member functions of classi t er at or _cor e_access.

render
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ref erence operator*() const;

Returns: st ati c_cast <Derived const*>(this)->dereference()

operator->() const; (see below )

__operator arrow_

Returns: If reference is a reference type, an object of type pointer equal to: &static_cast<Derived
const *>(t hi s) - >der ef erence() Otherwise returns an object of unspecified type such that, (*static_cast <Deri ved
const *>(t hi s))->misequivalentto(w = **static_cast<Derived const*>(this), w n) for sometemporary object w
of typeval ue_t ype.

.. _brackets:
*unspeci fi ed* operator[](difference_type n) const;

Returns: an object convertible to val ue_t ype. For constant objects v of type val ue_t ype, and n of type di f f erence_t ype,
(*this)[n] = visequivaentto*(*this + n) = v,andstatic_cast<val ue_type const & ((*this)[n]) isequivalent
tostati c_cast<val ue_type const&(*(*this + n))

Deri ved& operator++();
Effects:

static_cast<Derived*>(this)-=>increnent();
return *static_cast<Derived*>(this);

Derived operator++(int);
Effects:

Derived tnp(static_cast<Derived const*>(this));
++*t hi s;
return tnp;

Derived& operator--();
Effects:

static_cast<Derived*>(this)->decrenent();
return *static_cast<Derived*>(this);

Derived operator--(int);
Effects:

Derived tnp(static_cast<Derived const*>(this));
--*this;
return tnp;

Derived& operator+=(difference_type n);

Effects:

14
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static_cast<Derived*>(this)->advance(n);
return *static_cast<Derived*>(this);

Derived& operator-=(difference_type n);

Effects:

static_cast <Derived*>(this)->advance(-n);
return *static_cast<Derived*>(this);

Derived operator-(difference_type n) const;

Effects:

Derived tnp(static_cast<Derived const*>(this));
return tnp -= n;

tenplate <class Dr, class V, class TC, class R class D>
Derived operator+ (iterator_facade<Dr,V,TC R D> const &,
typenane Derived: :difference_type n);

tenplate <class Dr, class V, class TC, class R class D>
Derived operator+ (typenane Derived::difference_type n,
iterator_facade<Dr,V, TC R D> const&);

Effects:

Derived tnp(static_cast<Derived const*>(this));
return tnp += n;

tenplate <class Drl, class V1, class TCl, class Rl, class D1,
class Dr2, class V2, class TC2, class R2, class D2>
typenanme enabl e_i f _i nt eroperabl e<Dr1, Dr 2, bool >: : type
operator ==(iterator_facade<Dr1, V1, TCl, Rl, D1> const& | hs,
iterator_facade<Dr2, V2, TC2, R2, D2> const & rhs);

Returns:

if “is_convertible<Dr2, Drl1>::val ue’

t hen
"((Drl const&)lhs).equal ((Dr2 const&rhs) .

G herwi se,
"((Dr2 const&rhs).equal ((Drl const&)lhs) .

tenpl ate <class Drl, class V1, class TCl, class Rl, class D1,
class Dr2, class V2, class TC2, class R2, class D2>
typenanme enabl e_i f _i nt eroperabl e<Dr 1, Dr 2, bool >: : type
operator !=(iterator_facade<Dr1, V1, TCl, R1, D1> const & | hs,
iterator_facade<Dr2, V2, TC2, R2, D2> const & rhs);

Returns.
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if “is_convertible<Dr2, Drl1>::val ue’

then
“I((Drl const& lhs).equal ((Dr2 const&)rhs) .

O herwi se,
“1((Dr2 const&rhs).equal ((Drl const&)l hs) .

tenplate <class Drl, class V1, class TCl, class Rl, class DI,
class Dr2, class V2, class TC2, class R2, class D2>
t ypenane enabl e_i f _i nteroperabl e<Dr 1, Dr2, bool >: : type
operator <(iterator_facade<Dr1, V1, TCl, Rl, D1> const& | hs,
iterator_facade<Dr2, V2, TC2, R2, D2> const & rhs);

Returns:

if “is_convertible<Dr2, Dri1>::val ue’

t hen
“((Drl1 const&lhs).distance to((Dr2 const&rhs) < 0.

O herwi se,
“((Dr2 const&rhs).distance_to((Drl const&lhs) > 0.

templ ate <class Drl, class V1, class TCl, class Rl, class D1,
class Dr2, class V2, class TC2, class R2, class D2>
typenane enabl e_i f _i nt eroperabl e<Dr1, Dr 2, bool >: : type
operator <=(iterator_facade<Dr1, V1, TCl, R1, D1> const & | hs,
iterator_facade<Dr2, V2, TC2, R2, D2> const & rhs);

Returns:

if “is_convertible<Dr2, Dri1>::val ue

t hen
“((Drl const&)lhs).distance_to((Dr2 const&rhs) <= 0.

O herwi se,
“((Dr2 const&rhs).distance_to((Drl const&lhs) >= 0.

tenmpl ate <class Drl, class V1, class TCl, class Rl, class D1,
class Dr2, class V2, class TC2, class R2, class D2>
t ypenanme enabl e_i f _i nteroperabl e<Dr 1, Dr 2, bool >: : type
operator >(iterator_facade<Dr1, V1, TC1, Rl, D1> const& | hs,
iterator_facade<Dr2, V2, TC2, R2, D2> const & rhs);

Returns.
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if “is_convertible<Dr2, Drl1>::val ue’

then
“((Drl const&)lhs).distance_to((Dr2 const&rhs) > 0.

O herwi se,

“((Dr2 const&rhs).distance_to((Drl const&lhs) < 0.

tenplate <class Drl, class V1, class TCl, class Rl, class DI,
class Dr2, class V2, class TC2, class R2, class D2>
t ypenane enabl e_i f _i nteroperabl e<Dr 1, Dr2, bool >: : type
operator >=(iterator_facade<Drl, V1, TCl, Rl, D1> const & | hs,
iterator_facade<Dr2, V2, TC2, R2, D2> const & rhs);

Returns:

if “is_convertible<Dr2, Dri1>::val ue’

t hen
“((Drl1 const&lhs).distance to((Dr2 const&rhs) >= 0.

O herwi se,
“((Dr2 const&rhs).distance to((Drl const&lhs) <= 0.

.._minus:

tenmpl ate <class Drl, class V1, class TCl, class Rl, class DI,
class Dr2, class V2, class TC2, class R2, class D2>
typenanme enabl e_if _i nteroperabl e<Dr1, Dr2,difference>::type
operator -(iterator_facade<Dr1, V1, TC1, Rl, D1> const& | hs,
iterator_facade<Dr2, V2, TC2, R2, D2> const & rhs);

Return Type:

if “is_convertible<Dr2, Drl1>::value’
t hen
“difference’ shall be
“iterator_traits<Drl>::difference_type .

O herw se
“difference’ shall be “iterator_traits<Dr2>::difference_type’

Returns:

if “is_convertible<Dr2, Drl1>::val ue

t hen
"-((Drl const&)lhs).distance_to((Dr2 const&rhs) .

G herwi se,
"((Dr2 const&) rhs).distance_to((Drl const&)lhs) .
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Tutorial
In this section we'll walk through the implementation of afew iteratorsusingi t er at or _f acade, based around the simple example

of alinked list of polymorphic objects. Thisexamplewasinspired by apost i ng by Keith Macdonald onthe Boost - User s mailing
list.

The Problem
Say we've written a polymorphic linked list node base class:

# i nclude <iostreanr

struct node_base

{
node_base() : mnext(0) {}
/1l Each node manages all of its tail nodes
virtual ~node_base() { delete mnext; }
/1 Access the rest of the list
node_base* next() const { return mnext; }
/1 print to the stream
virtual void print(std::ostream& s) const =0
/'l doubl e the val ue
virtual void double_me() =0
voi d append( node_base* p)
{
if (m.next)
m_next - >append(p) ;
el se
mnext = p
}
private:
node_base* m next;
b

Lists can hold objects of different types by linking together specializations of the following template:

tenpl ate <class T>
struct node : node_base

{
node(T Xx)
m val ue( x)

{}

void print(std::ostream& s) const { s << this->mvalue; }
voi d double me() { mvalue += mval ue; }

private:
T mval ue

And we can print any node using the following streaming operator:
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inline std::ostream% operator<<(std::ostreanm& s, node_base const& n)

{
n.print(s);
return s;

Our first challenge isto build an appropriate iterator over theselists.

A BaSiC Iterator USing iterator_facade

Wewill construct anode_i t er at or classusinginheritancefromi t er at or _f acade toimplement most of theiterator's operations.

# include "node. hpp"
# include <boost/iterator/iterator_facade. hpp>

cl ass node_iterator
public boost::iterator_facade<...>

{
I

Template Arguments for iterator_facade

i terator_facade has severa template parameters, so we must decide what types to use for the arguments. The parameters are
Deri ved, Val ue, Cat egoryOr Tr aver sal , Ref erence, and Di f f er ence.

Deri ved

Because i t er at or _f acade is meant to be used with the CRTP [Cop95] _ the first parameter is the iterator class name itself,
node_iterator.

Val ue

The val ue parameter determines the node_i t er at or 'sval ue_t ype. In this case, we are iterating over node_base objects, so
Val ue will benode_base.

Cat egoryOr Tr aver sal

Now we have to determine whichi t erat or traversal concept_our node_iterator isgoingto model. Singly-linked lists
only have forward links, so our iterator can't can't be abi di recti onal traversal iterator_. Our iterator should be able to
make multiple passes over the same linked list (unlike, say, ani st ream i t er at or which consumes the stream it traverses), so it
must beaforward traversal iterator_. Therefore, well passboost:: forward_traversal _tag inthisposition _.

..iterator_facade aso supportsold-style category tags, so we could have passed st d: : f orwar d_i t er at or _t ag here; either
way, the resulting iterator'si t er at or _cat egory will endup beingstd: : forward_iterator_tag.

Ref er ence
The Ref er ence argument becomes the type returned by node_i t er at or 's dereference operation, and will also be the same as

std::iterator_traits<node_iterator>::reference. Thelibrary'sdefault for thisparameter isval ue&; sincenode_base&
isagood choice for the iterator'sr ef er ence type, we can omit this argument, or passuse_def aul t .

Di fference

TheDi f f er ence argument determines how the distance between two node_i t er at or swill be measured and will also bethe same
asstd::iterator_traits<node_iterator>::difference_type.Thelibrary'sdefaultforDi f f erenceisstd:: ptrdiff_t,
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an appropriate type for measuring the distance between any two addresses in memory, and one that works for almost any iterator,
SO0 we can omit this argument, too.

The declaration of node_i t er at or will therefore look something like:

# include "node. hpp"
# include <boost/iterator/iterator_facade. hpp>

cl ass node_iterator
. public boost::iterator_facade<
node_i terator
node_base
boost::forward_traversal _tag

Constructors and Data Members

Next we need to decide how to represent the iterator's position. This representation will take the form of data members, so welll also
need to write constructors to initialize them. The node_i t er at or 's position is quite naturally represented using a pointer to a
node_base. We'l need a constructor to build an iterator from a node_base*, and a default constructor to satisfy the f or war d
traversal iterator_requirements . Our node_it er at or then becomes:

# include "node. hpp"
# include <boost/iterator/iterator_facade. hpp>

cl ass node_iterator
public boost::iterator_facade<
node_i t erat or
, node_base
, boost::forward_traversal _tag
>
{
public:
node_iterator()
m_node( 0)

{}

explicit node_iterator(node_base* p)
m_node( p)

{}

private:

node_base* m_node;

.. Technically, the C++ standard places almost no requirements on a default-constructed iterator, so if we were really concerned with
efficiency, we could've written the default constructor to leave m node uninitialized.

Implementing the Core Operations

The last step is to implement the core oper ati ons_ required by the concepts we want our iterator to model. Referring to the
table , we can seethat thefirst three rows are applicable becausenode_i t er at or needsto satisfy the requirementsfor r eadabl e

iterator ,single pass iterator_,andincrenentable iterator .

__core operations_
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We therefore need to supply der ef er ence, equal , and i ncr ement members. We don't want these members to become part of
node_i t erat or's public interface, so we can make them private and grant friendship to boost: :iterator _core_access, a
"back-door" that i t er at or _f acade usesto get access to the core operations:

# include "node. hpp"
# include <boost/iterator/iterator_facade. hpp>

cl ass node_iterator
public boost::iterator_facade<
node_iterator
node_base
boost:: forward_traversal _tag

>
{
public:
node_iterator()
m node(0) {}
explicit node_iterator(node_base* p)
m_node(p) {}
private:
friend class boost::iterator_core_access
void increnment() { mnode = mnode->next(); }
bool equal (node_iterator const& other) const
{
return this->mnode == other.mnode
}
node_base& dereference() const { return *m.node; }
node_base* m node
b

Voila; a complete and conforming readable, forward-traversal iterator! For aworking example of itsuse, seet hi s program

___../example/node_iteratorl.cpp

A Constant node_i t erat or

Constant and Mutable iterators

The term **mutable iterator** means an iterator through which the object it references (its "referent") can be modified. A
**constant iterator** is one which doesn't allow modification of its referent.

The words constant and mutable don't refer to the ability to modify the iterator itself. For example, ani nt const* isa
non-const constant iterator, which can be incremented but doesn't allow modification of its referent, and i nt * const is
aconst mutableiterator, which cannot be modified but which allows modification of its referent.

Confusing? We agree, but those are the standard terms. It probably doesn't help much that a container's constant iterator is
calledconst _iterator.

Now, our node_i t er at or gives clients access to both node\ 'spri nt (std:: ostream®) const member function, but also its
mutating doubl e_me() member. If we wanted to build a constant node_i t er at or , we'd only have to make three changes:
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cl ass const_node_iterator
public boost::iterator_facade<
node_i terator
, node_base **const**
, boost::forward_traversal _tag
>
{
public:
const _node_iterator()
m node(0) {}

explicit const_node_iterator(node_base* p)
m node(p) {}

private:
friend class boost::iterator_core_access

void increnent() { mnode = mnode->next(); }

bool equal (const_node_iterator const& other) const

{
}

return this->mnode == other. mnode;

node_base **const**\ & dereference() const { return \*m.node; }

node_base **const**\ * m.node

I

const and an iterator'sval ue_t ype

The C++ standard requires an iterator'sval ue_t ype not be const -qualified, soi t er at or _f acade stripstheconst from
its Val ue parameter in order to produce the iterator's val ue_t ype. Making the Val ue argument const provides a useful
hinttoi t er at or _f acade that the iterator is a constant iterator, and the default Ref er ence argument will be correct for
all Ivalue iterators.

As amatter of fact, node_i terat or and const _node_i terat or are so similar that it makes sense to factor the common code
out into atemplate as follows:
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tenpl ate <cl ass Val ue>
cl ass node_iter
public boost::iterator_facade<
node_i t er <Val ue>
Val ue
boost::forward_traversal _tag

>
{
public:
node_iter()
m_node(0) {}
explicit node_iter(Value* p)
m node(p) {}
private:
friend class boost::iterator_core_access
bool equal (node_iter<Val ue> const& other) const
{
return this->mnode == other. mnode;
}
voi d increnent ()
{ m.node = mnode->next(); }
Val ue& dereference() const
{ return *m.node; }
Val ue* m_node;
b

t ypedef node_iter<node_base> node_iterator;
t ypedef node_iter<node_base const> node_const _iterator

Interoperability

Our const _node_i t er at or works perfectly well onitsown, but taken together withnode_i t er at or it doesn't quite meet expect-
ations. For example, we'd like to be able to pass anode_i t er at or where anode_const _i t er at or was expected, just as you
can with std::list<int>s iterator and const_iterator. Furthermore, given a node_ iterator and a
node_const _it erat or into the same list, we should be able to compare them for equality.

This expected ability to use two different iterator types together is known as |interoperability| . Achieving interoperability in our
caseis as simple as templatizing the equal function and adding a templatized converting constructor __:
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tenpl ate <cl ass Val ue>
cl ass node_iter
public boost::iterator_facade<
node_i t er <Val ue>
, Val ue
, boost::forward_traversal _tag
>
{
public:
node_iter ()
m node(0) {}

explicit node_iter(Value* p)
m node(p) {}

tenpl ate <cl ass O her Val ue>
node_i ter(node_iter<CQherVal ue> const & ot her)
m_node( ot her. m_node) {}

private:
friend class boost::iterator_core_access;
tenpl ate <class> friend class node_iter;

tenpl ate <cl ass O her Val ue>
bool equal (node_iter<Q herVal ue> const & ot her) const

{
}

return this->mnode == other. mnode;

voi d increnent ()
{ m.node = mnode->next(); }

Val ue& dereference() const
{ return *m.node; }

Val ue* m node;
b
typedef inpl::node_iterator<node_base> node_iterator;
typedef inpl::node_iterator<node_base const> node_const_iterator;

.. [interoperability| replace:: **interoperability** .. _interoperability: new-iter-concepts.html#interoperable-iterators-lib-interoperable-
iterators

.. If you're using an older compiler and it can't handle this example, seetheexanpl e code__ for workarounds.

..Ifnode_i t er at or hadbeenar andom access traversal iterator_,wedhavehadtotemplatizeitsdi st ance_t o function
aswell.

___..Jexample/node _iterator2.hpp

You can see an example program which exercises our interoperable iterators her e.

Telling the Truth

Now node_i t er at or and node_const _i t er at or behave exactly as you'd expect... almost. We can compare them and we can
convert in one direction: from node_i t er at or to node_const _i t er at or . If we try to convert from node_const _i t er at or
tonode_i t er at or, we'll get an error when the converting constructor triesto initialize node_i t er at or 'sm node, anode* with
anode const *. So what's the problem?

The problem is that boost : : |is_convertible|_<node_const _i terat or, node_i t erat or >: : val ue will betrue, but it should
bef al se. |is_convertible| lies because it can only see as far as the declaration of node_i t er 's converting constructor, but can't
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look inside at the definition to make sure it will compile. A perfect solution would make node_i t er 's converting constructor dis-
appear when the m node conversion would fail.

.. is_convertible| replace:: i s_converti bl e .. _is convertible: ../../type_traits/index.html#relationships

In fact, that sort of magic is possible using |enable_if|__. By rewriting the converting constructor as follows, we can remove it from
the overload set when it's not appropriate:

#i ncl ude <boost/type_traits/is_convertible. hpp>

#i ncl ude <boost/utility/enable_if.hpp>

private:
struct enabler {};

publi c:
tenpl ate <cl ass O her Val ue>
node_iter(

node_i t er <Ot her Val ue> const & ot her

typenanme boost::enable_if<
boost::is_converti bl e<Q her Val ue*, Val ue* >
enabl er

> :type = enabler()

m_node( ot her. m_node) {}
.. |enable_if| replace:: boost : : enabl e_i f __ .././utility/enable if.html
Wrap Up

This concludes our i t er at or _f acade tutorial, but before you stop reading we urge you to take a look at |iterator_adaptor|__.
There's another way to approach writing these iterators which might even be superior.

.. [iterator_adaptor| replace:: i t er at or _adapt or __iterator_adaptor.html

. _iterator traversal concept: new-iter-concepts.html#iterator-traversal-concepts-lib-iterator-traversal .. readabl e
i t er at or : new-iter-concepts.htmil#readable-iterators-lib-readable-iterators.. | val ue it er at or : new-iter-concepts.html#value-
iterators-lib-lvalue-iterators .. _si ngl e pass it er at or : new-iter-concepts.html#single-pass-iterators-lib-single-pass-iterators ..
_increnentabl e iterat or: new-iter-concepts.htmi#incrementable-iterators-lib-incrementable-iterators.. forward traver sal
i terator: new-iter-concepts.html#forward-traversal-iterators-lib-forward-traversal-iterators .. _bi directional traversal
i t er at or : new-iter-concepts.html#bidirectional-traversal -iterators-lib-bidirectional-traversal-iterators .. _random access tr a-
versal iterator: new-iter-concepts.html#random-access-traversal-iterators-lib-random-access-traversal -iterators

Iterator Adaptor

Thei t erat or _adapt or class template adapts some Base _ type to create a new iterator. Instantiations of i t er at or _adapt or
are derived from a corresponding instantiation of i t er at or _f acade and implement the core behaviorsin terms of the Base type.
Inessence, i t er at or _adapt or merely forwards all operations to an instance of the Base type, which it stores as a member.

.. Theterm "Base" here does not refer to a base class and is not meant to imply the use of derivation. We have followed the lead of
the standard library, which provides a base() function to access the underlying iterator object of ar ever se_i t er at or adaptor.

Theuser of i t er at or _adapt or createsaclassderived fromaninstantiationof i t er at or _adapt or and then selectively redefines
some of the core member functions described inthei t er at or _f acade core requirements table. The Base type need not meet the
full requirements for an iterator; it need only support the operations used by the core interface functions of i t er at or _adapt or
that have not been redefined in the user's derived class.
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Several of the template parametersof i t er at or _adapt or default touse_def aul t . Thisallows the user to make use of a default
parameter even when she wants to specify a parameter later in the parameter list. Also, the defaults for the corresponding associated
types are somewhat complicated, so metaprogramming is required to compute them, and use_def aul t can help to simplify the
implementation. Finally, the identity of the use_def aul t typeis not left unspecified because specification helps to highlight that
the Ref er ence template parameter may not always beidentical to theiterator'sr ef er ence type, and will keep users from making
mistakes based on that assumption.

Reference
Synopsis

tenplate <
cl ass Derived
cl ass Base
cl ass Val ue use_defaul t
cl ass CategoryOr Traver sal use_defaul t
cl ass Reference = use_default
class Difference = use_default

>
cl ass iterator_adaptor
public iterator_facade<Derived, *V *, *C* *R* *D*> [/ see details
{
friend class iterator_core_access;
public:
iterator_adaptor();
explicit iterator_adaptor(Base const& iter);
typedef Base base_type;
Base const & base() const;
pr ot ect ed:
typedef iterator_adaptor iterator_adaptor)\_;
Base const & base_reference() const;
Base& base_reference();

private: // Core iterator interface for iterator_facade.
typenane iterator_adaptor::reference dereference() const;
tenplate <
class G herDerived, class Oherlterator, class V, class C, class R class D
>
bool equal (iterator_adaptor<CQherDerived, Oherlterator, V, C R D> const& x) const;
voi d advance(typenane iterator_adaptor::difference_type n);
void increnment();
voi d decrenent();
tenplate <
class G herDerived, class Oherlterator, class V, class C, class R class D
>
typenane iterator_adaptor::difference_type distance_to(
iterator_adaptor<OQtherDerived, Gtherlterator, V, C R D> const& y) const;
private:
Base miterator; // exposition only
s
___base parameters
.. _requirements:
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Requirements

static_cast<Derived*>(iterator_adaptor*) shal be well-formed. The Base argument shall be Assignable and Copy
Constructible.

.. _base parameters:

Base Class Parameters

The V', C', R', and D' parameters of thei t er at or _f acade used as a base class in the summary of i t er at or _adapt or above
are defined as follows:

V' = if (Value is use_default)
return iterator_traits<Base>::val ue_type
el se
return Val ue

C = if (CategoryOrTraversal is use_default)
return iterator_traversal <Base>::type
el se
return CategoryOr Traversal
R = if (Reference is use_default)
if (Value is use_default)
return iterator_traits<Base>::reference
el se
return Val ue&
el se
return Reference
D =if (Difference is use_default)
return iterator_traits<Base>::difference_type
el se
return Difference
Operations
Public

iterator_adaptor();

Requires: The Base type must be Default Constructible.
Returns: Aninstance of i t er at or _adapt or withm_i t er at or default constructed.

explicit iterator_adaptor(Base const& iter);
Returns: Aninstance of i t er at or _adapt or withm_i t er at or copy constructed fromi t er .
Base const & base() const;

Returns. m.iterator

Protected

Base const & base_reference() const;
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Returns: A const referencetom it erat or.

Base& base reference();

Returns: A non-const referencetom i terator.

Private

typenane iterator_adaptor::reference dereference() const;

Returns. *m_i t er at or

tenplate <
class O herDerived, class Oherlterator, class V, class C, class R class D
>

bool equal (iterator_adaptor<CQ herDerived, Gherlterator, V, C R D> const& x) const;
Returns. miterator == x. base()
voi d advance(typenane iterator_adaptor::difference_type n);
Effectss miterator += n;
void increnment();
Effects. ++miterator;
voi d decrenent();
Effects. --m.iterator;

tenmplate <
class O herDerived, class Oherlterator, class V, class C, class R class D
>

typenane iterator_adaptor::difference_type distance_to(
iterator_adaptor<QherDerived, Gtherlterator, V, C R D> const& y) const;

Returns. y. base() - m.terator

Tutorial

In this section we'll further refine the node_i t er class template we developed in the [fac_tut| . If you haven't already read that
material, you should go back now and check it out because we're going to pick up right where it left off.

.. [fac_tut| replace:: i t er at or _f acade tutorial .. _fac tut: iterator_facade.html#tutorial-example

node_base* really isan iterator

It's not really a very interesting iterator, since node_base is an abstract class: a pointer to anode_base just points at some
base subobject of an instance of some other class, and incrementing anode_base* movesit past this base subobject to who-
knows-where? The most we can do with that incremented position is to compare another node_base* toit. In other words,
the original iterator traverses a one-element array.

You praobably didn't think of it thisway, but the node_base* object that underliesnode_i t er at or isitself aniterator, just like all
other pointers. If we examine that pointer closely from an iterator perspective, we can see that it has much in common with the
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node_i t erat or we're building. First, they share most of the same associated types (val ue_t ype, r ef er ence, poi nt er, and
di ff er ence_t ype). Second, even some of the corefunctionality isthe same: oper at or * and oper at or == onthenode_i t er at or
return the result of invoking the same operations on the underlying pointer, viathe node_i t er at or 's |dereference_and_equal | ).
The only real behavioral difference between node_base* and node_it er at or can be observed when they are incremented:
node_i t er at or followsthem next pointer, while node_base* just applies an address offset.

.. |dereference_and_equal|replace:: der ef er ence andequal member functions.. _dereference and equal: iterator_facade.html#im-
plementing-the-core-operations

It turns out that the pattern of building an iterator on another iterator-like type (the Base _type) while modifying just afew aspects
of the underlying type's behavior is an extremely common one, and it's the pattern addressed by i t er at or _adapt or. Using
i terator_adapt or isvery muchlikeusingi t er at or _f acade, but because iterator_adaptor tries to mimic as much of the Base
type's behavior as possible, we neither have to supply aVal ue argument, nor implement any core behaviors other thani ncr ement .
The implementation of node_i t er isthus reduced to:

tenpl ate <cl ass Val ue>
cl ass node_iter
public boost::iterator_adaptor<

node_i t er <Val ue> /'l Derived
Val ue* /| Base
boost: : use_def aul t /1 Val ue
boost:: forward_traversal _tag /1l CategoryOr Traversa
>
{
private:
struct enabler {}; // a private type avoids mnisuse
public:
node_iter()
node_iter::iterator_adaptor_(0) {}
explicit node_iter(Value* p)
node_iter::iterator_adaptor_(p) {}
tenpl ate <cl ass O her Val ue>
node_iter(
node_i t er <Ot her Val ue> const & ot her
typenanme boost::enable_if<
boost::is_converti bl e<Q her Val ue*, Val ue* >
enabl er
> :type = enabler()
)
node_iter::iterator_adaptor_(other.base()) {}
private:
friend class boost::iterator_core_access
void increnment() { this->base_reference() = this->base()->next(); }
}s

Notetheuse of node_iter::iterator_adaptor_ here becauseiterator adaptor definesanestedit er at or _adapt or _
type that refers to itself, that gives us a convenient way to refer to the complicated base class type of node_i t er <Vval ue>. [Note:
this technique is known not to work with Borland C++ 5.6.4 and Metrowerks CodeWarrior versions prior to 9.0]

You can see an example program that exercises this version of the node iterators her e.

Inthecaseof node_i t er, it'snot very compelling to passboost : : use_def aul t asi t er at or _adapt or 'sVal ue argument; we
could have just passed node_i t er 'sVal ue alongtoi t er at or _adapt or , and that'd even be shorter! Most iterator classtemplates
built with iterator_adaptor are parameterized on another iterator type, rather than on its val ue_t ype. For example,
boost::reverse_iterator takesan iterator type argument and reversesits direction of traversal, since the original iterator and
the reversed one have all the same associated types, i t er at or _adapt or 'sdelegation of default typesto its Base savesthe imple-
mentor of boost : : reverse_iterator fromwriting
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std::iterator_traits<lterator>::*sonme-associ at ed-type*

at least four times.

We urge you to review the documentation and implementations of |reverse_iterator| and the other Boost speci al i zed it erat or
adapt ors___toget anideaof the sorts of thingsyou can dowithi t er at or _adapt or . In particular, have alook at [transform_iter-
ator|, which is perhaps the most straightforward adaptor, and also [counting_iterator|, which demonstratesthat i t er at or _adapt or's
Base type needn't be an iterator.

.. [reverse _iterator| replace:: rever se_i t erat or .. _reverse iterator: reverse iterator.html
.. |counting_iterator| replace:: count i ng_i t er at or .. _counting_iterator: counting_iterator.html
.. transform_iterator| replace:: t r ansf or m_i t er at or .. _transform_iterator: transform_iterator.html

___index.html#specialized-adaptors
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Specialized Adaptors

Counting lterator

A counting_iterator adapts an object by adding an oper at or * that returns the current value of the object. All other iterator
operations are forwarded to the adapted object.

Example

This examplefills an array with numbers and a second array with pointersinto thefirst array, using count i ng_i t er at or for both
tasks. Finally i ndi rect _i t er at or isused to print out the numbersinto the first array viaindirection through the second array.

int N=7;

std::vector<int> nunbers;

typedef std::vector<int> :iterator n_iter;

std:: copy(boost::counting_iterator<int>(0)
boost: : counting_iterator<int>(N)
std:: back_i nserter(nunbers));

std::vector<std::vector<int>::iterator> pointers;

std:: copy(boost::make_counting_iterator(nunbers. begin()),
boost: : make_counting_iterator(nunbers. end()),
std:: back_inserter(pointers));

std::cout << "indirectly printing out the nunbers fromO to "
<< N << std::endl

std:: copy(boost:: nake_indirect_iterator(pointers.begin()),
boost:: nake_indirect_iterator(pointers.end()),
std::ostream.iterator<int>(std::cout, " "));

std::cout << std::endl

The output is:

indirectly printing out the nunbers fromO to 7
0123456

The source code for this example can be found here.
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Reference
Synopsis
tenmplate <
cl ass Increnentabl e
, class CategoryOrTraversal = use_default
, class Difference = use_default
>
cl ass counting_iterator
{
public:

t ypedef Incrementabl e val ue_type;

t ypedef const |ncrenentabl e& reference;

t ypedef const | ncrenentabl e* pointer;
typedef /* see below */ difference_type;
typedef /* see below */ iterator_category;

counting_iterator();
counting_iterator(counting_iterator const& rhs);
explicit counting_iterator(Increnmentable x);
I ncrenent abl e const & base() const;
ref erence operator*() const;
counting_iterator& operator++();
counting_iterator& operator--();

private:
I ncrementable minc; // exposition

}

If theDi f f er ence argumentisuse_def aul t thendi f f er ence_t ype isan unspecified signed integral type. Otherwisedi f f er -
ence_type isDifference.

i terator_category isdetermined according to the following algorithm:

if (CategoryOrTraversal is not use_default)
return CategoryOr Traversal
else if (numeric_limts<lncrementable>: :is_specialized)
return |iterator-category|_\ (
random access_traversal _tag, |ncrenmentable, const |ncrenmentable&)
el se
return |iterator-category|_\ (
iterator_traversal <l ncrenentabl e>: : type,
I ncrement abl e, const | ncrenentabl e&)

Note: implementers are encouraged to provide an implementation of oper at or- and a di f f erence_t ype that avoids
overflowsin the caseswherest d: : nuneric_l i mi t s<I ncrenent abl e>: : i s_speci al i zed istrue.

Requirements
Thel ncr enent abl e argument shall be Copy Constructible and Assignable.

Ifiterator_category isconvertibletoforward_iterator_tag orforward_traversal _tag, thefollowing must be well-
formed:

I ncrementable i, j;
++i /'l pre-increnent
i ==, /| operator equal

32

render

httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

render

Boost.|terator

Ifi terator_categoryisconvertibletobi directional _iterator_tagorbidirectional traversal _tag,thefollowing
expression must also be well-formed:

Ifiterator_category isconvertibletor andom access_i terator _tagorrandom access_t raversal _t ag, thefollowing
must must also be valid:

counting_iterator::difference_type n;

i +=n;
n=i-j;
i< j;
Concepts

Specializations of counting_i t er at or model Readable Lvalue Iterator. In addition, they model the concepts corresponding to
the iterator tags to which their i t er at or _cat egory is convertible. Also, if Cat egor yOr Traver sal isnot use_def aul t then
count i ng_i t er at or modelsthe concept corresponding to theiterator tag Cat egor yOr Tr aver sal . Otherwise, if nuneric_l i m
i ts<lncrementabl e>::is_specialized, then counting_iterator models Random Access Traversal Iterator. Otherwise,
count i ng_i t erat or modelsthe same iterator traversal concepts modeled by | ncr enent abl e.

counting_iterator<X, Cl, D1> isinteroperable with count i ng_i t er at or <Y, C2, D2> if and only if X isinteroperable with Y.

Operations

In addition to the operations required by the concepts modeled by count i ng_i t er at or, counti ng_i t er at or providesthe fol-
lowing operations.

counting_iterator();

Requires: | ncrenent abl e is Default Constructible.
Effects. Default construct the member m i nc.

counting_iterator(counting_iterator consté& rhs);
Effects. Construct member m i nc fromrhs. m.i nc.

explicit counting_iterator(Incrementable x);
Effects: Construct member m i nc from x.

reference operator*() const;
Returns. m.inc

counting_iterator& operator++();

Effects. ++m.inc
Returns. *this

counting_iterator& operator--();

Effects. --m.inc
Returns. *this
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I ncrement abl e const & base() const;

Returns. m.inc

Filter Iterator

Thefilter iterator adaptor creates aview of an iterator range in which some elements of the range are skipped. A predicate function
object controlswhich elements are skipped. When the predicateis applied to an element, if it returnst r ue then the element isretained
and if it returnsf al se then the element is skipped over. When skipping over elements, it is necessary for the filter adaptor to know
when to stop so asto avoid going past the end of the underlying range. A filter iterator is therefore constructed with pair of iterators
indicating the range of elements in the unfiltered sequence to be traversed.

Example

Thisexample usesfilter_iterator and then nreke_filter_iterator tooutput only the positive integers from an array of
integers. Thenmake_filter_iterator isisused to output the integers greater than - 2.

struct is_positive_number {
bool operator()(int x) { return 0 < x; }

b

int main()

{
int nunbers_[] ={ 0, -1, 4, -3, 5, 8, -2},
const int N = sizeof (nunbers_)/sizeof(int);

typedef int* base_iterator;
base_iterator nunbers(nunbers_);

/1 Exanple using filter_iterator
typedef boost::filter_iterator<is_positive_nunber, base_iterator>
Filterlter;

i s_positive_nunber predicate;
Filterlter filter_iter_first(predicate, nunbers, nunbers + N);
Filterlter filter_iter_last(predicate, numbers + N, nunbers + N);

std::copy(filter_iter_first, filter_iter_last, std::ostreamiterator<int>(std::cout, " "));
std::cout << std::endl;

/1 Exanpl e using make_filter_iterator()

std::copy(boost::make_filter_iterator<is_positive_nunber>(nunbers, nunbers + N),
boost:: nake_filter_iterator<is_positive_nunber>(nunbers + N nunbers + N),
std::ostream.iterator<int>(std::cout, " "));

std::cout << std::endl;

/1 Anot her exanpl e using nake _filter_iterator()
std:: copy(
boost: : make_filter_iterator(
std:: bind2nd(std: :greater<int>(), -2)
nunmbers, nunbers + N

boost: : make_filter_iterator(
std::bind2nd(std: :greater<int>(), -2)
nunmbers + N, nunbers + N)

std::ostreamiterator<int>(std::cout, " ")

httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.|terator

),
std::cout << std::endl;

return boost::exit_success;

}

The output is:

The source code for this example can be found here.

Reference
Synopsis

tenmpl ate <class Predicate, class Iterator>

class filter_iterator

{

public:

typedef iterator_traits<lterator>::value_type val ue_type;
typedef iterator_traits<lterator>::reference reference;
typedef iterator_traits<lterator>::pointer pointer;
typedef iterator_traits<lterator>::difference_type difference_type;
typedef /* see below */ iterator_category;

filter_iterator();
filter iterator(Predicate f, Iterator x, Iterator end = Iterator());
filter_iterator(lterator x, lterator end = Iterator());
tenpl at e<cl ass Ot herlterator>
filter_iterator(
filter iterator<Predicate, Oherlterator> const& t
, typenane enable_if_convertible<Qherlterator, lterator>::type* = 0 // exposition
)
Predi cate predicate() const;
Iterator end() const;
Iterator const& base() const;
ref erence operator*() const;
filter_iterator& operator++();
private:
Predi cate mpred; // exposition only
Iterator miter; // exposition only
Iterator m.end; /'l exposition only

}s

If Iterator models Readable Lvalue Iterator and Bidirectional Traversal Iterator then it er at or _cat egory is convertible to
std::bidirectional _iterator_tag.Otherwise, if It erat or models Readable Lvalue Iterator and Forward Traversal Iterator
theniterator_category isconvertibletostd: : forward_i terator_tag. Otherwisei t erat or _cat egory isconvertible to
std::input_iterator_tag.

Requirements

Thel t er at or argument shall meet the requirements of Readable Iterator and Single Pass Iterator or it shall meet the requirements
of Input Iterator.
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The Pr edi cat e argument must be Assignable, Copy Constructible, and the expression p( x) must be valid where p is an object of
type Predi cat e, x is an object of typeiterator_traits<Iterator>::val ue_type, and where the type of p(x) must be
convertibleto bool .

Concepts

The conceptsthat fi |l t er _i t er at or models are dependent on which concepts the I t er at or argument models, as specified in
the following tables.

Table 12. Traver sal

If1terator models thenfilter _iterator models

Single Pass Iterator Single Pass Iterator
Forward Traversal Iterator Forward Traversal Iterator

Bidirectional Traversa lterator Bidirectional Traversa Iterator

Table 13. Access

IfI'terator modes thenfilter_iterator modes

Readable Iterator Readable Iterator
Writable Iterator Writable Iterator

Lvalue lterator Lvalue lterator

Table 14. C++03

If It erat or models thenfilter_iterator modes

Readable Iterator, Single Pass Iterator
Readable Lvalue Iterator, Forward Traversal Iterator
Writable Lvalue lterator, Forward Traversal Iterator

Writable Lvalue lterator, Bidirectional lterator

Input Iterator
Forward lterator
Mutable Forward Iterator

Mutable Bidirectional Iterator

filter_iterator<Pl, X>isinteroperablewithfilter _iterator<P2, Y>ifandonlyifXisinteroperablewithy.

Operations

In addition to those operationsrequired by theconceptsthatfi | t er _i t er at or models,filter_iterator providesthefollowing

operations.

filter_iterator();

Requires: Predi cat e and | t er at or must be Default Constructible.
Effects. Constructsafilter _iterator whosem pred, miter,and m end members are adefault constructed.

filter iterator(Predicate f, Iterator x,

Iterator end = lterator());
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Effects. Constructsafilter _iterator wherem.iter iseither thefirst positionintherange[ x, end) suchthatf (*m.iter)
== trueorelsemiter == end. Themember m pred isconstructed fromf and m end fromend.

filter iterator(lterator x, Iterator end = Iterator());

Requires: Predi cat e must be Default Constructible and Pr edi cat e isaclass type (not afunction pointer).
Effects: Constructsafi | ter_iterat or wherem it er isether thefirst positionintherange[ x, end) suchthatm pred(*m.ter)
== trueorelsemiter == end. Themember m pr ed isdefault constructed.

tenpl ate <class Qtherlterator>
filter_iterator(
filter_iterator<Predicate, Qtherlterator> const& t
, typenane enable_if_convertible<Qherlterator, lterator>::type* = 0 // exposition

)i

Requires: Ot herlterator isimplicitly convertibleto 1t er at or.
Effects. Constructs afilter iterator whose members are copied fromt .

Predi cate predicate() const;
Returns. m pred

| erator end() const;
Returns. m end

Iterator const& base() const;
Returns. miterator

ref erence operator*() const;
Returns: *m.iter
filter_iterator& operator++();

Effects. Incrementsm i t er and then continuesto increment m i t er until eithermiter == mendorm pred(*miter) ==
true.
Returns. *this

Function Output Iterator

The function output iterator adaptor makesit easier to create custom output iterators. The adaptor takes a unary function and creates
amodel of Output Iterator. Each item assigned to the output iterator is passed as an argument to the unary function. The motivation
for this iterator is that creating a conforming output iterator is non-trivial, particularly because the proper implementation usually
requires a proxy object.
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struct string_appender

string_appender(std::string& s)

m st

r(&s)

void operator()(const std::string& x) const

*mstr += X,

std::string* mstr;

Example
{
{}
{
}
H

{

nt nmain(int,

char*[])

std::vector<std::string> x;

X. push_back("hel  0");

. push_back(" ");

X
X. push_back("world");
X

. push_back("!");

std::string s = "";
std:: copy(x.begin(),
boost: : nake_function_output_iterator(string_appender(s)));

x.end(),

std::cout << s << std::endl

return O

Reference

Synopsis

tenpl ate <cl ass UnaryFuncti on>
class function_output_iterator {
public:

t ypedef
t ypedef
t ypedef
t ypedef
t ypedef

std::output_iterator_tag iterator_category;

voi d
voi d
void
void

val ue_t ype

di fference_type

poi nter;
reference

explicit function_output_iterator();

explicit function_output_iterator(const

/* see below */ operator*()
function_output_iterator& operator++();
function_output_iterator& operator++(int);
private:

Unar yFunction mf

b

/'l exposition only

Unar yFuncti on& f)
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Requirements

Unar yFunct i on must be Assignable and Copy Constructible.

Concepts

function_out put _iterator isamode of the Writable and Incrementable Iterator concepts.
Operations
explicit function_output_iterator(const UnaryFunction& f = UnaryFunction());
Effects. Constructs an instance of f uncti on_out put _i t er at or withm f constructed fromf .
unspeci fi ed_type operator*();
Returns: Anobjectr of unspecified typesuchthatr = t isequivalenttom f(t) forallt.
function_output_iterator& operator++();
Returns: *this.
function_output_iterator& operator++(int);
Returns: *this.

Indirect Iterator

i ndi rect _iterat or adaptsaniterator by applying an extr a dereferenceinside of oper at or * () . For example, thisiterator adaptor
makesit possibleto view acontainer of pointers(e.g. | i st <f oo* >) asif it wereacontainer of the pointed-to type (e.g. | i st <f 00>).
i ndirect _iterator depends on two auxiliary traits, poi nt ee and i ndi rect _ref erence, to provide support for underlying
iteratorswhose val ue_t ype isnot an iterator.

Example

Thisexampleprintsan array of characters, usingi ndi rect _i t er at or toaccessthearray of charactersthrough an array of pointers.
Next i ndi rect _i terator isused with thet r ansf or malgorithm to copy the characters (incremented by one) to another array.
A constant indirect iterator is used for the source and amutableindirect iterator is used for the destination. Thelast part of the example
prints the original array of characters, but thistime using the make_i ndi rect _i t er at or helper function.
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char characters[] = "abcdefg";

const int N = sizeof(characters)/sizeof(char) - 1, // -1 since characters has a null char
char* pointers_to_chars[N|; /1 at the end.

for (int i =0; i <N ++i)

pointers_to_chars[i] = &characters[i];
/'l Exanple of using indirect_iterator

boost::indirect_iterator<char**, char>
indirect _first(pointers_to_chars), indirect_last(pointers_to_chars + N);

std::copy(indirect_first, indirect_last, std::ostream.iterator<char>(std::cout, ","));
std::cout << std::endl;

/1 Exanpl e of nmaking nutabl e and constant indirect iterators

char nutabl e_characters[N];
char* pointers_to_nutable_chars[N;
for (int j =0; j <N ++4j)
pointers_to_nutable_chars[j] = &mutable_characters[j];

boost::indirect_iterator<char* const*> nutable_indirect_first(pointers_to_nutable_chars),
nmut abl e_i ndirect _| ast (pointers_to_nutable_chars + N);

boost::indirect_iterator<char* const*, char const> const_indirect_first(pointers_to_chars),
const _indirect_last(pointers_to_chars + N);

std::transform(const _indirect_first, const_indirect_|ast,
mut abl e_i ndirect _first, std::bindlst(std::plus<char>(), 1));

std::copy(nutable_indirect_first, nutable_indirect_|ast,
std::ostream.iterator<char>(std::cout, ","));
std::cout << std::endl;

/1 Exanpl e of using nmake_indirect_iterator()
std:: copy(boost::nmake_indirect _iterator(pointers_to_chars),
boost:: nake_indirect_iterator(pointers_to_chars + N),

std::ostream.iterator<char>(std::cout, ","));
std::cout << std::endl;

The output is:

» T
oo
©ao
ooo
® ~ o
@ -
@ sa

The source code for this example can be found here.
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Reference
Synopsis

tenmplate <
class Iterator
, class Value = use_default
, class CategoryOrTraversal = use_default
, class Reference = use_default
, class Difference = use_default
>
class indirect _iterator
{
public:
typedef /* see bel ow */ val ue_type;
typedef /* see below */ reference;
typedef /* see below */ pointer;
typedef /* see below */ difference_type;
typedef /* see below */ iterator_category;

indirect_iterator();
indirect iterator(lterator x);

template <
class Iterator2, class Value2, class Category2
, class Reference2, class Difference2
>
indirect_iterator(
indirect_iterator<
Iterator2, Value2, Category2, Reference2, Difference2
> const& y
, typenane enable_if_convertible<lterator2, Iterator>::type* = 0 // exposition

)

Iterator const& base() const;
ref erence operator*() const;
i ndirect _iterator& operator++();
indirect _iterator& operator--();
private:
Iterator miterator; // exposition

}

Themember typesof i ndi rect _i t er at or aredefined according to thefollowing pseudo-code, whereVisi terator _traits<lter-
ator>::val ue_type
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if (Value is use_default) then
t ypedef renpve_const <poi ntee<V>::type>::type val ue_type;
el se
t ypedef renove_const <Val ue>::type val ue_type;

if (Reference is use_default) then
if (Value is use_default) then
typedef indirect_reference<V>::type reference;
el se
t ypedef Val ue& reference;
el se
t ypedef Reference reference;

if (Value is use_default) then

t ypedef pointee<V>::type* pointer;
el se

t ypedef Val ue* pointer;

if (Difference is use_default)

typedef iterator_traits<lterator>::difference_type difference_type;
el se

typedef Difference difference_type;

if (CategoryOrTraversal is use_default)
typedef iterator-category (
iterator_traversal <lterator>::type, reference, val ue_type
) iterator_category;
el se
typedef iterator-category (
Cat egoryOr Traver sal , ref erence, val ue_t ype
) iterator_category;

Requirements

Theexpression* v, wherev isanobjectof i t erator _traits<lterator>::val ue_t ype, shal bevalid expression and convertible
tor ef erence. | t er at or shal mode thetraversal conceptindicated by t er at or _cat egory. Val ue, Ref er ence,andDi f f er ence
shall bechosensothat val ue_t ype, ref erence,anddi f f er ence_t ype meet therequirementsindicated by i t er at or _cat egory.

Note: there are further requirements on thei t er at or _trai t s<I t erat or>: : val ue_t ype if the Val ue parameter is not
use_def aul t , asimplied by the algorithm for deducing the default for the val ue_t ype member.

Concepts

In addition to the conceptsindicated by i terat or _category and by iterator_traversal <i ndirect _iterator>::type,
a specialization of i ndi rect _i t er at or models the following concepts, Where v isan object of i terator _traits<Iterat-
or>::val ue_type:

Readable Iterator if r ef er ence(*v) isconvertibletoval ue_t ype.
Writable Iterator if r ef er ence(*v) = t isavalid expression (wheret isanobject of typei ndi rect _iterator:: val ue_t ype)
Lvalue Iterator if r ef er ence isareference type.

i ndirect _iterator<X, V1, Cl, RL, D1>isinteroperablewithi ndi rect _i t erat or <Y, V2, C2, R2, D2> if and only if Xisinter-
operablewith Y.
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Operations

In addition to the operations required by the concepts described above, speciadizationsof i ndi rect _i t er at or providethefollowing
operations:

indirect iterator();

Requires: | terat or must be Default Constructible.
Effects: Constructs aninstance of i ndi rect _i t er at or with adefault-constructed m i t er at or .

indirect iterator(lterator x);
Effects: Constructsan instance of i ndi rect _i t erat or withm_i t er at or copy constructed from x.

tenplate <
class Iterator2, class Value2, unsigned Access, class Traversal
cl ass Reference2, class Difference2

>

indirect _iterator(
indirect_iterator<
Iterator2, Value2, Access, Traversal, Reference2, Difference2
> const& y
typenane enabl e_if_convertible<lterator2, lterator>::type* = 0 // exposition

Requires: Iterator2isimplicitly convertibleto !t er at or.
Effects. Constructsan instance of i ndi rect _i t erat or whosem i t er at or subobject is constructed fromy. base() .

Iterator const& base() const;
Returns: m.iterator

ref erence operator*() const;
Returns. **m.i terator

indirect_iterator& operator++();

Effects. ++m_iterator
Returns. *this

indirect_iterator& operator--();

Effects. --m.iterator
Returns. *this

Permutation Iterator

The permutation iterator adaptor provides a permuted view of a given range. That is, the view includes every element of the given
range but in a potentially different order. The adaptor takes two arguments:

 aniterator to therangeV on which the permutation will be applied

* thereindexing scheme that defines how the elements of V will be permuted.
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Note that the permutation iterator is not limited to strict permutations of the given range V. The distance between begin and end of
the reindexing iterators is allowed to be smaller compared to the size of the range V, in which case the permutation iterator only
provides a permutation of a subrange of V. The indexes neither need to be unique. In this same context, it must be noted that the

past the end permutation iterator is completely defined by means of the past-the-end iterator to the indices.
Example

usi ng namespace boost ;
int i = 0;

typedef std::vector< int > el enent_range_type;
typedef std::list< int > index_type;

static const int elenment_range_size = 10;
static const int index_size = 4,

el ement _range_type el ements( el enment _range_size );

for(element_range_type::iterator el it = elenents.begin() ; el_it != elenents.end()

*el it = std::distance(el ements.begin(), el _it);

i ndex_type indices( index_size );

for(index_type::iterator i_it = indices.begin() ; i_it !=indices.end() ; ++i_it )
*I_it = el ement _range_size - index_size + std::distance(indices.begin(), i_it);

std::reverse( indices.begin(), indices.end() );

++el _it)

typedef pernmutation_iterator< el enent_range type::iterator, index_type::iterator > pernutal

tion_type;

pernmutati on_type begin = nake_permutation_iterator( elements.begin(), indices.begin() );

pernutation_type it = begin;

pernmutati on_type end = make_pernutation_iterator( el enents.begin(), indices.end() );

std::cout << "The original range is :

std::copy( elements.begin(), elenents.end(), std::ostreamiterator< int >( std::cout,

std::cout << "\n";

std::cout << "The reindexing schene is :
std::copy( indices.begin(), indices.end(), std::ostreamiterator< int >( std::cout,
std::cout << "\n";

std::cout << "The pernutated range is :
std::copy( begin, end, std::ostreamiterator< int >( std::cout, " " ) );
std::cout << "\n";

std::cout << "Elements at even indices in the permutation :

it = begin;

for(i =0; i <index_size / 2 ; ++i, it+=2 ) std::cout << *jit << "
std::cout << "\n";

std::cout << "Pernutation backwards :

it = begin + (index_size);

assert( it !'= begin );

for( ; it-- !'=begin ; ) std::cout << *it << "
std::cout << "\n";

std::cout << "lterate backward with stride 2 :

it = begin + (index_size - 1);

for(i =0 ; i <index_size / 2 ; ++i, it-=2) std::cout << *it << "
std::cout << "\n";

The output is:

")),

")),
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The original range is : 0123456789

The reindexing schene is : 987 6

The permutated range is : 9 8 7 6

El enents at even indices in the pernutation : 9 7
Permut ati on backwards : 6 7 8 9

Iterate backward with stride 2 : 6 8

The source code for this example can be found here.

Reference
Synopsis

tenpl ate< cl ass El enentlterator

, class Indexlterator

, class Val ueT = use_default

, class CategoryT use_defaul t

, class ReferenceT = use_default

, class DifferenceT use_default >
class pernutation_iterator

{

public:
permutation_iterator();
explicit pernutation_iterator(El ementlterator x, Indexlterator y);
tenplate< class OElter, class Olter, class V, class C, class R class D >
permutation_iterator(
permutation_iterator<CElter, Olter, V, C R D> const&r
, typenane enable_if_convertible<CElter, Elenentlterator>::type* = 0
, typenane enable_if_convertible<Olter, Indexlterator>::type* =0
)
ref erence operator*() const;
permutation_iterator& operator++();
El enentlterator consté& base() const;

private:
El enentlterator melt; /'l exposition only
I ndexl terator morder; /'l exposition only

¥

tenpl ate <class Elenentlterator, class |Indexlterator>
permutation_iterator<Elenentlterator, |ndexlterator>
nmake_pernutation_iterator( Elenentlterator e, Indexlterator i);

Requirements

El enment I t er at or shall model Random Access Traversal Iterator. | ndex| t er at or shall model Readable Iterator. The value type
of thel ndexI t er at or must be convertible to the difference type of El enent I t er at or.

Concepts

pernmut ati on_i t er at or models the same iterator traversal concepts as | ndex| t er at or and the same iterator access concepts
asEl enentlterator.

If I ndexI t er at or models Single Pass Iterator and El emrent | t er at or models Readable Iterator then per mut ati on_i t er at or
models Input Iterator.

If I ndex! t er at or models Forward Traversal Iterator and El enent | t er at or models Readable Lvalue Iterator then per mut a-
tion_iterator models Forward Iterator.
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If I ndexI t er at or modelsBidirectional Traversal Iterator and El enent | t er at or models Readable Lvalue Iterator then per nut a-
tion_iterator modelsBidirectiona lterator.

If I ndexI t er at or models Random Access Traversal Iterator and El enent | t er at or models Readable Lvalue Iterator then per -
nut ati on_i t er at or models Random Access lterator.

pernutation_iterator<El, X, V1, C2, Rl, Dl>isinteroperablewithpernutation_iterator<E2, Y, V2, C2, R2,
D2> if and only if X isinteroperable with Y and E1 is convertible to E2.

Operations

In addition to those operations required by the conceptsthat per mut ati on_i t er at or models, per nut ati on_i t er at or provides
the following operations.

pernmutation_iterator();
Effects: Default constructsm el t and m or der .

explicit permutation_iterator(El ementlterator x, Indexlterator y);
Effects. Constructsm el t fromx and m or der fromy.

tenplate< class OElter, class Olter, class V, class C, class R class D >
pernmutation_iterator(

pernmutation_iterator<CElter, Olter, V, C R D> const&r

, typenane enable_if_converti bl e<CElter, Elenentlterator>::type* = 0

, typenane enable_if_convertible<Olter, Indexlterator>::type* =0

)
Effects. Constructsm el t fromr. m el t and m or der fromy. m order.
ref erence operator*() const;
Returns. *(melt + *morder)
pernmutation_iterator& operator++();

Effects. ++m or der
Returns: *this

El enentlterator const& base() const;
Returns. m or der

tenpl ate <class Elenentlterator, class |ndexlterator>
permutation_iterator<Elementlterator, |ndexlterator>
make_pernutation_iterator(El enentlterator e, Indexlterator i);

Returns: permutation_iterator<El ementlterator, |ndexlterator>(e, i)

Reverse lterator

Thereverseiterator adaptor iterates through the adapted iterator range in the opposite direction.
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Example

The following example prints an array of charactersin reverse order usingr ever se_i terator.

char letters_[] = "hello world!'";

const int N = sizeof(letters_)/sizeof(char) - 1;

t ypedef char* base_iterator;

base_iterator letters(letters_);

std::cout << "original sequence of letters:\t\t\t" << letters_ << std::endl;

boost: :reverse_iterator<base_iterator>
reverse_letters first(letters + N),
reverse_letters_last(letters);

std::cout << "sequence in reverse order:\t\t\t";
std::copy(reverse_letters_first, reverse_letters_|ast,

std::ostream.iterator<char>(std::cout));
std::cout << std::endl;

std::cout << "sequence in double-reversed (normal) order:\t";

std:: copy(boost:: make_reverse_iterator(reverse_letters_|last),
boost: : make_reverse_ iterator(reverse_letters_first),
std::ostream.iterator<char>(std::cout));

std::cout << std::endl;

The output is:

original sequence of letters: hel | o worl d!
sequence in reverse order: I'dlrow ol | eh
sequence in double-reversed (normal) order: hel | o worl d!

The source code for this example can be found here.
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Reference
Synopsis

tenpl ate <class Ilterator>
class reverse_iterator
{
public:
typedef iterator_traits<lterator>::value_type val ue_type;
typedef iterator_traits<lterator>::reference reference;
typedef iterator_traits<lterator>::pointer pointer;
typedef iterator_traits<lterator>::difference_type difference_type;
typedef /* see below */ iterator_category;

reverse_iterator() {}
explicit reverse_iterator(lterator x)

tenpl at e<cl ass Ot herlterator>
reverse_iterator(
reverse_iterator<Qtherlterator> const& r
, typenane enable_if_convertible<Qherlterator, lterator>::type* = 0 // exposition
)
Iterator const& base() const;
ref erence operator*() const;
reverse_iterator& operator++();
reverse_iterator& operator--();
private:
Iterator miterator; // exposition

}

If I t er at or models Random Access Traversal Iterator and Readable Lvalue Iterator, theni t er at or _cat egory isconvertible to
random access_iterator_tag. Otherwise, if I t er at or models Bidirectional Traversal Iterator and Readable Lvalue Iterator,
theniterator_category isconvertibleto bi di recti onal _i terator_tag. Otherwise, i t er at or _cat egory is convertible
toi nput _iterator_tag.

Requirements

It erat or must be amodel of Bidirectional Traversal Iterator. Thetypeiterator _traits<lterator>::reference mustbe
thetypeof *i , wherei isan object of typelterator.

Concepts

A specialization of r ever se_i t er at or models the same iterator traversal and iterator access concepts modeled by its1t er at or
argument. In addition, it may model old iterator concepts specified in the following table:

Table 15. Categories

If 1 models thenreverse_iterator<|>modes
Readable Lvalue Iterator, Bidirectional Traversal Iterator Bidirectional Iterator

Writable Lvalue Iterator, Bidirectional Traversal Iterator Mutable Bidirectional Iterator
Readable Lvalue Iterator, Random Access Traversal Iterator Random Access Iterator

Writable Lvalue lterator, Random Access Traversal lterator Mutable Random Access Iterator

reverse_iterator<X>isinteroperablewithreverse_i t er at or <Y> if and only if X isinteroperable with Y.
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Operations

In addition to the operations required by the conceptsmodeled by r ever se_i t erat or,reverse_i t er at or providesthefollowing
operations.

reverse_iterator();

Requires: | terat or must be Default Constructible.
Effects: Constructs aninstance of reverse_iterat or withm it er at or default constructed.

explicit reverse_iterator(lterator Xx);
Effects: Constructsan instance of rever se_i t er at or withm i t er at or copy constructed from x.

tenpl at e<cl ass Gt herlterator>
reverse_iterator(
reverse_iterator<Qtherlterator> const& r
typenane enabl e_if_convertible<OQherlterator, lterator>::type* = 0 // exposition

Requires: Ot herlterator isimplicitly convertibleto !t er at or.
Effects: Constructsinstanceof reverse_iterat or whosem i t er at or subobject is constructed fromy. base() .

Iterator const& base() const;
Returns: m.iterator
ref erence operator*() const;
Effects: Iterator tmp = m_iterator; return *--tmp;
reverse_iterator& operator++();

Effects. --m.iterator
Returns: *this

reverse_iterator& operator--();

Effects. ++m.iterator
Returns. *this

Shared Container Iterator

Defined in header boost / shar ed_cont ai ner _i t erat or. hpp.

The purpose of the shared container iterator isto attach the lifetime of a container to the lifetime of itsiterators. In other words, the
container will not be deleted until after all its iterators are destroyed. The shared container iterator is typically used to implement
functions that return iterators over arange of objects that only need to exist for the lifetime of the iterators. By returning a pair of
shared iterators from afunction, the callee can return a heap-allocated range of objects whose lifetime is automatically managed.

The shared container iterator augments an iterator over a shared container. It maintains a reference count on the shared container. If
only shared container iterators hold references to the container, the container's lifetime will end when the last shared container iter-
ator over it is destroyed. In any case, the shared container is guaranteed to persist beyond the lifetime of all the iterators. In al other
ways, the shared container iterator behaves the same as its base iterator.
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Synopsis

nanespace boost {
tenpl ate <typenane Contai ner >
cl ass shared_contai ner_iterator;

tenpl ate <typenane Contai ner >

shared_cont ai ner _i t er at or <Cont ai ner >

make_shared_contai ner_iterator (typenane Container::iterator base,
boost: : shared_ptr<Cont ai ner> const & cont ai ner) ;

std::pair<
t ypenanme shared_cont ai ner_it erat or <Cont ai ner >,

t ypenanme shared_cont ai ner _i t er at or <Cont ai ner >
>

nmake_shar ed_cont ai ner _range( boost : : shared_pt r <Cont ai ner > const & cont ai ner) ;

The Shared Container Iterator Type
tenpl ate <typenane Contai ner> cl ass shared_contai ner_iterator;

The classtemplate shar ed_cont ai ner _i t er at or isthe shared container iterator type. The Cont ai ner template type argument
must model the Container concept.

Example

Thefollowing exampleillustrates how to create an iterator that regulates the lifetime of areference counted st d: : vect or . Though
the original shared pointer i nt s ceases to exist after set _range() returns, the shared_count er _i t er at or objects maintain
references to the underlying vector and thereby extend the container's lifetime.

shared_i t erat or _exanpl el. cpp:
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#i ncl ude "shared_contai ner _i terator. hpp"
#i ncl ude "boost/shared_ptr. hpp"

#i ncl ude <al gorithne

#i ncl ude <i ostreanr

#i ncl ude <vector>

t ypedef boost::shared_container_iterator< std::vector<int> > iterator;

void set_range(iterator& i, iterator& end) {
boost::shared_ptr< std::vector<int> > ints(new std::vector<int>());
nt s- >push_back(0);
nt s- >push_back(1);
nt s- >push_back(2);
nt s- >push_back(3);

nt s- >push_back(4);

i
i
i
i
i
i nts->push_back(5);

i = iterator(ints->begin(),ints);
end = iterator(ints->end(),ints);

int main() {
iterator i,end;
set _range(i,end);

std::copy(i,end, std::ostream.iterator<int>(std::cout,","));
std::cout.put('\n");

return O;

The output from thispart is:

0,1,2 3,45,

Table 16. Template Parameters

Parameter Description

Container The type of the container that we wish to iterate over. It must
be amodel of the Container concept.

Concepts

Theshared_cont ai ner_i t er at or type models the same iterator concept as the base iterator (Cont ai ner: :iterator).

Operations

Theshar ed_cont ai ner _i t er at or typeimplementsthe member functions and operators required of the Random Access Iterator
concept, though only operations defined for the base iterator will be valid. In addition it has the following constructor:
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shared_container _iterator(Container::iterator const& it,
boost : : shared_ptr<Cont ai ner> const & cont ai ner)

The Shared Container Iterator Object Generator

tenpl ate <typenane Contai ner >
shared_cont ai ner _i t er at or <Cont ai ner >
nmake_shared_container _iterator(Container::iterator base
boost : : shar ed_pt r <Cont ai ner > const & cont ai ner)

This function provides an alternative to directly constructing a shar ed_cont ai ner _i t er at or . Using the object generator, a
shar ed_cont ai ner _i t er at or can be created and passed to a function without explicitly specifying its type.

Example

This example, similar to the previous, usesmake_shar ed_cont ai ner _i t erat or () to create the iterators.

shared_i t erat or _exanpl e2. cpp

#i ncl ude "shared_container_iterator. hpp"
#i ncl ude "boost/shared_ptr. hpp"

#i ncl ude <al gorithme

#include <iterator>

#i ncl ude <i ostreanr

#i ncl ude <vector >

tenpl ate <typenane |terator>

void print_range_nl (lterator begin, Iterator end) {
typedef typenane std::iterator_traits<lterator>::value_type val
std:: copy(begin, end, std: :ostream.terator<val >(std::cout,","));
std::cout.put('\n");

}

int main() {

typedef boost::shared_ptr< std::vector<int> > ints_t;

{

nts_t ints(new std::vector<int>())

nt s- >push_back(0) ;
nt s- >push_back(1);
nt s- >push_back(2);
nt s- >push_back( 3) ;
nt s- >push_back(4)
nt s- >push_back(5) ;

print_range_nl (boost: : make_shared_contai ner__iterator (ints->begin(),ints)
boost: : make_shared container _iterator(ints->end(),ints));

return O;

Observe that the shar ed_cont ai ner _i t er at or typeisnever explicitly named. The output from this example is the same as the
previous.
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The Shared Container Iterator Range Generator

tenpl ate <typenane Contai ner >
std::pair<
shared_cont ai ner _i t er at or <Cont ai ner >
shared_cont ai ner _i t er at or <Cont ai ner >
>
make_shar ed_cont ai ner _range( boost : : shared_pt r <Cont ai ner > const & cont ai ner) ;
Cl ass shared_container_iterator is neant primarily to return, using iterators, a range of valO
ues that we can guarantee will be alive as long as the iterators are. This is a conveni ence funcO
tion to do just that. It is equivalent to
st d: : make_pai r (make_shar ed_cont ai ner _i t erat or (cont ai ner - >begi n(), cont ai ner),
make_shared_contai ner _iterator(container->end(), container));

Example

In the following example, arange of valuesis returned as a pair of shared_container_iterator objects.

shared_i t er at or _exanpl e3. cpp

#i ncl ude "shared_contai ner _i terator. hpp"

#i ncl ude "boost/shared_ptr. hpp"

#i ncl ude "boost/tuple/tuple.hpp" // for boost::tie
#i ncl ude <al gorithne /1 for std::copy
#i ncl ude <i ostreanr

#i ncl ude <vector>

t ypedef boost::shared_container_iterator< std::vector<int> > iterator

std::pair<iterator,iterator>
return_range() {
boost: : shared_ptr< std::vector<int> > range(new std::vector<int>());
range- >push_back(0) ;
range- >push_back( 1) ;
range- >push_back( 2) ;
range- >push_back( 3) ;
range- >push_back(4) ;
range- >push_back(5) ;
return boost:: nake_shared_cont ai ner _range(range);

int main() {

iterator i,end,
boost::tie(i,end) = return_range()

std::copy(i,end, std::ostream.iterator<int>(std::cout,","));
std::cout.put('\n");

return O;

Though the range object only lives for the duration of ther et ur n_r ange call, the reference counted st d: : vect or will live until
i and end are both destroyed. The output from this example is the same as the previous two.
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Transform lterator

The transform iterator adapts an iterator by modifying the oper at or * to apply afunction object to the result of dereferencing the
iterator and returning the result.

Example

Thisis a simple example of using the transform_iterators class to generate iterators that multiply (or add to) the value returned by
dereferencing the iterator. It would be cooler to use lambdallibrary in this example.

int x[] ={ 1, 2, 3, 4, 5, 6, 7, 81};
const int N = sizeof(x)/sizeof (int);

t ypedef boost::binderlst< std::multiplies<int> > Function;
t ypedef boost::transform.iterator<Function, int*> doubling_iterator;

doubling_iterator i(x, boost::bindlst(std::multiplies<int>(), 2)),
i_end(x + N, boost::bindlst(std::multiplies<int>(), 2));

std::cout << "multiplying the array by 2:" << std::endl;
while (i !'=i_end)

std::cout << *ji++ << "
std::cout << std::endl;

std::cout << "adding 4 to each elenent in the array:" << std::endl;

std:: copy(boost::make_transformiterator(x, boost::bindlst(std::plus<int>(), 4)),
boost:: make_transform.iterator(x + N, boost::bindlst(std::plus<int>(), 4)),
std::ostreamiterator<int>(std::cout, " "));

std::cout << std::endl;

The output is:

mul tiplying the array by 2:

2 46 810 12 14 16

adding 4 to each elenent in the array:
56 789 10 11 12

The source code for this example can be found here.

render
httpo://www.renderx.com/


http://www.boost.org/doc/libs/release/libs/iterator/doc/../example/transform_iterator_example.cpp
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

render

Boost.|terator

Reference
Synopsis

tenpl ate <cl ass UnaryFuncti on,
class lterator,
cl ass Reference = use_default,
cl ass Value = use_defaul t>
class transform.iterator
{
public:
typedef /* see bel ow */ val ue_type;
typedef /* see below */ reference;
typedef /* see bel ow */ pointer;
typedef iterator_traits<lterator>::difference_type difference_type;
typedef /* see below */ iterator_category;

transformiterator();
transformiterator(lterator const& x, UnaryFunction f);

tenpl at e<cl ass F2, class 12, class R2, class V2>
transform.iterator(
transformiterator<F2, 12, R2, V2> const& t
, typenane enable_if_convertible<l2, Iterator>::type* = 0 /] exposition only
, typenane enable_if_convertibl e<F2, UnaryFunction>::type* = 0 // exposition only
)
Unar yFunction functor() const;
Iterator const& base() const;
ref erence operator*() const;
transform.iterator& operator++();
transform.iterator& operator--();

private:
Iterator miterator; // exposition only
Unar yFunction mf; /1 exposition only
H

If Ref erence isuse_def aul t thenther ef er ence member of transform.iterator is
result _of <UnaryFunction(iterator_traits<lterator>::reference)>::type.Otherwise rref erenceisRef erence.

If Val ue isuse_def aul t thentheval ue_t ype memberisr enove_cv<renove_r ef er ence<r ef erence> >: : t ype. Otherwise,
val ue_t ype isVal ue.

If I t er at or modelsReadable Lvaluelterator andif I t er at or modelsRandom Access Traversal Iterator, theni t er at or _cat egory
isconvertibletor andom access_i t erat or _t ag. Otherwise, if I t er at or modelsBidirectional Traversal Iterator, theni t er at -
or _cat egory isconvertibletobi di recti onal _i terat or _t ag. Otherwisei t er at or _cat egor y isconvertibletof orward_i t er -
ator _tag.Iflterator doesnot model ReadableLvaluelterator theni t er at or _cat egor y isconvertibletoi nput _i terator _t ag.

Requirements
The type Unar yFunct i on must be Assignable, Copy Constructible, and the expression f (*i ) must be valid wheref is an object
of typeUnar yFunct i on,i isanobject of typel t er at or , and wherethetypeof f (*i ) mustber esul t _of <Unar yFuncti on(i t er -

ator_traits<lterator>::reference)>::type.

Theargument I t er at or shall model Readable Iterator.

Concepts

Theresultingt r ansf or m_i t er at or models the most refined of the following that isalso modeled by | t er at or .

» Writable Lvalue Iterator if t ransform i t erat or: : ref er ence isanon-const reference.
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» Readable Lvalue Iterator if transform i terator: : ref erence isaconst reference.
* Readable Iterator otherwise.
Thet ransform.iterator modelsthe most refined standard traversal concept that is modeled by the | t er at or argument.

Iftransform.iterator isamode of Readable Lvalue Iterator then it models the following original iterator concepts depending
onwhat thel t er at or argument models.

Table 17. Category

If1terator modes thentransform.terator models
Single Pass Iterator Input Iterator

Forward Traversal Iterator Forward Iterator

Bidirectional Traversal Iterator Bidirectional Iterator

Random Access Traversal Iterator Random Access Iterator

If transform.iterator modelsWritable Lvalue Iterator then it is amutable iterator (as defined in the old iterator requirements).

transformiterator<Fl, X, R1l, V1>isinteroperablewithtransformiterator<F2, Y, R2, V2> if andonly if Xis
interoperable with V.

Operations

In addition to the operations required by the concepts modeled by t ransform iterator,transform.iterator providesthe
following operations:

transformiterator();

Returns: Aninstanceof transform.iterator withmf andm i terat or default constructed.
transform.iterator(lterator const& x, UnaryFunction f);

Returns. Aninstanceof transform.iterator withm f initializedtof andm i t er at or initialized to x.

tenpl at e<cl ass F2, class 12, class R2, class V2>
transformiterator(
transformiterator<F2, 12, R2, V2> const& t
typename enabl e_if_convertible<l2, Iterator>: :type* = 0 /] exposition only
t ypename enabl e_i f_converti bl e<F2, UnaryFunction>::type* = 0 // exposition only

Returns: Aninstanceof t ransform.it erat or withm f initializedtot . f unct or () andm_i t er at or initializedtot . base() .
Requires: &t herlterator isimplicitly convertibleto!terat or.

Unar yFunction functor() const;
Returns. m f
Iterator const& base() const;

Returns. miterator
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ref erence operator*() const;
Returns. mf(*m.iterator)
transform.iterator& operator++();

Effects. ++m.iterator
Returns. *this

transform.iterator& operator--();

Effects. --m.iterator
Returns. *this

Zip lterator

The zip iterator provides the ability to parallel-iterate over several controlled sequences simultaneously. A zip iterator is constructed
from atuple of iterators. Moving the zip iterator moves al the iteratorsin parallel. Dereferencing the zip iterator returns a tuple that
contains the results of dereferencing the individual iterators.

Example

Therearetwo maintypesof applicationsof thezi p_i t er at or . Thefirst one concernsruntime efficiency: If one has several controlled
sequences of the samelength that must be somehow processed, e.g., withthef or _each agorithm, thenitismore efficient to perform
just one paralldl-iteration rather than several individual iterations. For an example, assumethat vect _of _doubl es andvect _of _i nts
are two vectors of equal length containing doubles and ints, respectively, and consider the following two iterations:

std: :vector<doubl e>::const_iterator begl = vect_of_doubl es. begin();
std::vector<doubl e>::const _iterator endl = vect_of doubles.end();
std::vector<int>::const_iterator beg2 = vect_of _ints.begin();
std::vector<int>::const _iterator end2 vect _of ints.end();

std:: for_each(begl, endl, func_0());
std:: for_each(beg2, end2, func_1());

These two iterations can now be replaced with asingle one as follows:

std:: for_each(
boost : : make_zi p_iterator(
boost : : make_t upl e(begl, beg2)
)
boost : : make_zi p_iterator(
boost : : make_t upl e(endl, end2)
)
zi p_func()

);

A non-generic implementation of zi p_f unc could look as follows:
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struct zip_func :
public std::unary_function<const boost::tuple<const doubl e& const inté&¢& void>
{
voi d operator()(const boost::tuple<const double& const int&& t) const
{
m fO(t.get<0>())
mfl(t.get<l>())
}

private:
func_0 mfoO
func_1 mf1l

b

The second important application of the zi p_i t er at or isas abuilding block to make combining iterators. A combining iterator
isan iterator that parallel-iterates over several controlled sequences and, upon dereferencing, returns the result of applying afunctor
to the values of the sequences at the respective positions. This can now be achieved by using the zi p_i t er at or in conjunction
withthetransformiterator.

Suppose, for example, that you have two vectors of doubles, say vect _1 andvect _2, and you need to exposeto aclient acontrolled
seguence containing the products of the elements of vect _1 and vect _2. Rather than placing these productsin athird vector, you
can use acombining iterator that calculates the products on the fly. Let usassumethat t upl e_mul ti pl i es isafunctor that works
likestd::nul tiplies, except that it takes its two arguments packaged in atuple. Then the two iteratorsit _begi nandit _end
defined below delimit a controlled sequence containing the products of the elements of vect _1 and vect _2:

t ypedef boost::tuple<
std: : vector<doubl e>::const_iterator,
std: : vector<doubl e>::const_iterator
> the_iterator_tuple

typedef boost::zip_iterator<
the_iterator_tuple
> the_zip_iterator;

typedef boost::transform.iterator<
tuple_mul tiplies<doubl e>
the_zip_iterator
> the_transformiterator;

the_transform.iterator it_begin(
the_zip_iterator(
the_iterator_tuple(
vect _1. begin(),
vect _2. begin()
)
)
tuple_multiplies<doubl e>()

),

the_transformiterator it_end(
the_zip_iterator(
the_iterator _tuple(
vect _1.end()
vect _2.end()
)
)
tupl e_mul tiplies<doubl e>()

),
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Reference

Synopsis

t enpl at e<t ypenane |teratorTupl e>
class zip_iterator

{

public:
t ypedef
t ypedef
t ypedef
t ypedef
t ypedef

/* see bel ow */ reference;

ref erence val ue_type;

val ue_t ype* pointer;

/* see below */ difference_type;
/* see below */ iterator_category;

zip_iterator();
zip_iterator(lteratorTuple iterator_tuple);

t enpl at e<t ypenane O herlterator Tupl e>
zip_iterator(
const zip_iterator<QherlteratorTupl e>& ot her
, typenane enable_if_converti bl e<

)

O herlteratorTuple

, lteratorTuple>: :type* =0 /'l exposition only

const IteratorTuple& get _iterator_tuple() const;

private:

IteratorTuple miterator_tuple; /'l exposition only

}

t enpl at e<t ypenane |teratorTupl e>
zip_iterator<lteratorTupl e>
make_zip_iterator(lteratorTuple t);

Ther ef er ence member of zi p_i t er at or isthe type of the tuple made of the reference types of the iterator typesinthel t er -

at or Tupl e argument.

Thedi f f er ence_t ype member of zi p_i t er at or isthedi f f er ence_t ype of thefirst of theiterator typesinthel t er at or Tupl e

argument.

Thei t er at or _cat egory member of zi p_i t er at or isconvertibleto the minimum of thetraversal categories of theiterator types
inthel t erat or Tupl e argument. For example, if the zi p_i t er at or holds only vector iterators, theni t er at or _cat egory is
convertibletoboost : : random access_t raversal _tag.If youaddalistiterator, theni t er at or _cat egor y will beconvertible
toboost : : bi di rectional _traversal _tag, but nolonger toboost: : random access_t raversal _t ag.

Requirements

All iterator typesin the argument | t er at or Tupl e shall model Readable Iterator.

Concepts

Theresulting zi p_i t er at or models Readable Iterator.

Thefact that thezi p_i t er at or models only Readable Iterator does not prevent you from modifying the values that the individual
iterators point to. Thetuplereturned by thezi p_i t er at or 'soper at or * isatuple constructed from the reference types of theindi-
vidual iterators, not their value types. For example, if zi p_i t isazi p_i t er at or whose first member iterator isan st d: : vec-
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t or <doubl e>: : i t er at or, then the following line will modify the value which the first member iterator of zi p_i t currently
points to:

zip_it->get<0>() = 42.0;

Consider the set of standard traversal concepts obtained by taking the most refined standard traversal concept modeled by each indi-
vidual iterator type in the I t er at or Tupl e argument.The zi p_i t er at or models the least refined standard traversal concept in
this set.

zip_iterator<IteratorTupl el>isinteroperable withzi p_i terat or <l t er at or Tupl e2> if and only if I t er at or Tupl el
isinteroperable with I t er at or Tupl e2.

Operations

In addition to the operations required by the conceptsmodeled by zi p_i t erat or, zi p_i t er at or providesthefollowing operations.
Zip_iterator();

Returns: Aninstanceof zi p_i t erat or withm_i t er at or _t upl e default constructed.
zip_iterator(lteratorTuple iterator_tuple);

Returns: Aninstanceof zi p_i terat or withm.iterator _tupleinitializedtoiterator _tuple.

tenpl at e<typenane O herlterator Tupl e>
zip_iterator(
const zip_iterator<QherlteratorTupl e>& ot her
typenane enabl e_i f_converti bl e<
O herlteratorTuple
IteratorTuple>: :type* = 0 /'l exposition only

Returns: Aninstance of zi p_i t er at or that isacopy of ot her.
Requires: Ot her I t er at or Tupl e isimplicitly convertibleto I t er at or Tupl e.

const IteratorTuple& get _iterator_tuple() const;

Returns. miterator_tuple
ref erence operator*() const;

Returns: A tuple consisting of the results of dereferencing al iteratorsinm i terator _tupl e.
zip_iterator& operator++();

Effects. Increments each iterator inm i t er at or _t upl e.
Returns: *t hi s

zip_iterator& operator--();

Effects. Decrements each iteratorinm i t erat or _t upl e.
Returns. *t hi s
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tenpl at e<t ypenane |teratorTupl e>
zip_iterator<lteratorTupl e>
nmake_zip_iterator(lteratorTuple t);

Returns: Aninstanceof zi p_i terator<lteratorTupl e>withm.iterator_tupleinitidizedtot.
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Utilities
Iterator Archetypes

Thei t er at or _ar chet ype class constructs a minimal implementation of one of theiterator access concepts and one of the iterator
traversal concepts. Thisis used for doing a compile-time check to seeif a the type requirements of atemplate are really enough to
cover the implementation of the template. For further information see the documentation for the [concepts]_library.

Synopsis

nanespace iterator_archetypes

{
/'l Access categories
typedef /*inplenentation defined*/ readable_iterator _t;
typedef /*inplenentation defined*/ witable_ iterator_t;
typedef /*inplenentation defined*/ readable_witable_iterator_t;
typedef /*inplenentation defined*/ readable_|lvalue_iterator_t;
typedef /*inplenentation defined*/ witable_|value_iterator_t;
}
tenplate <
cl ass Val ue
cl ass AccessCategory
cl ass Traversal Cat egory
>
class iterator_archetype
{
typedef /* see bel ow */ val ue_type;
typedef /* see below */ reference;
typedef /* see below */ pointer;
typedef /* see below */ difference_type;
typedef /* see below */ iterator_category;
}

Access Category Tags

The access category types provided correspond to the following standard iterator access concept combinations:
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readabl e_iterator_t : =

Readabl e Iterator

witable iterator_t :=

Witeable Iterator
readable_witable_ iterator_t :=

Readabl e Iterator & Witeable Iterator & Swappable Iterator
readabl e_| value_iterator_t :=

Readabl e Iterator & Lvalue Iterator
witeable_lvalue_iterator_t :=

Readabl e Iterator & Witeable Iterator & Swappable Iterator & Lvalue lterator

Traits

The nested trait types are defined as follows:
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if (AccessCategory == readable_iterator_t)
val ue_type = Val ue
reference = Val ue
poi nt er = Val ue*
else if (AccessCategory == witable_iterator_t)
val ue_type = void
reference = void
poi nt er = void
else if (AccessCategory == readable_witable_ iterator_t)

val ue_type = Val ue

reference : =

A type X that is convertible to Value for which the follow ng
expression is valid. Gven an object x of type X and v of type

Val ue
X =V
poi nt er = Val ue*
else if (AccessCategory == readable_lvalue_iterator_t)
val ue_type = Val ue
reference = Value const&
poi nt er = Val ue const*
else if (AccessCategory == witable_Ivalue_iterator_t)
val ue_type = Val ue
reference = Value&
poi nt er = Val ue*

if ( Traversal Category is convertible to forward_traversal _tag )
difference_type := ptrdiff_t
el se

di fference_type : = unspecified type

iterator_category : =

A type X satisfying the following two constraints

1. Xis convertible to X1, and not to any nore-derived
type, where X1 is defined by:

if (reference is a reference type
&& Traversal Category is convertible to forward_traversal _tag)
{
if (Traversal Category is convertible to random access_traversal _tag)
X1 = random access_iterator_tag
else if (Traversal Category is convertible to bidirectional _traversal _tag)
X1l = bidirectional _iterator_tag
el se
X1l = forward_iterator_tag

render

httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

render

Boost.|terator

}
el se
{
if (Traversal Category is convertible to single_pass_traversal tag
&& reference ! = void)
X1 = input_iterator_tag
el se
X1 = output_iterator_tag
}

2. Xis convertible to Traversal Category

Requirements

The AccessCat egor y argument must be one of the predefined access category tags. The Tr aver sal Cat egor y must be one of
the standard traversal tags. The Val ue type must satisfy the requirements of the iterator concept specified by AccessCat egory
and Tr aver sal Cat egor y asimplied by the nested traits types.

Concepts

i terator_archet ype models the iterator concepts specified by the AccessCat egory and Tr aver sal Cat egor y arguments.
i terator_archet ype doesnot model any other access concepts or any more derived traversal concepts.

Concept Checking

The iterator concept checking classes provide a mechanism for a template to report better error messages when a user instantiates
the template with atype that does not meet the requirements of the template. For an introduction to using concept checking classes,
see the documentation for the boost::concept_check library.
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iterator_concepts. hpp SynOpSiS

namespace boost_concepts {
/1 Iterator Access Concepts

tenpl ate <typenane |terator>
cl ass Readabl el t er at or Concept ;

tenplate <
typenane |terator
, typenane Val ueType = std::iterator_traits<lterator>::value_type
>
class WitablelteratorConcept;

tenpl ate <typenane |terator>
cl ass Swappabl el t er at or Concept ;

tenpl ate <typenane |terator>
cl ass Lval uel t erat or Concept ;

/1 lterator Traversal Concepts

tenpl ate <typenane |terator>
cl ass Increnentabl el teratorConcept;

tenpl ate <typenane |terator>
cl ass Singl ePasslteratorConcept ;

tenpl ate <typenane |terator>
cl ass ForwardTraver sal Concept ;

tenpl ate <typenane |terator>
cl ass Bidirectional Traversal Concept;

tenpl ate <typenane |terator>
cl ass RandonmAccessTraver sal Concept ;

/'l Interoperability

tenpl ate <typenane lterator, typenane Constlterator>
cl ass I nteroperabl elteratorConcept;

lterator Traits

std::iterator_traits providesaccessto five associated types of any iterator: itsval ue_t ype, r ef er ence, poi nter,iter-
ator _cat egory,anddi f f erence_t ype. Unfortunately, such a"multi-valued" traits template can be difficult to usein ametapro-
gramming context. <boost /i terator/iterator_traits. hpp> providesaccessto thesetypesusing astandard metafunctions .

Synopsis

Header <boost/iterator/iterator_traits. hpp>:
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tenpl ate <class lterator>
struct iterator_val ue

{
t ypedef typenane
std::iterator_traits<lterator>::val ue_type
type;
b

tenpl ate <class lterator>
struct iterator_reference

{
t ypedef typenane
std::iterator_traits<lterator>: :reference
type;
b

tenpl ate <class lterator>
struct iterator_pointer

{
t ypedef typenane
std::iterator_traits<lterator>::pointer
type;
b

tenpl ate <class Iterator>
struct iterator_difference

{
t ypedef typenane
detail ::iterator_traits<lterator>::difference_type
type;
b

tenpl ate <class lterator>
struct iterator_category

{
t ypedef typenane
detail ::iterator_traits<lterator>::iterator_category
type;
b

Broken Compiler Notes

Because of workarounds in Boost, you may find that these metafunctions actually work better than the facilities provided by your
compiler's standard library.

On compilers that don't support partial specialization, such as Microsoft Visual C++ 6.0 or 7.0, you may need to manually invoke
BOOST_BROKEN_COMPILER TYPE TRAITS SPECIALIZATION on the val ue_t ype of pointers that are passed to these
metafunctions.

Because of bugsin the implementation of GCC-2.9x, thenameof i t er at or _cat egory ischangedtoi t er at or _cat egory_ on
that compiler. A macro, BOOST_| TERATOR_CATEGORY, that expands to either i t er at or _cat egory oriterator_category_,
as appropriate to the platform, is provided for portability.
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lterator Utilities
Traits

Overview

Haveyou ever wanted to write ageneric function that can operate on any kind of dereferenceabl e object? If you have, you've probably
run into the problem of how to determine the type that the object "points at":

tenpl ate <cl ass Dereferenceabl e>
voi d f(Dereferenceable p)

{
*what - goes- here?* value = \*p
}
poi nt ee

It turns out to be impossible to come up with a fully-general algorithm to do determine what-goes-here directly, but it is possible
torequirethat poi nt ee<Der ef er enceabl e>: : t ype iscorrect. Naturally, poi nt ee hasthe same difficulty: it can't determine the
appropriate : : t ype reliably for all Der ef er enceabl es, but it makes very good guesses (it works for al pointers, standard and
boost smart pointers, and iterators), and when it guesses wrongly, it can be specialized as necessary:

namespace boost

{

tenpl ate <class T>
struct pointee<third_party_ lib::smart_pointer<T> >

{

}
}

typedef T type;

indirect_reference

i ndirect _reference<T>::type is rather more speciaized than poi nt ee, and is meant to be used to forward the result of
dereferencing an object of its argument type. Most dereferenceable types just return a reference to their pointee, but some return
proxy references or return the pointee by value. When that information is needed, call oni ndi rect _r ef er ence.

Both of these templates are essential to the correct functioning of i ndi rect _i terat or.
Reference

poi nt eee

tenpl ate <cl ass Deref er enceabl e>
struct pointee

{
}s

typedef /* see below */ type;

Requires: For an object x of type Der ef er enceabl e, *x is well-formed. If ++x isill-formed it shall neither be ambiguous nor
shall it violate access control, and Der ef er enceabl e: : el ement _t ype shal be an accessible type. Otherwise iter at -
or _traits<Deref erenceabl e>: : val ue_t ype shall be well formed. [Note: These requirements need not apply to explicit or
partial specializations of poi nt ee]
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t ype isdetermined according to the following algorithm, where x is an object of type Der ef er enceabl e:

if ( ++x is ill-formed )

{
}

else if ("*x° is a nutable reference to
std::iterator_traits<Dereferenceabl e>::val ue_type)

return " Dereferenceabl e:: el enent _type’

{
return iterator_traits<Dereferenceabl e>::val ue_type
}
el se
{
return iterator_traits<Dereferenceabl e>::val ue_type const
}

indirect_reference

tenpl ate <cl ass Dereferenceabl e>
struct indirect_reference

{
I

typedef /* see bel ow */ type;

Requires: For an object x of type Der ef er enceabl e, *x is well-formed. If ++x isill-formed it shall neither be ambiguous nor
shall it violate access control, and poi nt ee<Der ef er enceabl e>: : t ype& shal be well-formed. Otherwise iterat -
or _traits<Dereferenceabl e>::reference shal be well formed. [Note: These requirements need not apply to explicit or
partial specializationsof i ndi rect _ref erence]

t ype isdetermined according to the following algorithm, where x is an object of type Der ef er enceabl e:

if ( ++x is ill-formed )
return "~ pointee<Dereferenceabl e>: :type&
el se
std::iterator_traits<Dereferenceabl e>: :reference

Testing and Concept Checking

The iterator concept checking classes provide a mechanism for a template to report better error messages when a user instantiates
the template with a type that does not meet the requirements of the template.

For an introduction to using concept checking classes, see the documentation for the boost : : concept _check library.

Reference

Iterator Access Concepts

|Readable]

Writable|

|Swappable|
o |Lvalue_
Iterator Traversal Concepts .........cccoereeeeruenne.

* |Incrementable]
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|SinglePass|_
|Forward|
[Bidir|_

|Random|_

i terator_concepts. hpp SynopSiS

namespace boost _concepts {

/'l lterator Access Concepts

tenpl ate <typenane |terator>
cl ass Readabl el t er at or Concept

tenplate <
typenane |terator

, typenane Val ueType = std::iterator_traits<lterator>::val ue_type

>
class WitablelteratorConcept;

tenpl ate <typenane |terator>
cl ass Swappabl el t er at or Concept ;

tenpl ate <typenane |terator>
cl ass Lval uel t er at or Concept

/1l lterator Traversal Concepts

tenpl ate <typenane |terator>
cl ass I ncrenentabl el t eratorConcept;

tenpl ate <typenane |terator>
cl ass Singl ePassl teratorConcept ;

tenpl ate <typenane |terator>
cl ass ForwardTraver sal Concept

tenpl ate <typenane |terator>
cl ass Bidirectional Traversal Concept

tenpl ate <typenane |terator>
cl ass RandomAccessTraver sal Concept ;

/1l Interoperability

tenpl ate <typenane lterator, typenane Constlterator>
cl ass I nteroperablelteratorConcept;
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Upgrading from the old Boost Iterator Adaptor Library

If you have been using the old Boost Iterator Adaptor library to implement iterators, you probably wrote a Pol i ci es class which
captures the core operations of your iterator. In the new library design, you'll move those same core operations into the body of the
iterator classitself. If you were writing afamily of iterators, you probably wrote atype generator to build thei t er at or _adapt or
specialization you needed; in the new library design you don't need a type generator (though may want to keep it around as a com-
patibility aid for older code) because, due to the use of the Curiously Recurring Template Pattern (CRTP) [Cop95]_, you can now
define the iterator class yourself and acquire functionality through inheritance fromi t er at or _f acade ori t er at or _adapt or.
Asaresult, you also get much finer control over how your iterator works: you can add additional constructors, or even override the
iterator functionality provided by the library.

If you'relooking for theold pr oj ecti on_i t er at or component, its functionality has been merged into transform_iterator: aslong
asthe function object'sr esul t _t ype (or the Ref er ence template argument, if explicitly specified) is atrue reference type, trans-
form_iterator will behave like pr oj ecti on_i t er at or used to.
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History

In 2000 Dave Abrahams was writing an iterator for a container of pointers, which would access the pointed-to elements when
dereferenced. Naturally, being a library writer, he decided to generalize the idea and the Boost Iterator Adaptor library was born.
Dave was inspired by some writings of Andrei Alexandrescu and chose a policy based design (though he probably didn't capture
Andrei's idea very well - there was only one policy class for all the iterator's orthogonal properties). Soon Jeremy Siek realized he
would need thelibrary and they worked together to produce a"Boostified" version, which wasreviewed and accepted into thelibrary.
They wrote a paper and made severa important revisions of the code.

Eventually, several shortcomings of the older library began to make the need for arewrite apparent. Dave and Jeremy started working
at the Santa Cruz C++ committee meeting in 2002, and had quickly generated a working prototype. At the urging of Mat Marcus,
they decided to use the GenVoca/ CRTP pattern approach, and moved the policiesinto theiterator classitself. ThomasWitt expressed
interest and became the voice of strict compile-time checking for the project, adding uses of the SFINAE technique to eliminate
false converting constructors and operators from the overload set. He also recognized the need for a separatei t er at or _f acade,
and factored it out of i t er at or _adapt or . Finally, after a near-complete rewrite of the prototype, they came up with the library
you see today.

[Coplien, 1995] Coplien, J., Curiously Recurring Template Patterns, C++ Report, February 1995, pp. 24-27.
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