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Boost.Range is a collection of concepts and utilities, range-based algorithms, as well as range adaptors that allow for efficient and
expressive code.

Using Boost.Range inplace of the standard library alternatives results in more readable code and in many cases greater efficiency.
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Range 2.0

Introduction

Generic algorithms have so far been specified in terms of two or more iterators. Two iterators would together form arange of values
that the algorithm could work on. This leads to a very genera interface, but also to a somewhat clumsy use of the algorithms with
redundant specification of container names. Therefore we would like to raise the abstraction level for algorithms so they specify
their interface in terms of Ranges as much as possible.

The most common form of ranges used throughout the C++ community are standard library containers. When writing algorithms
however, one often finds it desirable for the algorithm to accept other types that offer enough functionality to satisfy the needs of
the generic code if a suitable layer of indirection isapplied . For example, raw arrays are often suitable for use with generic code
that works with containers, provided a suitable adapter is used. Likewise, null terminated strings can be treated as containers of
characters, if suitably adapted.

This library therefore provides the means to adapt standard-like containers, null terminated strings, st d: : pai r s of iterators, and
raw arrays (and more), such that the same generic code can work with them all. The basic ideais to add another layer of indirection
using metafunctions and free-standing functions so syntactic and/or semantic differences can be removed.

The main advantages are
» simpler implementation and specification of generic range algorithms
» more flexible, compact and maintainable client code

» safeuse of built-in arrays (for legacy code; why else would you use built-in arrays?)

Example - Iterate over the values in a map

usi ng namespace boost;
usi ng nanmespace boost: :adaptors;
for_each( nmy_map | nap_values, fn );

Example - Iterate over the keys in a map

usi ng nanespace boost;
usi ng nanespace boost: : adaptors;
for_each( ny_map | map_keys, fn );

Example - Push the even values from amap in reverse order into the container
t ar get

usi ng namespace boost;

usi ng nanespace boost::adaptors;

/1 Assune that is_even is a predicate that has been inplenented el sewhere. ..
push_back(target, ny_nap | map_values | filtered(is_even()) | reversed);
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Range Concepts

Overview

A Range is a concept similar to the STL Container concept. A Range provides iterators for accessing a half-open range
[first, one_past_| ast) of elements and provides information about the number of elements in the Range. However, a Range
has fewer requirements than a Container.

The motivation for the Range concept is that there are many useful Container-like types that do not meet the full requirements of
Container, and many algorithms that can be written with thisreduced set of requirements. In particular, a Range does not necessarily

» own the elements that can be accessed through it,
* have copy semantics,
Because of the second requirement, a Range object must be passed by (const or non-const) reference in generic code.

The operations that can be performed on a Range is dependent on the traversal category of the underlying iterator type. Therefore
the range concepts are named to reflect which traversal category itsiterators support. See also terminology and style guidelines. for
more information about naming of ranges.

The concepts described below specifies associated types as metafunctions and all functions as free-standing functions to alow for
alayer of indirection.

Single Pass Range

Notation
X A typethat isamodel of Single Pass Range.
a Object of type X.

Description

A range X where boost : : range_i t er at or <X>: : t ype isamodel of Single Pass Iterator.

Associated types

Iterator type boost::range_iterator<X>::type Thetypeof iterator usedtoiteratethrough
a Range's elements. The iterator's value
type is expected to be the Range's value
type. A conversion from the iterator type
totheconst iterator type must exist.

Const iterator type boost::range_iterator<const A typeof iterator that may be used to ex-
X>::type amine, but not to modify, a Range's ele-
ments.

Valid expressions

The following expressions must be valid.
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Name

Beginning of range

End of range

Expression semantics

Expression

boost : : begi n(a)

boost: : end(a)

Complexity guarantees

Expression

boost: : begi n(a)

boost: : end(a)

Semantics

Returns an iterator pointing to the first
element in the Range.

Returns an iterator pointing one past the
last element in the Range.

Return type

boost::range_iterator<X>::type
if aismutable, boost : : range_iterat -
or<const X>::type otherwise

boost::range_iterator<X>::type
if aismutable, boost : : range_i terat -
or<const X>::type otherwise

Postcondition

boost : : begi n(a) isether dereference-
able or past-the-end. It is past-the-end if
and only if boost : : di stance(a) ==
0.

boost : : end(a) ispast-the-end.

boost : : end(a) isat most amortized linear time, boost : : begi n(a) isamortized constant time. For most practical purposes, one
can expect both to be amortized constant time.

Invariants

Valid range

Completeness

See also

Extending the library for UDTs
Implementation of metafunctions
Implementation of functions

Container

Forward Range

Notation

For any Range a, [ boost : : begi n(a), boost: :end(a)) is
a valid range, that is, boost::end(a) is reachable from
boost : : begi n(a) inafinite number of increments.

An algorithm that iterates through the range [ boost : : be-
gin(a), boost::end(a)) will pass through every element

of a.

A typethat isamodel of Forward Range.

Object of type X.

render
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Description

A range X where boost : : range_i t er at or <X>: : t ype isamodel of Forward Traversal Iterator.

Refinement of
Single Pass Range

Associated types

Distance type

Sizetype

See also
Implementation of metafunctions

Implementation of functions

Bidirectional Range

Notation

X

a

Description

boost::range_differ-
ence<X>::type

boost: :range_si ze<X>::type

A signed integral type used to represent
the distance between two of the Range's
iterators. This type must be the same as
the iterator's distance type.

Anunsigned integral typethat can repres-
ent any nonnegative value of the Range's
distance type.

A typethat isamodel of Bidirectional Range.

Object of type X.

This concept provides access to iterators that traverse in both directions (forward and reverse). The boost : : range_i t er at -
or <X>: : t ype iterator must meet all of the requirements of Bidirectional Traversal Iterator.

Refinement of
Forward Range

Associated types

Reverse Iterator type

Const reverse iterator type

boost::range_reverse_iterat-
or<X>::type

boost::range_reverse_iterat-
or<const X>::type

Thetype of iterator used to iterate through
a Range's elements in reverse order. The
iterator's value type is expected to be the
Range's value type. A conversion from
the reverse iterator type to the const re-
verse iterator type must exist.

A typeof reverseiterator that may be used
to examine, but not to modify, a Range's
elements.
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Valid expressions

Name Expression Return type Semantics

Beginning of range boost : : rbegi n(a) boost::range_re- Equivalent to
verse_iterator<X>::type boost::range_re-
if a is mutable verse _iterat -
boost::range_re- or<X::type(boost::end(a)).

ver se_i terator<const
X>:: type otherwise.

End of range boost: : rend(a) boost::range_re- Equivalent to
verse_iterator<X>::type boost::range_re-
if a is mutable, verse _ iterat -
boost::range_re- or<X>: :type(boost::be-

verse_iterator<const gin(a)).
X>: : t ype otherwise.

Complexity guarantees

boost : : rbegi n(a) has the same complexity as boost::end(a) and boost::rend(a) has the same complexity as
boost : : begi n(a) from Forward Range.

Invariants
Valid reverse range For any Bidirectiona Range a [boost::rbe-
gin(a), boost::rend(a)) is a vaid range, that is,
boost : : rend(a) isreachable from boost : : rbegin(a) in
afinite number of increments.
Completeness An agorithm that iterates through the range [ boost : : r be-
gin(a), boost::rend(a)) will passthrough every element
of a.
See also

Implementation of metafunctions

Implementation of functions

Random Access Range

Description

A range X whereboost : : range_i t er at or <X>: : t ype isamodel of Random Access Traversal Iterator.
Refinement of

Bidirectional Range

Valid expressions

Name Expression Return type

Size of range boost : : size(a) boost : : range_si ze<X>::type

render
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Expression semantics

Expression Semantics Postcondition

boost : : size(a) Returns the size of the Range, that is, its boost::size(a) >= 0
number of  elements. Note
boost::size(a) == Ou isequivaent

toboost : : enpty(a).

Complexity guarantees

boost : : si ze(a) completesin amortized constant time.

Invariants

Range size boost::size(a) is equa to the boost::end(a) -
boost: : begin(a).

Concept Checking

Each of the range concepts has a corresponding concept checking classin thefile<boost / r ange/ concept s. hpp>. These classes
may be used in conjunction with the Boost Concept Check library to ensure that the type of atemplate parameter is compatible with
arange concept. If not, ameaningful compile time error is generated. Checks are provided for the range concepts related to iterator
traversal categories. For example, the following line checks that the type T models the Forward Range concept.

BOOST_CONCEPT_ASSERT( ( For war dRangeConcept <T> ) ) ;

An additional concept check isrequired for the value access property of the range based on the range's iterator type. For example to
check for a ForwardReadableRange, the following code is required.

BOOST_CONCEPT_ASSERT( ( For war dRangeConcept <T> ) ) ;
BOOST_CONCEPT_ASSERT( ( Readabl el t er at or Concept <t ypenane range_iterator<T>::type> ));

The following range concept checking classes are provided.

* Class SinglePassRangeConcept checks for Single Pass Range

* Class ForwardRangeConcept checks for Forward Range

* Class Bidirectional RangeConcept checks for Bidirectional Range

* Class RandomA ccessRangeConcept checks for Random Access Range
See also

Range Terminology and style guidelines

Iterator concepts

Boost Concept Check library

render
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Reference

Overview

Three types of objects are currently supported by the library:

* standard-like containers

e std::pair<iterator,iterator>

* built-in arrays

Even though the behavior of the primary templates are exactly such that standard containerswill be supported by default, the require-
ments are much lower than the standard container requirements. For example, the utility classi t er at or _r ange implements the

minimal interface required to make the class a Forward Range.

Please a so see Range concepts for more details.

render
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Range concept implementation
Synopsis

namespace boost

{
I
/'l Single Pass Range netafunctions
I

tenpl ate< class T, class Enabl er=void >
struct range_iterator;

template< class T >
struct range_val ue;

template< class T >
struct range_reference;

template< class T >
struct range_pointer;

template< class T >
struct range_category;

I
/'l Forward Range netafunctions
I

template< class T >
struct range_difference

I
/1 Bidirectional Range netafunctions
I

template< class T >
struct range_reverse_iterator;

/1
/'l Single Pass Range functions
/1

template< class T >
typenane range_iterator<T>: :type
begin( T&r )

template< class T >
typenane range_iterator<const T>: :type
begi n( const T&r )

template< class T >
typenane range_iterator<T>::type
end( T&r );

template< class T >
typenanme range_iterator<const T>: :type
end( const T&r )

template< class T >
bool
enmpty( const T&r );

10
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I
/1 Forward Range functions
I

template< class T >
typenane range_difference<T>::type
di stance( const T&r );

template< class T >
typenane range_si ze<T>::type
size( const T&r )

I
/1 Bidirectional Range functions
I

template< class T >
typenane range_reverse_iterator<T>: :type
rbegin( T&r );

template< class T >
typenane range_reverse_iterator<const T>
rbegin( const T&r );

template< class T >
typenane range_reverse_iterator<T>: :type
rend( T&r );

template< class T >
typenane range_reverse_iterator<const T>
rend( const T&r )

I
/1 Special const Range functions
I

template< class T >
typenane range_iterator<const T> :type
const _begin( const T& r )

template< class T >
typenane range_iterator<const T> :type
const_end( const T&r );

template< class T >
typenane range_reverse_iterator<const T>
const _rbegin( const T&r );

template< class T >
typenane range_reverse_iterator<const T>
const _rend( const T&r )

I
/1 String utilities
I

template< class T >
iterator_range< ... see below ... >
as_literal( T&r );

template< class T >
iterator_range< ... see below ... >

rtype

rtype

rtype

rtype

11
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as_literal ( const T&r );

template< class T >
iterator_range< typenane range_iterator<T>: :type >
as_array( T&r );

template< class T >
iterator_range< typenane range_iterator<const T>: :type >
as_array( const T&r );

} I/ nanmespace ' boost’

Semantics

notation
Type Object Describes
X X any type
T t denotes behavior of the primary templates
P p denotesst d: :pair<iterator,iterat-

or>

Al s7] a denotes an array of type A of sizesz
Char * s denotes either char * orwchar _t *

12
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Metafunctions

Expression

range_i t erat or <X>::type

range_i t erat or <const X>::type

range_val ue<x>: :type

range_reference<X>::type

range_poi nter <xX>::type

range_cat egor y<xX>: : type

range_di fference<X>::type

range_reverse_iterator<X>::type

range_reverse_iterator<const

X>::itype

has_range_iterator<X>::type

has_range_const _iterat-
or<X>::type

Return type

T::iterator
P::first_type

A‘k

T::const_iterator
P :first_type

const A*

b oost

or _value<range_iterat-

i ter at -

or <X>::type>::type

boost : :

iterator _refer-

ence<range_iterat -
or<X>::type>::type

boost::

iterator_point-
er<range_i

terat -

or <X>::type>::type

boost ::

iterator_cat -

egory<range_iterat -
or<X>::type>::type

boost :

citerator _differ-

ence<range_iterat -
or<X>::type>::type

boost:

reverse_iterat-

or <range_i t erat or <X>::type>

boost ::

X>::itype

npl ::true_ifrange_nutable_iter-
at or<X>: :type is a valid expression,

reverse_iterat-
or<range_iterator<const

npl : : f al se_ otherwise

npl : :true_ifrange_const iterat-
or<X>::type is a valid expression,

npl : : fal se_ otherwise

Complexity

compiletime

compiletime

compiletime

compiletime

compile time

compiletime

compiletime

compiletime

compiletime

compiletime

compiletime

13
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Functions
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Expression

begi n( x)

end( x)

enpt y(x)

di st ance(x)

si ze(x)

rbegi n(x)

rend(x)

const _begi n(x)

const _end(x)

const _rbegi n(x)

const _rend(x)

Return type

range_iterator<X>::type

range_iterator<X>::type

bool

range_di fference<X>::type

range_si ze<X>::type

range_reverse_iterat-
or<X>::type

range_reverse_iterat-
or<X>::type
range_iterator<const
X>: i type

range_iterator<const
X>::type

range_reverse_iterat-
or<const X>::type

range_reverse_iterat-
or<const X>::type

Returns

p.first if p is of type
std:: pai r<T>aifaisanarray
range_begi n(x) if that expres-
sion would invoke a function
foundby ADL t . begi n() other-
wise

p.second if p is of type
std::pair<T>a + szifais
an array of size sz
range_end(x) if that expres
sion would invoke a function
found by ADL t. end() other-
wise

boost : : begi n(x) ==
boost: : end(x)

std:: di stance(boost: : be-
gi n(x), boost: :end(x))

range_cal cul ate_si ze(x)
which by default is
boost::end(x) -
boost : : begi n(x) . Users may
supply aternative implementa-
tions by implementing
range_cal cul ate_si ze(x)
so that it will be found viaADL

range_reverse_iterat-
or <X>: :type(boost: : end(x))

range_reverse_iterat-
or<X>::type(boost:: be-
gin(x))

range_iterator<const
X>:: type(boost: : begi n(x))

range_iterator<const
X>::type(boost::end(x))

range_reverse_iterat-
o r < c¢c o n s t
X>::type(boost::rbe-
gin(x))

range_reverse_iterat-
o r < ¢ o n s t
X>::type(boost::rend(x))

Complexity

constant time

constant time

constant time

constant time

constant time

constant time

constant time

constant time

constant time

constant time

render
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Expression Return type Returns Complexity
as _literal (x) iterator _range<U>whereU [ s , s + linear timefor pointers

is Char* if x isapointer to a std::char_traits<&: :length(s)) toastring or arrays of
stringand Uisrange_iterat- if s isaChar* or an array of Char, constant time

or <X>: : t ype otherwise Char [boost::be- otherwise
gi n(x), boost : : end(x)) oth-
erwise
as_array(x) i terator_range<X> [ boost: : be-

gi n(x), boost: :end(x))

The specia const _-named functions are useful when you want to document clearly that your code is read-only.
as_literal () canbeusedinternally in string algorithm libraries such that arrays of characters are handled correctly.

as_array() can be used with string algorithm libraries to make it clear that arrays of characters are handled like an array and not
like astring.

Notice that the above functions should always be called with qualification (boost : : ) to prevent unintended Argument Dependent
Lookup (ADL).

Range Adaptors

Introduction and motivation

A RangeAdaptor isaclass that wraps an existing Range to provide a new Range with different behaviour. Since the behaviour of
Rangesis determined by their associated iterators, a Range Adaptor simply wraps the underlying iterators with new special iterators.
In this example

#i ncl ude <boost/range/ adaptors. hpp>
#i ncl ude <boost/range/ al gorithm hpp>
#i ncl ude <i ostreanr

#i ncl ude <vector>

std: :vector<int> vec;
boost:: copy( vec | boost::adaptors::reversed,
std::ostreamiterator<int>(std::cout) );

the iterators from vec are wrapped r ever se_i t er at or S. The type of the underlying Range Adapter is not documented because
you do not need to know it. All that is relevant is that the expression

vec | boost::adaptors::reversed

returns a Range Adaptor where the iterator type is now the iterator type of the rangevec wrapped inr ever se_i t er at or . The ex-
pression boost : : adapt or s: : rever sed iscaled an Adaptor Generator.

There are two ways of constructing a range adaptor. The first is by using oper at or | () . Thisis my preferred technique, however
while discussing range adaptors with others it became clear that some users of the library strongly prefer a more familiar function
syntax, so equivalent functions of the present tense form have been added as an dternative syntax. Theequivalenttorng | reversed
isadapt ors: : reverse(rng) for example.

Why do | prefer the oper at or | syntax? The answer is readability:
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std::vector<int> vec;
boost: : copy( boost::adaptors::reverse(vec),
std::ostream.iterator<int>(std::cout) );

This might not look so bad, but when we apply several adaptors, it becomes much worse. Just compare

std::vector<int> vec
boost: : copy( boost::adaptors::unique( boost::adaptors::reverse( vec ) )
std::ostream.iterator<int>(std::cout) )

to

std::vector<int> vec;
boost:: copy( vec | boost::adaptors::reversed
| boost::adaptors:: uniqued,
std::ostreamiterator<int>(std::cout) );

Furthermore, some of the adaptor generators take arguments themsel ves and these arguments are expressed with function call notation
too. In those situations, you will really appreciate the succinctness of operator| ().

Composition of Adaptors

Range Adaptorsare apowerful complement to Range algorithms. The reason isthat adaptorsare orthogonal to algorithms. For example,
consider these Range algorithms:

* boost::copy( rng, out )
* boost::count( rng, pred)

What should we do if we only want to copy an element a if it satisfies some predicate, say pr ed( a) ? And what if we only want to
count the elements that satisfy the same predicate? The naive answer would be to use these algorithms:

* boost::copy_if( rng, pred, out )

* boost::count _if( rng, pred)

These algorithms are only defined to maintain aone to one relationship with the standard library algorithms. This approach of adding
algorithm suffersacombinatorial explosion. Inevitably many algorithmsaremissing _i f variantsand thereisredundant development
overhead for each new algorithm. The Adaptor Generator isthe design solution to this problem. It is conceivable that some algorithms
are capable of optimization by tightly coupling the filter with the algorithm. The adaptors provide a more general solution with su-
perior separation of orthogonal concerns.

Range Adaptor alternative to copy_if algorithm

boost::copy_if( rng, pred, out );
can be expressed as

boost::copy( rng | boost::adaptors::filtered(pred), out );
Range Adaptor alternative to count_if algorithm

boost::count _if( rng, pred );

can be expressed as
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boost::size( rng | boost::adaptors::filtered(pred) );

What this means is that many algorithms no longer require nor benefit from an optimized implementation with an _i f suffix. Fur-
thermore, it turns out that algorithms with the _copy suffix are often not needed either. Consider r epl ace_copy_i f () which may
be used as

std::vector<int> vec;
boost: :replace_copy_if( rng, std::back_inserter(vec), pred, new value );

With adaptors and algorithms we can express this as

std::vector<int> vec;
boost: : push_back(vec, rng | boost::adaptors::replaced_if(pred, new value));

The latter code has several benefits:
1. it ismore efficient because we avoid extra allocations as might happen with st d: : back_i nserter

2. it isflexible as we can subsequently apply even more adaptors, for example:

boost: : push_back(vec, rng | boost::adaptors::replaced_if(pred, new_val ue)
| boost::adaptors::reversed);

3. it issafer because there is no use of an unbounded output iterator.

In this manner, the composition of Range Adaptors has the following consequences:

1. we no longer need many of the _i f, _copy, _copy_i f and _n variants of algorithms.

2. we can generate a multitude of new algorithms on the fly, for example, above we generated r ever se_r epl ace_copy_i f ()
In other words:

Range Adaptorsareto algorithmswhat algorithms are to containers

General Requirements

In the description of generator expressions, the following notation is used:

» fwdRng isan expression of atype R that models For war dRange

* bi Rng isan expression of atype R that modelsBi di r ect i onal Range

* rndRng isan expression of atype R that models RandomAccessRange

* pred isanexpression of atype that models Unar yPr edi cat e

* bi _pred isanexpression of atypethat modelsBi nar yPredi cat e

» funisanexpression of atype that models Unar yFunct i on

* val ue, new_val ue and ol d_val ue are objects convertibleto boost : : r ange_val ue<R>: : t ype
* n, mare integer expressions convertibletor ange_di f f erence<R>: : t ype

Alsonotethat boost : : range_val ue<R>: : t ype must beimplicitly convertibleto the type argumentsto pr ed, bi _pr ed andf un.

18
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Range Category in the following adaptor descriptions refers to the minimum range concept required by the range passed to the adaptor.
The resultant range isamodel of the same range concept as the input range unless specified otherwise.

Returned Range Category isthe concept of the returned range. In some cases the returned range is of alesser category than the range
passed to the adaptor. For example, thefi | t er ed adaptor returns only a For war dRange regardless of the input.

Furthermore, the following rules apply to any expression of the form
rng | boost::adaptors::adaptor_generator

1. Applying oper at or | () to arange R (always left argument) and a range adapter RA (always right argument) yields a new range
type which may not conform to the same range concept as R.

2. Thereturn-type of oper at or | () isotherwise unspecified.

3. operator| () is found by Argument Dependent Lookup (ADL) because a range adaptor is implemented in namespace
boost: : adaptors.

4. operator| () isusedtoadd new behaviour lazily and never modifiesits left argument.
5. All iterators extracted from the left argument are extracted using qualified callsto boost : : begi n() and boost : : end() .

6. In addition to the t hr ow-clauses below, oper at or | () may throw exceptions as a result of copying iterators. If such copying
cannot throw an exception, then neither can the whole expression.

Reference

adjacent_filtered

Syntax Code

Pipe rng | boost::adaptors::adja-
cent _filtered(bi_pred)

Function boost: : adaptors::adjacent _filter(rng, bi_pred)

» Precondition: Theval ue_t ype of the range is convertible to both argument types of bi _pr ed.

» Postcondition: For all adjacent elements| x, y] inthereturned range, bi _pred(x, y) istrue.

e Throws: Whatever the copy constructor of bi _pr ed might throw.

» Range Category: Forward Range

* Return Type: boost: : adj acent _filtered_range<decltype(rng), decltype(bi_pred)>

» Returned Range Category: The minimum of the range category of r ng and Forward Range
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adjacent_filtered example

#i ncl ude <boost/range/ adaptor/ adjacent _filtered. hpp>
#i ncl ude <boost/range/ al gorithm copy. hpp>
#i ncl ude <boost/assign. hpp>
#include <iterator>
#i ncl ude <functional >
#i ncl ude <i ostreanr
#i ncl ude <vector>
int main(int argc, const char* argv[])
{
usi ng nanmespace boost: : assign;
usi ng namespace boost: : adaptors
std::vector<int> input;
input += 1,1,2,2, 2,3,4,5,6;
boost : : copy(
input | adjacent_filtered(std::not_equal _to<int>())
std::ostream.iterator<int>(std::cout, ","));
return O;
}

Thiswould produce the output:

1,2,3,4,5,6,

copied

Syntax

Pipe

Function

Code

’

rng | boost::adaptors::copied(n

boost: : adaptors::copy(rng, n,

Precondition: 0 <= n & n <= m & m < di st ance(rng)

Returns: A newi t er at or _r ange that holdsthe sliced range [ n, n) of the original range.

Range Category: Random Access Range

Returned Range Category: Random Access Range

m

m
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copied example

#i
#i
#i
#i
#i
#i

i nt

{

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

mai n(int argc,

<boost/range/ adapt or/ copi ed. hpp>
<boost/range/ al gori t hm copy. hpp>
<boost / assi gn. hpp>

<i terator>

<i ostrean

<vect or >

const char* argv|[])

usi ng nanmespace boost: : assign;
usi ng namespace boost: : adaptors

std::vector<int> input;

i nput

+=1,2,3,4,5,6,7,8,9,10

boost : : copy(

i nput |
std::ostream.iterator<int>(std::cout,

copied(1, 5),

return O;

Thiswould produce the output:

2,

3,4,5,

filtered

Syntax

Pipe

Function

"))

Code

rng

boost::adaptors::filter(rng, pred)

» Precondition: Theval ue_t ype of the range is convertible to the argument type of pr ed.

 Postcondition: For all adjacent elements|[ x] in the returned range, pr ed(x) istr ue.

» Throws: Whatever the copy constructor of pr ed might throw.

» Range Category: Forward Range

* RangeReturn Type: boost:: filtered_range<decltype(rng)>

» Returned Range Category: The minimum of the range category of r ng and Bidirectional Range

render

21

httpo://www.renderx.com/

boost::adaptors::filtered(pred)


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

Range 2.0

filtered example

#i
#i
#i
#i
#i
#i

struct

{
}

i nt

{

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

bool

<boost/range/ adaptor/filtered. hpp>
<boost/range/ al gori t hm copy. hpp>
<boost / assi gn. hpp>

<i terator>

<i ostrean

<vect or >

i s_even

operator()( int x ) const { return Xx

mai n(int argc, const char* argv|[])

usi ng nanmespace boost: : assign;
usi ng namespace boost: : adaptors

std::vector<int> input;

i nput

+=1,2,3,4,56,7,8,9;

boost : : copy(

input | filtered(is_even())
std::ostream.iterator<int>(std::cout,

return O;

Thiswould produce the output:

2,4,6, 8,

indexed

Syntax

Pipe

Pipe

Function

Function

Description

%2 == 0; }

"))

Code

rng | boost::adaptors::indexed()

rng | boost::adaptors::indexed(start_index)
boost : : adapt ors: :i ndex(rng)

boost: : adaptors::index(rng, start_index)

The index within each returned boost : : range: : i ndex_val ue isequal to st art_i ndex + the offset of the element from the
beginning of the range. In the versions of the functions that omit st art _i ndex the starting index is taken to be 0.

» Purpose: Adapt r ng to return elements that have the corresponding value from r ng and a numeric index.

» Returns: A range adapted to return both the element and the associated index. The returned range has elements of type:

boost: : range: : i ndex_val ue<
t ypename boost::range_reference<decl type(rng)>::type
t ypename boost::range_difference<decl type(rng)>::type

render
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The synopsis of index_valueis asfollows:

tenpl ate<cl ass T, class |Indexable=std::ptrdiff_t>
cl ass index_value : public boost::tuple<lndexable, T>

{
public:

typedef ...unspecified... i ndex_type
typedef ...unspecified... const _i ndex_t ype

typedef ...unspecified... val ue_t ype
typedef ...unspecified... const _val ue_t ype

/1 ...unspecified... constructors

i ndex_type index();
const _i ndex_type index() const;

val ue_t ype val ue()
const _val ue_type val ue() const;

» Range Category: Single Pass Range
e Range Return Type: boost : : i ndexed_r ange<decl t ype(rng) >

» Returned Range Category: The range category of r ng if and only if r ng isnot a Bidirectional Range. If r ng is a Bidirectional
Range then the returned range category is Forward Range. The rational e for the demotion of Bidirectional Rangeinputsto Forward
Rangeisto avoid slow calculation of indices for boost : : end(rng).

indexed example

#i ncl ude <boost/range/ adaptor/i ndexed. hpp>
#i ncl ude <boost/ assi gn. hpp>

#include <iterator>

#i ncl ude <i ostreanr

#i ncl ude <vector>

int main(int argc, const char* argv|[])

{
usi ng nanespace boost:: assign;
usi ng nanmespace boost::adaptors
std::vector<int> input;
i nput += 10, 20, 30, 40, 50, 60, 70, 80, 90
for (const auto& elenment : input | indexed(0))
{
std::cout << "Elenent = " << el enent.val ue()
<< " Index =" << elenent.index()
<< std::endl;
}
return O;
}

Thiswould produce the output:
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El enrent = 10 Index = 0
Elenent = 20 Index = 1
El enrent = 30 Index = 2
El enrent = 40 Index = 3
El enrent = 50 Index = 4
El enrent = 60 Index = 5
El enrent = 70 Index = 6
El enent = 80 Index = 7
El enrent = 90 Index = 8
indirected
Syntax Code
Pipe rng | boost::adaptors::indirected
Function boost: : adaptors::indirect(rng)

* Precondition: Theval ue_t ype of the range defines unary oper at or * ()

» Postcondition: For all elementsx inthe returned range, x isthe result of *y wherey isthe corresponding element in the original
range.

» Range Category: Single Pass Range
* Range Return Type: boost : : i ndi rect ed_r ange<decl t ype(rng) >
» Returned Range Category: The range category of r ng

indirected example

#i ncl ude <boost/range/ adaptor/i ndirected. hpp>
#i ncl ude <boost/range/ al gorithm copy. hpp>

#i ncl ude <boost/shared_ptr. hpp>

#include <iterator>

#i ncl ude <i ostreanr

#i ncl ude <vector>

int main(int argc, const char* argv|[])

{
usi ng nanmespace boost::adaptors
std::vector<boost::shared_ptr<int> > input;
for (int i =0; i < 10; ++i)
i nput . push_back(boost::shared_ptr<int>(new int(i)))
boost : : copy(
input | indirected,
std::ostreamiterator<int>(std::cout, ","));
return O;
}

Thiswould produce the output:

0,1,2,3,45,6,7,8,9
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map_keys
Syntax Code
Pipe rng | boost::adaptors:: mp_keys
Function boost: : adaptors: : keys(rng)

» Precondition: Theval ue_t ype of therangeisan instantiation of st d: : pai r.

 Postcondition: For all elements x in the returned range, x istheresult of y. fi r st wherey isthe corresponding element in the
origina range.

» Range Category: Single Pass Range
* Range Return Type: boost : : sel ect _first_range<decltype(rng)>
» Returned Range Category: The range category of r ng.

map_keys example

#i ncl ude <boost/range/ adapt or/ map. hpp>

#i ncl ude <boost/range/ al gorithm copy. hpp>
#i ncl ude <boost/ assign. hpp>

#include <iterator>

#i ncl ude <i ostrean>

#i ncl ude <map>

#i ncl ude <vector>

int main(int argc, const char* argv|[])

{
usi ng nanespace boost: : assign;
usi ng nanespace boost: :adaptors
std: :map<int,int> input;
for (int i =0; i < 10; ++i)
input.insert(std::make_pair(i, i * 10))
boost : : copy(
i nput | map_keys,
std::ostreamiterator<int>(std::cout, ","));
return O;
}

Thiswould produce the output:

0,1,2,3,4,5,6,7,8,9,

map_values
Syntax Code
Pipe rng | boost::adaptors:: mp_val ues
Function boost: : adapt ors: : val ues(rng)

» Precondition: Theval ue_t ype of therangeisan instantiation of st d: : pair.
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 Postcondition: For all elementsx in the returned range, x istheresult of y. second wherey isthe corresponding element in the
origina range.

» Range Category: Single Pass Range

» Range Return Type: for constant ranges, boost:: sel ect _second_const <decl t ype(rng) > otherwise boost: se-
| ect _second_nmut abl e<decl t ype(rng) >

» Returned Range Category: The range category of r ng.

map_values example

#i ncl ude <boost/range/ adapt or/ map. hpp>

#i ncl ude <boost/range/ al gorithm copy. hpp>
#i ncl ude <boost/assi gn. hpp>

#include <iterator>

#i ncl ude <i ostreanr

#i ncl ude <map>

#i ncl ude <vector>

int main(int argc, const char* argv|[])

{

usi ng namespace boost: : assign;
usi ng namespace boost: : adaptors;

std:: map<int,int> input;

for (int i =0; i < 10; ++i)
input.insert(std::make_pair(i, i * 10));

boost : : copy(
i nput | map_val ues,
std::ostream.iterator<int>(std::cout, ","));

return O;

Thiswould produce the output:

0, 10, 20, 30, 40, 50, 60, 70, 80, 90,

replaced
Syntax Code
Pipe rng | boost: : adaptors: :repl aced(new_val ue,
ol d_val ue)
Function boost: : adaptors::repl ace(rng, new_val ue,

ol d_val ue)

» Precondition:
* new_val ue isconvertibleto theval ue_t ype of the range.
* ol d_val ue isconvertibleto theval ue_t ype of the range.

 Postcondition: For all elementsx in the returned range, the value x isequal tothevalueof (y == ol d_val ue) ? new val ue
y wherey isthe corresponding element in the original range.
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» Range Category: Single Pass Range

* Range Return Type: boost : : repl aced_r ange<decl t ype(rng) >

* Returned Range Category: The range category of r ng.

replaced example

#i
#i
#i
#i
#i
#i

i nt

{

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

<boost/range/ adapt or/ repl aced. hpp>
<boost/range/ al gori t hm copy. hpp>
<boost/ assi gn. hpp>

<i terator>

<i ostrean

<vect or >

mai n(int argc, const char* argv|[])

usi ng namespace boost: : adaptors
usi ng nanmespace boost: : assign;

std::vector<int> input;

i nput

+=1,2,3,2,52,7,2,9;

boost : : copy(

i nput | replaced(2, 10)
std::ostream.iterator<int>(std::cout, ","));

return O;

This would produce the output:

1,10, 3, 10, 5,10, 7, 10, 9,

replaced_if
Syntax Code
Pipe rng | boost: :adaptors::replaced_if(pred
new_val ue)
Function boost: : adaptors::replace_if(rng, pred
new_val ue)
* Precondition:
e Therangeval ue_t ype is convertible to the argument type of pr ed.
* new_val ue isconvertibleto theval ue_t ype of the range.
» Postconditions: For all elementsx in the returned range, the valuex isegual tothevalueof pred(y) ? new val ue : y where

y isthe corresponding element in the original range.

Range Category: Single Pass Range

Range Return Type: boost : : repl aced_i f _r ange<decl t ype(rng) >

Returned Range Category: The range category of r ng.
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replaced_if example

#i ncl ude <boost/range/ adaptor/replaced_if. hpp>
#i ncl ude <boost/range/ al gorithm copy. hpp>

#i ncl ude <boost/assign. hpp>

#include <iterator>

#i ncl ude <i ostreanr

#i ncl ude <vector>

struct is_even

{
bool operator()(int x) const { return x %2 == 0; }
b
int main(int argc, const char* argv[])
{
usi ng nanmespace boost: :adaptors;
usi ng nanmespace boost: : assign;
std::vector<int> input;
input += 1,2,3,4,5/6,7,8,9;
boost : : copy(
input | replaced_if(is_even(), 10),
std::ostream.iterator<int>(std::cout, ","));
return O;
}

Thiswould produce the output:

1,10, 3, 10, 5,10, 7, 10, 9,

reversed
Syntax Code
Pipe rng | boost::adaptors::reversed
Function boost: : adaptors::reverse(rng)

* Returns: A range whose iterators behave asif they were the original iteratorswrapped inrever se_i t er at or.
» Range Category: Bidirectional Range

* Range Return Type: boost : : rever sed_r ange<decl t ype(rng) >

Returned Range Category: The range category of r ng.
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reversed example

#i
#i
#i
#i
#i
#i

i nt

{

ncl ude
ncl ude
ncl ude
ncl ude
ncl ude
ncl ude

<boost/range/ adapt or/ rever sed. hpp>
<boost/range/ al gori t hm copy. hpp>
<boost / assi gn. hpp>

<i terator>

<i ostrean

<vect or >

mai n(int argc, const char* argv|[])

usi ng namespace boost: : adaptors
usi ng nanmespace boost: : assign;

std::vector<int> input;

i nput

+=1,2,3,4,56,7,8,9;

boost : : copy(

i nput | reversed
std::ostream.iterator<int>(std::cout,

return O;

Thiswould produce the output:

9,8,7,6,5,4,3,2,1,

sliced

Syntax

Pipe

Function

)

"))

Code

rng | boost::adaptors::sliced(n

boost: : adaptors::slice(rng,

e Precondition: 0 <= n & n <= m & m < di st ance(rng)

¢ Returns: make_range(rng, n, m

» Range Category: Random Access Range

* Range Return Type: boost : : sl i ced_r ange<decl t ype(r ng) >

» Returned Range Category: Random Access Range

n

m

m
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sliced example

#i ncl ude <boost/range/ adaptor/sliced. hpp>
#i ncl ude <boost/range/ al gorithm copy. hpp>
#i ncl ude <boost/assign. hpp>

#include <iterator>

#i ncl ude <i ostreanr

#i ncl ude <vector>

int main(int argc, const char* argv[])

{
usi ng nanmespace boost: :adaptors;
usi ng nanmespace boost: : assign;

std::vector<int> input;
input += 1,2,3,4,5/6,7,8,9;

boost : : copy(
input | sliced(2, 5),
std::ostreamiterator<int>(std::cout, ","));

return O;

Thiswould produce the output:

3,4,5,
strided
Syntax Code
Pipe rng | boost::adaptors::strided(n)
Function boost::adaptors::stride(rng, n)

* Precondition: 0 <= n.
» Returns: A new range based on r ng where traversal is performed in steps of n.

» Range Category: Single Pass Range

Returned Range Category: The range category of r ng.
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strided example

#i
#i
#i
#i
#i
#i

ncl ude <boost/range/ adaptor/strided. hpp>
ncl ude <boost/range/ al gorithm copy. hpp>
ncl ude <boost/ assi gn. hpp>

ncl ude <iterator>

ncl ude <i ostreanr

ncl ude <vector>

int main(int argc, const char* argv|[])

{

usi ng nanmespace boost: :adaptors;
usi ng nanmespace boost: : assign;

std::vector<int> input;
input += 1,2,3,4,5/6,7,8,9,10;

boost : : copy(
input | strided(2),
std::ostream.iterator<int>(std::cout, ","));

return O;

Thiswould produce the output:

1,3,5,7,9,

type_erased

Syntax Code

Pipe rng | boost::adaptors::type_erased<Val ue, Tra-

versal, Reference, Difference, Buffer>()

Function boost: : adaptors::type_erase(rng, boost: : ad-

aptors::type_erased<Val ue, Traversal, Reference,
Di fference, Buffer>)

Please note that it is frequently unnecessary to use the t ype_er ased adaptor. It is often better to use the implicit conversion to
any_range.

Let Rng bethetypeof r ng.

» Template parameters:

Val ue istheval ue_t ype for theany_r ange. If thisisset to boost::use_default, Val ue will be calculated from the range type
when the adaptor is applied.

Traver sal isthetag used to identify the traversal of the resultant range. Frequently it is desirable to set atraversal category
lower than the source container or range to maximize the number of ranges that can convert totheany_r ange. If thisisleft as
boost::use default then Traversal will be typename boost::iterator_traversal <boost::range_iterat-
or <Rng>: :type>::type

Ref erence is the ref erence for the any_range. boost:: use_defaul t will equate to t ypename range_refer-
ence<Rng>: : type.

Difference is the difference_type for the any range. boost::use_default will equate to typenane
boost: :range_difference<Rng>::type
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« Buffer isthe storage used to allocate the underlying iterator wrappers. This can typically be ignored, but is available as a
template parameter for customization. Buffer must be amodel of the Anyl t er at or Buf f er Concept .

» Precondition: Traversal isoneof { boost::use default, boost::single pass traversal tag, boost::for-
ward_traversal _tag, boost::bidirectional _traversal tag, boost::random access_traversal tag }

* Returns: Thereturned valueisthesameast ypenanme any_r ange_t ype_gener at or < Rng, Val ue, Traversal, Refer-
ence, Difference, Buffer > thatrepresentsrng inatype-erased manner.

» Range Category: Single Pass Range

» Returned RangeCategory: if Tr aver sal wasspecifiedasboost : : use_def aul t thent ypename boost::iterator_tra-
versal <boost::range_iterator<Rng>::type>: :type, otherwise Tr aver sal .

AnylteratorBufferConcept

cl ass Anyl terat orBuf f er Concept

{

public:
Anyl t er at or Buf f er Concept () ;
~Anyl t er at or Buf f er Concept () ;

/'l bytes is the requested size to allocate. This function
/1 must return a pointer to an adequate area of nenory.
/1 throws: bad_alloc

/1

/'l The buffer will only ever have zero or one

/1 outstanding nmenory all ocations.

voi d* al |l ocate(std::size_t bytes);

/1 deallocate this buffer
voi d deal | ocate();

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

Range 2.0

type-erased example

#i ncl ude <boost/range/ adaptor/type_erased. hpp>
#i ncl ude <boost/range/ al gorithm copy. hpp>

#i ncl ude <boost/assign. hpp>

#i ncl ude <boost/foreach. hpp>

#include <iterator>

#i ncl ude <i ostreanr

#include <list>

#i ncl ude <vector>

/1 The client interface froman OO perspective nmerely requires a sequence
/1l of integers that can be forward traversed
t ypedef boost::any_range<
i nt

, boost::forward_traversal _tag

, int

, std::ptrdiff_t
> integer_range

nanespace server

{
voi d display_integers(const integer_range& rng)
{
boost : : copy(rng
std::ostreamiterator<int>(std::cout, ","));
std::cout << std::endl
}
}
namespace client
{
void run()
{

usi ng nanmespace boost::assign
usi ng nanmespace boost::adaptors

/'l Under nost conditions one would sinply use an appropriate
/'l any_range as a function paraneter. The type_erased adaptor
/1 is often superfluous. However because the type_erased

/1 adaptor is applied to a range, we can use default tenplate
/1 argunents that are generated in conjunction with the

/'l range type to which we are applying the adaptor

std::vector<int> input;
input += 1,2,3,4,5;

/'l Note that this call is to a non-tenplate function
server::display_integers(input);

std::list<int> input2;
input2 += 6,7,8,9, 10;

/1 Note that this call is to the same non-tenpate function
server::display_integers(input2);

input2.clear();
input2 += 11,12,13,14,15

/1 Calling using the adaptor |ooks like this
/1 Notice that here | have a type_erased that would be a
/1 bidirectional traversal tag, but this is convertible
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/1 to the forward_traversal tag equival ent hence this
/'l wor ks
server::display_integers(input2 | type_erased<>())

/1 However we may sinply wish to define an adaptor that
/'l takes a range and nakes it into an appropriate
/1 forward_traversal any_range..
t ypedef boost::adaptors::type_erased<
boost: : use_def aul t
boost::forward_traversal _tag
> type_erased_forward

/1 This adaptor can turn other containers with different
/'l value_types and reference_types into the appropriate
/'l any_range

server::display_integers(input2 | type_erased forward())

}
}
int main(int argc, const char* argv|[])
{
client::run();
return O
}

This would produce the output:

1,2, 3,4,5,
6,7,8,9, 10,
11,12, 13, 14, 15,
11,12, 13, 14, 15,

tokenized

Syntax Code

Pipe rng | boost::adaptors::tokenized(regex)
rng | boost::adaptors::tokenized(regex, i)
rng | boost::adaptors::tokenOd
i zed(regex, rndRng)
rng | boost::adaptors::tokenOd
i zed(regex, i, flags)
rng | boost::adaptors::tokenOd
i zed(regex, rndRng, flags)

Function

boost : : adaptors: :tokeni ze(rng, regex)

boost : : adaptors: :tokeni ze(rng, regex, i)
boost : : adapt ors: : t okeni ze(rng, regex, rndRng)
boost: : adaptors: :tokenO

ize(rng, regex, i, flags)

boost: : adaptors: :tokenO

ize(rng, regex, rndRng, flags)

» Precondition:
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e LetTdenotet ypename range_val ue<decl t ype(rng)>: : type,thenr egex hasthetypebasi c_r egex<T> orisimplicitly
convertible to one of these types.

i hasthetypei nt.
e theval ue_t ype of rndRng isi nt.
» fl ags hasthetyperegex_constants::syntax_option_type.

» Returns: A range whose iterators behave as if they were the original iterators wrapped inr egex_t oken_i t er at or. The first
iterator in the range would be constructed by forwarding all the arguments of t okeni zed() to theregex_t oken_i t er at or
constructor.

» Throws: Whatever constructing and copying equivalent r egex_t oken_i t er at or s might throw.
» Range Category: Random Access Range

* Range Return Type: boost : : t okeni zed_r ange<decl t ype(rng) >

* Returned Range Category: Random Access Range

tokenized_example

#i ncl ude <boost/range/ adaptor/tokeni zed. hpp>
#i ncl ude <boost/range/ al gorithm copy. hpp>

#i ncl ude <boost/assign. hpp>

#include <iterator>

#i ncl ude <i ostreanr

#i ncl ude <vector>

int main(int argc, const char* argv|[])

{
usi ng nanmespace boost:: adaptors;
t ypedef boost::sub_match< std::string::iterator > match_type;
std::string input =" a b c de f g hijklmopgrstuvwyz";
boost : : copy(
i nput | tokenized(boost::regex("\\w+"))
std::ostream.iterator<match_type>(std::cout, "\n"))
return O;
}

This would produce the output:

a
b
c
d
e
f

g
h

i j kI mopgr st uvwxyz
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transformed
Syntax Code
Pipe rng | boost::adaptors::transforned(fun)
Function boost::adaptors::transforn(rng, fun)

» Precondition: Theval ue_t ype of the range is convertible to the argument type of f un.

 Postcondition: For all elements x in the returned range, x is the result of f un(y) wherey is the corresponding element in the
origina range.

» Throws: Whatever the copy-constructor of f un might throw.

» Range Category: Single Pass Range

* Range Return Type: boost : : transf or med_r ange<decl t ype(rng) >
» Returned Range Category: The range category of r ng.

transformed example

#i ncl ude <boost/range/ adaptor/transformed. hpp>
#i ncl ude <boost/range/ al gorithm copy. hpp>

#i ncl ude <boost/ assi gn. hpp>

#include <iterator>

#i ncl ude <i ostreanr

#i ncl ude <vector>

struct doubl e_int

{
typedef int result_type
int operator()(int x) const { return x * 2; }

b
int main(int argc, const char* argv[])
{
usi ng namespace boost: : adaptors
usi ng nanespace boost:: assign;

std::vector<int> input;
input += 1,2,3,4,5,6,7,8,9,10

boost : : copy(
input | transfornmed(double_int()),
std::ostreamiterator<int>(std::cout, ","));

return O

Thiswould produce the output:

2,4,6,8,10,12, 14, 16, 18, 20
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uniqued
Syntax Code
Pipe rng | boost::adaptors::uniqued
Function boost: : adapt ors: : uni que(rng)

» Precondition: Theval ue_t ype of the range is comparable with oper at or ==() .
 Postcondition: For all adjacent elements| x, y] inthereturned range, x==y isfase.

» Range Category: Forward Range

* Range Return Type: boost : : uni qued_r ange<decl t ype(r ng) >

» Returned Range Category: The minimum of the range concept of r ng and Forward Range.

uniqued example

#i ncl ude <boost/range/ adapt or/ uni qued. hpp>
#i ncl ude <boost/range/ al gorithm copy. hpp>
#i ncl ude <boost/ assign. hpp>

#include <iterator>

#i ncl ude <i ostrean>

#i ncl ude <vector>

int main(int argc, const char* argv[])
{

usi ng nanespace boost: : assign;

usi ng nanespace boost: : adaptors;

std::vector<int> input;
input += 1,1,2,2,2,3,4,5,6;

boost : : copy(
i nput | uni qued,
std::ostreamiterator<int>(std::cout, ","));

return O;

Thiswould produce the output:

1,2,3,4,5,6,

Range Algorithms

Introduction and motivation

Initsmost smple form aRange Algorithm (or range-based algorithm) is simply an iterator-based a gorithm where the two iterator
arguments have been replaced by one range argument. For example, we may write
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#i ncl ude <boost/range/ al gorithm hpp>
#i ncl ude <vector>

std::vector<int> vec = ...;
boost: :sort(vec);

instead of
std::sort(vec. begin(), vec.end());

However, the return type of range algorithmsis almost always different from that of existing iterator-based algorithms.

One group of algorithms, likeboost : : sort (), will smply return the same range so that we can continue to pass the range around
and/or further modify it. Because of this we may write

boost : uni que(boost: : sort(vec));

to first sort the range and then run uni que() on the sorted range.

Algorithms like boost : : uni que() fal into another group of algorithms that return (potentially) narrowed views of the original
range. By default boost : : uni que(rng) returnsthe range [ boost : : begi n(rng), found) wheref ound denotes the iterator
returned by st d: : uni que(boost: : begi n(rng), boost::end(rng))

Therefore exactly the unique values can be copied by writing

boost : : copy(boost: : uni que(boost::sort(vec)),
std::ostream.iterator<int>(std::cout));

Algorithms like boost : : uni que usually return the range: [ boost : : begi n(rng), found). However, this behaviour may be
changed by supplying ar ange_r et ur n_val ue as atemplate parameter to the algorithm:

Expression Return
boost : : uni que<boost : : return_f ound>(rng) returns asingleiterator like st d: : uni que

boost : : uni que<boost : : return_begi n_f ound>(r ng) returnstherange[ boost : : begi n(rng), found) (thisisthe
default)

boost : : uni que<boost: :return_begi n_next>(rng) returns the range [ boost: : begi n(rng),
boost : : next (found))

boost : : uni que<boost: :return_found_end>(rng) returnstherange[ f ound, boost:: end(rng))

boost : : uni que<boost: :return_next_end>(rng) returns t he range
[ boost : : next (found), boost:: end(rng))

boost : : uni que<boost : : ret urn_begi n_end>(rng) returns the entire original range.

This functionality has the following advantages:

1. it allows for seamless functional-style programming where you do not need to use named local variables to store intermediate
results

2. itisvery safe because the algorithm can verify out-of-bounds conditions and handle tricky conditions that lead to empty ranges

For example, consider how easy we may erase the duplicates in a sorted container:
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std::vector<int> vec = ...;
boost: : erase(vec, boost::uni que<boost::return_found_end>(boost::sort(vec)));

Noticethe use of boost : : retur n_f ound_end. What if we wanted to erase all the duplicates except one of them? In old-fashined
STL-programming we might write

/1 assune 'vec' is already sorted
std::vector<int>: :iterator i = std::unique(vec.begin(), vec.end());

/'l remenber this check or you get into problens
if (i '= vec.end())

++i ;

vec. erase(i, vec.end());
The same task may be accomplished simply with
boost:: erase(vec, boost::uni que<boost::return_next_end>(vec));

and thereisno need to worry about generating aninvalid range. Furthermore, if the container iscomplex, callingvec. end() severa
times will be more expensive than using a range algorithm.

Mutating algorithms

copy

Prototype

t enpl at e<cl ass Si ngl ePassRange, cl ass Qutputlterator>
Qutputlterator copy(const SinglePassRange& source_rng, Qutputlterator out_it);

Description

copy copiesall elementsfrom source_rng totherange[out it, out_it + distance(source_rng)).Thereturnvaueis
out _it + distance(source_rng)

Definition

Defined in the header file boost / r ange/ al gori t hmi copy. hpp

Requirements

* Si ngl ePassRange isamodel of the Single Pass Range Concept.

e Qutputlterator isamodel of theQut putlterator Concept.

e Theval ue_t ype of Single Pass Range Concept is convertibleto atypein Qut put I t er at or 's set of value types.
Precondition:

e out _it isnot aniterator withinthesour ce_rng.

e [out_it, out_it + distance(source_rng)) isavalidrange.

Complexity

Linear. Exactly di st ance( sour ce_r ng) assignments are performed.
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copy_backward

Prototype

tenpl at e<cl ass Bi directional Range, cl ass Bidirectional Qutputlterator>
Bi di recti onal Cut put |t erator
copy_backwar d(const Bi directi onal Range& source_r ng,
Bi directional Qutputlterator out_it);

Description

copy_backwar d copies al elementsfrom sour ce_rng totherange[out _it - di stance(source_rng),

The values are copied in reverse order. Thereturn valueisout _it - di stance(source_rng).
Note well that unlike all other standard algorithmsout _i t denotes the end of the output sequence.
Definition

Defined in the header file boost / r ange/ al gori t hmi copy_backwar d. hpp

Requirements

 Bidirectional Range isamodel of Bidirectiona Range Concept.

e Qutputlterator isamodel of theQut putlterator Concept.

out it).

» Theval ue_t ype of Bidirectional Range Concept is convertibleto atypein Qut put | t er at or 's set of value types.

Precondition:

* out_it isnotaniterator withinthesour ce_r ng.

* [out_it, out_it + distance(source_rng)) isavalidrange.
Complexity

Linear. Exactly di st ance(sour ce_r ng) assignments are performed.
fill

Prototype

t enpl at e<cl ass Forwar dRange, cl ass Val ue>
Forwar dRange& fill ( ForwardRange& rng, const Value& val );

Description

fill assignsthevalueval to every element intheranger ng.
Definition

Defined in the header fileboost / range/ al gorithm fill. hpp
Requirements

» Forwar dRange isamodel of the Forward Range Concept.

* Forwar dRange is mutable.
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* Val ue isamodéd of the Assi gnabl eConcept .

* Val ue isconvertibleto For war dRange's value type.
Complexity

Linear. Exactly di st ance(rng) assignments are performed.
fill_n

Prototype

t enpl at e<cl ass Forwar dRange, class Size, class Val ue>
Forwar dRange& fill ( ForwardRange& rng, Size n, const Value& val );

Description

fill_nassignsthevalueval ton elementsin theranger ng beginning with boost : : begi n(rng) .
Definition

Defined in the header file boost / range/ al gorithm fill _n. hpp
Requirements

* Forwar dRange isamodel of the Forward Range Concept.

* Forwar dRange is mutable.

* Val ue isamodel of the Assi gnabl eConcept .

* Val ue isconvertible to For war dRange's value type.
Complexity

Linear. Exactly n assignments are performed.

generate

Prototype

t enpl at e<cl ass Forwar dRange, cl ass Generat or >
For war dRange& gener at e( Forwar dRange& rng, Generator gen );

t enpl at e<cl ass Forwar dRange, cl ass Generat or >
const Forwar dRange& generate( const ForwardRange& rng, CGenerator gen );

Description

gener at e assigns the result of gen() to each element in ranger ng. Returns the resultant range.
Definition

Defined in the header fileboost / r ange/ al gori t hnmi gener at e. hpp

Requirements

» Forwar dRange isamodel of the Forward Range Concept.

* Forwar dRange is mutable.
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e Gener at or isamodel of the Gener at or Concept .

» Theval ue_t ype of Si ngl ePassRange is convertibleto atypein Qut put I t er at or 's set of value types.
Precondition:

e out_it isnotaniterator withinr ng.

e [out_it, out_it + distance(rng)) isavalidrange.

Complexity

Linear. Exactly di st ance(rng) assignments are performed.
inplace_merge

Prototype

t enpl at e<cl ass Bi di recti onal Range>
Bi di recti onal Range&
i npl ace_nerge( Bidirectional Range& rng,
typenane range_iterator<Bidirectional Range>::type mddle );

t enpl at e<cl ass Bi di recti onal Range>
const Bi directional Range&
i npl ace_nerge( const Bidirectional Range& rng,
typenane range_iterator<const Bidirectional Range>::type nmddle );

t enpl at e<cl ass Bidirectional Range, class Bi naryPredi cate>

Bi di recti onal Range&

i npl ace_nerge( Bidirectional Range& rng,
typenane range_iterator<Bidirectional Range>: :type m ddl e,
Bi naryPredi cate pred );

t enpl at e<cl ass Bidirectional Range, class Bi naryPredi cate>

const Bi directional Range&

i npl ace_nerge( const Bidirectional Range& rng,

typenane range_iterator<const Bidirectional Range>::type m ddl e,
Bi naryPredi cate pred );

Description

i npl ace_mer ge combines two consecutive sorted ranges [ begi n(rng), niddle) and [middl e, end(rng)) intoasingle
sorted range [ begi n(rng), end(rng)). Thatis, it startswith arange [ begi n(rng), end(rng)) that consists of two pieces
each of which is in ascending order, and rearranges it so that the entire range is in ascending order. i npl ace_ner ge is stable,
meaning both that the relative order of elements within each input range is preserved.

Definition

Defined in the header file boost / r ange/ al gori t hnt i npl ace_ner ge. hpp
Requirements

For the non-predicate version:

 Bidirectional Range isamodel of the Bidirectional Range Concept.

* Bidirectional Range is mutable.

* range_val ue<Bi di recti onal Range>: : t ype isamodel of LessThanConpar abl eConcept
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» The ordering on objects of range_t ype<Bi directi onal Range>: : type is a strict weak ordering, as defined in the
LessThanConpar abl eConcept reguirements.

For the predicate version: * Bi di r ect i onal Range isamodel of the Bidirectional Range Concept. * Bi di r ect i onal Range is
mutable. * Bi nar yPr edi cat e isamodel of the St ri ct WeakOr deri ngConcept . * Bi di r ecti onal Range's value typeis con-
vertible to both Bi nar yPr edi cat e's argument types.

Precondition:

For the non-predicate version:

* m ddl e isintheranger ng.

* [begin(rng), mddle) isinascending order. That isfor each pair of adjacent elements[ x, y],y < xisfal se.
e [mddle, end(rng)) isinascending order. That isfor each pair of adjacent elements[x, y],y < x isfal se.
For the predicate version:

* mi ddl e isintheranger ng.

e [begin(rng), mddle) isinascending order. That isfor each pair of adjacent elements|[ x, y], pred(y, x) == fal se.
* [mddle, end(rng)) isinascending order. That isfor each pair of adjacent elements|[ x, y], pred(y, x) == fal se.
Complexity

Worst case: (N | og(N))
merge

Prototype

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
class Qutputlterator
>
Qutputlterator nerge(const SinglePassRangel& rngl,
const Si ngl ePassRange2& rng2,
Qut putlterator out);

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
class Qutputlterator,
cl ass Bi naryPredicate
>
Qutputlterator nerge(const SinglePassRangel& rngl,
const Si ngl ePassRange2& rng2,
Qut putlterator out,
Bi naryPredi cate pred);

Description

mer ge combinestwo sorted rangesr ngl and r ng2 into asingle sorted range by copying elements. mer ge isstable. Thereturn value
isout + distance(rngl) + distance(rng2).

The two versions of ner ge differ by how they compare the elements.

43

httpo://www.renderx.com/


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

render

Range 2.0

The non-predicate version uses the oper at or <() for the range value type. The predicate version uses the predicate instead of op-
erator<().

Definition

Defined in the header file boost / r ange/ al gori t hmi mer ge. hpp

Requirements

For the non-predicate version:

Si ngl ePassRangel isamodel of the Single Pass Range Concept.

Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

range_val ue<Si ngl ePassRangel>: : t ype isthesameasr ange_val ue<Si ngl ePassRange2>: : t ype.
range_val ue<Si ngl ePassRangel>: : t ype isamodd of the LessThanConpar abl eConcept .

The ordering on objects of range_val ue<Si ngl ePassRangel>: :type is a strict weak ordering, as defined in the
LessThanConpar abl eConcept reguirements.

range_val ue<Si ngl ePassRangel>: : t ype isconvertibleto atypein Qut put | t er at or 's set of value types.

For the predicate version:

Si ngl ePassRangel isamodel of the Single Pass Range Concept.

Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

range_val ue<Si ngl ePassRangel>: : t ype isthe sameasr ange_val ue<Si ngl ePassRange2>: : t ype.
Bi nar yPredi cat e isamodel of the St ri ct WeakOr der i ngConcept .

Si ngl ePassRangel'svauetypeisconvertible to both Bi nar yPr edi cat e's argument types.

range_val ue<Si ngl ePassRangel>: : t ype isconvertibleto atypein Qut put | t er at or 's set of value types.

Precondition:

For the non-predicate version:

The elements of r ng1 are in ascending order. That is, for each adjacent element pair [ x, y] of rngl,y < x == fal se.
The elements of r ng2 are in ascending order. That is, for each adjacent element pair [ x, y] of rng2,y < x == fal se.
Therangesrngl and[ out, out + distance(rngl) + distance(rng2)) do not overlap.
Therangesrng2 and[ out, out + distance(rngl) + distance(rng2)) do notoverlap.

[out, out + distance(rngl) + distance(rng2)) isavalidrange.

For the predicate version:

The elements of r ng1 arein ascending order. That is, for each adjacent element pair [ x, y], of rngl, pred(y, x) == fal se.
The elements of r ng2 arein ascending order. That is, for each adjacent element pair [ x, y], of rng2, pred(y, x) == fal se.
Therangesrngl and[out, out + distance(rngl) + distance(rng2)) do not overlap.
Therangesrng2 and[ out, out + distance(rngl) + distance(rng2)) do not overlap.

[out, out + distance(rngl) + distance(rng2)) isavalidrange.
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Complexity

Linear. There are no comparisons if both r ngl and r ng2 are empty, otherwise at most di st ance(rngl) + di stance(rng2)
- 1 comparisons.

nth_element

Prototype

t enpl at e<cl ass RandomAccessRange>
RandomAccessRange& nt h_el enment (
RandomAccessRange& rng,
typename range_iterat or <RandomAccessRange>: :type nth);
t enpl at e<cl ass RandomAccessRange>
const RandomAccessRange& nt h_el enent (
const RandomAccessRange& rng,
typename range_iterator<const RandomAccessRange>::type nth);
t enpl at e<cl ass RandomAccessRange>
RandomAccessRange& nt h_el enment (
RandomAccessRange& rng,
t ypename range_it erat or <RandomAccessRange>: :type nth,
Bi naryPredi cate sort_pred);
t enpl at e<cl ass RandomAccessRange>
const RandomAccessRange& nt h_el enment (
const RandomAccessRange& rng,

t ypename range_iterator<const RandomAccessRange>::type nth,
Bi naryPredi cate sort_pred);

Description

nt h_el ement partialy ordersarange of elements. nt h_el ement arrangesthe ranger ng such that the element corresponding with
the iterator nt h isthe same as the element that would be in that position if r ng has been sorted.

Definition

Defined in the header fileboost / r ange/ al gori t hmi nt h_el ement . hpp
Requirements

For the non-predicate version:

* RandomAccessRange isamodel of the Random Access Range Concept.

* RandomAccessRange is mutable.

* RandomAccessRange's value typeisamodel of the LessThanConpar abl eConcept .

» Theordering relation on RandomAccessRange'svauetypeisastrict weak ordering, asdefined inthe LessThanConpar abl e-
Concept reguirements.

For the predicate version:

* RandomAccessRange isamode of the Random Access Range Concept.
* RandomAccessRange is mutable.

* BinaryPredicat e isamode of theStri ct WeakOr deri ngConcept .

* RandomAccessRange's value typeis convertible to both of Bi nar yPr edi cat e's argument types.
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Complexity

On average, linear indi st ance(r ng) .
partial_sort

Prototype

t enpl at e<cl ass RandomAccessRange>
RandomAccessRange& partial _sort (
RandomAccessRange& rng,
t ypenanme range_iterat or <RandomAccessRange>: :type mniddl e);

t enpl at e<cl ass RandomAccessRange>
const RandomAccessRange& partial _sort (
const RandomAccessRange& rng,
typename range_iterator<const RandomAccessRange>::type niddle);
t enpl at e<cl ass RandomAccessRange>
RandomAccessRange& partial _sort (
RandomAccessRange& rng,
typename range_iterat or <RandomAccessRange>: : type mi ddl e,
Bi naryPredi cate sort_pred);
t enpl at e<cl ass RandomAccessRange>
const RandomAccessRange& partial _sort (
const RandomAccessRange& rng,

typenanme range_iterator<const RandomAccessRange>::type m ddl e,
Bi naryPredi cate sort_pred);

Description

partial _sort rearrangesthe elementsinr ng. It placesthe smallest di st ance(begi n(rng), m ddl e) elements, sortedin as-
cending order, into therange[ begi n(rng), mni ddl e) . Theremaining elements are placed in an unspecified order into [ mi ddl e,
last).

The non-predicative versions of this function specify that one element is less than another by using oper at or <() . The predicate
versions use the predicate instead.

Definition

Defined in the header fileboost / range/ al gorithm partial _sort. hpp
Requirements

For the non-predicate version:

* RandomAccessRange isamodel of the Random Access Range Concept.

* RandomAccessRange is mutable.

* RandomAccessRange's value typeisamodel of the LessThanConpar abl eConcept .

» Theordering relation on RandomAccessRange'svaluetypeisastrict weak ordering, asdefined inthe LessThanConpar abl e-
Concept reguirements.

For the predicate version:
* RandomAccessRange isamodel of the Random Access Range Concept.

* RandomAccessRange is mutable.
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e BinaryPredi cat e isamodel of the St ri ct WeakOr der i ngConcept .

* RandomAccessRange'svaluetypeisconvertible to both of Bi nar yPr edi cat e's argument types.
Complexity

Approximately di st ance(rng) * | og(distance(begin(rng), nddle)) comparisons.
partition

Prototype

tenpl at e<

cl ass Forwar dRange,

cl ass UnaryPredicate

>
typenane range_iterator <Forwar dRange>: : type
partition(ForwardRange& rng, UnaryPredicate pred);

tenpl at e<
cl ass Forwar dRange,
cl ass UnaryPredicate
>

typenane range_iterator<const ForwardRange>::type
partition(const ForwardRange& rng, UnaryPredi cate pred);

tenpl at e<
range_return_val ue re,
cl ass Forwar dRange,
cl ass UnaryPredicate
>

typenane range_r et urn<Forwar dRange, re>::type
partition(ForwardRange& rng, UnaryPredicate pred);

tenpl at e<
range_return_val ue re,
cl ass Forwar dRange,

cl ass UnaryPredicate
>

typenane range_return<const ForwardRange, re>::type
partition(const ForwardRange& rng, UnaryPredicate pred);

Description

partition ordersthe elementsin r ng based on pr ed, such that the elements that satisfy pr ed precede the elements that do not.
Inthe versionsthat return asingleiterator, the return valueisthe middleiterator. In the versionsthat have aconfigurablerange_return,
f ound corresponds to the middle iterator.

Definition
Defined in the header fileboost / range/ al gorit hm partition. hpp
Requirements

* Forwar dRange isamodel of the Forward Range Concept. For C++ versions prior to C++11 the underlying std::partition requires
Bidirectional Iterators, hence the requirement for older library versionsisfor a Bidirectional Range.

e Unar yPredi cat e isamodel of the Predi cat eConcept .

* Forwar dRange'svaluetypeis convertible to Unar yPr edi cat e's argument type.
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Complexity
Linear. Exactly di st ance(rng) applications of pr ed, and at most di st ance(rng) / 2 swaps.
random_shuffle

Prototype

t enpl at e<cl ass RandomAccessRange>
RandomAccessRange& random shuf f | e( RandomAccessRange& rng) ;

t enpl at e<cl ass RandomAccessRange>
const RandomAccessRange& random shuffl e(const RandomAccessRange& rng);

t enpl at e<cl ass RandomAccessRange, class Generator>
RandomAccessRange& random shuf f |1 e( RandomAccessRange& rng, Cenerator& gen);

t enpl at e<cl ass RandomAccessRange, class Generator>
const RandomAccessRange& random shuffl e(const RandomAccessRange& rng, Cenerator& gen);

Description

random shuf f | e randomly rearranges the elementsin r ng. The versions of r andom shuf f | e that do not specify a Gener at or
use an internal random number generator. The versions of r andom shuf f | e that do specify aGener at or usethisinstead. Returns
the shuffles range.

Definition

Defined in the header fileboost / r ange/ al gori t hni random shuf f | e. hpp
Requirements

For the version without a Generator:

* RandomAccessRange isamodel of the Random Access Range Concept.
For the version with a Generator:

* RandonmAccessRange isamode of the Random Access Range Concept.

* Generat or isamodel of the RandomNunber Gener at or Concept .

* RandomAccessRange's distance typeis convertible to Gener at or 's argument type.
Precondition:

e di st ance(rng) islessthan gen's maximum value.

Complexity

Linear. If  empt y(rng) , exactly di st ance(rng) - 1 swapsare performed.
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remove

Prototype

tenpl at e<

cl ass Forwar dRange,

cl ass Val ue

>
typenanme range_iterat or <For war dRange>: : t ype
remove( For war dRange& rng, const Val ue& val);

tenpl at e<
cl ass Forwar dRange,
cl ass Val ue
>

typenanme range_iterator<const ForwardRange>::type
remove( const ForwardRange& rng, const Value& val);

tenpl at e<
range_return_val ue re,
cl ass Forwar dRange,
cl ass Val ue
>

typenanme range_r et ur n<Forwar dRange, re>: : type
remove( For war dRange& rng, const Val ue& val);

tenpl at e<
range_return_val ue re,
cl ass Forwar dRange,

cl ass Val ue
>

typenanme range_return<const ForwardRange, re>::type
remove( const ForwardRange& rng, const Value& val);

Description

r enove removesfromr ng all of theelementsx for whichx == val istrue. Theversionsof r enove that return aniterator, return
an iterator new_| ast such that the range [ begi n(rng), new | ast) contains no elements equal to val . Therange_return
versionsof r enove definesf ound asthenew last element. Theiteratorsintherange[ new | ast, end(rng)) aredereferenceable,
but the elements are unspecified.

Definition

Defined in the header file boost / r ange/ al gori t hmi r enove. hpp
Requirements

* Forwar dRange isamodel of the Forward Range Concept.

* Forwar dRange is mutable.

» Val ue isamodel of the Equal i t yConpar abl eConcept .

Objects of type Val ue can be compared for equality with objects of For war dRange's value type.
Complexity

Linear. r enove performs exactly di st ance(r ng) comparisons for equality.
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remove_copy

Prototype

t enpl at e<cl ass Forwar dRange, class CQutputiterator, class Val ue>

Cut putlterator

remove_copy( For war dRange& rng, CQutputlterator out, const Value& val);
tenpl at e<cl ass Forwar dRange, class CQutputlterator, class Val ue>

Cut putlterator
remove_copy(const ForwardRange& rng, Qutputlterator out, const Value& val);

Description

renmove_copy copied all of the elementsx fromr ng for whichx == val isf al se.
Definition

Defined in the header file boost / r ange/ al gori t hnmi r enove_copy. hpp
Requirements

* Forwar dRange isamodel of the Forward Range Concept.

* Forwar dRange is mutable.

» Val ue isamodel of the Equal i t yConpar abl eConcept .

» Objects of type Val ue can be compared for equality with objects of For war dRange's value type.
Complexity

Linear. remove_copy performs exactly di st ance(rng) comparisons for equality.
remove_copy_if

Prototype

t enpl at e<cl ass Forwar dRange, class Qutputiterator, class UnaryPred>
Qut putlterator

remove_copy_i f (Forwar dRange& rng, Qutputlterator out, UnaryPred pred);
t enpl at e<cl ass Forwar dRange, class Qutputlterator, class UnaryPred>

Qut putlterator
remove_copy_i f (const ForwardRange& rng, Qutputlterator out, UnaryPred pred);

Description

renmove_copy_i f copied al of the elementsx from r ng for which pred(x) isfal se.
Definition

Defined in the header file boost / r ange/ al gori t hnmi renove_copy_i f. hpp
Requirements

* Forwar dRange isamodel of the Forward Range Concept.

» Forwar dRange is mutable.

e Unar yPr ed isamodel of the Unar yPr edi cat eConcept .
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Complexity

Linear. remove_copy_i f performsexactly di st ance(rng) comparisons with UnaryPred.
remove_if

Prototype

t enpl at e<

cl ass Forwar dRange,

cl ass UnaryPredicate

>
t ypenane range_iterat or <For war dRange>: : t ype
remove( For war dRange& rng, UnaryPredicate pred);

t enpl at e<
cl ass Forwar dRange,
cl ass UnaryPredicate
>

typenanme range_iterator<const ForwardRange>::type
remove( const ForwardRange& rng, UnaryPredi cate pred);

t enpl at e<
range_return_val ue re,
cl ass Forwar dRange,
cl ass UnaryPredicate
>

t ypenanme range_r et ur n<Forwar dRange, re>: : type
remove( For war dRange& rng, UnaryPredicate pred);
t enpl at e<

range_return_val ue re,

cl ass Forwar dRange,

cl ass UnaryPredicate
>

t ypename range_return<const ForwardRange,re>::type
remove( const ForwardRange& rng, UnaryPredi cate pred);

Description

renmove_i f removesfromr ng all of the elementsx for which pr ed(x) istrue. Theversionsof r enove_i f that return aniterator,
return an iterator new_| ast such that the range [ begi n(rng), new_| ast) contains no elements where pred(x) istrue. The
iteratorsintherange[ new_| ast, end(rng)) are dereferenceable, but the elements are unspecified.

Definition

Defined in the header fileboost / range/ al gori t hm remove_i f . hpp
Requirements

» Forwar dRange isamodel of the Forward Range Concept.

» Forwar dRange is mutable.

* Unar yPredi cat e isamodel of the Pr edi cat eConcept .

e Forwar dRange's value typeis convertible to Unar yPr edi cat e's argument type.
Complexity

Linear. remove_i f performsexactly di st ance(rng) applications of pr ed.
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replace

Prototype

tenpl at e<

cl ass Forwar dRange,

cl ass Val ue

>
For war dRangeé& repl ace( For war dRange& rng, const Val ue& what, const Value& wth_what);
tenpl at e<

cl ass Forwar dRange,

cl ass UnaryPredicate
>

const Forwar dRangeé& repl ace(const ForwardRange& rng, const Val ue& what, const Val ue& with_what) ;

Description

repl ace every element inr ng equal towhat withwi t h_what . Return areferencetor ng.
Definition

Defined in the header file boost / r ange/ al gori t hn r epl ace. hpp

Requirements

* Forwar dRange isamodel of the Forward Range Concept.

* Forwar dRange is mutable.

 Val ue isconvertible to For war dRange's value type.

* Val ue isamodel of the Assi gnabl eConcept .

* Val ue isamodel of the Equal i t yConpar abl eConcept , and may be compared for equality with objects of For war dRange's
value type.

Complexity
Linear. r epl ace performs exactly di st ance(rng) comparisons for equality and at most di st ance(r ng) assignments.
replace_copy

Prototype

t enpl at e<cl ass Forwar dRange, class Qutputlterator, class Val ue>
Qutputlterator replace_copy(const ForwardRange& rng, Qutputlterator out,
const Val ue& what, const Val ue& w th_what);

Description

r epl ace_copy copy every element x inr ng such that the corresponding element inthe output rangey isx == what ? wi t h_what
X.

Definition

Defined in the header fileboost / r ange/ al gori t hni r epl ace_copy. hpp
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Requirements

* Forwar dRange isamodel of the Forward Range Concept.

* Forwar dRange is mutable.

 Val ue isconvertible to For war dRange's value type.

* Val ue isamodel of the Assi gnabl eConcept .

e Qutputlterator isamodel of theQut put It erat or Concept .
Complexity

Linear. r epl ace_copy performs exactly di st ance(rng) .
replace_copy_if

Prototype

t enpl at e<cl ass Forwar dRange, class Qutputlterator, class UnaryPredicate, class Val ue>
Qutputlterator replace_copy_if(const ForwardRange& rng, Qutputlterator out,
UnaryPredi cate pred, const Value& with_what);

Description

repl ace_copy_i f copy every element x inr ng such that the corresponding element in the output rangey ispred(x) ? wit h_what
.X.

Definition

Defined in the header file boost / range/ al gorit hmi repl ace_copy_i f. hpp
Requirements

» Forwar dRange isamodel of the Forward Range Concept.

» Forwar dRange is mutable.

* Val ue isconvertibleto For war dRange's value type.

» Val ue isamodel of the Assi gnabl eConcept .

e Qutputlterator isamodel of theQut putlterator Concept.

* Unar yPr edi cat e isamodel of the Unar yPr edi cat eConcept .
Complexity

Linear. repl ace_copy_i f performsexactly di st ance(rng) evauations of pr ed.
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replace_if

Prototype

t enpl at e<cl ass Forwar dRange, class UnaryPredicate, class Val ue>
For war dRangeé& repl ace_i f ( Forwar dRange& rng, UnaryPredicate pred, const Value& with_what);

t enpl at e<cl ass Forwar dRange, class UnaryPredicate, class Val ue>

const ForwardRange& repl ace_i f(const ForwardRange& rng, UnaryPrediclO
ate pred, const Value& with_what);

Description

repl ace_i f replacesevery element x inr ng for which pred(x) == true withwi t h_what . Returnsareferencetor ng.
Definition

Defined in the header file boost / range/ al gorit hm repl ace_i f. hpp

Requirements

* Forwar dRange isamodel of the Forward Range Concept.

» Forwar dRange is mutable.

* Unar yPredi cat e isamodel of the Pr edi cat eConcept

» Forwar dRange's valuetypeis convertible to Unar yPr edi cat e's argument type.

* Val ue isconvertibleto For war dRange's value type.

» Val ue isamodel of the Assi gnabl eConcept .

Complexity

Linear. repl ace_i f performsexactly di st ance(rng) applications of pr ed, and at most di st ance(rng) assignments.
reverse

Prototype

t enpl at e<cl ass Bi directi onal Range>
Bi di recti onal Range& reverse(Bidirectional Range& rng);

t enpl at e<cl ass Bi directi onal Range>
const Bidirectional Range& reverse(const Bidirectional Range& rng);

Description

rever se reverses arange. Returns areference to the reversed range.
Definition

Defined in the header file boost / r ange/ al gorit hm rever se. hpp
Requirements

 Bidirectional Range isamodel of the Bidirectional Range Concept.

» Bidirectional Range is mutable.
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Complexity
Linear. r ever se makesdi st ance(rng)/ 2 callstoi ter_swap.
reverse_copy

Prototype

t enpl at e<cl ass Bidirectional Range, class Qutputlterator>
Qutputlterator reverse_copy(const Bidirectional Range& rng, Qutputlterator out);

Description

rever se_copy copiesthe elementsfromr ng inreverse order to out . Returnsthe output iterator one passed the last copied element.
Definition

Defined in the header file boost / range/ al gori t hni rever se_copy. hpp
Requirements

 Bidirectional Range isamodel of the Bidirectional Range Concept.

* Bidirectional Range is mutable.

e Qutputlterator isamodel of theQut putlterator Concept.
Complexity

Linear. rever se_copy makesdi st ance(rng) copies.

rotate

Prototype

t enpl at e<cl ass Forwar dRange>
For war dRangeé& r ot at e( For war dRange& rng,

typenanme range_iterator <Forwar dRange>: :type niddl e);
t enpl at e<cl ass Forwar dRange>

const Forwar dRange& rot at e(const Forwar dRange& rng,
typenanme range_iterator<const ForwardRange>::type niddle);

Description

r ot at e rotatesthe elementsin arange. It exchangesthetworanges[ begi n(rng), ni ddl e) and[ mi ddl e, end(rng)) .Returns
areferencetor ng.

Definition

Defined in the header fileboost / r ange/ al gori t hnt r ot at e. hpp
Requirements

» Forwar dRange isamodel of the Forward Range Concept.

* Forwar dRange is mutable.
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Precondition:

* [begin(rng), mddle) isavalidrange.

* [middle, end(rng)) isavalidrange.
Complexity

Linear. At most di st ance(r ng) swaps are performed.
rotate_copy

Prototype

t enpl at e<cl ass Forwar dRange, class Qutputlterator>
Qutputlterator rotate_copy(
const Forwar dRange& rng,
t ypenanme range_iterator <Forwar dRange>: : type niddl e,
Qutputlterator out);

Description

r ot at e_copy rotates the elementsin arange. It copies the two ranges[ begi n(rng), middle) and[ni ddl e, end(rng)) to
out .

Definition

Defined in the header fileboost / r ange/ al gori t hni r ot at e_copy. hpp
Requirements

» Forwar dRange isamodel of the Forward Range Concept.

* Forwar dRange is mutable.

e Qutputlterator isamodel of theQut putlterator Concept.
Precondition:

* [begin(rng), mddle) isavalidrange.

* [middle, end(rng)) isavalidrange.

Complexity

Linear. Exactly di st ance(rng) elementsare copied.
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sort

Prototype

t enpl at e<cl ass RandomAccessRange>
RandomAccessRange& sort ( RandomAccessRange& rng);

t enpl at e<cl ass RandomAccessRange>
const RandomAccessRangeé& sort(const RandomAccessRange& rng);

t enpl at e<cl ass RandomAccessRange, cl ass BinaryPredi cate>
RandomAccessRange& sort ( RandomAccessRange& rng, BinaryPredicate pred);

t enpl at e<cl ass RandomAccessRange, cl ass BinaryPredi cate>
const RandomAccessRange& sort(const RandomAccessRange& rng, BinaryPredicate pred);

Description
sort sortsthe elementsinr ng into ascending order. sor t isnot guaranteed to be stable. Returns the sorted range.

For versions of thesor t function without apredicate, ascending order isdefined by oper at or <() suchthat for all adjacent elements
[x,y],y < x == fal se.

For versions of the sor t function with a predicate, ascending order is defined by pr ed such that for all adjacent elements| x, y],
pred(y, x) == fal se.

Definition

Defined in the header fileboost / r ange/ al gori t hm sort. hpp

Requirements

For versions of sort without a predicate:

* RandomAccessRange isamodel of the Random Access Range Concept.

* RandomAccessRange is mutable.

* RandomAccessRange's value typeisamodel of the LessThanConpar abl eConcept .

» Theordering relation on RandomAccessRange'svauetypeisastrict weak ordering, asdefined inthe LessThanConpar abl e-
Concept reguirements.

For versions of sort with a predicate

* RandonmAccessRange isamodd of the Random Access Range Concept.

* RandomAccessRange is mutable.

* BinaryPredicat e isamode of theStri ct WeakOr deri ngConcept .

* RandomAccessRange's value typeis convertible to both of Bi nar yPr edi cat e's argument types.
Complexity

Q(N 1 og(N)) comparisons (both average and worst-case), where Nisdi st ance(rng) .
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stable_partition

Prototype

t enpl at e<cl ass Forwar dRange, cl ass UnaryPredi cate>
typenanme range_iterat or <For war dRange>: : t ype
stabl e_partition(ForwardRange& rng, UnaryPredi cate pred);

t enpl at e<cl ass Forwar dRange, cl ass UnaryPredi cate>
typenanme range_iterator<const ForwardRange>::type
stabl e_partition(const ForwardRange& rng, UnaryPredicate pred);

tenpl at e<
range_return_val ue re,
cl ass Forwar dRange,

cl ass UnaryPredicate
>

typenanme range_r et urn<Forwar dRange, re>::type
stabl e_partition(ForwardRange& rng, UnaryPredi cate pred);
tenpl at e<

range_return_val ue re,

cl ass Forwar dRange,

cl ass UnaryPredicate
>

typenanme range_return<const ForwardRange, re>::type
stabl e_partition(const ForwardRange& rng, UnaryPredicate pred);

Description

stabl e_partition reorders the elements in the range r ng base on the function object pr ed. Once this function has completed
all of the elements that satisfy pr ed appear before al of the elementsthat fail to satisfy it. st abl e_parti ti on differsfrom par -
tition becauseit preservesrelative order. It is stable.

For the versions that return an iterator, the return value is the iterator to the first element that fails to satisfy pr ed.

For versions that return ar ange_r et ur n, thef ound iterator isthe iterator to the first element that fails to satisfy pr ed.
Definition

Defined in the header file boost / r ange/ al gorit hmi st abl e_partition. hpp

Requirements

» Forwar dRange isamodel of the Forward Range Concept.

* Forwar dRange is mutable.

* Unar yPredi cat e isamodel of the Pr edi cat eConcept .

Complexity

Best case: O N) whereNisdi st ance(rng) . Worst case: N * | og(N) swaps, whereNisdi st ance(rng) .
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stable_sort

Prototype

t enpl at e<cl ass RandomAccessRange>
RandomAccessRange& st abl e_sort (RandomAccessRange& rng) ;

t enpl at e<cl ass RandomAccessRange>
const RandomAccessRange& stabl e_sort (const RandomAccessRange& rng);

t enpl at e<cl ass RandomAccessRange, cl ass BinaryPredi cate>
RandomAccessRange& st abl e_sort (RandomAccessRange& rng, BinaryPredi cate pred);

t enpl at e<cl ass RandomAccessRange, cl ass BinaryPredi cate>
const RandomAccessRange& stabl e_sort(const RandomAccessRange& rng, BinaryPredicate pred);

Description

stabl e_sort sortstheelementsinr ng into ascending order. st abl e_sort isguaranteed to be stable. The order is preserved for
equivalent elements.

For versionsof thest abl e_sort functionwithout apredicate ascending order isdefined by oper at or <() suchthat for al adjacent
dements[x,y],y < x == fal se.

For versions of the st abl e_sort function with a predicate, ascending order is designed by pr ed such that for all adjacent elements
[x,y],pred(y, x) == fal se.

Definition

Defined in the header file boost / r ange/ al gori t hni st abl e_sort. hpp
Requirements

For versions of stable_sort without a predicate

* RandomAccessRange isamodel of the Random Access Range Concept.

* RandomAccessRange is mutable.

* RandomAccessRange's value typeisamodel of the LessThanConpar abl eConcept .

» Theordering relation on RandomAccessRange'svauetypeisastrict weak ordering, asdefined inthe LessThanConpar abl e-
Concept reguirements.

For versions of stable sort with a predicate:

* RandonmAccessRange isamodd of the Random Access Range Concept.

* RandomAccessRange is mutable.

* BinaryPredi cat e isamode of theStri ct WeakOr deri ngConcept .

* RandomAccessRange's value typeis convertible to both of Bi nar yPr edi cat e's argument types.
Complexity

Best case: O(N) where Nisdi st ance(r ng) . Worst case: QN | og( N) *2) comparisons, where Nisdi st ance(rng) .
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swap_ranges

Prototype

t enpl at e<cl ass Si ngl ePassRangel, cl ass Si ngl ePassRange2>
Si ngl ePassRange2& swap_ranges( Si ngl ePassRangel& rngl, Singl ePassRange& rng2);

Description

swap_r anges swaps each element x inr ng1 with the corresponding element y inr ng2. Returns areferenceto r ng2.
Definition

Defined in the header file boost / r ange/ al gori t hml swap_r anges. hpp

Requirements

* Si ngl ePassRangel isamodel of the Single Pass Range Concept.

* Singl ePassRangel ismutable.

* Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

* Singl ePassRange2 ismutable.

Complexity

Linear. Exactly di st ance(rngl) elements are swapped.
transform

Prototype

tenpl at e<
cl ass Singl ePassRangel,
class Qutputlterator,
cl ass UnaryQperation
>
Qutputlterator transform const SinglePassRangelé& rng,
Qut putlterator out,
UnaryQperation fun);

tenpl at e<
cl ass Singl ePassRangel,
cl ass Si ngl ePassRange2,
class Qutputlterator,
cl ass Bi naryOperation
>
Qutputlterator transform const SinglePassRangelé& rngl,
const Singl ePassRange2& rng2,
Qut putlterator out,
Bi naryQperation fun);

Description
UnaryOperation version:

t ransf or massigns the valuey to each element [ out, out + distance(rng)), y = fun(x) wherex isthe corresponding
valuetoy inrngl. Thereturn valueisout + di st ance(rng).

BinaryOperation version:

60

render

httpo://www.renderx.com/


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

Range 2.0

t ransf or massignsthevaluez toeachelement[ out, out + min(di stance(rngl), distance(rng2))), z = fun(x,y)
where x is the corresponding value in rngl and y is the corresponding value in r ng2. This version of t r ansf or m stops upon
reaching either the end of r ng1, or the end of r ng2. Hence there isn't arequirement for di st ance(rngl) == di stance(rng2)
since there is a safe guaranteed behaviour, unlike with the iterator counterpart in the standard library.

Thereturnvalueisout + min(di stance(rngl), distance(rng2)).

Definition

Defined in the header file boost / range/ al gori t hmi t r ansf or m hpp

Requirements

For the unary versions of transform:

* Si ngl ePassRangel isamodel of the Single Pass Range Concept.

e Qutputlterator isamodel of theQut putlterator Concept.

* Unar yQper ati on isamodel of the Unar yFunct i onConcept .

* Si ngl ePassRangel's value type must be convertible to Unar yFunct i on's argument type.

» Unar yFunct i on's result type must be convertibleto atypein Qut put I t er at or 's set of value types.
For the binary versions of transform:

e Si ngl ePassRangel isamodel of the Single Pass Range Concept.

» Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

e Qutputlterator isamodel of theQut putlterator Concept .

e Bi naryQper at i on isamodel of the Bi nar yFunct i onConcept .

» Si ngl ePassRangel's value type must be convertible to Bi nar yFunct i on'sfirst argument type.

* Si ngl ePassRange2's value type must be convertible to Bi nar yFunct i on's second argument type.
e Bi nar yQper at i on'sresult type must be convertibleto atypein Qut put | t er at or 's set of value types.
Precondition:

For the unary version of transform:

e out isnot aniterator withintherange[ begi n(rngl) + 1, end(rngl)).

* [out, out + distance(rngl)) isavalidrange.

For the binary version of transform:

e out isnot aniterator withintherange[ begi n(rngl) + 1, end(rngl)).

* out isnot aniterator withintherange[ begi n(rng2) + 1, end(rng2)).

* [out, out + min(distance(rngl), distance(rng2))) isavalidrange.

Complexity

Linear. The operationisapplied exactly di st ance(rngl) fortheunary versionandni n(di stance(rngl), distance(rng2))
for the binary version.
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unique

Prototype

t enpl at e<cl ass Forwar dRange>

t ypename range_r et ur n<Forwar dRange, return_begi n_found>::type

uni que( For war dRangeé& r ng)

t enpl at e<cl ass Forwar dRange>

t ypename range_return<const ForwardRange, return_begin_found>::type
uni que(const Forwar dRange& rng)

t enpl at e<cl ass Forwar dRange, cl ass Bi naryPredi cate>

t ypename range_r et ur n<Forwar dRange, return_begi n_found>::type

uni que( For war dRange& rng, BinaryPredicate pred)

t enpl at e<cl ass Forwar dRange, cl ass Bi naryPredi cate>

t ypename range_return<const ForwardRange, return_begin_found>::type
uni que(const Forwar dRange& rng, BinaryPredicate pred)

tenpl at e<range_return_val ue re, class ForwardRange>

typenanme range_r et urn<Forwar dRange, re>::type

uni que( For war dRangeé& r ng)

tenpl at e<range_return_val ue re, class ForwardRange>

typenanme range_return<const ForwardRange, re>::type

uni que(const Forwar dRange& rng)

tenpl at e<range_return_val ue re, class ForwardRange, class BinaryPredi cate>
typenanme range_r et urn<Forwar dRange, re>::type

uni que( For war dRange& rng, BinaryPredicate pred)

tenpl at e<range_return_val ue re, class ForwardRange, class BinaryPredi cate>

typenanme range_return<const ForwardRange, re>::type
uni que(const Forwar dRange& rng, BinaryPredicate pred)

Description

uni que removes al but the first element of each sequence of duplicate encountered in r ng.
Elementsin therange[ new_| ast, end(rng)) are dereferenceable but undefined.
Equality is determined by the predicate if oneis supplied, or by oper at or ==() for For war dRange's value type.
Definition

Defined in the header file boost / r ange/ al gori t hmi uni que. hpp

Requirements

For the non-predicate versions of unique:

* Forwar dRange isamodel of the Forward Range Concept.

* Forwar dRange is mutable.

» Forwar dRange'svaluetypeisamodel of the Equal i t yConpar abl eConcept .

For the predicate ver sions of unique:

* Forwar dRange isamodel of the Forward Range Concept.
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* Forwar dRange is mutable.
e Bi naryPredi cat e isamodel of the Bi nar yPr edi cat eConcept .

* For war dRange'svaluetypeisconvertibleto Bi nar yPr edi cat e'sfirst argument typeandto Bi nar yPr edi cat e'ssecond argument

type.
Complexity
Linear. (' N) where Nisdi st ance(r ng) . Exactly di st ance(rng) comparisons are performed.
unique_copy

Prototype

t enpl at e<cl ass Si ngl ePassRange, class Qutputlterator>
Qut putlterator uni que_copy(const SinglePassRange& rng, CQutputlterator out);

tenpl at e<cl ass Si ngl ePassRange, class Qutputlterator, class BinaryPredicate>
Qut put | terator uni que_copy(const Singl ePassRange& rng, Qutputlterator out, BinaryPredicate pred);

Description

uni que_copy copiesthefirst element of each sequence of duplicates encountered inr ng to out .
Equality is determined by the predicate if oneis supplied, or by oper at or ==() for Si ngl ePassRange's value type.
Definition

Defined in the header file boost / r ange/ al gori t hni uni que_copy. hpp

Requirements

For the non-predicate versions of unique:

* Si ngl ePassRange isamodel of the Single Pass Range Concept.

* Singl ePassRange ismutable.

* Si ngl ePassRange'svauetypeisamodel of the Equal i t yConpar abl eConcept .

e Qutputlterator isamodel of theQut putlterator Concept.

For the predicate versions of unique:

* Si ngl ePassRange isamodel of the Single Pass Range Concept.

* Singl ePassRange ismutable.

* BinaryPredi cat e isamodel of theBi nar yPr edi cat eConcept .

» Si ngl ePassRange's value typeis convertible to Bi nar yPr edi cat e's first argument type and to Bi nar yPr edi cat e's second
argument type.

e Qutputlterator isamodel of theQut putlterator Concept.
Complexity

Linear. (' N) where Nisdi st ance(r ng) . Exactly di st ance(rng) comparisons are performed.
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Non-mutating algorithms

adjacent_find

Prototype

t enpl at e<cl ass Forwar dRange>
typenane range_iterator <Forwar dRange>: : type
adj acent _fi nd( For war dRange& rng) ;

t enpl at e<cl ass Forwar dRange>
typenane range_iterator<const ForwardRange>::type
adj acent _fi nd(const ForwardRange& rng);

t enpl at e<cl ass Forwar dRange, cl ass Bi naryPredicate>
typenane range_iterat or <Forwar dRange>: : type
adj acent _fi nd( Forwar dRange& rng, BinaryPred pred);

t enpl at e<cl ass Forwar dRange, cl ass Bi naryPredicate>
typenane range_iterator<const ForwardRange>::type

adj acent _fi nd(const ForwardRange& rng, BinaryPred pred);

tenpl at e<range_return_val ue_re, class ForwardRange>
typenane range_r et ur n<Forwar dRange, re>::type
adj acent _fi nd( For war dRange& rng) ;

tenpl at e<range_return_val ue_re, class ForwardRange>
typenane range_return<const ForwardRange, re>::type
adj acent _fi nd(const Forwar dRange& rng);

tenpl at e<
range_return_val ue re,
cl ass Forwar dRange,
cl ass Bi naryPredicate
>

t ypenane range_r et ur n<Forwar dRange, re>::type

adj acent _fi nd( Forwar dRange& rng, BinaryPredicate pred);

tenpl at e<
range_return_val ue re,
cl ass Forwar dRange,
cl ass Bi naryPredicate
>

t ypenane range_r et urn<const ForwardRange, re>::type

adj acent _fi nd(const ForwardRange& rng, BinaryPredicate pred);

Description

Non-predicate versions:

adj acent _f i nd findsthefirst adjacent elements[ x, y] inrng wherex ==y

Predicate versions:

adj acent _f i nd findsthefirst adjacent elements|[ x, y] inrng wherepr ed(x, y) istrue.

Definition

Defined in the header file boost / r ange/ al gori t hnt adj acent _fi nd. hpp
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Requirements

For the non-predicate versions of adjacent_find:

* Forwar dRange isamodel of the Forward Range Concept.

* Forwar dRange's value typeisamodel of the Equal i t yConpar abl eConcept .
For the predicate versions of adjacent_find:

* Forwar dRange isamodel of the Forward Range Concept.

e Bi naryPredi cat e isamodel of the Bi nar yPr edi cat eConcept .

» Forwar dRange'svaluetypeisconvertibleto Bi nar yPr edi cat e'sfirst argument typeandto Bi nar yPr edi cat e'ssecond argument
type.

Complexity
Linear. If enpt y(r ng) then no comparisons are performed; otherwise, at most di st ance(rng) - 1 comparisons.
binary_search

Prototype

t enpl at e<cl ass Forwar dRange, cl ass Val ue>
bool binary_search(const ForwardRange& rng, const Val ue& val);

t enpl at e<cl ass Forwar dRange, class Val ue, class Bi naryPredicate>
bool binary_search(const ForwardRange& rng, const Value& val, BinaryPredicate pred);

Description

bi nary_sear ch returnst r ue if and only if thevalueval existsintheranger ng.
Definition

Defined in the header file boost / r ange/ al gori t hnt bi nary_sear ch. hpp
Requirements

For the non-predicate versions of binary_search:

» Forwar dRange isamodel of the Forward Range Concept.

* Val ue isamodel of the LessThanConpar abl eConcept .

» Theordering of objectsof typeVal ue isastrict weak ordering, asdefined intheLessThanConpar abl eConcept requirements.
e Forwar dRange's valuetypeisthe sametype as val ue.

For the predicate versions of binary_search:

* Forwar dRange isamodel of the Forward Range Concept.

e BinaryPredi cateisamode of theStri ct WeakOr der i ngConcept .

» Forwar dRange's valuetypeisthe same type as val ue.

* Forwar dRange's valuetypeis convertible to Bi nar yPr edi cat e's argument type.
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Precondition:

For the non-predicate version:

r ng isordered in ascending order according to oper at or <.

For the predicate version:

r ng isordered in ascending order according to the function object pr ed.
Complexity

For non-random-access ranges, the complexity isQ(N) where Nisdi st ance(rng).

For random-access ranges, the complexity isQ(1 og N) where Nisdi st ance(rng).
count

Prototype

t enpl at e<cl ass Si ngl ePassRange, cl ass Val ue>
typename range_dif f erence<Si ngl ePassRange>: : t ype
count ( Si ngl ePassRange& rng, const Val ue& val);

t enpl at e<cl ass Si ngl ePassRange, cl ass Val ue>

typename range_difference<const Singl ePassRange>::type
count (const Singl ePassRange& rng, const Val ue& val);

Description

count returns the number of elementsx inrng wherex == val istrue.
Definition

Defined in the header fileboost / r ange/ al gori t hmf count . hpp
Requirements

* Si ngl ePassRange isamodel of the Single Pass Range Concept.

» Val ue isamodel of the Equal i t yConpar abl eConcept .

* Si ngl ePassRange'svauetypeisamodel of the Equal i t yConpar abl eConcept .

An object of Si ngl ePassRange's value type can be compared for equality with an object of type val ue.
Complexity

Linear. Exactly di st ance(rng) comparisons.

count_if

Prototype

t enpl at e<cl ass Si ngl ePassRange, cl ass UnaryPredi cat e>
typenane range_difference<const Singl ePassRange>::type
count _i f(const Si ngl ePassRange& rng, UnaryPredicate pred);

Description

count _i f returnsthe number of elementsx inrng wherepred(x) istrue.
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Definition

Defined in the header file boost / r ange/ al gori t hml count _i f. hpp

Requirements

* Si ngl ePassRange isamodel of the Single Pass Range Concept.

e Unar yPredi cat e isamodel of the Unar yPr edi cat eConcept .

* Si ngl ePassRange'svauetypeisamodel of the Equal i t yConpar abl eConcept .

e Thevaluetype of Si ngl ePassRange is convertible to the argument type of Unar yPr edi cat e.
Complexity

Linear. Exactly di st ance(rng) invocations of pr ed.

equal

Prototype

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2
>

bool equal (const Singl ePassRangel& rngl,
const Si ngl ePassRange2& rng2);
tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,

cl ass Bi naryPredicate
>

bool equal (const Singl ePassRangel& rngl,
const Si ngl ePassRange2& rng2,
Bi naryPredi cate pred);

Description

equal returnstrue if di stance(rngl) isequal to the di st ance(rng2) and for each element x in r ng1, the corresponding
elementy inrng2 isequal. Otherwisef al se isreturned.

In this range version of equal it is perfectly acceptable to passin two ranges of unequal lengths.

Elements are considered equal in the non-predicate version if oper at or == returnst r ue. Elements are considered equal in the pre-
dicate version if pred(x, y) istrue.

Definition

Defined in the header file boost / r ange/ al gori t hmi equal . hpp
Requirements

For the non-predicate versions:

» Si ngl ePassRangel isamodel of the Single Pass Range Concept.
* Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

* Si ngl ePassRangel'svauetypeisamodel of the Equal i t yConpar abl eConcept .
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e Si ngl ePassRange2'svauetypeisamodel of the Equal i t yConpar abl eConcept .

» Si ngl ePassRangel's value type can be compared for equality with Si ngl ePassRange2'svalue type.
For the predicate versions:

» Si ngl ePassRangel isamodel of the Single Pass Range Concept.

» Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

* BinaryPredi cat e isamode of the Bi nar yPr edi cat eConcept .

* Si ngl ePassRangel'svauetypeis convertibleto Bi nar yPr edi cat e'sfirst argument type.

» Si ngl ePassRange2'svaluetypeis convertibleto Bi nar yPr edi cat e's second argument type.
Complexity

Linear. At most mi n(di st ance(rngl), distance(rng2)) comparisons.
equal_range

Prototype

tenpl at e<
cl ass Forwar dRange,
cl ass Val ue
>
std:: pai r<typenane range_iterator<Forwar dRange>: : type,
t ypenanme range_iterator <Forwar dRange>: : t ype>
equal _range( Forwar dRange& rng, const Val ue& val);

tenpl at e<
cl ass Forwar dRange,
cl ass Val ue
>
std:: pai r<typenane range_iterator<const ForwardRange>::type,
typenane range_iterator<const ForwardRange>::type>
equal _range(const ForwardRange& rng, const Val ue& val);

tenpl at e<
cl ass Forwar dRange,
cl ass Val ue,
class SortPredicate
>
std:: pai r<typenane range_iterator<Forwar dRange>: : type,
t ypenane range_iterator <Forwar dRange>: : type>
equal _range( Forwar dRange& rng, const Val ue& val, SortPredicate pred);

tenpl at e<
cl ass Forwar dRange,
cl ass Val ue,
class SortPredicate
>
std:: pai r<typenane range_iterator<const ForwardRange>::type,
typenane range_iterator<const ForwardRange>::type>
equal _range(const ForwardRange& rng, const Value& val, SortPredicate pred);

Description

equal _r ange returns arange in the form of a pair of iterators where all of the elements are equal to val . If no values are found
that are equal toval , then an empty rangeisreturned, henceresul t. first == resul t. second. For the non-predicate versions
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of equal _r ange the equality of elementsis determined by oper at or <. For the predicate versions of equal _r ange the equality
of elementsis determined by pr ed.

Definition

Defined in the header file boost / r ange/ al gori t hni equal _r ange. hpp
Requirements

For the non-predicate versions:

* Forwar dRange isamodel of the Forward Range Concept.

e Val ue isamodéd of the LessThanConpar abl eConcept .

» Theordering of objectsof typeVal ue isastrict weak ordering, asdefinedintheLessThanConpar abl eConcept requirements.
* Forwar dRange's value typeisthe same type as Val ue.

For the predicate versions:

* Forwar dRange isamodel of the Forward Range Concept.

* Sort Predicat e isamodel of the St ri ct WeakOr der i ngConcept .

e Forwar dRange'svaluetypeisthe sameasVal ue.

» Forwar dRange's value typeis convertible to both of Sort Pr edi cat e's argument types.
Precondition:

For the non-predicate versions: r ng is ordered in ascending order according to oper at or <.
For the predicate versions:. r ng is ordered in ascending order according to pr ed.
Complexity

For random-access ranges, the complexity isQ( 1 og N) , otherwise the complexity isQ( N) .
for_each

Prototype

tenpl at e<
cl ass Si ngl ePassRange,
cl ass UnaryFunction
>

Unar yFuncti on for_each(Si ngl ePassRange& rng, UnaryFunction fun);
tenpl at e<
cl ass Si ngl ePassRange,

cl ass UnaryFunction
>

Unar yFunction for_each(const Singl ePassRange& rng, UnaryFunction fun);

Description
f or _each traverses forward through r ng and for each element x it invokesf un(x) .
Definition

Defined in the header fileboost / range/ al gorit hmi f or _each. hpp
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Requirements

* Si ngl ePassRange isamodel of the Single Pass Range Concept.

* Unar yFunct i on isamodel of the Unar yFunct i onConcept .

e Unar yFunct i on does not apply any non-constant operation through its argument.

* Si ngl ePassRange'svauetypeisconvertibleto Unar yFunct i on's argument type.
Complexity

Linear. Exactly di st ance(rng) applications of Unar yFunct i on.

find

Prototype

t enpl at e<cl ass Si ngl ePassRange, cl ass Val ue>
t ypenane range_iterator<Si ngl ePassRange>: : type
find(Si ngl ePassRange& rng, Val ue val);
tenpl at e<
range_return_val ue re,
cl ass Si ngl ePassRange,

cl ass Val ue
>

typenane range_r et urn<Si ngl ePassRange, re>::type
find(Si ngl ePassRange& rng, Val ue val);

Description

Theversionsof f i nd that return an iterator, returnsthefirst iterator intheranger ng suchthat*i == val ue. end(r ng) isreturned
if no such iterator exists. The versions of find that return ar ange_r et ur n, definesf ound in the same manner as the returned iter-
ator described above.

Definition

Defined in the header file boost / range/ al gori t hni fi nd. hpp

Requirements

* Si ngl ePassRange isamodel of the Single Pass Range Concept.

* Val ue isamodel of the Equal i t yConpar abl eConcept .

» Theoper at or == isdefined for type Val ue to be compared with the Si ngl ePassRange's value type.
Complexity

Linear. At most di st ance(rng) comparisons for equality.
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find_end

Prototype

t enpl at e<cl ass Forwar dRangel, class ForwardRange2>
t ypename range_it erat or <For war dRangel>: : type
find_end( Forwar dRangel& rngl, const ForwardRange2& rng2);

tenpl at e<
cl ass Forwar dRangel,
cl ass Forwar dRange2,
cl ass Bi naryPredicate
>

t ypename range_it erat or <For war dRangel>: : type
find_end( Forwar dRangel& rngl, const ForwardRange2& rng2, BinaryPredicate pred);

tenpl at e<
range_return_val ue re,
cl ass Forwar dRangel,
cl ass Forwar dRange2
>

t ypename range_r et ur n<Forwar dRangel, re>::type
find_end( Forwar dRangel& rngl, const ForwardRange2& rng2);
tenpl at e<

range_return_val ue re,

cl ass Forwar dRangel,

cl ass Forwar dRange2,

cl ass Bi naryPredicate
>

t ypename range_r et ur n<Forwar dRangel, re>::type
find_end( Forwar dRangelé& rngl, const ForwardRange2& rng2, BinaryPredicate pred);

Description

The versions of fi nd_end that return an iterator, return an iterator to the beginning of the last sub-sequence equal to r ng2 within
rngl. Equality is determined by oper at or == for non-predicate versions of fi nd_end, and by satisfying pr ed in the predicate
versions. Theversionsof f i nd_end that return ar ange_r et ur n, definesf ound inthe same manner asthe returned iterator described
above.

Definition

Defined in the header file boost / r ange/ al gori t hnmi fi nd_end. hpp

Requirements

For the non-predicate versions:

* Forwar dRangel isamode of the Forward Range Concept.

» Forwar dRange2 isamodd of the Forward Range Concept.

» Forwar dRangel'svalue typeisamodel of the Equal i t yConpar abl eConcept .

» Forwar dRange2's value typeisamodel of the Equal i t yConpar abl eConcept .

» Objects of For war dRange1's value type can be compared for equality with objects of For war dRange2's value type.
For the predicate versions:

* Forwar dRangel isamodel of the Forward Range Concept.
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* Forwar dRange2 isamodd of the Forward Range Concept.

e Bi naryPredi cat e isamodel of the Bi nar yPr edi cat eConcept .

* Forwar dRangel'svalue typeis convertible to Bi nar yPr edi cat e'sfirst argument type.

» Forwar dRange2's value typeis convertible to Bi nar yPr edi cat e's second argument type.
Complexity

The number of comparisonsisproportional todi st ance(rngl) * di stance(rng2).If both For war dRangel and For war dRange2
are models of Bi di rect i onal RangeConcept then the average complexity is linear and the worst case is di st ance(rngl) *
di st ance(rng2).

find_first_of

Prototype

tenpl at e<cl ass Si ngl ePassRangel, cl ass Forwar dRange2>
t ypename range_iterator<Si ngl ePassRangel>: : type
find_first_of (Si ngl ePassRangel& rngl, const ForwardRange2& rng2);

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Forwar dRange2,
cl ass Bi naryPredicate
>
t ypename range_iterator<Si ngl ePassRangel>: : type
find_first_of (Si ngl ePassRangel& rngl, const ForwardRange2& rng2, BinaryPredicate pred);

tenpl at e<
range_return_val ue re,
cl ass Si ngl ePassRangel,
cl ass Forwar dRange2
>

t ypename range_r et urn<Si ngl ePassRangel, re>::type
find_first_of (Si ngl ePassRangel& rngl, const ForwardRange2& rng2);

tenpl at e<
range_return_val ue re,
cl ass Si ngl ePassRangel,
cl ass Forwar dRange2,
cl ass Bi naryPredicate
>

t ypename range_r et urn<Si ngl ePassRangel, re>::type
find_first_of (Si ngl ePassRangel& rngl, const ForwardRange2& rng2, BinaryPredicate pred);

Description

Theversionsof find_first_of that return an iterator, return an iterator to the first occurrence inr ng1 of any of the elementsin
r ng2. Equality isdetermined by oper at or == for non-predicateversionsof fi nd_fi rst _of , and by satisfying pr ed inthe predicate
versions.

Theversionsof fi nd_first_of that returnar ange_r et ur n, definesf ound in the same manner asthe returned iterator described
above.

Definition

Defined in the header fileboost / range/ al gorithmi find _first_of. hpp

72

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

Range 2.0

Requirements

For the non-predicate versions:

* Si ngl ePassRangel isamodel of the Single Pass Range Concept.
e Forwar dRange2 isamodd of the Forward Range Concept.

» Si ngl ePassRangel's value type is a model of the Equal i t yConpar abl eConcept , and can be compared for equality with
For war dRange2's value type.

For the predicate versions:

e Si ngl ePassRangel isamodel of the Single Pass Range Concept.

* Forwar dRange2 isamodel of the Forward Range Concept.

* BinaryPredi cat e isamode of the Bi nar yPr edi cat eConcept .

e Si ngl ePassRangel'svaluetypeis convertibleto Bi nar yPr edi cat e'sfirst argument type.
* Forwar dRange2'svalue typeis convertible to Bi nar yPr edi cat e's second argument type.
Complexity

At most di st ance(rngl) * distance(rng2) comparisons.

find_if

Prototype

t enpl at e<cl ass Si ngl ePassRange, cl ass UnaryPredi cate>
t ypenane range_iterator<Si ngl ePassRange>: : type
find_if(Singl ePassRange& rng, UnaryPredi cate pred);
tenpl at e<

range_return_val ue re,

cl ass Si ngl ePassRange,

cl ass UnaryPredicate
>

typenanme range_r et urn<Si ngl ePassRange, re>::type
find_if(Singl ePassRange& rng, UnaryPredi cate pred);

Description

Theversionsof fi nd_i f that return an iterator, returns the first iterator in the range r ng such that pred(*i ) istrue. end(rng)
isreturned if no such iterator exists.

Theversionsof fi nd_i f that return ar ange_r et ur n, defines found in the same manner as the returned iterator described above.
Definition

Defined in the header fileboost / range/ al gorit hmi find_i f. hpp

Requirements

* Si ngl ePassRange isamodel of the Single Pass Range Concept.

» UnaryPredi cat e isamodel of the Predi cat eConcept .

» Thevaluetype of Si ngl ePassRange is convertible to the argument type of Unar yPr edi cat e.
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Precondition:

For each iteratori inrng, *i isinthedomain of Unar yPr edi cat e.
Complexity

Linear. At most di st ance(r ng) invocations of pr ed.
lexicographical_compare

Prototype

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2
>

bool | exi cographi cal _conpare(const Singl ePassRangel& rngl,

const Si ngl ePassRange2& rng2);

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
cl ass Bi naryPredicate
>
bool | exi cographi cal _conpare(const Singl ePassRangel& rngl,
const Si ngl ePassRange2& rng2,
Bi naryPredi cate pred);

Description

| exi cogr aphi cal _conpar e compares element by element r ngl1 against r ng2. If the element fromr ng1 islessthan the element
fromrng2 thent r ue isreturned. If the end of r ng1 without reaching the end of r ng2 this also causes the return value to bet r ue.
Thereturn valueisf al se in all other circumstances. The elements are compared using oper at or < in the non-predicate versions

of | exi cogr aphi cal _conpar e and using pr ed in the predicate versions.

Definition

Defined in the header file boost / r ange/ al gori t hni | exi cogr aphi cal _conpare. hpp

Requirements
For the non-predicate versions of lexicographical_compare:
» Si ngl ePassRangel isamodel of the Single Pass Range Concept.

* Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

* Si ngl ePassRangel'svaluetypeisamodel of the LessThanConpar abl eConcept .

* Si ngl ePassRange2'svauetypeisamodel of the LessThanConpar abl eConcept .

» Let x bean object of Si ngl ePassRangel'svauetype. Lety be an object of Si ngl ePassRange2'svaluetype. x < y must be

valid.y < x must bevalid.
For the predicate ver sions of lexicographical_compare:
» Si ngl ePassRangel isamodel of the Single Pass Range Concept.
» Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

* Bi naryPredi cat e isamodel of the Bi nar yPr edi cat eConcept .
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e Si ngl ePassRangel'svauetypeisconvertibleto Bi nar yPr edi cat e'sfirst argument type.
» Si ngl ePassRange2'svauetypeis convertibleto Bi nar yPr edi cat e's second argument type.
Complexity

Linear. Atmost 2 * mi n(di stance(rngl), distance(rng2)) comparisons.

lower_bound

Prototype

tenpl at e<

cl ass Forwar dRange,

cl ass Val ue

>
typenane range_iterator <Forwar dRange>: : type
| ower _bound( For war dRange& rng, Val ue val);

tenpl at e<

range_return_val ue re,

cl ass Forwar dRange,

cl ass Val ue

>
typenane range_r et urn<Forwar dRange, re>::type
| ower _bound( For war dRange& rng, Val ue val);

tenpl at e<
cl ass Forwar dRange,
cl ass Val ue,
class SortPredicate
>

typenane range_iterat or <Forwar dRange>: : type
| ower _bound( For war dRange& rng, Value val, SortPredicate pred);

tenpl at e<
range_return_val ue re,
cl ass Forwar dRange,
cl ass Val ue,

class SortPredicate
>

typenane range_r et ur n<Forwar dRange, re>: : type
| ower _bound( For war dRange& rng, Value val, SortPredicate pred);

Description

The versions of | ower _bound that return an iterator, returns the first iterator in the range r ng such that: without predicate - *i <
val ue isf al se, with predicate - pred(*i, val ue) isfal se.

end(rng) isreturned if no such iterator exists.

Theversions of | ower _bound that return ar ange_r et ur n, defines f ound in the same manner as the returned iterator described
above.

Definition
Defined in the header file boost / r ange/ al gori t hni | ower _bound. hpp
Requirements

For the non-predicate versions:
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For war dRange isamodel of the Forward Range Concept.
Val ue isamodel of the LessThanConpar abl eConcept .
The ordering of objectsof typeVal ue isastrict weak ordering, asdefined intheLessThanConpar abl eConcept requirements.

For war dRange's value type is the same type as val ue.

For the predicate versions.

For war dRange isamodel of the Forward Range Concept.
Bi nar yPredi cat e isamodel of the St ri ct WeakOr der i ngConcept .
For war dRange's value type is the same type as val ue.

For war dRange's value type is convertible to both of Bi nar yPr edi cat e's argument types.

Precondition:

For the non-predicate versions:

r ng is sorted in ascending order according to oper at or <.

For the predicate versions:

r ng is sorted in ascending order according to pr ed.

Complexity

For ranges that model the Random Access Range concept the complexity isQ(| og N), whereNisdi st ance(rng) .

For all other range types the complexity isQ(N) .
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max_element

Prototype

t enpl at e<cl ass Forwar dRange>
typenane range_iterat or <For war dRange>: : t ype
max_el enent ( For war dRange& rng) ;

t enpl at e<cl ass Forwar dRange>
typenanme range_iterator<const ForwardRange>::type
max_el enent (const Forwar dRange& rng) ;

t enpl at e<cl ass Forwar dRange, cl ass Bi naryPredi cate>
typenanme range_iterat or <For war dRange>: : t ype
max_el enent ( For war dRange& rng, BinaryPredi cate pred);

t enpl at e<cl ass Forwar dRange, cl ass Bi naryPredi cate>
typenanme range_iterator<const ForwardRange>::type
max_el enent (const Forwar dRange& rng, BinaryPredi cate pred);

tenpl at e<

range_return_val ue re,

cl ass Forwar dRange

>
t ypenane range_r et ur n<For war dRange, re>::type
max_el enent ( For war dRange& rng) ;

tenpl at e<

range_return_value_re,

cl ass Forwar dRange

>
typenane range_return<const ForwardRange, re>::type
max_el enent (const Forwar dRange& rng) ;

tenpl at e<
range_return_val ue re,
cl ass Forwar dRange,
cl ass Bi naryPredicate
>
typenanme range_r et urn<Forwar dRange, re>::type
max_el enent ( For war dRange& rng, BinaryPredi cate pred);

tenpl at e<
range_return_val ue re,
cl ass Forwar dRange,
cl ass Bi naryPredicate
>

typenanme range_return<const ForwardRange, re>::type
max_el enent (const Forwar dRange& rng, BinaryPredicate pred);

Description

The versions of max_el enent that return an iterator, return the iterator to the maximum value as determined by using oper at or <
if apredicateisnot supplied. Otherwise the predicate pr ed is used to determine the maximum value. The versions of nax_el enent
that return ar ange_r et ur n, definesf ound in the same manner as the returned iterator described above.

Definition

Defined in the header file boost / r ange/ al gori t hml max_el enent . hpp
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Requirements

For the non-predicate versions:

* Forwar dRange isamodel of the Forward Range Concept.

* Forwar dRange's value typeisamodel of the LessThanConpar abl eConcept .

For the predicate versions.

* Forwar dRange isamodel of the Forward Range Concept.

e Bi naryPredi cat e isamodel of the Bi nar yPr edi cat eConcept .

» Forwar dRange's valuetype is convertible to both of Bi nar yPr edi cat e's argument types.
Complexity

Linear. Zero comparisonsif enpt y(r ng) , otherwisedi st ance(rng) - 1 comparisons.
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min_element

Prototype

t enpl at e<cl ass Forwar dRange>
typenane range_iterat or <For war dRange>: : t ype
m n_el enent ( For war dRange& rng) ;

t enpl at e<cl ass Forwar dRange>
typenanme range_iterator<const ForwardRange>::type
m n_el enent (const Forwar dRange& rng) ;

t enpl at e<cl ass Forwar dRange, cl ass Bi naryPredi cate>
typenanme range_iterat or <For war dRange>: : t ype
m n_el enent ( For war dRange& rng, BinaryPredicate pred);

t enpl at e<cl ass Forwar dRange, cl ass Bi naryPredi cate>
typenanme range_iterator<const ForwardRange>::type
m n_el enent (const Forwar dRange& rng, BinaryPredi cate pred);

tenpl at e<

range_return_val ue re,

cl ass Forwar dRange

>
t ypenane range_r et ur n<For war dRange, re>::type
m n_el enent ( For war dRange& rng) ;

tenpl at e<

range_return_value_re,

cl ass Forwar dRange

>
typenane range_return<const ForwardRange, re>::type
m n_el enent (const Forwar dRange& rng) ;

tenpl at e<
range_return_val ue re,
cl ass Forwar dRange,
cl ass Bi naryPredicate
>
typenanme range_r et urn<Forwar dRange, re>::type
m n_el enent ( For war dRange& rng, BinaryPredi cate pred);

tenpl at e<
range_return_val ue re,
cl ass Forwar dRange,
cl ass Bi naryPredicate
>

typenanme range_return<const ForwardRange, re>::type
m n_el enent (const Forwar dRange& rng, BinaryPredicate pred);

Description

The versions of nmi n_el enent that return an iterator, return the iterator to the minimum value as determined by using oper at or <
if apredicateisnot supplied. Otherwise the predicate pr ed is used to determine the minimum value. The versions of ni n_el enent
that return ar ange_r et ur n, definesf ound in the same manner as the returned iterator described above.

Definition

Defined in the header file boost / r ange/ al gori t hnmi mi n_el ement . hpp
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Requirements

For the non-predicate versions:

* Forwar dRange isamodel of the Forward Range Concept.

* Forwar dRange's value typeisamodel of the LessThanConpar abl eConcept .

For the predicate versions.

* Forwar dRange isamodel of the Forward Range Concept.

e Bi naryPredi cat e isamodel of the Bi nar yPr edi cat eConcept .

» Forwar dRange's valuetype is convertible to both of Bi nar yPr edi cat e's argument types.
Complexity

Linear. Zero comparisonsif enpt y(r ng) , otherwisedi st ance(rng) - 1 comparisons.
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mismatch

Prototype

t enpl at e<cl ass Si ngl ePassRangel, cl ass Si ngl ePassRange2>
std::pair<

t ypename range_iterator<Si ngl ePassRangel>: : type,

t ypename range_iterator<const SinglePassRange2>::type >
m smat ch( Si ngl ePassRangel& rngl, const Singl ePassRange2& rng2);

t enpl at e<cl ass Si ngl ePassRangel, cl ass Si ngl ePassRange2>
std::pair<
typename range_iterator<const SinglePassRangel>: :type,
t ypename range_iterator<const SinglePassRange2>::type >
m smat ch(const Si ngl ePassRangel& rngl, const Singl ePassRange2& rng2);

t enpl at e<cl ass Si ngl ePassRangel, cl ass Si ngl ePassRange2>
std::pair<

t ypename range_iterator<Si ngl ePassRangel>: : type,

t ypename range_iterator<Si ngl ePassRange2>: :type >
m smat ch( Si ngl ePassRangel& rngl, Singl ePassRange2& rng2);

t enpl at e<cl ass Si ngl ePassRangel, cl ass Si ngl ePassRange2>
std::pair<

typename range_iterator<const SinglePassRangel>: :type,

t ypename range_iterator<Si ngl ePassRange2>: :type >
m smat ch(const Si ngl ePassRangel& rngl, Singl ePassRange2& rng2);

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
cl ass Bi naryPredicate
>
std::pair<
t ypename range_iterator<Si ngl ePassRangel>: : type,
t ypename range_iterator<const SinglePassRange2>::type >
m smat ch( Si ngl ePassRangel& rngl, const Singl ePassRange2& rng2,
Bi naryPredi cate pred);

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
cl ass Bi naryPredicate
>
std::pair<
typename range_iterator<const SinglePassRangel>: :type,
t ypename range_iterator<const SinglePassRange2>::type >
m smat ch(const Si ngl ePassRangel& rngl, const Singl ePassRange2& rng2,
Bi naryPredi cate pred);

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
cl ass Bi naryPredicate
>
std::pair<
t ypename range_iterator<Si ngl ePassRangel>: : type,
t ypename range_iterator<Si ngl ePassRange2>: :type >
m smat ch( Si ngl ePassRangel& rngl, Singl ePassRange2& rng2,
Bi naryPredi cate pred);

tenpl at e<
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cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
cl ass Bi naryPredicate
>

std::pair<
typenane range_iterator<const SinglePassRangel>::type,
t ypenane range_iterator<Si ngl ePassRange2>: :type >
nm smat ch(const Si ngl ePassRangel& rngl, Singl ePassRange2& rng2,
Bi naryPredi cate pred);

Description

m snat ch finds the first position where the corresponding elements from the two rangesr ng1 and r ng2 are not equal.
Equality is determined by oper at or == for non-predicate versions of ni smat ch, and by satisfying pr ed in the predicate versions.
Definition

Defined in the header fileboost / r ange/ al gori t hmi i smat ch. hpp

Requirements

For the non-predicate versions:

* Si ngl ePassRangel isamodel of the Single Pass Range Concept.

* Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

* Si ngl ePassRangel'svauetypeisamodel of the Equal i t yConpar abl eConcept .

* Si ngl ePassRange2'svauetypeisamodel of the Equal i t yConpar abl eConcept .

* Si ngl ePassRangelsvalue type can be compared for equality with Si ngl ePassRange2's value type.
For the predicate versions:

» Si ngl ePassRangel isamodel of the Single Pass Range Concept.

* Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

* BinaryPredi cat e isamodel of theBi nar yPr edi cat eConcept .

* Si ngl ePassRangel'svauetypeis convertibleto Bi nar yPr edi cat e'sfirst argument type.

* Si ngl ePassRange2'svaluetypeis convertible to Bi nar yPr edi cat e's second argument type.
Precondition:

di stance(rng2) >= di stance(rngl)

Complexity

Linear. At most di st ance(rngl) comparisons.

82

httpo://www.renderx.com/


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

Range 2.0

search

Prototype

t enpl at e<cl ass Forwar dRangel, class ForwardRange2>
t ypename range_it erat or <For war dRangel>: : type
sear ch( Forwar dRangel& rngl, const ForwardRange2& rng2);

t enpl at e<cl ass Forwar dRangel, class ForwardRange2>
t ypename range_iterator<const ForwardRangel>::type
search(const ForwardRangel& rngl, const ForwardRange2& rng2);

tenpl at e<
cl ass Forwar dRangel,
cl ass Forwar dRange2,
cl ass Bi naryPredicate
>
t ypename range_iterat or <For war dRangel>: : type,
sear ch( Forwar dRangel& rngl, const ForwardRange2& rng2, BinaryPredicate pred);

tenpl at e<
cl ass Forwar dRangel,
cl ass Forwar dRange2,
cl ass Bi naryPredicate
>
t ypename range_iterator<const ForwardRangel>::type
search(const ForwardRangel& rngl, ForwardRange2& rng2, BinaryPredicate pred);

tenpl at e<
range_return_val ue re,
cl ass Forwar dRangel,
cl ass Forwar dRange2
>
t ypename range_r et ur n<Forwar dRangel, re>::type
sear ch( Forwar dRangel& rngl, const ForwardRange2& rng2);

tenpl at e<

range_return_val ue re,

cl ass Forwar dRangel,

cl ass Forwar dRange2

>
t ypename range_return<const ForwardRangel, re>::type
search(const ForwardRangel& rngl, const ForwardRange2& rng2);

tenpl at e<
range_return_val ue re,
cl ass Forwar dRangel,
cl ass Forwar dRange2,
cl ass Bi naryPredicate
>
t ypename range_r et ur n<Forwar dRangel, re>::type,
sear ch( Forwar dRangel& rngl, const ForwardRange2& rng2, BinaryPredicate pred);

tenpl at e<
range_return_val ue re,
cl ass Forwar dRangel,
cl ass Forwar dRange2,
cl ass Bi naryPredicate
>
t ypename range_return<const ForwardRangel, re>::type
search(const ForwardRangel& rngl, const ForwardRange2& rng2, BinaryPredicate pred);
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Description

The versions of sear ch that return an iterator, return an iterator to the start of the first subsequence in r ng1 that is equal to the
subsequencer ng2. Theend(rngl) isreturned if no such subsequence existsin r ngl. Equality is determined by oper at or == for
non-predicate versions of sear ch, and by satisfying pr ed in the predicate versions.

The versions of sear ch that return ar ange_r et ur n, definesf ound in the same manner as the returned iterator described above.

Definition

Defined in the header fileboost / r ange/ al gori t hnf sear ch. hpp

Requirements

For the non-predicate versions:

For war dRangel isamodel of the Forward Range Concept.
For war dRange2 isamodel of the Forward Range Concept.
For war dRangel's value typeis amodel of the Equal i t yConpar abl eConcept .
For war dRange2's value typeis amodel of the Equal i t yConpar abl eConcept .

For war dRange1s value type can be compared for equality with For war dRange2's value type.

For the predicate versions:

For war dRangel isamodel of the Forward Range Concept.

For war dRange2 isamodel of the Forward Range Concept.

Bi nar yPredi cat e isamodel of the Bi nar yPr edi cat eConcept .

For war dRangel's value typeis convertible to Bi nar yPr edi cat e'sfirst argument type.

For war dRange2's value type is convertible to Bi nar yPr edi cat e's second argument type.

Complexity

Average complexity is Linear. Worst-case complexity is quadratic.
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search_n

Prototype

t enpl at e<cl ass Forwar dRange, class Integer, class Val ue>
typenanme range_iterat or <For war dRange>: : t ype
sear ch_n( Forwar dRange& rng, |Integer n, const Val ue& val ue);
t enpl at e<cl ass Forwar dRange, class Integer, class Val ue>
typenanme range_iterator<const ForwardRange>::type
search_n(const ForwardRange& rng, Integer n, const Value& val ue);
t enpl at e<cl ass Forwar dRange, class Integer, class Value, class BinaryPredicate>
typenanme range_iterat or <For war dRange>: : t ype
sear ch_n( Forwar dRange& rng, |Integer n, const Val ue& val ue,
Bi naryPredi cate binary_pred);
t enpl at e<cl ass Forwar dRange, class Integer, class Value, class BinaryPredicate>
typenanme range_iterator<const ForwardRange>::type

search_n(const ForwardRange& rng, Integer n, const Val ue& val ue,
Bi naryPredi cate binary_pred);

Description

sear ch_n searchesr ng for asequence of length n equal to val ue where equality is determined by operator==in the non-predicate
case, and by a predicate when oneis supplied.

Definition

Defined in the header file boost / r ange/ al gori t hml search_n. hpp
Requirements

For the non-predicate versions:

* Forwar dRange isamodel of the Forward Range Concept.

» Forwar dRange's value typeisamodel of the Equal i t yConpar abl eConcept .
» Forwar dRanges value type can be compared for equality with Val ue.

* I nteger isamode of thel nt eger Concept .

For the predicate versions:

* Forwar dRange isamodel of the Forward Range Concept.

* Bi naryPredi cat e isamodel of the Bi nar yPr edi cat eConcept .

* Forwar dRange's value typeis convertible to Bi nar yPr edi cat e'sfirst argument type.
* Val ue isconvertibleto Bi nar yPr edi cat e's second argument type.

* I nteger isamode of thel nt eger Concept .

Complexity

Average complexity is Linear. Worst-case complexity is quadratic.
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upper_bound

Prototype

tenpl at e<

cl ass Forwar dRange,

cl ass Val ue

>
typenanme range_iterat or <For war dRange>: : t ype
upper _bound( For war dRange& rng, Val ue val);

tenpl at e<
range_return_val ue re,
cl ass Forwar dRange,
cl ass Val ue
>

typenanme range_r et urn<Forwar dRange, re>::type
upper _bound( For war dRange& rng, Val ue val);

tenpl at e<
cl ass Forwar dRange,
cl ass Val ue,
class SortPredicate
>

typenanme range_iterat or <Forwar dRange>: : t ype
upper _bound( For war dRange& rng, Val ue val, SortPredicate pred);
tenpl at e<

range_return_val ue re,

cl ass Forwar dRange,

cl ass Val ue,

class SortPredicate
>

typenanme range_r et ur n<Forwar dRange, re>: : type
upper _bound( For war dRange& rng, Val ue val, SortPredicate pred);

Description

Theversions of upper _bound that return an iterator, returnsthe first iterator in the ranger ng such that; without predicate - val <
*i istrue, with predicate- pred(val , *i) istrue.

end(rng) isreturned if no such iterator exists.

The versions of upper _bound that return ar ange_r et ur n, defines f ound in the same manner as the returned iterator described
above.

Definition

Defined in the header fileboost / r ange/ al gori t hmi upper _bound. hpp
Requirements

For the non-predicate versions:

* Forwar dRange isamodel of the Forward Range Concept.

* Val ue isamodel of the LessThanConpar abl eConcept .

Theordering of objectsof typeVval ue isastrict weak ordering, asdefined intheLessThanConpar abl eConcept requirements.

» Forwar dRange's valuetypeisthe same type as val ue.
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For the predicate versions:

* Forwar dRange isamodel of the Forward Range Concept.

* BinaryPredi cat eisamode of the St ri ct WeakOr deri ngConcept .
e Forwar dRange's value typeisthe same type as val ue.

» Forwar dRange's value type is convertible to both of Bi nar yPr edi cat e's argument types.
Precondition:

For the non-predicate versions:

r ng is sorted in ascending order according to oper at or <.

For the predicate versions:

r ng is sorted in ascending order according to pr ed.

Complexity

For ranges that model the Random Access Range Concept the complexity isQ(1 og N), whereNisdi st ance(r ng) . For al other
range types the complexity isQ(N) .

Set algorithms

includes

Prototype

t enpl at e<cl ass Si ngl ePassRangel, class Singl ePassRange2>
bool includes(const SinglePassRangel& rngl, const Singl ePassRange2& rng2);

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,

cl ass Bi naryPredicate
>

bool includes(const SinglePassRangel& rngl, const Singl ePassRange2& rng2,
Bi naryPredi cate pred);

Description

i ncl udes returnst r ue if and only if, for every element inr ng2, an equivalent element isalso present inr ng1. The ordering rela-
tionship is determined by using oper at or < in the non-predicate versions, and by evaluating pr ed in the predicate versions.

Definition

Defined in the header file boost / r ange/ al gorit hni set _al gori t hm hpp
Requirements

For the non-predicate versions:

* Si ngl ePassRangel isamodel of the Single Pass Range Concept.

* Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

* Si ngl ePassRangel and Si ngl ePassRange2 have the same value type.
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e Si ngl ePassRangel'svauetypeisamodel of the LessThanConpar abl eConcept .
* Si ngl ePassRange2'svauetypeisamodel of the LessThanConpar abl eConcept .

» Theordering of objectsof type Si ngl ePassRangel'svaluetypeisastrict weak ordering, asdefined intheLessThanConpar -
abl eConcept reguirements.

e Theordering of objectsof type Si ngl ePassRange2'svauetypeisastrict weak ordering, asdefinedin the LessThanConpar -
abl eConcept reguirements.

For the predicate versions.

* Si ngl ePassRangel isamodel of the Single Pass Range Concept.

* Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

» Si ngl ePassRangel and Si ngl ePassRange2 have the same value type.

* BinaryPredi cat eisamode of the St ri ct WeakOr deri ngConcept .

e Si ngl ePassRangel'svaluetypeis convertibleto Bi nar yPr edi cat e'sfirst argument type.
» Si ngl ePassRange2'svauetypeis convertibleto Bi nar yPr edi cat e's second argument types.
Precondition:

For the non-predicate versions:

rngl andr ng2 are sorted in ascending order according to oper at or <.

For the predicate versions:

rngl andr ng2 are sorted in ascending order according to pr ed.

Complexity

Linear. O(N) , whereNisdi st ance(rngl) + distance(rng2).

set_union

Prototype

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
class Qutputlterator
>
Qutputlterator set_uni on(const SinglePassRangel& rngl,
const Si ngl ePassRange2& rng2,
Cut put I t erat or out ) ;

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
class Qutputlterator,
cl ass Bi naryPredicate
>
Qutputlterator set_uni on(const SinglePassRangel& rngl,
const Si ngl ePassRange2& rng2,
Cut putlterator out,
Bi naryPredi cate pred);
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Description

set _uni on constructs a sorted range that is the union of the sorted rangesr ng1 and r ng2. The return value is the end of the output
range. The ordering relationship is determined by using oper at or < in the non-predicate versions, and by evaluating pr ed in the
predicate versions.

Definition

Defined in the header file boost / r ange/ al gori t hm set _al gori t hm hpp
Requirements

For the non-predicate versions:

* Si ngl ePassRangel isamodel of the Single Pass Range Concept.

» Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

e Qutputlterator isamodel of theQut putlterator Concept .

e Si ngl ePassRangel and Si ngl ePassRange2 have the same value type.

* Si ngl ePassRangel'svauetypeisamodel of the LessThanConpar abl eConcept .
* Si ngl ePassRange2'svaluetypeisamodel of the LessThanConpar abl eConcept .

e Theordering of objectsof type Si ngl ePassRangel'svauetypeisastrict weak ordering, asdefinedin the LessThanConpar -
abl eConcept regquirements.

» Theordering of objectsof type Si ngl ePassRange2'svauetypeisastrict weak ordering, asdefined intheLessThanConpar -
abl eConcept reguirements.

For the predicate versions:

* Si ngl ePassRangel isamodel of the Single Pass Range Concept.

» Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

e Qutputlterator isamodel of theQut putlterator Concept .

e Si ngl ePassRangel and Si ngl ePassRange2 have the same value type.

e BinaryPredicateisamode of theStri ct WeakOr der i ngConcept .

* Si ngl ePassRangel'svaluetypeis convertibleto Bi nar yPr edi cat e'sfirst argument type.
e Si ngl ePassRange2'svaluetypeis convertible to Bi nar yPr edi cat e's second argument types.
Precondition:

For the non-predicate versions:

rngl and r ng2 are sorted in ascending order according to oper at or <.

For the predicate versions.

rngl andr ng2 are sorted in ascending order according to pr ed.

Complexity

Linear. O(N) , where Nisdi st ance(rngl) + distance(rng2).
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set_intersection

Prototype

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
class Qutputlterator
>

Qutputlterator set_intersection(const SinglePassRangel& rngl,
const Si ngl ePassRange2& rng2,
Qut putlterator out);
tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
class Qutputlterator,

cl ass Bi naryPredicate
>
Qutputlterator set_intersection(const SinglePassRangel& rngl,
const Si ngl ePassRange2& rng2,
Cut putlterator out,
Bi naryPredi cate pred);

Description

set _i ntersecti on constructs a sorted range that is the intersection of the sorted ranges r ng1 and r ng2. The return value is the
end of the output range.

The ordering relationship is determined by using oper at or < in the non-predicate versions, and by evaluating pr ed in the predicate
versions.

Definition

Defined in the header file boost / r ange/ al gorit hni set _al gori t hm hpp
Requirements

For the non-predicate versions:

» Si ngl ePassRangel isamodel of the Single Pass Range Concept.

» Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

e Qutputlterator isamodel of theQut putlterator Concept.

* Si ngl ePassRangel and Si ngl ePassRange2 have the same value type.

* Si ngl ePassRangel'svauetypeisamodel of the LessThanConpar abl eConcept .
* Si ngl ePassRange2'svaluetypeisamodel of the LessThanConpar abl eConcept .

» Theordering of objectsof type Si ngl ePassRangel'svauetypeisastrict weak ordering, asdefinedin the LessThanConpar -
abl eConcept regquirements.

» Theordering of objectsof type Si ngl ePassRange2'svaluetypeisastrict weak ordering, asdefined intheLessThanConpar -
abl eConcept reguirements.

For the predicate versions:

» Si ngl ePassRangel isamodel of the Single Pass Range Concept.
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* Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

e Qutputlterator isamodel of theQut putlterator Concept.

* Si ngl ePassRangel and Si ngl ePassRange2 have the same value type.

e BinaryPredi cat eisamodel of the St ri ct WeakOr der i ngConcept .

» Si ngl ePassRangel'svauetypeis convertibleto Bi nar yPr edi cat e'sfirst argument type.
* Si ngl ePassRange2'svaluetypeis convertibleto Bi nar yPr edi cat e's second argument types.
Precondition:

For the non-predicate versions:

rngl andr ng2 are sorted in ascending order according to oper at or <.

For the predicate versions:

rngl andr ng2 are sorted in ascending order according to pr ed.

Complexity

Linear. O(N), whereNisdi st ance(rngl) + distance(rng2).

set_difference

Prototype

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
class Qutputlterator
>
Qutputlterator set_difference(const SinglePassRangelé& rngl,
const Si ngl ePassRange2& rng2,
Qut putlterator out);

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
class Qutputlterator,
cl ass Bi naryPredicate
>
Qutputlterator set_difference(const SinglePassRangelé& rngl,
const Si ngl ePassRange2& rng2,
Qut putlterator out,
Bi naryPredicate pred);

Description

set _di f f er ence constructs a sorted range that is the set difference of the sorted rangesr ngl and r ng2. The return value is the
end of the output range.

The ordering relationship is determined by using oper at or < in the non-predicate versions, and by evaluating pr ed in the predicate
versions.

Definition

Defined in the header fileboost / r ange/ al gori t hnmf set _al gori t hm hpp
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Requirements

For the non-predicate versions:

Si ngl ePassRangel isamodel of the Single Pass Range Concept.
Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

Qut put I t er at or isamodel of the Qut put I t er at or Concept .

Si ngl ePassRangel and Si ngl ePassRange2 have the same value type.

Si ngl ePassRangel'svauetypeisamode of the LessThanConpar abl eConcept .

Si ngl ePassRange2'svauetypeisamodel of the LessThanConpar abl eConcept .

The ordering of objects of type Si ngl ePassRangel'svaluetypeisastrict weak ordering, asdefined intheLessThanConpar -

abl eConcept reguirements.

The ordering of objects of type Si ngl ePassRange2'svaluetypeisastrict weak ordering, asdefined inthe LessThanConpar -

abl eConcept reguirements.

For the predicate versions.

Si ngl ePassRangel isamodel of the Single Pass Range Concept.
Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

Qut put I t er at or isamodel of the Qut put I t er at or Concept .

Si ngl ePassRangel and Si ngl ePassRange2 have the same value type.

Bi nar yPredi cat e isamodel of the St ri ct WeakOr der i ngConcept .

Si ngl ePassRangel'svauetypeisconvertibleto Bi nar yPr edi cat e'sfirst argument type.

Si ngl ePassRange2'svalue typeis convertible to Bi nar yPr edi cat e's second argument types.

Precondition:

For the non-predicate versions:

rngl andr ng2 are sorted in ascending order according to oper at or <.

For the predicate versions:

rngl andr ng2 are sorted in ascending order according to pr ed.

Complexity

Linear. O(N) , whereNisdi st ance(rngl) + distance(rng2).
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set_symmetric_difference

Prototype

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
class Qutputlterator
>

Cut putlterator
set_symetric_difference(const SinglePassRangel& rngl,
const Si ngl ePassRange2& rng2,
Cut put I t erat or out ) ;
tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
class Qutputlterator,

cl ass Bi naryPredicate
>

Cut putlterator

set_symretric_difference(const SinglePassRangel& rngl,
const Si ngl ePassRange2& rng2,
Cut putlterator out,
Bi naryPredi cate pred);

Description

set _symmetri c_di f f er ence constructs a sorted range that is the set symmetric difference of the sorted rangesr ng1 and r ng2.
Thereturn value is the end of the output range.

The ordering relationship is determined by using oper at or < in the non-predicate versions, and by evaluating pr ed in the predicate
versions.

Definition

Defined in the header file boost / r ange/ al gorit hni set _al gori t hm hpp
Requirements

For the non-predicate versions:

* Si ngl ePassRangel isamodel of the Single Pass Range Concept.

» Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

e Qutputlterator isamodel of theQut putlterator Concept.

* Si ngl ePassRangel and Si ngl ePassRange2 have the same value type.

* Si ngl ePassRangel'svauetypeisamodel of the LessThanConpar abl eConcept .
* Si ngl ePassRange2'svaluetypeisamodel of the LessThanConpar abl eConcept .

» Theordering of objectsof type Si ngl ePassRangel'svauetypeisastrict weak ordering, asdefinedinthe LessThanConpar -
abl eConcept regquirements.

» Theordering of objectsof type Si ngl ePassRange2'svaluetypeisastrict weak ordering, asdefined intheLessThanConpar -
abl eConcept reguirements.

For the predicate versions:
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* Si ngl ePassRangel isamodel of the Single Pass Range Concept.

» Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

e Qutputlterator isamodel of theQut put It erat or Concept .

e Si ngl ePassRangel and Si ngl ePassRange2 have the same value type.

e BinaryPredicateisamode of theStri ct WeakOr deri ngConcept .

* Si ngl ePassRangel'svaluetypeis convertible to Bi nar yPr edi cat e'sfirst argument type.
e Si ngl ePassRange2'svaluetypeis convertible to Bi nar yPr edi cat e's second argument types.
Precondition:

For the non-predicate versions:

rngl and r ng2 are sorted in ascending order according to oper at or <.

For the predicate versions.

rngl andr ng2 are sorted in ascending order according to pr ed.

Complexity

Linear. O(N) , where Nisdi st ance(rngl) + distance(rng2).
Heap algorithms

push_heap

Prototype

t enpl at e<cl ass RandomAccessRange>
RandomAccessRange& push_heap( RandomAccessRange& rng);

t enpl at e<cl ass RandomAccessRange>
const RandomAccessRange& push_heap(const RandomAccessRange& rng);

t enpl at e<cl ass RandomAccessRange, cl ass Conpare>
RandomAccessRange& push_heap( RandomAccessRange& rng, Comnpare pred);

t enpl at e<cl ass RandomAccessRange, cl ass Conpare>
const RandomAccessRange& push_heap(const RandomAccessRange& rng, Conpare pred);

Description

push_heap adds an element to aheap. It is assumed that begi n(r ng), pri or (end(rng)) isaready aheap and that the element
tobeadded is*pri or (end(rng)).

The ordering relationship is determined by using oper at or < in the non-predicate versions, and by evaluating pr ed in the predicate
versions.

Definition
Defined in the header file boost / r ange/ al gori t hmi heap_al gorit hm hpp
Requirements

For the non-predicate versions:
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e RandomAccessRange isamode of the Random Access Range Concept.
* RandomAccessRange is mutable.
* RandomAccessRange's value typeisamodel of the LessThanConpar abl eConcept .

e The ordering of objects of type RandomAccessRange's value typeisastrict weak ordering, as defined in the LessThanCom
par abl eConcept requirements.

For the predicate versions.

* RandomAccessRange isamodel of the Random Access Range Concept.
e RandomAccessRange ismutable.

» Conpar e isamodel of the St ri ct WeakOr der i ngConcept .

* RandomAccessRange'svaluetype is convertible to both of Conpar e's argument types.
Precondition:

e lenmpty(rng)

* [begin(rng), prior(end(rng))) isaheap.

Complexity

Logarithmic. At most | og( di st ance(rng)) comparisons.

pop_heap

Prototype

t enpl at e<cl ass RandomAccessRange>
RandomAccessRange& pop_heap( RandomAccessRange& rng) ;

t enpl at e<cl ass RandomAccessRange>
const RandomAccessRange& pop_heap(const RandomAccessRange& rng) ;

t enpl at e<cl ass RandomAccessRange, cl ass Conpare>
RandomAccessRange& pop_heap( RandomAccessRange& rng, Conpare pred);

t enpl at e<cl ass RandomAccessRange, cl ass Conpare>
const RandomAccessRange& pop_heap(const RandomAccessRange& rng, Conpare pred);

Description

pop_heap removesthe largest element from the heap. It isassumed that begi n(rng), prior(end(rng)) isaready aheap (and
therefore the largest element is* begi n( r ng) ).

The ordering relationship is determined by using oper at or < in the non-predicate versions, and by evaluating pr ed in the predicate
versions.

Definition

Defined in the header file boost / r ange/ al gori t hm heap_al gorit hm hpp
Requirements

For the non-predicate versions:

* RandomAccessRange isamodel of the Random Access Range Concept.
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e RandomAccessRange ismutable.
* RandomAccessRange's value typeisamodel of the LessThanConpar abl eConcept .

» The ordering of objects of type RandomAccessRange's valuetypeisastrict weak ordering, as defined in the LessThanCom
par abl eConcept requirements.

For the predicate versions:

* RandomAccessRange isamodel of the Random Access Range Concept.
* RandomAccessRange is mutable.

e Conpar e isamodel of the St ri ct WeakOr der i ngConcept .

* RandomAccessRange'svaluetypeis convertible to both of Corpar e's argument types.
Precondition:

* lenpty(rng)

* rngisaheap.

Complexity

Logarithmic. At most 2 * | og(di stance(rng)) comparisons.
make_heap

Prototype

t enpl at e<cl ass RandomAccessRange>
RandomAccessRange& neke_heap( RandomAccessRange& rng);

t enpl at e<cl ass RandomAccessRange>
const RandomAccessRange& make_heap(const RandonmAccessRange& rng);

t enpl at e<cl ass RandomAccessRange, cl ass Conpare>
RandomAccessRange& nmake_heap( RandomAccessRange& rng, Conpare pred);

t enpl at e<cl ass RandomAccessRange, cl ass Conpare>
const RandomAccessRange& nmake_heap(const RandomAccessRange& rng, Conpare pred);

Description
make_heap turnsr ng into a heap.

The ordering relationship is determined by using oper at or < in the non-predicate versions, and by evaluating pr ed in the predicate
versions.

Definition

Defined in the header fileboost / r ange/ al gori t hnt heap_al gorit hm hpp
Requirements

For the non-predicate versions:

* RandomAccessRange isamodel of the Random Access Range Concept.

* RandomAccessRange is mutable.
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e RandomAccessRange's value typeisamodel of the LessThanConpar abl eConcept .

» The ordering of objects of type RandomAccessRange's value typeisastrict weak ordering, as defined in the LessThanCom
par abl eConcept requirements.

For the predicate versions:

* RandomAccessRange isamode of the Random Access Range Concept.

* RandomAccessRange is mutable.

» Conpar e isamode of the St ri ct WeakOr deri ngConcept .

* RandomAccessRange's value typeis convertible to both of Conpar e's argument types.
Complexity

Linear. At most 3 * di st ance(rng) comparisons.

sort_heap

Prototype

t enpl at e<cl ass RandomAccessRange>
RandomAccessRange& sort_heap( RandomAccessRange& rng);

t enpl at e<cl ass RandomAccessRange>
const RandomAccessRange& sort_heap(const RandomAccessRange& rng);

t enpl at e<cl ass RandomAccessRange, cl ass Conpare>
RandomAccessRange& sort _heap( RandomAccessRange& rng, Comnpare pred);

t enpl at e<cl ass RandomAccessRange, cl ass Conpare>
const RandomAccessRange& sort_heap(const RandomAccessRange& rng, Conpare pred);

Description
sort _heap turnsaheap into a sorted range.

The ordering relationship is determined by using oper at or < in the non-predicate versions, and by evaluating pr ed in the predicate
versions.

Definition

Defined in the header file boost / r ange/ al gori t hmi heap_al gorit hm hpp
Requirements

For the non-predicate versions:

* RandomAccessRange isamodd of the Random Access Range Concept.

* RandomAccessRange is mutable.

* RandomAccessRange's value typeisamodel of the LessThanConpar abl eConcept .

e The ordering of objects of type RandomAccessRange's value typeisastrict weak ordering, as defined in the LessThanCom
par abl eConcept requirements.

For the predicate versions:

* RandomAccessRange isamodel of the Random Access Range Concept.
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e RandomAccessRange ismutable.

» Conpar e isamodel of the St ri ct WeakOr deri ngConcept .

* RandomAccessRange'svaluetype is convertible to both of Conpar e's argument types.
Precondition:

rng isaheap.

Complexity

AtmostN * | og(N) comparisons, whereNisdi st ance(rng) .
Permutation algorithms

next_permutation

Prototype

t enpl at e<cl ass Bi directi onal Range>
bool next_pernutation(Bidirectional Range& rng);

t enpl at e<cl ass Bi directi onal Range>
bool next_pernutation(const Bidirectional Range& rng);

t enpl at e<cl ass Bi directional Range, cl ass Conpare>
bool next_permutation(Bidirectional Range& rng, Conpare pred);

t enpl at e<cl ass Bi directional Range, cl ass Conpare>
bool next_permutation(const Bidirectional Range& rng, Conpare pred);

Description

next _per mut at i on transforms the range of elements r ng into the lexicographically next greater permutation of the elements if
such a permutation exists. If one does not exist then the range is transformed into the lexicographically smallest permutation and
f al se isreturned. t r ue isreturned when the next greater permutation is successfully generated.

The ordering relationship is determined by using oper at or < in the non-predicate versions, and by evaluating pr ed in the predicate
Versions.

Definition

Defined in the header file boost / r ange/ al gori t hnt per nut ati on. hpp
Requirements

For the non-predicate versions:

» Bidirectional Range isamodel of the Bidirectional Range Concept.

* Bidirectional Range is mutable.

* Bidirectional Range'svaluetypeisamodel of the LessThanConpar abl eConcept .

» Theordering of objects of typeBi di r ect i onal Range'svaluetypeisastrict weak ordering, as defined in the LessThanCom
par abl eConcept requirements.

For the predicate versions:

» Bidirectional Range isamodel of the Bidirectional Range Concept.
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e Bidirectional Range ismutable.

» Conpar e isamodel of the St ri ct WeakOr deri ngConcept .

* Bi directional Range'svaluetypeis convertible to both of Conpar e's argument types.
Complexity

Linear. At most di st ance(rng) / 2 swaps.

prev_permutation

Prototype

t enpl at e<cl ass Bi directi onal Range>
bool prev_pernutation(Bidirectional Range& rng);

t enpl at e<cl ass Bi directi onal Range>
bool prev_pernutation(const Bidirectional Range& rng);

t enpl at e<cl ass Bi directional Range, cl ass Conpare>
bool prev_permutation(Bidirectional Range& rng, Conpare pred);

t enpl at e<cl ass Bi directional Range, cl ass Conpare>
bool prev_permutation(const Bidirectional Range& rng, Conpare pred);

Description

pr ev_per nut at i on transforms the range of elementsr ng into the lexicographically next smaller permutation of the elements if
such a permutation exists. If one does not exist then the range is transformed into the lexicographically largest permutation and
f al se isreturned. t r ue isreturned when the next smaller permutation is successfully generated.

The ordering relationship is determined by using oper at or < in the non-predicate versions, and by evaluating pr ed in the predicate
Versions.

Definition

Defined in the header file boost / r ange/ al gori t hnt per nut ati on. hpp
Requirements

For the non-predicate versions:

* Bidirectional Range isamodel of the Bidirectional Range Concept.

* Bidirectional Range is mutable.

* Bidirectional Range'svaluetypeisamodel of the LessThanConpar abl eConcept .

» Theordering of objects of typeBi di r ect i onal Range'svaluetypeisastrict weak ordering, as defined in the LessThanCom
par abl eConcept requirements.

For the predicate versions:

 Bidirectional Range isamodel of the Bidirectional Range Concept.
* Bidirectional Range is mutable.

e Conpar e isamodel of theStri ct WeakOr der i ngConcept .

» Bidirectional Range'svaluetypeis convertible to both of Conpar e's argument types.

99

httpo://www.renderx.com/


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

Range 2.0

Complexity

Linear. At most di st ance(rng) / 2 swaps.
New algorithms

copy_n

Prototype

t enpl at e<cl ass Si ngl ePassRange, cl ass Size, class CQutputlterator>
Qutputlterator copy_n(const SinglePassRange& rng, Size n, CQutputlterator out);

Description

copy_n isprovided to completely replicate the standard algorithm header, it is preferable to use Range Adaptors and the extension
functions to achieve the same result with greater safety.

copy_n copies elementsfrom [ boost : : begi n(rng), boost::begin(rng) + n) totherange[out, out + n)
Definition

Defined in the header file boost / r ange/ al gori t hm ext/ copy_n. hpp

Requirements

1. Si ngl ePassRange isamodel of the Single Pass Range Concept.

2. Si ze isamodel of thel nt eger Concept.

3. Qut put | terat or isamodel of the Qut put | t er at or Concept .

Complexity

Linear. Exactly n elements are copied.

erase

Prototype

t enpl at e<cl ass Cont ai ner >
Cont ai ner & erase(
Cont ai ner & target,
iterator_range<typenane Container::iterator> to_erase);

Description
er ase theiterator ranget o_er ase from the container t ar get .

renmove_er ase performs the frequently used combination equivalent to t ar get . er ase(std: : renove(t arget . begi n(),
target.end(), value), target.end());

renove_erase_i f performsthefrequently used combination equivalenttot ar get . er ase(std: : renove_i f (target. begi n(),
target.end(), pred), target.end());

Definition

Defined in the header file boost / r ange/ al gori t hm ext/ er ase. hpp
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Requirements
1. Cont ai ner supports erase of an iterator range.
Complexity

Linear. Proprotional to di st ance(t o_er ase).

for_each

Prototype

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
cl ass Bi naryFunction
>
Bi naryFunction for_each(const SinglePassRangel& rngl,
const Si ngl ePassRange2& rng2,
Bi naryFunction fn);

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
cl ass Bi naryFunction
>
Bi naryFunction for_each(const SinglePassRangel& rngl,
Si ngl ePassRange2& rng2,
Bi naryFunction fn);

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
cl ass Bi naryFunction
>
Bi naryFuncti on for_each(Si ngl ePassRangel& rngl,
const Si ngl ePassRange2& rng2,
Bi naryFunction fn);

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,

cl ass Bi naryFunction
>

Bi naryFuncti on for_each(Si ngl ePassRangel& rngl,
Si ngl ePassRange2& rng2,
Bi naryFunction fn);

Description

f or _each traverses forward through r ng1 and r ng2 simultaneously. For each iteration, the element x is used fromr ng1 and the
corresponding element y is used fromr ng2 toinvokef n(x, y) .

Iteration is stopped upon reaching the end of the shorter of r ng1, or r ng2. It issafeto call this function with unequal length ranges.
Definition

Defined in the header fileboost / r ange/ al gorit hm ext/for _each. hpp

Requirements

1. Si ngl ePassRangel isamodd of the Single Pass Range Concept.
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2. Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

3. Bi naryFunct i on isamodel of the Bi nar yFunct i onConcept .

4. Si ngl ePassRangel'svaluetypeis convertible to Bi nar yFunct i on'sfirst argument type.

5. Si ngl epassRange2'svauetypeisconvertible to Bi nar yFunct i on's second argument type.
Complexity

Linear. Exactly m n(di st ance(rngl), distance(rng2)) applicationsof Bi nar yFuncti on.
insert

Prototype

tenpl at e<

cl ass Cont ai ner,

cl ass Si ngl ePassRange
>

Cont ai ner & i nsert (Cont ai ner & target,
typename Container::iterator before,
const Si ngl ePassRange& from ;
/1 This overload is for target containers that do not require an insertion
/1 position e.g. set/map
tenpl at e<
cl ass Cont ai ner,

cl ass Si ngl ePassRange
>

Cont ai ner & i nsert (Contai ner& target, const SinglePassRange& from;

Description

i nsert al of the elementsin therange f r ombefore the bef or e iterator intot ar get .
Definition

Defined in the header file boost / r ange/ al gorithm ext/insert. hpp
Requirements

1. Si ngl ePassRange isamodel of the Single Pass Range Concept.

2. Cont ai ner supportsinsert at a specified position.

3. Si ngl ePassRange'svaluetypeis convertible to Cont ai ner 's value type.
Complexity

Linear. di st ance(fron) assignments are performed.

iota

Prototype

t enpl at e<cl ass Forwar dRange, cl ass Val ue>
For war dRange& i ot a( For war dRange& rng, Val ue x);
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Description

i ot a traversesforward throughr ng, eachelementy inr ng isassigned avalueequivalenttox + boost : : di st ance( boost : : be-
gin(rng), it)

Definition

Defined in the header fileboost / r ange/ al gori t hm ext /i ot a. hpp
Requirements

1. For war dRange isamodel of the Forward Range Concept.

2. Val ue isamode of thel ncr enent abl e Concept.

Complexity

Linear. Exactly di st ance(rng) assignmentsintor ng.

is_sorted

Prototype

t enpl at e<cl ass Si ngl ePassRange>
bool is_sorted(const SinglePassRange& rng);

t enpl at e<cl ass Si ngl ePassRange, cl ass Bi naryPredi cat e>
bool is_sorted(const SinglePassRange& rng, BinaryPredicate pred);

Description

i s_sorted determines if arange is sorted. For the non-predicate version the return valueist r ue if and only if for each adjacent
eements| x, y] theexpressionx < y istrue. For the predicate version the return valueist r ue isand only if for each adjacent
elements|[ x, y] theexpression pred(x, y) istrue.

Definition

Defined in the header file boost / range/ al gorithm ext/is_sorted. hpp

Requirements

1. Si ngl ePassRange isamodel of the Single Pass Range Concept.

2. Bi naryPredi cat e isamodel of the Bi nar yPr edi cat e Concept.

3. Thevaluetype of Si ngl ePassRange is convertible to both argument types of Bi nar yPr edi cat e.
Complexity

Linear. A maximum of di st ance(rng) comparisons are performed.
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overwrite

Prototype

tenpl at e<
cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2
>

void overwite(const SinglePassRangel& from
Si ngl ePassRange2& to);

Description

overw i t e assignsthe values from the range f r ominto theranget o.
Definition

Defined in the header file boost / r ange/ al gorit hm ext/overwrite. hpp
Requirements

1. Si ngl ePassRangel isamode of the Single Pass Range Concept.

2. Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

3. Si ngl ePassRange2 ismutable.

4. di st ance( Si ngl ePassRangel) <= di st ance( Si ngl ePassRange?2)
5. Si ngl ePassRangel'svaluetypeisconvertibleto Si ngl ePassRange2's value type.
Complexity

Linear. di st ance(rngl) assignments are performed.

push_back

Prototype

t enpl at e<
cl ass Cont ai ner,
cl ass Si ngl ePassRange
>

Cont ai ner & push_back( Cont ai ner & t ar get,
const Si ngl ePassRange& from ;

Description

push_back all of the elementsin the range f r omto the back of the container t ar get .
Definition

Defined in the header file boost / r ange/ al gori t hm ext/ push_back. hpp
Requirements

1. Si ngl ePassRange isamodel of the Single Pass Range Concept.

2. Cont ai ner supportsinsert at end() .

3. Si ngl ePassRange'svalue type is convertible to Cont ai ner 's value type.
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Complexity
Linear. di st ance(fron) assignments are performed.
push_front

Prototype

t enpl at e<
cl ass Cont ai ner,
cl ass Si ngl ePassRange
>

Cont ai ner & push_front (Cont ai ner & target,
const Si ngl ePassRange& from ;

Description

push_front al of the elementsin the range f r omto the front of the container t ar get .
Definition

Defined in the header file boost / r ange/ al gori t hm ext/push_front. hpp
Requirements

1. Si ngl ePassRange isamodel of the Single Pass Range Concept.

2. Cont ai ner supportsinsert at begi n() .

3. Si ngl ePassRange'svalue typeis convertible to Cont ai ner 's value type.
Complexity

Linear. di st ance(fron) assignments are performed.

remove_erase

Prototype

t enpl at e<cl ass Cont ai ner, class Val ue>
Cont ai ner & renove_er ase( Cont ai ner & target,
const Val ue& val ue);

Description

renove_er ase actually eliminates the elements equal to val ue from the container. This is in contrast to the r enove agorithm
which merely rearranges elements.

Definition

Defined in the header fileboost / r ange/ al gori t hm ext / er ase. hpp
Requirements

1. Cont ai ner supports erase of an iterator range.

Complexity

Linear. Proportional to di st ance(target)s.
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remove_erase_if

Prototype

t enpl at e<cl ass Cont ai ner, class Pred>
Cont ai ner & renove_erase_i f(Contai neré& target,
Pred pred);

Description

renmove_erase_i f removes the elements x that satisfy pred(x) from the container. Thisis in contrast to the er ase agorithm
which merely rearranges elements.

Definition

Defined in the header file boost / r ange/ al gori t hm ext/ er ase. hpp
Requirements

1. Cont ai ner supports erase of an iterator range.

2. Pred isamodd of the Pr edi cat e Concept.

Complexity

Linear. Proportional to di st ance(t arget)s.
Numeric algorithms

accumulate

Prototype

t enpl at e<
cl ass Si ngl ePassRange,
cl ass Val ue
>
Val ue accumul at e(const Si ngl ePassRange& source_rng,
Value init);

t enpl at e<
cl ass Si ngl ePassRange,
cl ass Val ue,
cl ass Bi naryOperation

>
Val ue accumul at e(const Si ngl ePassRange& source_rng,
Val ue init,
Bi naryQperati on op);
Description

accunul at e isageneralisation of summation. It computes a binary operation (oper at or + in the non-predicate version) of i ni t
and al of theelementsinr ng.

The return value is the resultant value of the above agorithm.
Definition

Defined in the header file boost / r ange/ nuneri c. hpp
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Requirements

For the first version

1. Si ngl ePassRange isamodel of the Single Pass Range Concept.

2. Val ue isamode of the Assi gnabl eConcept .

3. Anoper at or + isdefined for aleft-hand operand of type Val ue and aright-hand operand of the Si ngl ePassRange vauetype.
4. Thereturn type of the above operator is convertible to Val ue.

For the second version

1. Si ngl ePassRange isamodel of the Single Pass Range Concept.

2. Val ue isamoded of the Assi gnabl eConcept .

3. Bi naryQper at i on isamodel of the Bi nar yFunct i onConcept .

4. Val ue isconvertible to Bi nar yOper at i on'sfirst argument type.

5. Si ngl ePassRange'svaluetypeis convertible to Bi nar yQper at i on's second argument type.
6. The return type of Bi nar yQper at i on is convertible to val ue.

Complexity

Linear. Exactly di st ance(source_rng).

adjacent_difference

Prototype

tenpl at e<
cl ass Si ngl ePassRange,
class Qutputlterator
>

Qutputlterator adjacent_difference(
const Si ngl ePassRange& source_rng,
Qutputlterator out _it);

tenpl at e<
cl ass Si ngl ePassRange,
class Qutputlterator,
cl ass Bi naryQOperation
>
Qutputlterator adjacent_difference(
const Si ngl ePassRange& source_rng,
Qutputlterator out_it,
Bi naryQOperati on op);

Description
adj acent _di f f er ence calculates the differences of adjacent_elementsinr ng.

Thefirst version of adj acent _di f f er ence usesoper at or - () to calculate the differences. The second version uses Bi nar y Op-
erati on instead of operator- ().

Definition

Defined in the header file boost / r ange/ nuneri c. hpp
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Requirements

For the first version

1. Si ngl ePassRange isamodel of the Single Pass Range Concept.

2. Qutputlterator isamodel of theQut put It er at or Concept .

3. If x and y are objects of Si ngl ePassRange'svaluetype, thenx - vy isdefined.

4. Thevaluetype of Si ngl ePassRange isconvertibleto atypein Qut put I t er at or 's set of value types.
5. Thereturntypeof x - y isconvertibleto atypein Qut put I t er at or 's set of value types.

For the second version

1. Si ngl ePassRange isamodel of the Single Pass Range Concept.

2. Qutputlterator isamodel of theQut put It erat or Concept .

3. Bi naryOper at i on isamodel of the Bi nar yFunct i onConcept .

4. Thevaluetype of Si ngl ePassRange is convertibleto Bi nar yOper at i on'sfirst and second argument types.
5. Thevaluetype of Si ngl ePassRange isconvertibleto atypein Qut put | t er at or 's set of value types.
6. The result type of Bi nar yOper at i on isconvertibleto atypein Qut put I t er at or 's set of value types.
Precondition:

[result, result + distance(rng)) isavalidrange.

Complexity

Linear. If enpt y(r ng) then zero applications, otherwise di st ance(rng) - 1 applications are performed.
inner_product

Prototype

t enpl at e<cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
cl ass Val ue>
Val ue i nner_product ( const SinglePassRangel& rngl,
const Si ngl ePassRange2& rng2,
Val ue init );

t enpl at e<cl ass Si ngl ePassRangel,
cl ass Si ngl ePassRange2,
cl ass Val ue,
cl ass Bi naryQOperationl,
cl ass Bi naryQperati on2>
Val ue i nner_product ( const SinglePassRangel& rngl,
const Si ngl ePassRange2& rng2,

Val ue init,
Bi naryQOper ati onl opl,
Bi nar yOper ati on2 op2 );

Description

i nner _product calculates ageneralised inner product of the ranger ngl and r ng2.
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For further information on thei nner _pr oduct algorithm please seeinner_product.
Definition

Defined in the header file boost / r ange/ nuneri c. hpp

Requirements

For the first version

1. Si ngl ePassRangel isamodel of the Single Pass Range Concept.

2. Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

3. Val ue isamoded of the Assi gnabl eConcept .

4. If x isan object of type Val ue, y isan object of Si ngl ePassRangel'svaluetype, and z isan object of Si ngl ePassRange2's
valuetype thenx + y * z isdefined.

5. Theresult type of the expressionx + y * z isconvertibleto val ue.

For the second version

1. Si ngl ePassRangel isamodel of the Single Pass Range Concept.

2. Si ngl ePassRange2 isamodel of the Single Pass Range Concept.

3. Val ue isamoded of the Assi gnabl eConcept .

4. Bi naryQper ati onl isamodel of the Bi nar yFuncti onConcept .

5. Bi naryQper at i on2 isamodel of the Bi nar yFuncti onConcept .

6. Thevaluetype of Si ngl ePassRangel is convertible to the first argument type of Bi nar yQper at i on2.

7. Thevaluetype of Si ngl ePassRange2 is convertible to the second argument type of Bi nar yQper at i on2.
8. Val ue is convertible to the value type of Bi nar yQper at i onl.

9. The return type of Bi nar yOper at i on2 is convertible to the second argument type of Bi nar yOper ati onl.
10 The return type of Bi nar yOper at i onl isconvertible to Val ue.

Precondition:

di stance(rng2) >= di stance(rngl) isavalidrange.

Complexity

Linear. Exactly di st ance(rng).
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partial_sum

Prototype

t enpl at e<cl ass Si ngl ePassRange,
class Qutputlterator>
Qutputlterator partial _sum const SinglePassRange& rng,
Cutputlterator out_it);
t enpl at e<cl ass Si ngl ePassRange,
class Qutputlterator,
cl ass Bi naryQperati on>
Qutputlterator partial _sum const SinglePassRange& rng,

Cutputlterator out_it,
Bi naryQOperati on op);

Description

parti al _sumecalculates a generalised partial sum of r ng in the same manner as st d: : parti al _sunm(boost : : begi n(rng),
boost::end(rng), out_it).Seepartia_sum.

Definition

Defined in the header file boost / r ange/ nuneri c. hpp

Requirements

For the first version

1. Si ngl ePassRange isamodel of the Single Pass Range Concept.

2. Qut put | terat or isamodel of the Qut put | t er at or Concept .

3. If x and y are objects of Si ngl ePassRange'svaluetype, thenx + vy isdefined.

4. Thereturntypeof x + y isconvertible to the value type of Si ngl ePassRange.

5. The valuetype of Si ngl ePassRange isconvertibleto atypein Qut put I t er at or 's set of value types.
For the second version

1. Si ngl ePassRange isamodel of the Single Pass Range Concept.

2. Qut put | terat or isamodel of the Qut put I t er at or Concept .

3. Bi naryOper at i on isamodel of the Bi nar yFunct i onConcept .

4. Theresult type of Bi nar yOper at i on is convertible to the value type of Si ngl ePassRange.

5. Thevaluetype of Si ngl ePassRange isconvertibleto atypein Qut put | t er at or 's set of value types.
Precondition:

[result, result + distance(rng)) isavalidrange.

Complexity

Linear. If enpt y(r ng) then zero applications, otherwise di st ance(rng) - 1 applications are performed.
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Provided Ranges

any_range
Description

any_range is a range that has the type information erased hence a any_r ange<i nt, boost::forward_traversal _tag,
int, std::ptrdiff_t>canbeusedtorepresent astd:: vector<int> astd::|ist<int>ormany other types.

Thetype erasure article covers the motivation and goals of type erasure in this context. Clearly my implementation is building upon
alot of prior art created by others. Thomas Becker'sany _i t er at or was a strong influence. Adobe also have an any_i t er at or

implementation, but this has very tight coupling to other parts of the library that precluded it from use in Boost.Range. Early devel-
opment versions of this Range Adaptor directly used Thomas Becker's any_iterator implementation. Subsequently | discovered that
the heap allocations of thisand many other implementations cause poor speed performance particularly at thetailsof the distribution.
To solve this required a new design that incorporated the embedded buffer optimization.

Despitethe underlying any _i t er at or being the fastest available implementation, the performance overhead of any_r ange is till
appreciable dueto the cost of virtual function callsrequired toimplementi ncr enent , decr enent , advance, equal etc. Frequently
a better design choice is to convert to a canonical form.

Please see the type_erased for a Range Adaptor that returns any_r ange instances.
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Synopsis

t enpl at e<
cl ass Val ue
, class Traversal
, class Reference
., class Difference
, class Buffer = any_iterator_default_buffer

cl ass any_range
public iterator_range<
range_detail::any_iterator<

Val ue

, Traversal

., Reference

., Difference

, Buffer

>

typedef range_detail::any_iterator<
Val ue
, Traversal
., Reference
., Difference
, Buffer
> any_iterator_type;

typedef iterator_range<any_iterator_type> base_type;

struct enabler {};
struct disabler {};
publi c:
typedef any_iterator_type iterator;
typedef any_iterator_type const_iterator;

any_range()

}

any_range(const any_range& ot her)
base_t ype( ot her)

{

}

t enpl at e<cl ass W appedRange>
any_range( W appedRange& wr apped_r ange)
base_t ype(boost: : begi n(wr apped_r ange),
boost : : end(w apped_r ange) )
{
}

t enpl at e<cl ass W appedRange>
any_range(const WappedRange& w apped_range)
base_t ype(boost: : begi n(wr apped_range),
boost : : end(w apped_r ange) )
{
}

t enpl at e<
cl ass O her Val ue
, class O herTraversal
, class O herReference
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, class O herDifference

>
any_range(const any_range<
O her Val ue
, Ot herTraversal
, Ot her Ref erence
, OherDifference
, Buffer
>& ot her)
base_t ype(boost: : begi n(other), boost::end(other))
{
}

tenpl ate<cl ass Iterator>
any_range(lterator first, Iterator |ast)
base_type(first, last)

{
}
I
Definition

Defined in header file boost / r ange/ any_r ange. hpp

counting_range

Prototype

tenpl ate< class Incrementable > inline

iterator_range< counting_iterator<I|ncrenentable> >

counting_range(lncrenentable first, Increnentable |ast);

tenpl at e< cl ass Si ngl ePassRange > inline

iterator_range< counting_iterator<typenanme range_iterator<Singl ePassRange>: :type >
counti ng_range(const Singl ePassRange& rng);

tenpl at e< cl ass Si ngl ePassRange > inline

iterator_range< counting_iterator<typenanme range_iterator<Singl ePassRange>: :type >
counti ng_range( Si ngl ePassRange& rng) ;

Description

counting_range is a function to generator that generates an iterator_range wrapping a counting_iterator (from
Boost.Iterator).

Definition
Defined in header file boost / r ange/ count i ng_r ange. hpp
Requirements

1. I ncrenent abl e isamodel of thel ncr ement abl e Concept.
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Istream_range

Prototype

tenmpl ate< cl ass Type, class Elem class Traits > inline
iterator_range< std::istream.iterator<Type, Elem Traits> >
i stream range(std::basic_istream<Elem Traits>& in);

Description

i stream range isafunction to generator that generatesani t er at or _r ange wrappingastd: :i streamiterator.
Definition

Defined in header file boost / r ange/ i st ream r ange. hpp

irange

Prototype

t enpl at e<cl ass | nteger >

iterator_range< range_detail::integer_iterator<lnteger> >
irange(lnteger first, Integer last);

t enpl at e<cl ass Integer, class StepSize>

iterator_range< range_detail::integer_iterator_w th_step<Integer, StepSize> >
irange(lnteger first, Integer |ast, StepSize step_size);

Description
i range isafunction to generate an Integer Range.

i range allows treating integers as a model of the Random Access Range Concept. It should be noted that the fi rst and | ast
parameters denoted a half-open range.

Definition

Defined in the header file boost / r ange/ i r ange. hpp
Requirements

1. I nt eger isamodel of thel nt eger Concept.

2. StepSi ze isamodel of the Si gnedI nt eger Concept.
Complexity

Constant. Since this function generates a new range the most significant performance cost is incurred through the iteration of the
generated range.

Utilities

Having an abstraction that encapsulates apair of iteratorsisvery useful. The standard library usesst d: : pai r in some circumstances,
but that class is cumbersome to use because we need to specify two template arguments, and for al range algorithm purposes we
must enforce the two templ ate argumentsto be the same. Moreover, st d: : pai r<i terator, i t er at or > ishardly self-documenting
whereas more domain specific class names are. Therefore these two classes are provided:

e Classiterator_range
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e Classsub_range
» Function combi ne
* Functionj oi n

Theiterator_range class is templated on an Forward Traversal Iterator and should be used whenever fairly general code is
needed. Thesub_r ange classistemplated on an Forward Rangeand itislessgeneral, but abit easier to use sinceitstemplate argument
is easier to specify. The biggest differenceis, however, that asub_r ange can propagate constness because it knows what a corres-
ponding const _i terator is.

Both classes can be used as ranges since they implement the minimal interface required for thisto work automatically.

Class iterat or_range

Theintention of thei t er at or _r ange classisto encapsulate two iterators so they fulfill the Forward Range concept. A few other
functions are also provided for convenience.

If the template argument isnot amodel of Forward Traversal Iterator, one can still use asubset of theinterface. In particular, si ze()
requires Random Access Traversal Iterators whereas enpt y() only requires Single Pass Iterators.

Recall that many default constructed iterators are singular and hence can only be assigned, but not compared or incremented or
anything. However, if one creates a default constructed i t er at or _r ange, then one can still call al its member functions. This
design decision avoids the i t er at or _r ange imposing limitations upon ranges of iterators that are not singular. Any singularity
limitation is simply propagated from the underlying iterator type.

Synopsis

The core functiondlity is in the header file <boost/range/iterator_range_core. hpp> thisincludes al of the functionality
except theboost : : hash_val ue and st d: : i ost r eamsupport.

Thest d: : i ost reamsupport isin the header <boost / range/ it er at or _cor e. hpp> while the boost : : hash_val ue support
isin<boost/range/iterator_range_hash. hpp>
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namespace boost
{
tenpl ate< cl ass ForwardTraversal lterator >
class iterator_range
{
public: // Forward Range types
t ypedef ForwardTraversallterator iterator;
t ypedef ForwardTraversallterator const _iterator;
typedef iterator_difference<iterator>::type difference_type;

public: // construction, assignnent
tenpl ate< cl ass ForwardTraversal lterator2 >
iterator_range( ForwardTraversallterator2 Begin, ForwardTraversallterator2 End );

tenpl at e< cl ass Forwar dRange >
iterator_range( ForwardRange& r );

tenpl at e< cl ass Forwar dRange >
iterator_range( const ForwardRange& r );

tenpl at e< cl ass Forwar dRange >
iterator_range& operator=( ForwardRange& r );

tenpl at e< cl ass Forwar dRange >
iterator_range& operator=( const ForwardRange& r );

public: // Forward Range functions
iterator begin() const;
iterator end() const;

public: // convenience

oper at or unspeci fi ed_bool _type() const;

bool equal ( const iterator_range& ) const;
val ue_type& front() const;

voi d drop_front();

voi d drop_front (difference_type n);

bool enmpty() const;

iterator_range& advance_begi n(di fference_type n);
iterator_range& advance_end(difference_type n);

/1 for Bidirectional:

val ue_type& back() const;

voi d drop_back();

voi d drop_back(difference_type n);

/1 for Random Access only:

reference operator[]( difference_type at ) const;
val ue_type operator()( difference_type at ) const;
size_type size() const;

I

/1 stream out put
tenpl ate< cl ass ForwardTraversal lterator, class T, class Traits >
std: : basic_ostreanxT, Trai ts>&
operator<<( std::basic_ostrean<T, Traits>& Cs,
const iterator_range<ForwardTraversallterator>& r );

/'l conparison
tenpl ate< cl ass ForwardTraversal lterator, class ForwardTraversallterator2 >
bool operator==( const iterator_range<ForwardTraversallterator>& I,

const iterator_range<ForwardTraversallterator2>& r );

tenpl ate< cl ass ForwardTraversal | terator, class ForwardRange >
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bool operator==( const iterator_range<ForwardTraversallterator>& |
const ForwardRange& r )

tenpl ate< cl ass ForwardTraversal | terator, class ForwardRange >
bool operator==( const ForwardRange& |
const iterator_range<ForwardTraversallterator>& r )

tenpl ate< cl ass ForwardTraversal lterator, class ForwardTraversallterator2 >
bool operator!=( const iterator_range<ForwardTraversallterator>& |
const iterator_range<ForwardTraversal lterator2>& r )

tenpl ate< cl ass ForwardTraversal | terator, class ForwardRange >
bool operator!=( const iterator_range<ForwardTraversallterator>& |
const ForwardRange& r )

tenpl ate< cl ass ForwardTraversal | terator, class ForwardRange >
bool operator!=( const ForwardRange& |
const iterator_range<ForwardTraversallterator>& r )

tenpl ate< cl ass ForwardTraversal lterator, class ForwardTraversallterator2 >
bool operator<( const iterator_range<ForwardTraversallterator>& |
const iterator_range<ForwardTraversallterator2>& r )

tenpl ate< cl ass ForwardTraversal | terator, class ForwardRange >
bool operator<( const iterator_range<ForwardTraversallterator>& |
const ForwardRange& r )

tenpl ate< cl ass ForwardTraversal | terator, class ForwardRange >
bool operator<( const ForwardRange& |
const iterator_range<ForwardTraversallterator>& r )

/1 external construction

tenpl ate< cl ass ForwardTraversal lterator >

iterator_range< ForwardTraversal lterator >

nake_iterator_range( ForwardTraversallterator Begin
Forwar dTraversal lterator End );

/'l Make an iterator_range [first, boost::next(first, n) )

tenpl ate< cl ass ForwardTraversal lterator, class Integer >
iterator_range< ForwardTraversal lterator >

nake_iterator_range_n( ForwardTraversallterator first, Integer n)

tenpl at e< cl ass Forwar dRange >
iterator_range< typenane range_iterator<ForwardRange>::type >
nake_iterator_range( ForwardRange& r );

tenpl at e< cl ass Forwar dRange >
iterator_range< typenane range_iterator<const ForwardRange>::type >
nake_iterator_range( const ForwardRange& r )

tenpl at e< cl ass Range >
iterator_range< typenane range_iterator<Range>::type >
nake_iterator_range( Range& r
typenane range_di fference<Range>: :type advance_begi n,
typenane range_di fference<Range>: :type advance_end )

tenpl at e< cl ass Range >
iterator_range< typenane range_iterator<const Range>::type >
nake_iterator_range( const Range& r
typenane range_di fference<const Range>::type advance_begin
typenane range_di fference<const Range>::type advance_end )
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/'l conveni ence
tenpl at e< cl ass Sequence, class ForwardRange >
Sequence copy_range( const ForwardRange& r );

} I/ nanmespace ' boost’

If aninstance of i t er at or _r ange is constructed by a client with two iterators, the client must ensure that the two iterators delimit
avalid closed-open range [begin,end).

It isworth noticing that the templated constructors and assignment operatorsallow conversionfromi t er at or _r ange<i t er at or >
toi terat or _range<const _i t er at or >. Similarly, sincethe compari son operators have two template arguments, we can compare
ranges whenever the iterators are comparable; for example when we are dealing with const and non-const iterators from the same
container.

Details member functions

operator unspecified_bool type() const;
Returns! empt y() ;

bool equal ( iterator_range& r ) const;
Returnsbegi n() == r.begin() & end() == r.end();

Details functions

bool operator==( const ForwardRangel& |, const ForwardRange2& r );
Returnssi ze(l) !'= size(r) ? false : std::equal ( begin(l), end(l), begin(r) );

bool operator!=( const ForwardRangel& |, const ForwardRange2& r );
Returns! (| ==r );

bool operator<( const ForwardRangel& |, const ForwardRange2& r );

Returnsstd: : | exi cographi cal _conpare( begin(l), end(l), begin(r), end(r) );

iterator_range nake_iterator_range( Range& r
typenane range_difference<Range>::type advance_begin,
typenane range_dif f erence<Range>: : type advance_end )

Effects:

iterator new_begin begin( r ),

iterator new_end =end( r );

std: : advance( new_begi n, advance_begin );

std: :advance( new_end, advance_end );

return nake_iterator_range( new_begin, new end )

Sequence copy_range( const ForwardRange& r );

Returns Sequence( begin(r), end(r) );
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Class sub_range

The sub_r ange class inherits all its functionality from thei t er at or _r ange class. The sub_r ange class is often easier to use
because one must specify the Forward Range template argument instead of an iterator. Moreover, the sub_r ange class can
propagate constness since it knows what a corresponding const _i t er at or is.

Synopsis

namespace boost
{
t enpl at e< cl ass Forwar dRange >
class sub_range : public iterator_range< typenane range_iterator<ForwardRange>::type >
{
public:
t ypedef typenane range_val ue<Forwar dRange>: :type val ue_type;
typedef typenane range_iterator<ForwardRange>::type iterator;
typedef typenane range_iterator<const ForwardRange>::type const_iterator;
typedef typenane range_difference<ForwardRange>: :type difference_type;
typedef typenane range_si ze<Forwar dRange>: :type si ze_type;
t ypedef typenane range_ref erence<Forwar dRange>: :type reference;
t ypedef typenane range_reference<const ForwardRange>::type const_reference;

public: // construction, assignnent
sub_range();

tenpl ate< cl ass ForwardTraversal lterator >
sub_range( ForwardTraversal lterator Begin, ForwardTraversallterator End );

tenpl at e< cl ass Forwar dRange2 >
sub_range( ForwardRange2& r );

tenpl at e< cl ass Forwar dRange2 >
sub_range( const Range2& r );

tenpl at e< cl ass Forwar dRange2 >
sub_range& operator=( ForwardRange2& r );

tenpl at e< cl ass Forwar dRange2 >
sub_range& operator=( const ForwardRange2& r );

/1 iterator accessors

const _iterator begin() const;
iterator begin();

const _iterator end() const;
iterator end();

reference front();
const _reference front() const;

sub_range& advance_begi n(di fference_type n);
sub_range& advance_end(difference_type n);

/1 |f traversal >= bidirectional:
ref erence back();
const _reference back();

/1 If traversal >= random access:
reference operator[](difference_type n);
const _reference operator[](difference_type n) const;

119

render

httpo://www.renderx.com/


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

Range 2.0

public:
/'l rest of interface inherited fromiterator_range

I

} I/ nanmespace ' boost

The class should be trivial to use as seen below. Imagine that we have an algorithm that searches for a sub-string in a string. The
result is an iterator_range, that delimits the match. We need to store the result from this algorithm. Here is an example of how we
can do it with and without sub_r ange

std::string str("hello");
iterator_range<std::string::iterator> ir
sub_range<std::string> sub

find_first( str, "II" );
find_first( str, "II" );

Function combine

The conbi ne function is used to make one range from multiple ranges. The conbi ne function returns aconbi ned_r ange which
isaniterator_range of azi p_iterator fromthe Boost.Iterator library.

Synopsis

namespace boost

{

nanespace range

{

t enpl at e<t ypenane |ter Tupl e>
cl ass conbi ned_r ange
public iterator_range<zip_iterator<IterTuple> >

{
publi c:
conbi ned_range(lterTuple first, lterTuple last)
s
t enpl at e<t ypenane. .. Ranges>

aut o comnbi ne( Ranges&&. .. rngs) ->
conbi ned_r ange<decl t ype(boost: : nake_t upl e(boost: : begin(rngs)...))>

} I/ nanmespace range
} I/ namespace boost

» Precondition: For each typer in Ranges, r isamodel of Single Pass Range or better.
e Return Type: cormbi ned_r ange<t upl e<t ypenane range_i t er at or<Ranges>::type...> >

» Returned Range Category: The minimum of the range category of every ranger in Ranges.
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Example

#i ncl ude <boost/range/ conbi ne. hpp>
#i ncl ude <boost/foreach. hpp>

#i ncl ude <i ostreanr

#i ncl ude <vector>

#include <list>

int main(int, const char*[])
{
std: :vector<int> v;
std::list<char> |;
for (int i =0; i <5; ++i)
{
v. push_back(i);
| . push_back(static_cast<char>(i) + "a');
}
int ti:
char tc;

BOOST_FOREACH( boost::tie(ti, tc), boost::conbine(v, |))
{

}

std::cout << '(' << ti << ')' << tv << )" << '\n'g

return O;

This produces the output:

,a)
, b)
, C)
,d)
. e)

A WNEFEO

Function join
Theintention of thej oi n function isto join two ranges into one longer range.
The resultant range will have the lowest common traversal of the two ranges supplied as parameters.

Note that the joined range incurs a performance cost due to the need to check if the end of arange has been reached internally during
traversal.

Synopsis

t enpl at e<t ypenane Si ngl ePassRangel, typename Singl ePassRange2>
j oi ned_r ange<const Si ngl ePassRangel, const Singl ePassRange2>
join(const SinglePassRangel& rngl, const Singl ePassRange2& rng2)

t enpl at e<t ypenane Si ngl ePassRangel, typename Singl ePassRange2>

j oi ned_r ange<Si ngl ePassRangel, Singl ePassRange2>
j oi n( Si ngl ePassRangel& rngl, Singl ePassRange2& rng2);

For the const version:
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e Precondition: The range_val ue<Si ngl ePassRange2>::type must be convertible to range_ val ue<Si ngl e-
PassRangel>: : type. Therange_ref erence<const Si ngl ePassRange2>::type must beconvertibletor ange_ref er -
ence<const Si ngl ePassRangel>: :type.

» Range Category: Bothrngl and r ng2 must be amodel of Single Pass Range or better.

» Range Return Type: j oi ned_r ange<const Si ngl ePassRangel, const Singl ePassRange2> whichisamodel of the
lesser of the two range concepts passed.

» Returned Range Category: The minimum of the range category of r ngl and r ng2.
For the mutable version:

» Precondition: The range_val ue<Si ngl ePassRange2>::type must be convertible to range_val ue<Si ngl e-
PassRangel>: : t ype. Ther ange_r ef er ence<Si ngl ePassRange2>: : t ype must beconvertibletor ange_r ef er ence<Si ngl e-
PassRangel>: : type.

» Range Category: Bothrngl and r ng2 must be amodel of Single Pass Range or better.

» RangeReturn Type: j oi ned_r ange<Si ngl ePassRangel, Si ngl ePassRange2> whichisamodel of the lesser of the two
range concepts passed.

* Returned Range Category: The minimum of the range category of r ngl and r ng2.
Example

The expressionj oi n(i range(0, 5), irange(5,10)) would evaluate to arange representing an integer range[ 0, 10)
Extending the library

Method 1: provide member functions and nested types

This procedure assumes that you have control over the types that should be made conformant to a Range concept. If not, see method
2.

The primary templatesin thislibrary areimplemented such that standard containerswill work automatically and so will boost::array.
Below is given an overview of which member functions and member types a class must specify to be useable as a certain Range

concept.
Member function Related concept
begi n() Single Pass Range
end() Single Pass Range

Noticethat r begi n() andrend() member functions are not needed even though the container can support bidirectional iteration.

The required member types are:

Member type Related concept
i terator Single Pass Range
const _iterator Single Pass Range

Again one should notice that member typesreverse_iterat or andconst _reverse_iterat or are not needed.

122

render

httpo://www.renderx.com/


http://www.boost.org/doc/libs/release/doc/html/../../../../libs/array/index.html
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

render

Range 2.0

Method 2: provide free-standing functions and specialize metafunctions

This procedure assumes that you cannot (or do not wish to) change the types that should be made conformant to a Range concept.
If thisis not true, see method 1.

The primary templatesin thislibrary areimplemented such that certain functions are found via argument-dependent-lookup (ADL).
Below is given an overview of which free-standing functions a class must specify to be useable as a certain Range concept. Let x
be avariable (const or mut abl e) of the classin question.

Function Related concept

range_begi n(x) Single Pass Range

range_end(x) Single Pass Range

range_cal cul at e_si ze(x) Optional. Thiscan be used to specify amechanism for constant-

time computation of the size of arange. The default behaviour
istoreturnboost : : end(x) - boost:: begi n(x) forrandom
access ranges, and to return x. si ze() for ranges with lesser
traversal capability. This behaviour can be changed by imple-
menting r ange_cal cul at e_si ze in a manner that will be
found via ADL. The ability to calculate size in O(2) is often
possible even with ranges with traversal categories less than
random access.

range_begi n() andrange_end() must be overloaded for both const and nut abl e reference arguments.

You must also specialize two metafunctions for your type X:

M etafunction Related concept
boost::range_nutabl e_iterator Single Pass Range
boost : : range_const _iterator Single Pass Range

A complete example is given here:
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#i ncl ude <boost/range. hpp>
#include <iterator> /1 for std::iterator_traits, std::distance()

namespace Foo
{
I
/1l Qur sanple UDT. A 'Pair'
/1 will work as a range when the stored
/'l elements are iterators.
I
template< class T >
struct Pair

{
};

T first, last;

} I/ nanespace ' Foo

namespace boost
{
I
/1 Specialize netafunctions. W nust include the range. hpp header.
/1 W must open the 'boost' nanespace
I

tenplate< class T >
struct range_nutable_iterator< Foo::Pair<T> >

{
typedef T type
}

tenplate< class T >
struct range_const_iterator< Foo::Pair<T> >

{

I

/1 Remark: this is defined sinmlar to 'range_iterator'
/1 because the 'Pair' type does not distinguish
/1 between an iterator and a const_iterator.

I

typedef T type
}

} I/ nanmespace ' boost

nanmespace Foo

{

/1

/1 The required functions. These should be defined in
/1 the same nanespace as 'Pair', in this case

/1 in nanespace ' Foo'

/1

tenplate< class T >
inline T range_begin( Pair<T>& x )
{

return x.first;

}

tenplate< class T >
inline T range_begi n( const Pair<T>& x )

{

return x.first;

}
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tenplate< class T >
inline T range_end( Pair<T>& x )

{

return x.last;

}

tenplate< class T >
inline T range_end( const Pair<T>& x )

{

return x.last;

}
} I/ nanmespace ' Foo'
#i ncl ude <vector>

int main(int argc, const char* argv|[])

{
typedef std::vector<int> :iterator iter;
std::vector<int> vVec;
Foo: : Pair<iter> pair = { vec.begin(), vec.end() };
const Foo::Pair<iter>& cpair = pair;
I
/1 Notice that we call 'begin' etc with qualification.
I
iter i = boost::begin( pair );
iter e = boost::end( pair );
i = boost::begin( cpair );
e = boost::end( cpair );
boost::range_difference< Foo::Pair<iter> > :type s = boost::size( pair );
s = boost::size( cpair );
boost::range_reverse_iterator< const Foo::Pair<iter> >::type
ri = boost::rbegin( cpair ),
re = boost::rend( cpair );
return O;
}

Method 3: provide range adaptor implementations

Method 3.1: Implement a Range Adaptor without arguments
To implement a Range Adaptor without arguments (e.g. reversed) you need to:

1. Provide arange for your return type, for example:
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#i ncl ude <boost/range/iterator_range. hpp>
#i ncl ude <boost/iterator/reverse_iterator. hpp>

tenpl ate< typenane R >
struct reverse_range :
boost::iterator_range<
boost::reverse_iterator<
typenane boost::range_iterator<R>: :type> >

{ .
private:
t ypedef boost::iterator_range<
boost::reverse_iterator<
typenane boost::range_iterator<R>: :type> > base;
public:
typedef boost::reverse_iterator<
typenane boost::range_iterator<R>: :type > iterator;
reverse_range(R& r)
base(iterator(boost::end(r)), iterator(boost::begin(r)))
{1}
b

2. Provide atag to uniquely identify your adaptor in the oper at or | function overload set

namespace detail {
struct reverse_forwarder {};

}

3. Implement oper at or |

tenpl at e< cl ass Bidirectional Rng >
inline reverse_range<Bidirectional Rng>

operator|( Bidirectional Rng& r, detail::reverse_forwarder )
{

return reverse_range<Bidirectional Rng>( r );
}

tenpl at e< cl ass Bidirectional Rng >
inline reverse_range<const Bidirectional Rng>

operator|( const Bidirectional Rng& r, detail::reverse_forwarder )
{

return reverse_range<const Bidirectional Rng>( r );
}

4. Declare the adaptor itself (it isavariable of the tag type).

namespace
{ _ .

const detail::reverse_forwarder reversed = detail::reverse_forwarder();
}

Method 3.2: Implement a Range Adaptor with arguments

1. Provide arange for your return type, for example:
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#i ncl ude <boost/range/ adaptor/argunent _fwd. hpp>
#i ncl ude <boost/range/iterator_range. hpp>
#i ncl ude <boost/iterator/transform.iterator. hpp>

t enpl at e<t ypenane Val ue>
cl ass repl ace_val ue

{
public:
t ypedef const Val ue& result_type
t ypedef const Val ue& argunent _type
repl ace_val ue(const Val ue& from const Val ue& to)
mfromfrom, mto(to)
{
}
const Val ue& operator()(const Val ue& x) const
{
return (x == mfrom ? mto : X
o}
private:
Val ue m from
Value mto
b

t enpl at e<t ypenane Range>
cl ass repl ace_range
public boost::iterator_range<
boost::transform.iterator<
repl ace_val ue<t ypenane boost: :range_val ue<Range>: :type>
t ypenane boost::range_iterator<Range>: :type> >

{ .
private:
t ypedef typenane boost::range_val ue<Range>::type val ue_type
typedef typenane boost::range_iterator<Range>::type iterator_base
t ypedef repl ace_val ue<val ue_type> Fn
typedef boost::transform.iterator<Fn, iterator_base> replaced_iterator;
typedef boost::iterator_range<repl aced_iterator> base_t
public:
repl ace_range(Range& rng, value_type from value_type to)
base_t (repl aced_iterator(boost::begin(rng), Fn(fromto))
replaced_iterator(boost::end(rng), Fn(fromto)))
{
}
1

2. Implement aholder classto hold the arguments required to construct the RangeAdaptor. The holder combines multiple parameters
into one that can be passed as the right operand of operat or | ().

t enpl at e<t ypenane T>
cl ass replace_hol der : public boost::range_detail::hol der2<T>
{
publi c:

repl ace_hol der(const T& from const T& to)

boost::range_detail :: hol der2<T>(from to)
{1

private:

voi d operator=(const replace_hol der &)

I
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3. Define aninstance of the holder with the name of the adaptor

static boost::range_detail ::forwarder2<repl ace_hol der >
repl aced = boost::range_detail ::forwarder2<replace_hol der>()

4. Define oper at or

t enpl at e<t ypenane Si ngl ePassRange>
i nline repl ace_range<Si ngl ePassRange>
oper at or | ( Si ngl ePassRange& rng
const repl ace_hol der <t ypenane boost: :range_val ue<Si ngl ePassRange>: :type>& f)

{
}

return replace_range<Si ngl ePassRange>(rng, f.vall, f.val2);

t enpl at e<t ypenane Si ngl ePassRange>
i nline replace_range<const Singl ePassRange>
oper ator | (const Si ngl ePassRange& rng
const repl ace_hol der <t ypenane boost: :range_val ue<Si ngl ePassRange>: : type>& f)

{
}

return replace_range<const SinglePassRange>(rng, f.vall, f.val2);
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Terminology and style guidelines

The use of a consistent terminology is as important for Ranges and range-based agorithms as it is for iterators and iterator-based
algorithms. If a conventional set of names are adopted, we can avoid misunderstandings and write generic function prototypes that
are self-documenting.

Since ranges are characterized by a specific underlying iterator type, we get atype of range for each type of iterator. Hence we can
speak of the following types of ranges:

» Value access category:
* Readable Range
» Writeable Range
« Swappable Range
e Lvalue Range
e Traversal category:
¢ Single Pass Range

« Forward Range

Bidirectional Range
« Random Access Range
Notice how we have used the categories from the new style iterators.

Noticethat aniterator (and therefore an range) has onetr aver sal property and one or more propertiesfrom the value access category.
Soin reality we will mostly talk about mixtures such as

» Random Access Readable Writeable Range
» Forward Lvalue Range

By convention, we should always specify the traver sal property first as done above. This seems reasonable since there will only be
onetraversal property, but perhaps many value access properties.

It might, however, be reasonableto specify only one category if the other category does not matter. For example, thei t er at or _r ange
can be constructed from a Forward Range. This meansthat we do not care about what value access propertiesthe Range has. Similarly,
a Readable Range will be one that has the lowest possible traver sal property (Single Pass).

As another example, consider how we specify the interface of st d: : sor t () . Algorithms are usually more cumbersome to specify
theinterface of since both traver sal and value access properties must be exactly defined. The iterator-based version looks like this:

tenpl at e< cl ass RandomAccessTraver sal Readabl eWitabl elterator >
voi d sort( RandomAccessTraversal Readabl eWitablelterator first,
RandomAccessTraver sal Readabl eWitablelterator |ast );

For ranges the interface becomes

t enpl at e< cl ass RandomAccessReadabl eW it abl eRange >
voi d sort( RandomAccessReadabl eWit abl eRange& r );
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Library Headers

General
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Header Includes Related Concept

<boost / range. hpp> everything from Boost.Range version 1 -
(Boost versions 1.42 and below). Includes
the core range functions and metafunc-
tions, but excludes Range Adaptors and
Range Algorithms.

<boost / range/ met af uncti ons. hpp> every metafunction -

<boost/range/ f uncti ons. hpp> every function -

<boost / range/ val ue_t ype. hpp> range_val ue Single Pass Range
<boost/range/iterator. hpp> range_iterator Single Pass Range
<boost/range/ di ffer- range_difference Forward Range

ence_type. hpp>

<boost/ range/ poi nt er. hpp> range_poi nter -

<boost/range/ cat egory. hpp> range_category -
<boost/range/reverse_iterat- range reverse_ iterator Bidirectional Range
or. hpp>

<boost / range/ begi n. hpp> begi n and const _begi n Single Pass Range
<boost / range/ end. hpp> end and const _end Single Pass Range
<boost/range/ enpty. hpp> enpty Single Pass Range
<boost/range/ di st ance. hpp> di st ance Forward Range
<boost/range/ si ze. hpp> si ze Random Access Range
<boost / range/ r begi n. hpp> rbegi n and const _r begi n Bidirectional Range
<boost/range/ r end. hpp> rend and const _rend Bidirectional Range
<boost/range/ as_array. hpp> as_array -
<boost/range/as_literal . hpp> as_literal -
<boost/range/iterat- iterator_range -

or _range. hpp>

<boost/range/ sub_r ange. hpp> sub_range -

<boost/range/ concepts. hpp> Range concepts -

<boost/range/ adapt or s. hpp> every range adaptor -

<boost/range/ al gorit hm hpp> every range equivalent of an STL a- -
gorithm
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Header
<boost/range/ al gorithm ext. hpp>
<boost/range/ count -
i ng_range. hpp>
<boost/range/ i stream range. hpp>
<boost/range/irange. hpp>

<boost/range/joi n. hpp>

Adaptors

Header

<boost/range/ adapt or/ adj acent _fil tered. hpp>
<boost / range/ adapt or/ copi ed. hpp>
<boost/range/ adaptor/filtered. hpp>
<boost/range/ adapt or/ i ndexed. hpp>

<boost/range/ adapt or/i ndi rected. hpp

<boost/ range/ adapt or/ map. hpp>

Includes

every range algorithm that is an extension
of the STL algorithms

counti ng_range

i stream range
i range

join

Includes
adjacent_filtered
copied

filtered

indexed

indirected

Related Concept

map_keys map_values

<boost / range/ adapt or/ r epl aced. hpp> replaced
<boost/ range/ adapt or/ repl aced_i f. hpp> replaced if
<boost/range/ adapt or/ rever sed. hpp> reversed
<boost /range/ adapt or/ sl i ced. hpp> sliced
<boost / range/ adapt or/ stri ded. hpp> strided
<boost / range/ adapt or/ t okeni zed. hpp> tokenized
<boost / range/ adapt or/ t r ansf or med. hpp> transformed
<boost / range/ adapt or / uni qued. hpp> uniqued
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Algorithm
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Header Includes
<boost / range/ al gori t hn adj acent _fi nd. hpp> adjacent_find
<boost /range/ al gorit hm bi nary_sear ch. hpp> binary search
<boost/range/ al gorithnf copy. hpp> copy

<boost / range/ al gori t hm copy_backwar d. hpp> copy_backward
<boost/range/ al gorithm count. hpp> count

<boost /range/ al gorithm count _i f. hpp> count_if
<boost/range/ al gorithm equal . hpp> equal
<boost/range/ al gorit hm equal _range. hpp> equal_range
<boost/range/al gorithm fill. hpp> fill
<boost/range/al gorithm fill_n. hpp> fill_n

<boost /range/ al gorithm find. hpp> find
<boost/range/ al gorithm find_end. hpp> find_end
<boost/range/ al gorithm find_first_of. hpp> find_first_of
<boost /range/ al gorithm find_if. hpp> find_if

<boost / range/ al gorit hm for _each. hpp> for_each
<boost/range/ al gorithml generate. hpp> generate
<boost/range/ al gori t hnt heap_al gorit hm hpp> push_heap pop_heap make heap sort_heap
<boost / range/ al gorit hn' i npl ace_ner ge. hpp> inplace_merge

<boost/range/ al gorithm | exi cographi cal _com lexicographical _compare

par e. hpp>

<boost / range/ al gorit hm' | ower _bound. hpp> lower _bound

<boost/range/ al gorit hm nmax_el enent. hpp> max_element

<boost/range/ al gorit hm nerge. hpp> merge

<boost/range/ al gorithm m n_el enent . hpp> min_element

<boost/range/ al gorit hm m smat ch. hpp> mismatch

<boost /range/ al gorithm nth_el enent . hpp> nth_element

<boost/range/ al gorithm partial _sort. hpp> partial_sort

<boost/range/ al gorithm partition. hpp> partition

<boost / range/ al gori t hm pernut ati on. hpp> next_permutation prev_permutation
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Header Includes
<boost / range/ al gorit hm random shuffl e. hpp> random_shuffle
<boost/range/ al gorithmn renove. hpp> remove
<boost/range/ al gorithm renove_copy. hpp> remove_copy
<boost /range/ al gorithm renove_copy_if. hpp> remove_copy_if
<boost/range/ al gorithm renove_if. hpp> remove if
<boost/range/ al gorithn repl ace. hpp> replace
<boost/range/ al gorithnfrepl ace_copy. hpp> replace _copy
<boost /range/ al gorithn repl ace_copy_i f. hpp> replace _copy_if
<boost /range/ al gorithm repl ace_if. hpp> replace if
<boost/range/ al gorithnfreverse. hpp> reverse
<boost/range/ al gorithnfreverse_copy. hpp> reverse_copy
<boost/range/ al gorithnfrotate. hpp> rotate
<boost/range/ al gorithm rotate_copy. hpp> rotate_copy
<boost/range/ al gorithm search. hpp> search
<boost/range/ al gorithm search_n. hpp> search_n
<boost/range/ al gorithm set _al gorithm hpp> includesset_union set_intersection set_difference set_symmet-
ric_difference
<boost/range/ al gorithnf sort. hpp> sort

<boost /range/ al gorithm stabl e_partition. hpp> stable partition

<boost/range/ al gorithm swap_ranges. hpp> swap_ranges

<boost/range/ al gorithnftransform hpp> transform

<boost/range/ al gorit hnf uni que. hpp> unique

<boost/range/ al gorit hm uni que_copy. hpp> unique_copy

<boost / range/ al gori t hm upper _bound. hpp> upper_bound
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Algorithm Extensions

Header Includes
<boost/range/ al gorithm ext/copy_n. hpp> copy_n
<boost/range/ al gorithm ext/erase. hpp> erase
<boost/range/ al gorithm ext/for_each. hpp> for_each
<boost/range/al gorithmext/insert. hpp> insert
<boost/range/ al gorithm ext/iota. hpp> iota
<boost/range/ al gorithmext/is_sorted. hpp> is sorted
<boost/range/ al gorithm ext/overwite. hpp> overwrite
<boost /range/ al gori t hm ext/ push_back. hpp> push_back
<boost /range/ al gorithm ext/push_front. hpp> push_front
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Examples

Some examples are given in the accompanying test files:

* string.cpp shows how toimplement acontainer versionof st d: : fi nd() that workswithchar [] wchar _t[],char * ,wchar _t*.
« agorithm_example.cpp shows the replace example from the introduction.

* iterator_range.cpp

» sub_range.cpp

* iterator_pair.cpp

* reversible_range.cpp

e std_container.cpp

* array.cpp
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MFC/ATL (courtesy of Shunsuke Sogame)

Introduction

This implementation was kindly donated by Shunsuke Sogame. This header adapts MFC and ATL containers to the appropriate

Range concepts.
Author: Shunsuke Sogame
Contact: mb2act@yahoo.co.jp
Date: 26th of May 2006
Copyright: Shunsuke Sogame 2005-2006. Use, modification and distribution
is subject to the Boost Software License, Version 1.0
Overview

Boost.Range MFC/ATL Extension provides Boost.Range support for MFC/ATL collection and string types.

CTypedPtr Array<CPtrArray, CList<CString> *> myArray;

BOOST_FOREACH ( CLi st <CString> *theList, nyArray)

{
BOOST_FOREACH (CString& str, *thelist)
{
boost::to_upper(str);
std::sort(boost::begin(str), boost::end(str));
}
}

Requirements

» Boost C++ Libraries Version 1.34.0 or later (no compilation required)

* Visual C++ 7.1 or later (for MFC and ATL)

MFC Ranges

If the <boost / r ange/ nf c. hpp> isincluded before or after Boost.Range headers, the MFC collections and strings become models
of Range. The table below liststhe Traversal Category and r ange_r ef er ence of MFC ranges.
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Range

CAr ray<T, A>

CLi st <T, A>

CMap<K, AK, M AM>
CTypedPtr Array<B, T*>
CTypedPtrLi st <B, T*>
CTypedPt r Map<B, T*, V*>
CByt eArray
CDWor dAr r ay

CObAr r ay

CPtrArray

CStri ngArray

CU nt Array
CWor dAr r ay

COblLi st

CPtrList

CSt ri ngLi st

CMvapPt r ToWord

CMapPt r ToPt r

CvapStringToOb

CMvapStringToStri ng
CvapWor dToCh

CvapWor dToPt r

Traversal Category
Random Access Range
Bidirectional Range
Forward Range
Random Access Range
Bidirectional Range
Forward Range
Random Access Range
Random Access Range
Random Access Range
Random Access Range
Random Access Range
Random Access Range
Random Access Range
Bidirectional Range
Bidirectional Range
Bidirectional Range
Forward Range
Forward Range

Forward Range

Forward Range
Forward Range

Forward Range

range_r ef er ence<Range>: : t ype

T&

T&

Range: : CPai r &
T* const

T* const

std:: pair<T*, V¥> const
BYTE&

DWORD&

CObj ect *&

voi d* &
CString&

Ul NT&

WORD&

Cbj ect*&

voi d* &

CString&

st d: : pai r<voi d*, WORD> const

st d: : pai r<voi d*, voi d*> const

std::pair<String, CObject*>

const

Range: : CPai r &

st d: : pai r <WORD, CObj ect *> const

st d: : pai r <WORD, voi d*> const

Other Boost.Range metafunctions are defined by the following. Let Range be any type listed above and Ref be the same as

range_r ef erence<Range>: : t ype.
move_const <Ref >: : type>: : type,

range_val ue<Range>: : type
range_di f f er ence<Range>: : t ype

IS

the

same as

remove_r ef er ence<r e-
is the same as std::ptrdiff_t,

and

range_poi nt er <Range>: : type is the same as add_poi nt er <r enove_r ef er ence<Ref > : t ype>: : t ype. As for const

Range, see below.

Adam Walling has provided the header <boost / r ange/ nf c_nap. hpp> to add support for the map adaptor with MFC map types.
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ATL Ranges

If the <boost / r ange/ at | . hpp> isincluded before or after Boost.Range headers, the ATL collections and strings become models

of Range. The table below lists the Traversal Category and r ange_r ef er ence of ATL ranges.

Range

CAt | Array<E, ET>

CAut oPt r Array<E>
ClnterfaceArray<l, pi >
CAt | Li st <E, ET>

CAut oPtr Li st <E>
CHeapPt r Li st <E, A>
Clnterfacelist<I, pi>
CAt | Map<K, V, KT, VT>
CRBTr ee<K, V, KT, VT>
CRBMap<K, V, KT, VT>
CRBMuUI ti Map<K, V, KT, VT>
CSi npl eStri ngT<B, b>
CStri ngT<B, ST>

CFi xedSt ri ngT<S, n>
CConBSTR

CSi npl eArray<T, TE>

Traversal Category
Random Access Range
Random Access Range
Random Access Range
Bidirectional Range
Bidirectional Range
Bidirectional Range
Bidirectional Range
Forward Range
Bidirectional Range
Bidirectional Range
Bidirectional Range
Random Access Range
Random Access Range
Random Access Range
Random Access Range

Random Access Range

range_r ef erence<Range>: :type

E&

E&

CCom) Pt r<l, pi >&
E&

E&

E&

CComQ) Pt r<l, pi >&
Range: : CPai r &
Range: : CPai r &
Range: : CPai r &
Range: : CPai r &

B&

B&

range_r ef erence<S>: : type

OLECHAR&

T&

Other Boost.Range metafunctions are defined by the following. Let Range be any type listed above and Ref be the same as
range_r ef erence<Range>: :type. range_val ue<Range>: :type is the same as renove_ref erence<Ref>::type,
range_di ff erence<Range>: :type isthe same asstd:: ptrdiff_t, and range_poi nt er <Range>: : t ype is the same as
add_poi nt er <renove_r ef er ence<Ref >: : t ype>: : t ype. Asfor const Range, See below.

const Ranges

range_r ef erence<const Range>: :type isdefined by the following algorithm. Let Range be any type listed above and Ref
be the same asr ange_r ef er ence<Range>: : t ype.
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if (Range is CObArray || Range is CObList)
return Coject const * &
else if (Range is CPtrArray || Range is CPtrlList)
return void const * &
else if (there is a type X such that X& is the sane as Ref)

return X const &
else if (there is a type X such that X* const is the sane as Ref)

return X const * const
el se
return Ref

Other Boost.Range metafunctions are defined by the following.

Range metafunction Result

range_val ue<const Range>::type range_val ue<Range>: : type
range_di f f erence<const Range>::type std::ptrdiff_t

range_poi nt er<const Range>::type add_poi nter<renove_reference<range_refer-

ence<const Range>::type>::type>: :type

References
1. Boost.Range
2. MFC Collection Classes

3. ATL Caollection Classes
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Upgrade version of Boost.Range

Upgrade from version 1.55

1. iterator_range isnow implemented by implementing the member functionssi ze() , oper at or [] viainheritance of base-
classes specialized by the traversal type of the underlying iterator. Thisis normally requires no alteration of code. It does mean
that types that derive from iterator_range may need to prefix t hi s- > to the various member functions. Additionally it has been
noted that some calling code was relying on member functions such assi ze() being present despite the underlying iterators not
being random-accessduetoi t er at or _ref erence<l t er >: : t ype not being a reference. The suggested refactoring is to use
boost: :size(rng).

2. The undocumented i t er at or _r ange pop_front () has been deprecated and is replaced by drop_front (). Sinmilarly
pop_back() has been repl aced by drop back()".

Upgrade from version 1.49

1. si ze now returnsthetype Rng::size typeif therangehassize type; otherwiserange size<Rng>::typeisused. Thisisthedistance
type promoted to an unsigned type.

Upgrade from version 1.45

1. si ze inaddition to supporting Random A ccess Range now also supports extensibility viacallsto theunquaified r ange_cal cu-
| ate_si ze(rng) function.

2. strided now in addition to working with any RandomA ccessRange additionally works for any SinglePassRange for which
boost : : si ze(rng) isvalid.

3. strided no longer requiresdi st ance(rng) % stride_size == Qorstride_size < distance(rng)

Upgrade from version 1.42

New features:

1. Range adaptors
2. Range agorithms
Removed:

1. iterator_range nolonger hasai s_si ngul ar member function. The singularity restrictions have been removed from the
i terator_range classsincethisadded restrictionsto ranges of iterators whose default constructors were not singular. Previously
thei s_si ngul ar member function always returned f al se in release build configurations, hence it is not anticipated that this
interface change will produce difficulty in upgrading.

Upgrade from version 1.34

Boost version 1.35 introduced some larger refactorings of the library:

1. Direct support for character arrays was abandoned in favor of uniform treatment of all arrays. Instead string a gorithms can use
the new functionas_literal ().

2. si ze now requires a Random Access Range. The old behavior is provided asdi st ance() .
3. range_si ze<T>: : t ype hasbeen completely removed in favor of r ange_di f f er ence<T>: : t ype

4. boost _range_begi n() and boost _r ange_end() have been renamed r ange_begi n() andrange_end() respectively.
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5.range_result _iterator<T>::type and range reverse result_iterator<T>::type have been renamed
range_iterator<T>::type andrange_reverse_iterator<T>: :type.

6. The procedure that makes a custom type work with the library has been greatly simplified. See Extending the library for UDTs
for details.
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Portability

A huge effort has been made to port the library to as many compilers as possible.

Full support for built-in arraysrequire that the compiler supports classtemplate partial specialization. For non-conforming compilers
there might be achance that it works anyway thanks to workaroundsin the type traits library. Visual C++ 6/7.0 has alimited support
for arrays: aslong as the arrays are of built-in type it should work.

Notice also that some compilers cannot do function template ordering properly. Inthat case one must rely of r ange_i t er at or and
asingle function definition instead of overloaded versions for const and non-const arguments. So if one cares about old compilers,
one should not pass rvalues to the functions.

For maximum portability you should follow these guidelines:
1. do not use built-in arrays,
2. do not passrvaluesto begi n(),end() anditerator_range Range constructors and assignment operators,
3. useconst _begi n() andconst _end() whenever your code by intention isread-only; thiswill aso solve most rvalue problems,
4. donot rely on ADL.:
« if you overload functions, include that header before the headersin thislibrary,

* put al overloads in namespace boost.
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FAQ

1. Why is there no difference between range_iterator<C>::type and range_const_iterator<C>: :type for
std::pair<iterator, iterator>?

In general it isnot possible nor desirable to find a corresponding const _i t er at or . When it is possible to come
up with one, the client might choose to construct ast d: : pai r <const _i t erat or, const _i t er at or > object.

Notethat ani t er at or _r ange is somewhat more convenient than apai r and that asub_r ange does propagate
const-ness.

2. Why isthere not supplied more types or more functions?

Thelibrary has been kept small because its current interface will serve most purposes. If and when a genuine need
arises for more functionality, it can be implemented.

3. How should I implement generic algorithms for ranges?

One should always start with ageneric algorithm that takes two iterators (or more) asinput. Then use Boost.Range
to build handier versions on top of the iterator based algorithm. Please notice that once the range version of the
algorithm is done, it makes sense not to expose the iterator version in the public interface.

4. Why isthere no I ncrementable Range concept?

Even though we speak of incrementableiterators, it would not make much sensefor ranges; for example, we cannot
determine the size and emptiness of a range since we cannot even compare itsiterators.

Note also that incrementable iterators are derived from output iterators and so there exist no output range.
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History and Acknowledgement

Version 1 - before Boost 1.43

The library have been under way for a long time. Dietmar Kiihl originally intended to submit an array_trai ts class template
which had most of the functionality present now, but only for arrays and standard containers.

Meanwhile work on algorithms for containersin various contexts showed the need for handling pairs of iterators, and string libraries
needed specia treatment of character arrays. In the end it made sense to formalize the minimal requirements of these similar concepts.
And the results are the Range concepts found in this library.

The term Range was adopted because of paragraph 24.1/7 from the C++ standard:

Most of thelibrary's algorithmic templates that operate on data structures have interfaces that use ranges. A rangeisapair of iterators
that designate the beginning and end of the computation. A rangeli, i) isan empty range; in general, arange(i, j) refersto the elements
in the data structure starting with the one pointed to by i and up to but not including the one pointed to by j. Range[i, j) isvalid if
and only if j isreachable from i. The result of the application of functionsin the library to invalid ranges is undefined.

Special thanks goesto

* Pavol Drobafor help with documentation and implementation

 Pavel Vozenilek for help with porting the library

Jonathan Turkanis and John Torjo for help with documentation

Hartmut Kaiser for being review manager
 Jonathan Turkanis for porting the lib (asfar as possible) to vc6 and vc7.

The concept checks and their documentation was provided by Daniel Walker.

Version 2 - Boost 1.43 and beyond

Thisversion introduced Range Adaptors and Range Algorithms. Thisversion 2 isthe result of amerge of all of the RangeEx features
into Boost.Range.

There were an enormous number of very significant contributors through all stages of thislibrary.

Prior to Boost.RangeEXx there had been a number of Range library implementations, these include library implementations by Eric
Niebler, Adobe, Shunsuke Sogame etc. Eric Niebler contributed the Range Adaptor ideawhich is arguably the single biggest innov-
ation in this library. Inevitably a great deal of commonality evolved in each of these libraries, but a considerable amount of effort
was expended to learn from all of the divergent techniques.

The peopleinthefollowing list all made contributionsin the form of reviews, user feedback, design suggestions, or defect detection:
» Thorsten Ottosen: review management, design advice, documentation feedback

* Eric Niebler: early implementation, and review feedback

* Joel de Guzman: review

* Mathias Gaunard: review

» David Abrahams: implementation advice

 Robert Jones: defect reports, usage feedback

* Sean Parent: contributed experience from the Adobe range library
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» Arno Schoedl: implementations, and review
* Rogier van Dalen: review
 Vincente Botet: review, documentation feedback

Regardless of how | write this section it will never truly fairly capture the gratitude that | feel to al who have contributed. Thank
yOu everyone.
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