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Chapter 1 Sequences

Compile-time sequences of types are one of the basic concepts of C++ template metaprogramming. Differences in types
of objects being manipulated is the most common point of variability of similar, but not identical designs, and these
are a direct target for metaprogramming. Templates were originally designed to address this exact problem. However,
without predefined mechanisms for representing and manipukstimgencesf types as opposed to standalone template
parameters, high-level template metaprogramming is severely limited in its capabitilies.

The MPL recognizes the importance of type sequences as a fundamental building block of many higher-level metapro-
gramming designs by providing us with a conceptual framework for formal reasoning and understanding of sequence
properties, guarantees and characteristics, as well as a first-class implementation of that framework — a wealth of tools
for concise, convenient, conceptually precise and efficient sequence manipulation.

1.1 Concepts

The taxonomy of sequence concepts in MPL parallels the taxonomy of theltdRitors with two additional classifi-
cation dimensionsextensibility andassociativeness.

1.1.1 Forward Sequence
Description

A Forward Sequencis an MPL concept representing a compile-time sequence of elements. Sequence elements are
types, and are accessible throdtgrators Thebegin andend metafunctions provide iterators delimiting the range

of the sequence elements. A sequence guarantees that its elements are arranged in a definite, but possibly unspecifie
order. Every MPL sequence iF@rward Sequence

Definitions
— Thesizeof a sequence is the number of elements it contains. The size is a nonnegative number.

— A sequence iemptyif its size is zero.

Expression requirements

For anyForward Sequencethe following expressions must be valid:

Expression Type Complexity

begin<s>: :type Forward Iterator Amortized constant time
end<s>: :type Forward Iterator Amortized constant time
size<s>::type Integral Constant Unspecified
empty<s>::type Booleanintegral Constant Constant time
front<s>::type Any type Amortized constant time
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Expression semantics

Expression Semantics
begin<s>: :type An iterator to the first element of the sequence;isggin.
end<s>::type A past-the-end iterator to the sequence; ase
size<s>::type The size of the sequence; seeze.
empty<s>::type A booleanintegral Constant such thatc: :value == true if and only if the
sequence is empty; seepty.
front<s>::type The first element in the sequence; seent.
Invariants

For anyForward Sequencethe following invariants always hold:
— [begin<s>: :type, end<s>: :type) is always a valid range.

— An algorithm that iterates through the rangjegin<s>: : type, end<s>: : type) will pass through every element
of s exactly once.

— begin<s>: :type is identical toend<s>: : type if and only if s is empty.

— Two different iterations through will access its elements in the same order.

Models

— vector

— map

— range_c

— iterator_range

— filter_view

See also

SequencesBidirectional Sequencé&orward Iteratorbegin / end, size, empty, front

1.1.2 Bidirectional Sequence
Description

A Bidirectional Sequencis aForward Sequeno&hose iterators mod@idirectional Iterator

Refinement of

Forward Sequence
Expression requirements

In addition to the requirements definedrorward Sequencgdor any Bidirectional Sequence the following must be
met:

Revision Date: 15th November 2004



11 Sequences 1.1 Concepts

Expression Type Complexity

begin<s>: :type Bidirectional Iterator Amortized constant time
end<s>: :type Bidirectional Iterator Amortized constant time
back<s>: :type Any type Amortized constant time

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defimed/and Sequence

Expression Semantics
back<s>: :type The last element in the sequence; seek.

Models
— vector

— range_c

See also

Sequenced-orward Sequenc®andom Access Sequen@idirectional Iteratofbegin / end, back

1.1.3 Random Access Sequence
Description

A Random Access Sequenisea Bidirectional Sequencehose iterators moddékandom Access IteratorA random
access sequence guarantees amortized constant time access to an arbitrary sequence element.

Refinement of

Bidirectional Sequence

Expression requirements

In addition to the requirements definedBidirectional Sequengdor any Random Access Sequensdhe following
must be met:

Expression Type Complexity

begin<s>: :type Random Access lterator Amortized constant time
end<s>: :type Random Access lterator Amortized constant time
at<s,n>::type Any type Amortized constant time

Expression semantics

Semantics of an expression is defined only where it differs from, or is not defirgidinectional Sequence

Revision Date: 15th November 2004
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Expression Semantics

Expression Semantics

at<s,n>::type Thenth element from the beginning of the sequence;=aee
Models

— vector

— range_c
See also

SequencesBidirectional Sequencé&xtensible SequencRandom Access lteratosegin / end, at

1.1.4 Extensible Sequence

Description

An Extensible Sequends a sequence that supports insertion and removal of elements. Extensibility is orthogonal to

sequence traversal characteristics

Expression requirements

For anyExtensible Sequencs its iteratorspos andlast, Forward Sequence, and any type, the following expres-

sions must be valid:

Expression Type Complexity
insert<s,pos,x>: :type Extensible Sequence Unspecified
insert_range<s,pos,r>::type Extensible Sequence Unspecified
erase<s,pos>::type Extensible Sequence Unspecified
erase<s,pos,last>: :type Extensible Sequence Unspecified

clear<s>::type

Extensible Sequence

Constant time

Expression semantics

Expression

Semantics

insert<s,pos,x>::type

A new sequence, concept-identical #p of the following elements
[begin<s>: :type, pos), X, [pos, end<s>: :type); See€insert.

insert_range<s,pos,r>::type

A new sequence, concept-identical #o of the following elements
[begin<s>: :type, pos), [begin<r>: :type, end<r>::type), [pos,
end<s>: :type); See€insert_range.

erase<s,pos>::type

erase.

A new sequence, concept-identical #p of the following elements
[begin<s>: :type, pos), [next<pos>::type, end<s>::type); see

erase<s,pos,last>::type

A new sequence, concept-identical #o of the following elements
[begin<s>: :type, pos), [Last, end<s>::type); Seeerase.

clear<s>::type

An empty sequence concept-identicaktseeclear.

Revision Date: 15th November 2004
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Models
— vector

— list

See also

SequencesBack Extensible Sequencinsert, insert_range, erase, clear

1.1.5 Front Extensible Sequence

Description

A Front Extensible Sequendg anExtensible Sequendbat supports amortized constant time insertion and removal

operations at the beginning.

Refinement of

Extensible Sequence

Expression requirements

In addition to the requirements defineddrtensible Sequencéor anyBack Extensible Sequeneghe following must

be met:

Expression

Type

Complexity

push_front<s,x>::type

Front Extensible Sequence

Amortized constant time

pop_front<s>::type

Front Extensible Sequence

Amortized constant time

front<s>::type

Any type

Amortized constant time

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defihedrnible Sequence

Expression

Semantics

push_front<s,x>::type

Equivalent to insert<s,begin<s>::type,x>::type; See push_-

front.

pop_front<v>::type

Equivalent toerase<s,begin<s>: :type>: : type; Seepop_front.

front<s>::type

The first element in the sequence; seent.

Models
— vector

— list

See also

Sequencegxtensible SequengBack Extensible Sequengeish_front, pop_front, front

Revision Date: 15th November 2004



1.1 Concepts Sequences 14

1.1.6 Back Extensible Sequence

Description

A Back Extensible Sequenég anExtensible Sequendhat supports amortized constant time insertion and removal
operations at the end.

Refinement of

Extensible Sequence

Expression requirements

In addition to the requirements defineddrtensible Sequencéor anyBack Extensible Sequenedhe following must
be met:

Expression Type Complexity

push_back<s,x>: :type Back Extensible Sequence Amortized constant time
pop_back<s>: :type Back Extensible Sequence Amortized constant time
back<s>: :type Any type Amortized constant time

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defihedrinible Sequence

Expression Semantics
push_back<s,x>: :type Equivalent toinsert<s,end<s>: :type,x>: :type; Seepush_back.
pop_back<v>: :type Equivalent toerase<s,end<s>: :type>: : type; Seepop_back.
back<s>: :type The last element in the sequence; seek.

Models
— vector
— deque

See also

Sequencegxtensible SequencEront Extensible Sequengsush_back, pop_back, back

1.1.7 Associative Sequence

Description

An Associative Sequencde a Forward Sequencthat allows efficient retrieval of elements based on keys. Unlike
associative containers in the C++ Standard Library, MPL associative sequences have no associated ordering relation.
Instead type identityis used to impose an equivalence relation on keys, and the order in which sequence elements are

traversed during iteration is left unspecified.

Revision Date: 15th November 2004
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Definitions

— A keyis a part of the element type used to identify and retrieve the element within the sequence.

— A valueis a part of the element type retrievied from the sequence by its key.

Expression requirements

In the following table and subsequent specificatianis, anAssociative Sequence is a sequence element, anénd

def are arbitrary types.

In addition to the requirements definediorward Sequengéhe following must be met:

Expression

Type Complexity

has_key<s,k>::type

Booleanintegral Constant Amortized constant time

count<s,k>::type

Integral Constant Amortized constant time

order<s,k>::type

Integral Constantr void_ Amortized constant time

at<s,k>::type Any type Amortized constant time
at<s,k,def>: :type Any type Amortized constant time
key_type<s,x>: :type Any type Amortized constant time
value_type<s,x>::type Any type Amortized constant time

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defhwed/iamd Sequence

Expression

Semantics

has_key<s,k>::type

A booleanintegral Constant such thaftc: : value == true if and only
if there is one or more elements with the Kein s; seehas_key.

count<s,k>::type

The number of elements with the kikyn s; seecount.

order<s,k>::type

A unique unsignedntegral Constanassociated with the key in the se-
guences; seeorder.

at<s,k>::type
at<s,k,def>::type

The first element associated with the kein the sequence; seeat.

key_type<s,x>::type

The key part of the element that would be used to identify in s; see
key_type.

value_type<s,x>::type

The value part of the elementhat would be used fat in s; seevalue_-
type.

Models

— set

— map

See also

Sequencegxtensible Associative Sequenaas_key, count, order, at, key_type, value_type

Revision Date: 15th November 2004




1.1 Concepts Sequences 16

1.1.8 Extensible Associative Sequence
Description

An Extensible Associative Sequeris@nAssociative Sequendhat supports insertion and removal of elements. In con-
trast toExtensible Sequenc&xtensible Associative Sequengees not provide a mechanism for inserting an element
at a specific position.

Expression requirements

In the following table and subsequent specificatians,anAssociative Sequenggos is an iterator intas, andx andk
are arbitrary types.

In addition to theAssociative Sequengequirements, the following must be met:

Expression Type Complexity

insert<s,x>::type Extensible Associative Sequence Amortized constant time
insert<s,pos,x>: :type Extensible Associative Sequence Amortized constant time
erase_key<s,k>::type Extensible Associative Sequence Amortized constant time
erase<s,pos>::type Extensible Associative Sequence Amortized constant time
clear<s>: :type Extensible Associative Sequence Amortized constant time

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defkesaiative Sequence

Expression Semantics
insert<s,x>::type Insertsx into s; the resulting sequenaeis equivalent tes except that
at< r, key_type<s,x>::type >::type
is identical tovalue_type<s,x>: :type; Seeinsert.
insert<s,pos,x>: :type Equivalent toinsert<s,x>: :type; pos is ignored; seénsert.
erase_key<s,k>::type Erases elements ia associated with the ke¥; the resulting sequence
r is equivalent tos except thathas_key<r,k>::value == false; See
erase_key.
erase<s,pos>::type Erases the element at a specific position; equivalenértase_key<s,
deref<pos>::type >::type; S€€erase.
clear<s>: :type An empty sequence concept-identicaktseeclear.
Models
— set
— map
See also

SequencedAssociative Sequencénsert, erase, clear

Revision Date: 15th November 2004
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1.1.9 Integral Sequence Wrapper
Description

An Integral Sequence Wrappiera class template that provides a concise interface for creating a corresponding sequence
of Integral Constarst In particular, assuming thatq is a name of the wrapper’s underlying sequence@ua,... c,

are integral constants of an integral typéo be stored in the sequence, the wrapper provides us with the following
notation:

seq_c<T,C1,Cp,... Ch>
If seq is aVariadic Sequencaumberedvrapper forms are also avaialable:

seqn_c<T,C1,C2,... Ch>

Expression requirements

In the following table and subsequent specificatiang; is a placeholder token for tHategral Sequence Wrapper
underlying sequence’s name.

Expression Type Complexity

seq_c<T,C1,Cp,... Cp> Forward Sequence Amortized constant time.
seq_c<T,C1,C,... Cp>: :type Forward Sequence Amortized constant time.
seq_c<T,C1,Cp,... Cn>: :value_type An integral type Amortized constant time.
seqn_c<T,C1,Cp,... Cn> Forward Sequence Amortized constant time.
seqn_c<T,C1,Cp,... Cn>: 1 type Forward Sequence Amortized constant time.
seqn_c<T,C1,Cp,... Cn>: : value_type An integral type Amortized constant time.

Expression semantics

typedef seq_c<T,c1,c2,... cp> s;
typedef seqn_c<T,ci1,c2,... cp> s;

Semantics: s is a sequenceeq of integral constant wrappetsitegral_c<T,C;>, integral _c<T,Cp>,
... integral_c<T,Cp>.

Postcondition: size<s>::value == n.

typedef seq_c<T,ci1,c2,... cp>::type s;
typedef seqn_c<T,ci1,c2,... cp>::type s;

Semantics: s is identical toseqn<integral_c<T,C;>,integral_c<T,Cy>, ... integral_c<T,Cy> >.

typedef seq_c<T,c1,c2,... cp>::value_type t;
typedef seqn_c<T,ci1,c2,... cp>::value_type t;

Semantics: is_same<t,T>: :value == true.

Models

— vector_c
— list_c

— set_c

Revision Date: 15th November 2004
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See also

Sequenced/ariadic Sequencgeéntegral Constant

1.1.10 Variadic Sequence
Description

A Variadic Sequencis a member of a family of sequence classes with batfiadic andnumberedorms. If seq is a
generic name for soméariadic Sequencaéts variadic formallows us to specify a sequenceroélementd; to,... ty, for
anyn from O up to agpreprocessor-configurable linBO0ST_MPL_LIMIT_seq SIZE, using the following notation:

seq<iy,ta,... th>

By contrast, eacinumberedsequence form accepts the exact number of elements that is encoded in the name of the
corresponding class template:

seqn<ty,ty,... th>

For numbered forms, there is no predefined top limitrfoaside from compiler limitations on the number of template
parameters.

Expression requirements

In the following table and subsequent specificatiars, is a placeholder token for the actudlriadic Sequencrame.

Expression Type Complexity

seq<ty,ty,... tp> Forward Sequence Amortized constant time
seq<ty,ta,... th>: :type Forward Sequence Amortized constant time
seqn<ty,ty,... th> Forward Sequence Amortized constant time
seqn<ty,ty,... th>: i type Forward Sequence Amortized constant time

Expression semantics

typedef seq<ti,t2,... tn> s;
typedef seqn<ti,t2,... tn> s;

Semantics: s is a sequence of elemenists, ... t.
Postcondition: size<s>::value ==

typedef seq<ti,t2,... tp>::type s;
typedef seqn<ti,t2,... tp>::type s;

Semantics: s is identical toseqn<ty,ta,... t, >.

Postcondition: size<s>::value == n.

Models

— vector
— list

— map
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See also

Sequence<onfiguration Integral Sequence Wrapper

1.2 Classes

The MPL provides a large number of predefined general-purpose sequence classes covering most of the typical metapro-
gramming needs out-of-box.

1.2.1 vector
Description

vector is avariadig random accesextensiblesequence of types that supports constant-time insertion and removal of
elements at both ends, and linear-time insertion and removal of elements in the middle. On compilers that support the
typeof extensionyector is the simplest and in many cases the most efficient sequence.

Header
Sequence form Header
Variadic #include <boost/mpl/vector.hpp>
Numbered #include <boost/mpl/vector/vectorn.hpp>
Model of

— Variadic Sequence

— Random Access Sequence
— Extensible Sequence

— Back Extensible Sequence

— Front Extensible Sequence

Expression semantics

In the following tablev is an instance ofector, pos andlast are iterators inte, r is aForward Sequence is an
Integral Constani@ndx andty,tp,... ty are arbitrary types.

Expression Semantics

vector<ti,to,... tp> vector of elementd,ts,... ty; seeVariadic Sequence

vectorn<ti,t2,... tp>

vector<ti,t2,... tp>::type Identical tovectorn<ty,ty,... t,>; seeVariadic Sequence

vectorn<ti,t2,... tp>::type

begin<v>: :type An iterator pointing to the beginning of seeRandom Access Se-
guence

end<v>: :type An iterator pointing to the end of, seeRandom Access Sequence

size<v>::type The size ofr; seeRandom Access Sequence

empty<v>: :type A booleanintegral Constant such that: :value == trueifand
only if the sequence is empty; sBandom Access Sequence
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Expression

Semantics

front<v>::type

The first element irv; seeRandom Access Sequence

back<v>::type

The last element ir; seeRandom Access Sequence

at<v,n>::type

Thenth element from the beginning of seeRandom Access Se
quence

insert<v,pos,x>: :type

A newvector of following elements: fegin<v>: : type, pos), x,
[pos, end<v>: : type); seeExtensible Sequence

insert_range<v,pos,r>::type

A new vector of following elements: fegin<v>: :type, pos),
[begin<r>: :type, end<r>::type) [pos, end<v>::type); see
Extensible Sequence

erase<v,pos>::type

A new vector of following elements: Hegin<v>: :type, pos),
[next<pos>: :type, end<v>: :type); SeeExtensible Sequence

erase<v,pos,last>::type

A new vector of following elements: egin<v>: :type, pos),
[1ast, end<v>: : type); seeExtensible Sequence

clear<v>::type

An emptyvector; seeExtensible Sequence

push_back<v,x>: :type

A new vector of following elements: Hegin<v>::type,
end<v>: :type), x; seeBack Extensible Sequence

pop_back<v>: :type

A newvector of following elements: fegin<v>: : type, prior<
end<v>::type >::type); seeBack Extensible Sequence

push_front<v,x>::type

A new vector of following elements: Hegin<v>::type,
end<v>: :type), x; seeFront Extensible Sequence

pop_front<v>::type

A new vector of following elements: fext< begin<v>: :type
>::type, end<v>: :type); seeFront Extensible Sequence

Example

typedef vector<float,double,long double> floats;
typedef push_back<floats,int>::type types;

BOOST_MPL_ASSERT(( is_same< at_c<types,3>::type, int > ));

See also

Sequenced/ariadic SequengdRandom Access Sequenétensible Sequengeector_c, list

1.2.2 list

Description

A listis avariadig forward extensiblesequence of types that supports constant-time insertion and removal of elements

at the beginning, and linear-time insertion and removal of elements at the end and in the middle.

Header

Sequence form

Header

Variadic

#include <boost/mpl/list.hpp>

Numbered

#include <boost/mpl/list/listn.hpp>
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Model of
— Variadic Sequence
— Forward Sequence
— Extensible Sequence

— Front Extensible Sequence

Expression semantics

In the following tablel is alist, pos andlast are iterators intd, r is aForward Sequenc¢andt,tz,... t, andx are

arbitrary types.
Expression Semantics
list<tqi,t2,... tp> list of elementdy,ty,... t,; SeeVariadic Sequence
listn<tq,to,... tp>
list<ti,t2,... tp>::type Identical tolistn<ty,tp,... t,>; seeVariadic Sequence
listn<ti,t2,... tp>::type

begin<l>::type

An iterator to the beginning af; seeForward Sequence

end<1>: :type

An iterator to the end of; seeForward Sequence

size<1>::type

The size ofL; seeForward Sequence

empty<1l>::type

A booleanintegral Constant such that: :value == true ifand
only if 1 is empty; se€-orward Sequence

front<1l>::type

The first element in; seeForward Sequence

insert<l,pos,x>::type

A new list of following elements: fegin<1>: :type, pos), x,
[pos, end<1>: : type); seeExtensible Sequence

insert_range<l,pos,r>::type

A new list of following elements: Hegin<l>::type, pos),
[begin<r>::type, end<r>::type) [pos, end<1>::type); see
Extensible Sequence

erase<l,pos>::type

A new list of following elements: Begin<l>::type, pos),
[next<pos>: :type, end<1>: :type); SeeExtensible Sequence

erase<l,pos,last>::type

A new list of following elements: Hegin<1l>: :type, pos),
[1ast, end<1>: :type); seeExtensible Sequence

clear<1l>::type

An emptylist; seeExtensible Sequence

push_front<l,x>::type

A newlist containingx as its first element; sderont Extensible
Sequence

pop_front<l>::type

A new list containing all but the first elements dfin the same
order; sed-ront Extensible Sequence

Example

typedef list<float,double,long double> floats;
typedef push_front<floating_ types,int>::type types;

BOOST_MPL_ASSERT(( is_same< front<types>::type, int > ));
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See also

Sequenced/ariadic Sequencgd-orward Sequenc¢&xtensible Sequengeector, list_c

1.2.3 deque
Description

deque is avariadig random acces®xtensiblesequence of types that supports constant-time insertion and removal of
elements at both ends, and linear-time insertion and removal of elements in the middle. In this implementation of the
library, deque is a synonym fotector.

Header

#include <boost/mpl/deque.hpp>

Model of
— Variadic Sequence
— Random Access Sequence
— Extensible Sequence
— Back Extensible Sequence

— Front Extensible Sequence

Expression semantics

Seevector specification.

Example

typedef deque<float,double,long double> floats;
typedef push_back<floats,int>::type types;

BOOST_MPL_ASSERT(( is_same< at_c<types,3>::type, int > ));

See also

Sequencesector, list, set

1.2.4 set
Description

set is avariadig associativeextensiblesequence of types that supports constant-time insertion and removal of elements,
and testing for membership. #et may contain at most one element for each key.

Header
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Sequence form Header

Variadic #include <boost/mpl/set.hpp>

Numbered #include <boost/mpl/set/setn.hpp>
Model of

— Variadic Sequence
— Associative Sequence

— Extensible Associative Sequence

Expression semantics

In the following tables is an instance ofet, pos is an iterator intas, andx, k, andty tp,... ty are arbitrary types.

Expression Semantics

set<ti,t2,... tp> set of elementg,,ts,... ty; seeVariadic Sequence

setn<tqi,to,... tp>

set<ty,t2,... tp>::type Identical tosetn<ty,ty,... t,>; seeVariadic Sequence

setn<ty,t2,... tp>::type

begin<s>: :type An iterator pointing to the beginning of;, seeAssociative Se-
quence

end<s>: :type An iterator pointing to the end af, seeAssociative Sequence

size<s>::type The size ofs; seeAssociative Sequence

empty<s>::type A booleanintegral Constant such that : : value == trueifand
only if s is empty; seé\ssociative Sequence

front<s>: :type The first element irs; seeAssociative Sequence

has_key<s,k>: :type A booleanintegral Constant such that: :value == trueifand

only if there is one or more elements with the kein s; seeAsso-
ciative Sequence

count<s,k>: :type The number of elements with the k&yin s; seeAssociative Se-
guence

order<s,k>: :type A unique unsignedntegral Constanassociated with the kel in
s; seeAssociative Sequence

at<s,k>::type The element associated with the Keyin s; seeAssociative Se-

at<s,k,def>::type quence

key_type<s,x>::type Identical tox; seeAssociative Sequence

value_type<s,x>::type Identical tox; seeAssociative Sequence

insert<s,x>::type A new set equivalent tas except that

at< t, key_type<s,x>::type >::type
is identical tovalue_type<s,x>: :type.

insert<s,pos,x>: :type Equivalent toinsert<s,x>: : type; pos is ignored.

erase_key<s,k>: :type A new set equivalent tos except thahas_key<t, k>::value
== false.

erase<s,pos>::type Equivalent toerase<s, deref<pos>::type >::type.

clear<s>::type An emptyset; seeclear.
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Example

typedef set< int,long,double,int_<5> > s;

BOOST_MPL_ASSERT_RELATION( size<s>::value, ==, 4 );
BOOST_MPL_ASSERT_NOT (( empty<s> ));

BOOST_MPL_ASSERT(( is_same< at<s,int>::type, int > ));
BOOST_MPL_ASSERT(( is_same< at<s,long>::type, long > ));
BOOST_MPL_ASSERT(( is_same< at<s,int_<5> >::type, int_<5> > ));
BOOST_MPL_ASSERT(( is_same< at<s,char>::type, void_ > ));

See also

Sequenced/ariadic Sequengéissociative SequencExtensible Associative Sequeneet_c, map, vector

1.25 map
Description

map IS avariadig associativeextensiblesequence of type pairs that supports constant-time insertion and removal of
elements, and testing for membershipm#p may contain at most one element for each key.

Header
Sequence form Header
Variadic #include <boost/mpl/map.hpp>
Numbered #include <boost/mpl/map/mapn.hpp>
Model of

— Variadic Sequence
— Associative Sequence

— Extensible Associative Sequence

Expression semantics

In the following table and subsequent specificatianis, an instance afiap, pos is an iterator intan, x andps,pz,... Pn
arepairs, andk is an arbitrary type.

Expression Semantics

map<p1,p2,-.- Pn> map of element$y,pz,... pn; SeeVariadic Sequence

mapn<pi1,p2,... Pn>

map<pi,p2,... Pn>::type Identical tomapn<p1,p2,... pn>; S€€Variadic Sequence

mapn<pi,p2,... pn>::type

begin<m>: :type An iterator pointing to the beginning of; seeAssociative Se-
quence

end<m>: :type An iterator pointing to the end af, seeAssociative Sequence

size<m>: :type The size ofn; seeAssociative Sequence
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Expression

Semantics

empty<m>: :type

A booleanintegral Constant such that: :value == trueifand
only if m is empty; seé\ssociative Sequence

front<m>::type

The first element im; seeAssociative Sequence

has_key<m,k>: :type

Queries the presence of elements with the kéym; seeAssocia-
tive Sequence

count<m,k>: :type

The number of elements with the k&yin m; seeAssociative Se-
quence

order<m,k>::type

A unique unsignedntegral Constanassociated with the kel in
m; seeAssociative Sequence

at<m,k>::type
at<m,k,default>::type

The element associated with the Keyn m; seeAssociative Se-
guence

key_type<m,x>::type

Identical tox: : first; seeAssociative Sequence

value_type<m,x>::type

Identical tox : : second; seeAssociative Sequence

insert<m,x>::type

A newmap equivalent tan except that
at< t, key_type<m,x>::type >::type
is identical tovalue_type<m,x>: :type.

insert<m,pos,x>::type

Equivalent toinsert<m,x>: :type; pos IS ignored.

erase_key<m,k>::type

A new map equivalent tom except thahas_key<t, k>::value
== false.

erase<m,pos>::type

Equivalent toerase<m, deref<pos>::type >::type.

clear<m>: :type

An emptymap; Seeclear.

Example

typedef map<

pair<int,unsigned>
, pair<char,unsigned char>
, pair<long_<5>,char[17]>

-

> m;

pair<int[42],bool>

BOOST_MPL_ASSERT_RELATION( size<m>::value, ==, 4 );
BOOST_MPL_ASSERT_NOT (( empty<m> ));

BOOST_MPL_ASSERT ((
BOOST_MPL_ASSERT ( (
BOOST_MPL_ASSERT ((
BOOST_MPL_ASSERT ( (

is_same<
is_same<
is_same<
is_same<

at<m,int>::type, unsigned > ));
at<m,long_<5> >::type, char[17] > ));
at<m,int[42]>::type, bool > ));
at<m,long>::type, void_ > ));

See also

Sequenced/ariadic Sequengéissociative SequengcExtensible Associative Sequeneet, vector

1.2.6 range_c
Synopsis

template<
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typename T

, T Start
, T Finish
>

struct range_c

{
typedef integral_c<T,Start> start;
typedef integral_c<T,Finish> finish;
// unspecified
/...

};

Description

range_c is a sortedRandom Access Sequenaintegral Constaist Note that because it is not BRtensible Sequence
sequence-building intrinsic metafunctions suclpash_front and transformation algorithms suchm@splace are not

directly applicable — to be able to use them, you'd first need to copy the content of the range into a more suitable
sequence.

Header

#include <boost/mpl/range_c.hpp>

Model of

Random Access Sequence

Expression semantics

In the following tabler is an instance aofange_c, n is anintegral Constant is an arbitrary integral type, andandm
are integral constant values of type

Expression Semantics
range_c<T,n,m> A sorted Random Access Sequenoé integral constant wrappers far
range_c<T,n,m>: :type the half-open range of values,[m): integral_c<T,n>, integral_-
c<T,n+1>,... integral_c<T,m-1>.
begin<r>: :type An iterator pointing to the beginning ef seeRandom Access Sequende
end<r>: :type An iterator pointing to the end af, seeRandom Access Sequence
size<r>::type The size ofr; seeRandom Access Sequence
empty<r>::type A booleanintegral Constan¢ such that: : value == true if and only
if ris empty; sedkandom Access Sequence
front<r>: :type The first element in; seeRandom Access Sequence
back<r>: :type The last element ir; seeRandom Access Sequence
at<r,n>::type Thenth element from the beginning of seeRandom Access Sequence
Example

typedef range_c<int,0,0> rangeO;
typedef range_c<int,0,1> rangel;
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typedef range_c<int,0,10> rangelO;

BOOST_MPL_ASSERT_RELATION( size<range0>::value, ==, 0
BOOST_MPL_ASSERT_RELATION( size<rangel>::value, ==, 1
BOOST_MPL_ASSERT_RELATION( size<rangel0>::value, ==, 1

BOOST_MPL_ASSERT(( empty<range0> ));
BOOST_MPL_ASSERT_NOT(( empty<rangel> ));
BOOST_MPL_ASSERT_NOT(( empty<rangel0> ));

BOOST_MPL_ASSERT(( is_same< begin<range0O>::type, end<rangeO>::type > ));
BOOST_MPL_ASSERT_NOT(( is_same< begin<rangel>::type, end<rangel>::type > ));
BOOST_MPL_ASSERT_NOT(( is_same< begin<rangel0>::type, end<rangelO>::type > ));

BOOST_MPL_ASSERT_RELATION( front<rangel>::type::value, ==, 0 );

BOOST_MPL_ASSERT_RELATION( back<rangel>::type::value, ==, 0 );

BOOST_MPL_ASSERT_RELATION( front<rangelO>::type::value, ==, 0 );

BOOST_MPL_ASSERT_RELATION( back<rangelO>::type::value, ==, 9 );
See also

Sequencefkandom Access Sequeneector_c, set_c, list_c

1.2.7 vector_c
Description

vector_c is anintegral Sequence Wrappfr vector. As such, it shares allector characteristics and requirements,
and differs only in the way the original sequence content is specified.

Header
Sequence form Header
Variadic #include <boost/mpl/vector_c.hpp>
Numbered #include <boost/mpl/vector/vectorh_c.hpp>
Model of

— Integral Sequence Wrapper
— Variadic Sequence

— Random Access Sequence
— Extensible Sequence

— Back Extensible Sequence

— Front Extensible Sequence

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defired dt.
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Expression Semantics

vector_c<T,c1,C2,... Ccp> A vector of integral constant wrappersntegral -

vectorn_c<T,c1,c2,... cp> c<T,C1>, integral_c<T,Cp>, ... integral_c<T,Cy>
seelntegral Sequence Wrapper

vector_c<T,c1,¢2,... cp>::type Identical tovectorn< integral_c<T,C;>, integral -

vectorn _c<T,c1,¢c2,... cp>::type c<T,Cp>, ... integral _c<T,Cy> >; seelntegral Sequence
Wrapper

vector_c<T,c1,¢2,... cp>::value_type Identical toT; seelntegral Sequence Wrapper

vectorn_c<T,c1,c2,... cp>::value_type

Example

typedef vector_c<int,1,2,3,5,7,12,19,31> fibonacci;
typedef push_back<fibonacci,int_<50> >::type fibonacci?2;

BOOST_MPL_ASSERT_RELATION( front<fibonacci2>::type::value, ==, 1 );
BOOST_MPL_ASSERT_RELATION( back<fibonacci2>::type::value, ==, 50 );
See also

Sequencedntegral Sequence Wrappekctor, integral _c, set_c, list_c, range_c

1.2.8 list c
Description

list_c is anintegral Sequence Wrappfar 1ist. As such, it shares allist characteristics and requirements, and
differs only in the way the original sequence content is specified.

Header
Sequence form Header
Variadic #include <boost/mpl/list_c.hpp>
Numbered #include <boost/mpl/list/listn_c.hpp>
Model of

— Integral Sequence Wrapper
— Variadic Sequence

— Forward Sequence

— Extensible Sequence

— Front Extensible Sequence

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defined.in
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Expression Semantics

list_c<T,c1,¢c2,... cp> A list of integral constant wrappetsitegral c<T,C1>,

listn_c<T,c1,c2,... cp> integral_c<T,Cp>, ... integral_c<T,c,>; seelntegral
Sequence Wrapper

list_c<T,c1,¢2,... cp>::type Identical to listn< integral_c<T,C;>, integral_ -

listn_c<T,cq1,c2,... cp>::type c<T,Cp>, ... integral_c<T,Cy> >; seelntegral Sequence
Wrapper

list_c<T,c1,¢c2,... cp>::value_type Identical toT; seelntegral Sequence Wrapper

listn_c<T,c1,c2,... cp>::value_type

Example

typedef list_c<int,1,2,3,5,7,12,19,31> fibonacci;
typedef push_front<fibonacci,int_<1> >::type fibonacci?2;

BOOST_MPL_ASSERT_RELATION( front<fibonacci2>::type::value, ==, 1 );

See also

Sequencesdntegral Sequence Wrappérist, integral_c, vector_c, set_c, range_c

1.29 setc
Description

set_c is anintegral Sequence Wrappfar set. As such, it shares aflet characteristics and requirements, and differs
only in the way the original sequence content is specified.

Header
Sequence form Header
Variadic #include <boost/mpl/set_c.hpp>
Numbered #include <boost/mpl/set/setn_c.hpp>
Model of

— Variadic Sequence
— Associative Sequence

— Extensible Associative Sequence

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defired in

Expression Semantics

set_c<T,c1,¢c2,... cp> A set of integral constant wrapperstegral _c<T,C1>,

setn_c<T,c1,c2,... cp> integral_c<T,Cp>, ... integral_c<T,Cy>; seelntegral
Sequence Wrapper
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Expression Semantics
set_c<T,c1,c2,... cp>::type Identical to setn< integral_c<T,C;>, integral -
setn_c<T,c1,C2,... cp>::type c<T,C2>, ... integral_c<T,Cy> >; seelntegral Sequence
Wrapper
set_c<T,c1,¢2,... cp>::value_type Identical toT; seelntegral Sequence Wrapper
setn_c<T,c1,¢c2,... cp>::value_type
Example

typedef set_c< int,1,3,5,7,9 > odds;

BOOST_MPL_ASSERT_RELATION( size<odds>::value, ==, 5 );
BOOST_MPL_ASSERT_NOT(( empty<odds> ));

BOOST_MPL_ASSERT(( has_key< odds, integral_c<int,5> > ));
BOOST_MPL_ASSERT_NOT(( has_key< odds, integral_c<int,4> > ));
BOOST_MPL_ASSERT_NOT(( has_key< odds, integral_c<int,15> > ));

See also

Sequencedntegral Sequence Wrappekt, integral _c, vector_c, list_c, range_c

1.3 Views

A viewis a sequence adaptor delivering an altered presentation of one or more underlying sequences. Views are lazy,
meaning that their elements are only computed on demand. Similarly to the shortioigazat operationgndeval _-

if, views make it possible to avoid premature errors and inefficiencies from computations whose results will never be
used. When approached with views in mind, many algorithmic problems can be solved in a simpler, more conceptually
precise, more expressive way.

1.3.1 empty_sequence
Synopsis

struct empty_sequence
{
// unspecified
/...
I

Description

Represents a sequence containing no elements.

Header

#include <boost/mpl/empty_sequence.hpp>
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Expression semantics
The semantics of an expression are defined only where they differ from, or are not deftegdliom Access Sequence

In the following tables is an instance oémpty_sequence.

Expression Semantics

empty_sequence An emptyRandom Access Sequence

size<s>::type size<s>::value == 0; seeRandom Access Sequence
Example

typedef begin<empty_sequence>::type first;
typedef end<empty_sequence>::type last;

BOOST_MPL_ASSERT(( is_same<first,last> ));
BOOST_MPL_ASSERT_RELATION( size<empty_sequence>::value, ==, 0 );

typedef transform_view<
empty_sequence
, add_pointer<_>
> empty_view;

BOOST_MPL_ASSERT_RELATION( size<empty_sequence>::value, ==, 0 );

See also

Sequenceéﬁewmzvector,1ist,single_view

1.3.2 filter_view
Synopsis

template<
typename Sequence
, typename Pred
>

struct filter_view
{
// unspecified
/...
};

Description

A view into a subset ofequence’s elements satisfying the predicateed.

Header

#include <boost/mpl/filter_view.hpp>
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Model of

— Forward Sequence

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to wrap.
Pred UnaryLambda Expression A filtering predicate.

Expression semantics
Semantics of an expression is defined only where it differs from, or is not defirkemhivard Sequence

In the following tabley is an instance ofilter_view, s is an arbitraryForward Sequen¢@red is an unaryLambda
Expression

Expression Semantics

filter_view<s,pred> A lazy Forward Sequencsequence of all the elements in the

filter_view<s,pred>::type range pegin<s>: :type, end<s>::type) that satisfy the predi-
catepred.

size<v>::type The size of v size<v>::value == count_-
if<s,pred>: :value; linear complexity; se€orward Sequence

Example
Find the largest floating type in a sequence.

typedef vector<int,float,long,float,char[50],long double,char> types;
typedef max_element<
transform_view< filter_view< types,boost::is_float<_> >, size_of<_> >
>::type iter;

BOOST_MPL_ASSERT(( is_same< deref<iter::base>::type, long double > ));

See also

SequenceSﬁGME;transform_view,joint_view,zip_view,iterator_range

1.3.3 iterator_range
Synopsis

template<
typename First
, typename Last
>
struct iterator_range
{
// unspecified
/...
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};

Description

A view into subset of sequence elements identified by a pair of iterators.

Header

#include <boost/mpl/fold.hpp>

Model of

— Forward Bidirectional or Random Access Sequencepending on the category of the underlaying iterators.

Parameters
Parameter Requirement Description
First, Last Forward Iterator Iterators identifying the view’s boundaries.

Expression semantics
The semantics of an expression are defined only where they differ from, or are not defiwed/iamd Sequence

In the following table,v is an instance ofterator_range, first andlast are iterators into &orward Sequence
and [first, 1ast) form a valid range.

Expression Semantics

iterator_range<first,last> A lazy sequence all the elements in the ranfierkt, last).
iterator_range<first,last>::type

Example

typedef range_c<int,0,100> r;
typedef advance_c< begin<r>::type,10 >::type first;
typedef advance_c< end<r>::type,-10 >::type last;

BOOST_MPL_ASSERT(( equal<
iterator_range<first,last>
, range_c<int,10,90>

>));

See also

Sequenced/iews, filter_view, transform_view, joint_view, zip_view, max_element

1.3.4 joint_view
Synopsis

template<
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typename Sequencel

, typename Sequence2
>

struct joint_view

{
// unspecified
/...

+;

Description

A view into the sequence of elements formed by concatenadtngencel andSequence?2 elements.

Header

#include <boost/mpl/joint_view.hpp>

Model of

— Forward Sequence

Parameters
Parameter Requirement Description
Sequencel, Sequence? Forward Sequence Sequences to create a view on.

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defimed/and Sequence

In the following tabley is an instance ofoint_view, s1 ands2 are arbitraryForward Sequense

Expression Semantics

joint_view<sl,s2> A lazy Forward Sequenceof all the elements in the ranges

joint_view<sl,s2>::type [begin<s1>: :type, end<s1>: :type), [begin<s2>: :type,
end<s2>: :type).

size<v>::type The size of wv; size<v>::value == size<sl1>::value +
size<s2>::value; linear complexity; se€orward Sequence

Example

typedef joint_view<
range_c<int,0,10>
, range_c<int,10,15>
> numbers;

BOOST_MPL_ASSERT(( equal< numbers, range_c<int,0,15> > ));
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See also

SequenceQAGME;filter_view,transform_view,zip_view,iterator_range

1.3.5 single_view

Synopsis
template<
typename T
>
struct single_view
{
// unspecified
/...
};
Description

A view onto an arbitrary typ& as on a single-element sequence.

Header

#include <boost/mpl/single_view.hpp>

Model of

— Random Access Sequence

Parameters
Parameter Requirement Description
T Any type The type to be wrapped in a sequence.

Expression semantics
The semantics of an expression are defined only where they differ from, or are not deftedliom Access Sequence

In the following tabley is an instance ofingle_view, x iS an arbitrary type.

Expression Semantics

single_view<x> A single-element Random Access Sequencer such that

single_view<x>::type front<v>::type is identical tox.

size<v>::type The size ofv; size<v>: :value == 1; seeRandom Access Sequence
Example

typedef single_view<int> view;
typedef begin<view>::type first;
typedef end<view>::type last;
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BOOST_MPL_ASSERT(( is_same< deref<first>::type,int > ));
BOOST_MPL_ASSERT(( is_same< next<first>::type,last > ));
BOOST_MPL_ASSERT(( is_same< prior<last>::type,first > ));

BOOST_MPL_ASSERT_RELATION( size<view>::value, ==, 1 );

See also

Sequenced/iews, iterator_range, filter_view, transform_view, joint_view, zip_view

1.3.6 transform_view
Synopsis

template<
typename Sequence
, typename F
>

struct transform_view
{
// unspecified
/...
};

Description

A view the full range oSequence’s transformed elements.

Header

#include <boost/mpl/transform_view.hpp>

Model of

— Forward Sequence

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to wrap.
F UnaryLambda Expression A transformation.

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defiwed/and Sequence

In the following table,v is an instance ofransform_view, s is an arbitraryForward Sequencandf is an unary
Lambda Expressian
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Expression Semantics
transform_view<s,f> A lazy Forward Sequencesuch that for eachi in the range
transform_view<s,f>::type [begin<v>: :type, end<v>::type) and eachj in for in the range

[begin<s>: :type, end<s>::type) deref<i>: :type is identical to
apply< f, deref<j>::type >::type.

size<v>::type The size ofv; size<v>::value == size<s>::value; linear com-
plexity; seeForward Sequence

Example
Find the largest type in a sequence.

typedef vector<int,long,char,char[50],double> types;
typedef max_element<
transform_view< types, size_of<_> >
>::type iter;

BOOST_MPL_ASSERT_RELATION( deref<iter>::type::value, ==, 50 );

See also

SequenceSﬁGME;filter_view,joint_view,zip_view,iterator_range

1.3.7 zip_view
Synopsis

template<
typename Sequences
>

struct zip_view
{
// unspecified
/...
};
Description

Provides a “zipped” view onto several sequences; that is, represents several sequences as a single sequence of elemer
each of which, in turn, is a sequence of the correspongiérgiences’ elements.

Header

#include <boost/mpl/zip_view.hpp>

Model of

— Forward Sequence

Parameters
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Parameter Requirement Description
Sequences A Forward Sequencef Forward Sequense Sequences to be “zipped”.

Expression semantics
The semantics of an expression are defined only where they differ from, or are not defiwed/iand Sequence

In the following tabley is an instance afip_view, seq aForward Sequencef n Forward Sequense

Expression Semantics
zip_view<seq> A lazy Forward Sequence such that for each in [begin<v>: :type,
zip_view<seq>::type end<v>::type) and for each j in [begin<seqg>::type,

end<seq>::type) deref<i>::type is identical to transform<
deref<j>::type, deref<_1> >::type.

size<v>::type The size ofv; size<v>: :value is equal to
deref< min_element<
transform_view< seq, size<_1> >
>::type >::type::value;
linear complexity; se€orward Sequence

Example
Element-wise sum of three vectors.

typedef vector_c<int,1,2,3,4,5> vi;
typedef vector_c<int,5,4,3,2,1> v2;
typedef vector_c<int,1,1,1,1,1> v3;

typedef transform_view<
zip_view< vector<vl,v2,v3> >
, unpack_args< plus<_1,_2,_3> >
> sum;

BOOST_MPL_ASSERT(( equal< sum, vector_c<int,7,7,7,7,7> > ));

See also

SequenceS/iews filter_view, transform_view, joint_view, single_view, iterator_range

1.4 Intrinsic Metafunctions

The metafunctions that form the essential interface of sequelassesdocumented in the correspondisgquence
conceptsare known asgntrinsic sequence operation3 hey differ from generisequence algorithnia that, in general,
they need to be implemented from scratch for each new sequenc®.class

It's worth noting that STL counterparts of these metafunctions are usually implemented as member functions.

Din practice, many of intrinsic metafunctions offer a default implementation that will work in majority of cases, given that you've implemented the
core functionality they rely on (such asgin / end).
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141 at
Synopsis

template<
typename Sequence
, typename N
>

struct at

{
typedef unspecified type;
I

template<
typename AssocSeq
, typename Key
, typename Default = unspecified
>
struct at

{
typedef unspecified type;
I

Description

at is anoverloaded name
— at<Sequence, N> returns thel-th element from the beginning of th®rward Sequenc&equence.

— at<AssocSeq,Key,Default> returns the first element associated viitly in the Associative Sequendessoc-
Seq, orDefault if no such element exists.

Header

#include <boost/mpl/at.hpp>

Model of
Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to be examined.
AssocSeq Associative Sequence A sequence to be examined.
N Integral Constant An offset from the beginning of the sequence specify
the element to be retrieved.
Key Any type A key for the element to be retrieved.
Default Any type A default value to return if the element is not found.

Revision Date: 15th November 2004




1.4 Intrinsic Metafunctions Sequences 40

Expression semantics
For anyForward Sequence, andintegral Constant:

typedef at<s,n>::type t;

Return type: A type.

Precondition: 0 <= n::value < size<s>::value.

Semantics: Equivalent to

typedef deref< advance< begin<s>::type,n >::type >::type t;

For anyAssociative Sequence and arbitrary typekey andx:

typedef at<s,key,x>::type t;

Return type: A type.

Semantics: If has_key<s,key>::value == true, t is the value type associated witky; otherwiset
is identical tox.

typedef at<s,key>::type t;
Return type: A type.
Semantics: Equivalent to

typedef at<s,key,void_>::type t;

Complexity
Sequence archetype Complexity
Forward Sequence Linear.
Random Access Sequence Amortized constant time.
Associative Sequence Amortized constant time.
Example

typedef range_c<long,10,50> range;

BOOST_MPL_ASSERT_RELATION( (at< range, int_<0> >::value), ==, 10 );
BOOST_MPL_ASSERT_RELATION( (at< range, int_<10> >::value), ==, 20 );
BOOST_MPL_ASSERT_RELATION( (at< range, int_<40> >::value), ==, 50 );

typedef set< int const,long*,double > s;

BOOST_MPL_ASSERT(( is_same< at<s,char>::type, void_ > ));
BOOST_MPL_ASSERT(( is_same< at<s,int>::type, int > ));

See also

Forward Sequeng®andom Access Sequenéessociative Sequencet_c, front, back
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142 atc
Synopsis

template<

typename Sequence

, long n

>
struct at_c

{

typedef unspecified type;

};

Description

Returns a type identical to theth element from the beginning of the sequeree.c<Sequence ,n>: : type is a shorcut
notation forat< Sequence, long_<n> >::type.

Header

#include <boost/mpl/at.hpp>

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to be examined.
n A compile-time integral constant An offset from the beginning of the sequence spec
ing the element to be retrieved.

Expression semantics

typedef at_c<Sequence,n>::type t;

Return type: A type

Precondition: 0 <= n < size<Sequence>::value

Semantics: Equivalent to

typedef at< Sequence, long_<n> >::type t;

Complexity

Sequence archetype

Complexity

Forward Sequence

Linear.

Random Access Sequence

Amortized constant time.

Example
typedef range_c<long,10,50> range;
BOOST_MPL_ASSERT_RELATION( (at_c< range,0 >::value), ==, 10 );
BOOST_MPL_ASSERT_RELATION( (at_c< range,10 >::value), ==, 20 );
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BOOST_MPL_ASSERT_RELATION( (at_c< range,40 >::value), ==, 50 );

See also

Forward Sequeng®andom Access Sequenee, front, back

1.4.3 back
Synopsis

template<
typename Sequence
>

struct back

{
typedef unspecified type;
};

Description

Returns the last element in the sequence.

Header

#include <boost/mpl/back.hpp>

Model of
Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
Sequence Bidirectional Sequence A sequence to be examined.

Expression semantics
For anyBidirectional Sequence:
typedef back<s>::type t;
Return type: A type.
Precondition: empty<s>::value == false.

Semantics: Equivalent to

typedef deref< prior< end<s>::type >::type >::type t;

Complexity

Amortized constant time.
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Example

typedef range_c<int,0,1> rangel;
typedef range_c<int,0,10> range2;
typedef range_c<int,-10,0> range3;

BOOST_MPL_ASSERT_RELATION( back<rangel>::value, ==, 0
BOOST_MPL_ASSERT_RELATION( back<range2>::value, ==, 9

BOOST_MPL_ASSERT_RELATION( back<range3>::value, ==, -1 );

See also

Bidirectional Sequenge&ront, push_back, end, deref, at

1.4.4 begin
Synopsis

template<

typename X

>
struct begin

{

typedef unspecified type;

};

Description

Returns an iterator that points to the first element of the sequence. If the argument Banakad Sequenceeturns

void_.

Header

#include <boost/mpl/begin_end.hpp>

Model of

Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
X Any type A type whose begin iterator, if any, will be returned.

Expression semantics

For any arbitrary type:

typedef begin<x>::type first;

Return type: Forward Iteratoor void_.
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Semantics: If x is aForward Sequenceéirst is an iterator pointing to the first element gif otherwise
firstisvoid_.

Postcondition: If first is an iterator, it is either dereferenceable or past-the-end; it is past-the-end if and
only if size<x>::value ==

Complexity

Amortized constant time.

Example

typedef vector< unsigned char,unsigned short,
unsigned int,unsigned long > unsigned_types;

typedef begin<unsigned_types>::type iter;
BOOST_MPL_ASSERT(( is_same< deref<iter>::type, unsigned char > ));

BOOST_MPL_ASSERT(( is_same< begin<int>::type, void_ > ));

See also

Iterators Forward Sequencend, size, empty

1.45 clear
Synopsis

template<
typename Sequence
>
struct clear

{
typedef unspecified type;
I

Description

Returns an empty sequenoencept-identicalo Sequence.

Header

#include <boost/mpl/clear.hpp>

Model of

Tag Dispatched Metafunction

Parameters
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Parameter Requirement Description

Sequence Extensible Sequena® Extensible Associa; A sequence to get an empty “copy” of.
tive Sequence

Expression semantics
For anyExtensible Sequena# Extensible Associative Sequence
typedef clear<s>::type t;
Return type: Extensible Sequena® Extensible Associative Sequence
Semantics: Equivalent to
typedef erase< s, begin<s>::type, end<s>::type >::type t;

Postcondition: empty<s>::value == true.

Complexity

Amortized constant time.

Example

typedef vector_c<int,1,3,5,7,9,11> odds;
typedef clear<odds>::type nothing;

BOOST_MPL_ASSERT (( empty<nothing> ));

See also

Extensible SequencExtensible Associative Sequenegase, empty, begin, end

1.4.6 empty
Synopsis

template<

typename Sequence
>

struct empty
{

typedef unspecified type;
+;

Description

Returns arintegral Constant such thak: : value == true if and only if the sequence is empty.

Header

#include <boost/mpl/empty.hpp>
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Model of

Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to test.

Expression semantics
For anyForward Sequence
typedef empty<s>::type c;

Return type: Booleanintegral Constant

Semantics: Equivalent totypedef is_same< begin<s>::type,end<s>::type >::type c;.

Postcondition: empty<s>::value == ( size<s>::value == 0 ).

Complexity

Amortized constant time.

Example

typedef range_c<int,0,0> empty_range;
typedef vector<long,float,double> types;

BOOST_MPL_ASSERT( empty<empty_range> );
BOOST_MPL_ASSERT_NOT( empty<types> );

See also

Forward Sequencéntegral Constanisize, begin / end

1.4.7 end
Synopsis

template<
typename X
>

struct end
{

typedef unspecified type;
s

Description

Returns the sequence’s past-the-end iterator. If the argument idHootvard Sequencgeeturnsvoid_.
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Header

#include <boost/mpl/begin_end.hpp>

Model of

Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
X Any type A type whose end iterator, if any, will be returned.

Expression semantics

For any arbitrary type:
typedef end<x>::type last;
Return type: Forward Iteratoor void_.

Semantics: If x is Forward Sequenc¢éast is an iterator pointing one past the last elemeny;intherwise
last isvoid_.

Postcondition: If 1ast is an iterator, it is past-the-end.

Complexity

Amortized constant time.

Example

typedef vector<long> v;
typedef begin<v>::type first;
typedef end<v>::type last;

BOOST_MPL_ASSERT(( is_same< next<first>::type, last > ));

See also

Iterators Forward Sequen¢®egin, end, next

1.4.8 erase
Synopsis

template<
typename Sequence
, typename First
, typename Last = unspectified
>
struct erase
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{

typedef unspecified type;

};

Description

erase performs a removal of one or more adjacent elements in the sequence starting from an arbitrary position.

Header

#include <boost/mpl/erase.hpp>

Model of

Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
Sequence Extensible Sequenae Extensible Asso-| A sequence to erase from.
ciative Sequence
First Forward Iterator An iterator to the beginning of the range to be eras
Last Forward Iterator An iterator past-the-end of the range to be erased.

Expression semantics

For anyExtensible Sequence and iteratorpos, first andlast into s:

typedef erase<s,first,last>::type r;

Return type: Extensible Sequence

Precondition: [first,last) is a valid range irs.

Semantics: r is a new sequencepncept-identicato s, of the following elements: Hegin<s>: : type,
pos), [last, end<s>: :type).

Postcondition: The relative order of the elementsins the same as ig;

size<r>::value == size<s>::value - distance<first,last>::value

typedef erase<s,pos>::type r;

Return type: Extensible Sequence

Precondition: pos is a dereferenceable iteratorsn

Semantics: Equivalent to

typedef erase< s,pos,next<pos>::type >::type r;

For anyExtensible Associative Sequenggeand iteratopos into s:

typedef erase<s,pos>::type r;

Return type: Extensible Sequence
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Precondition: pos is a dereferenceable iteratordo

Semantics: Erases the element at a specific positiggos; equivalent to erase_key<s,
deref<pos>::type >::type.

Postcondition: size<r>::value == size<s>::value - 1.
Complexity
Sequence archetype Complexity (the range form)
Extensible Associative Sequence Amortized constant time.
Extensible Sequence Quadratic in the worst case, linear at best.
Example

typedef vector_c<int,1,0,5,1,7,5,0,5> values;
typedef find< values, integral_c<int,7> >::type pos;
typedef erase<values,pos>::type result;

BOOST_MPL_ASSERT_RELATION( size<result>::value, ==, 7 );

typedef find<result, integral_c<int,7> >::type iter;
BOOST_MPL_ASSERT(( is_same< iter, end<result>::type > ));

See also

Extensible SequencExtensible Associative Sequenegase_key, pop_front, pop_back, insert

1.4.9 erase_key
Synopsis

template<
typename AssocSeq
, typename Key
>

struct erase_key
{
typedef unspecified type;
+;
Description

Erases elements associated with thekey in the Extensible Associative SequentesocSeq .

Header

#include <boost/mpl/erase_key.hpp>
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Model of

Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
AssocSeq Extensible Associative Sequence A sequence to erase elements from.
Key Any type A key for the elements to be removed.

Expression semantics

For anyExtensible Associative Sequengeand arbitrary typéey:

typedef erase_key<s,key>::type r;

Return type: Extensible Associative Sequence

Semantics: r is concept-identicand equivalent t@ except thahas_key<r,k>::value == false.

Postcondition: size<r>::value == size<s>::value - 1.

Complexity

Amortized constant time.

Example

typedef map< pair<int,unsigned>, pair<char,long> > m;
typedef erase_key<m,char>::type ml;

BOOST_MPL_ASSERT_RELATION( size<ml>::type::value, ==, 1 );
BOOST_MPL_ASSERT(( is_same< at<ml,char>::type,void_ > ));
BOOST_MPL_ASSERT(( is_same< at<ml,int>::type,unsigned > ));

See also

Extensible Associative Sequenegase, has_key, insert

1.4.10 front

Synopsis

template<

typename Sequence

>

struct front

{

typedef unspecified type;

};
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Description

Returns the first element in the sequence.

Header

#include <boost/mpl/front.hpp>

Model of

Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to be examined.

Expression semantics
For anyForward Sequence
typedef front<s>::type t;
Return type: A type.
Precondition: empty<s>::value == false.
Semantics: Equivalent to

typedef deref< begin<s>::type >::type t;

Complexity

Amortized constant time.

Example

typedef list<long>::type typesi;
typedef list<int,long>::type types2;
typedef list<char,int,long>::type types3;

BOOST_MPL_ASSERT(( is_same< front<typesl>::type, long > ));

BOOST_MPL_ASSERT(( is_same< front<types2>::type, int> ));
BOOST_MPL_ASSERT(( is_same< front<types3>::type, char> ));

See also

Forward Sequen¢@ack, push_front, begin, deref, at
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1.4.11 has_key
Synopsis

template<
typename Sequence
, typename Key
>

struct has_key
{

typedef unspecified type;
I

Description

Returns a true-valuelditegral Constanif Sequence contains an element with kégey.

Header

#include <boost/mpl/has_key.hpp>

Model of
Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
Sequence Associative Sequence A sequence to query.
Key Any type The queried key.

Expression semantics

For anyAssociative Sequence and arbitrary typ&ey:
typedef has_key<s,key>::type c;
Return type: Booleanintegral Constant

Semantics: c: :value == true if key is in s's set of keys; otherwise: :value == false.

Complexity

Amortized constant time.

Example

typedef map< pair<int,unsigned>, pair<char,long> > m;
BOOST_MPL_ASSERT_NOT(( has_key<m,long> ));

typedef insert< m, pair<long,unsigned long> > mil;
BOOST_MPL_ASSERT(( has_key<m1l,long> ));
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See also

Associative Sequenceount, insert, erase_key

1.4.12 insert
Synopsis

template<

typename Sequence
, typename Pos
, typename T

>

struct insert

{

typedef unspecified type;

};

template<

typename Sequence
, typename T

>

struct insert

{

typedef unspecified type;

};

Description

insert is anoverloaded name

— insert<Sequence,Pos,T> performs an insertion of type at an arbitrary positio®os in Sequence. Pos is

ignored isSequence is a model ofExtensible Associative Sequence

— insert<Sequence,T> iS a shortcut notation fotnsert<Sequence,Pos,T> for the case wheBequence is a
model ofExtensible Associative Sequence

Header

#include <boost/mpl/insert.hpp>

Model of

Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
Sequence Extensible Sequenar Extensible Asso{ A sequence to insert into.

ciative Sequence
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Parameter Requirement Description

Pos Forward Iterator An iterator inSequence specifying the insertion pot
sition.

T Any type The element to be inserted.

Expression semantics

For anyExtensible Sequencs iteratorpos in s, and arbitrary type:
typedef insert<s,pos,x>::type r;
Return type: Extensible Sequence
Precondition: pos is an iterator irs.

Semantics: r is a sequencesoncept-identicalo s, of the following elements:tegin<s>: : type, pos),
%, [pos, end<s>: :type).

Postcondition: The relative order of the elementsairis the same as is.
at< r, distance< begin<s>::type,pos >::type >::type
is identical tox;
size<r>::value == size<s>::value + 1;
For anyExtensible Associative Sequenggdteratorpos in s, and arbitrary typec:
typedef insert<s,x>::type r;
Return type: Extensible Associative Sequence

Semantics: r is concept-identicaland equivalent tos, except thatat< r, key_type<s,x>::type
>: :type is identical tovalue_type<s,x>: :type.

Postcondition: size<r>::value == size<s>::value + 1.
typedef insert<s,pos,x>::type r;

Return type: Extensible Associative Sequence
Precondition: pos is an iterator ins.

Semantics: Equivalent totypedef insert<s,x>::type r;pos isignored.

Complexity

Sequence archetype Complexity

Extensible Associative Sequence Amortized constant time.

Extensible Sequence Linear in the worst case, or amortized constant time.
Example

typedef vector_c<int,0,1,3,4,5,6,7,8,9> numbers;
typedef find< numbers,integral_c<int,3> >::type pos;
typedef insert< numbers,pos,integral_c<int,2> >::type range;

BOOST_MPL_ASSERT_RELATION( size<range>::value, ==, 10 );
BOOST_MPL_ASSERT(( equal< range,range_c<int,0,10> > ));
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typedef map< mpl::pair<int,unsigned> > m;
typedef insert<m,mpl::pair<char,long> >::type ml;

BOOST_MPL_ASSERT_RELATION( size<mi>::value, ==, 2 );
BOOST_MPL_ASSERT(( is_same< at<ml,int>::type,unsigned > ));
BOOST_MPL_ASSERT(( is_same< at<ml,char>::type,long > ));

See also

Extensible SequencExtensible Associative Sequendesert_range, push_front, push_back, erase

1.4.13 insert_range
Synopsis

template<
typename Sequence

, typename Pos

, typename Range

>
struct insert_range
{

typedef unspecified type;
I

Description

insert_range performs an insertion of a range of elements at an arbitrary position in the sequence.

Header

#include <boost/mpl/insert_range.hpp>

Model of

Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
Sequence Extensible Sequena® Extensible Asso4{ A sequence to insert into.
ciative Sequence
Pos Forward lterator An iterator inSequence specifying the insertion por
sition.
Range Forward Sequence The range of elements to be inserted.

Expression semantics

For anyExtensible Sequence iteratorpos in s, andForward Sequenceange:
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typedef insert<s,pos,range>::type r;
Return type: Extensible Sequence
Precondition: pos is an iterator intcs.

Semantics: r is a sequencesoncept-identicalo s, of the following elements:Hegin<s>: :type, pos),
[begin<r>: :type, end<r>: :type), [pos, end<s>: :type).

Postcondition: The relative order of the elementszins the same as ig;

size<r>::value == size<s>::value + size<range>::value

Complexity

Sequence dependent. Quadratic in the worst case, linear at best; see the particular sequence class’ specification fo
details.

Example

typedef vector_c<int,0,1,7,8,9> numbers;
typedef find< numbers,integral_c<int,7> >::type pos;
typedef insert_range< numbers,pos,range_c<int,2,7> >::type range;

BOOST_MPL_ASSERT_RELATION( size<range>::value, ==, 10 );
BOOST_MPL_ASSERT(( equal< range,range_c<int,0,10> > ));

typedef insert_range<
list0<>
, end< 1listO0<> >::type
, list<int>
>::type result?2;

BOOST_MPL_ASSERT_RELATION( size<result2>::value, ==, 1 );

See also

Extensible Sequencénsert, push_front, push_back, erase

1.4.14 is_sequence
Synopsis

template<

typename X
>

struct is_sequence
{
typedef unspecified type;
};
Description

Returns a booleaimtegral Constant such that: : value == true if and only if X is a model ofForward Sequence
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Header

#include <boost/mpl/is_sequence.hpp>

Parameters
Parameter Requirement Description
X Any type The type to query.

Expression semantics

typedef is_sequence<X>::type c;

Return type: Booleanintegral Constant

Semantics: Equivalent to

typedef not_< is_same< begin<T>::type,void_ > >::type c;

Complexity

Amortized constant time.

Example

struct UDT {I};

BOOST_MPL_ASSERT_NOT(( is_sequence<
BOOST_MPL_ASSERT_NOT(( is_sequence<
BOOST_MPL_ASSERT_NOT(( is_sequence<
BOOST_MPL_ASSERT_NOT(( is_sequence<
BOOST_MPL_ASSERT_NOT(( is_sequence<
BOOST_MPL_ASSERT(( is_sequence< range_c<int,0,0> > ));
BOOST_MPL_ASSERT(( is_sequence< list<> > ));
BOOST_MPL_ASSERT(( is_sequence< list<int> > ));
BOOST_MPL_ASSERT(( is_sequence< vector<> > ));
BOOST_MPL_ASSERT(( is_sequence< vector<int> > ));

See also

std::vector<int> > ));
int > ));
int& > ));
UDT > ));
UDT* > ));

Forward Sequen¢eegin, end, vector, 1ist, range_c

1.4.15 key_type
Synopsis

template<

typename Sequence
, typename X

>

struct key_type

{
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typedef unspecified type;
};

Description

Returns thékey that would be used to identify in Sequence.

Header

#include <boost/mpl/key_type.hpp>

Model of

Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
Sequence Associative Sequence A sequence to query.
X Any type The type to get th&ey for.

Expression semantics
For anyAssociative Sequencs iteratorspos1 andpos2 in s, and an artibrary type:
typedef key_type<s,x>::type k;
Return type: A type.
Precondition: x can be put irs.
Semantics: k is thekey that would be used to identifyin s.

Postcondition: If key_type< s,deref<posl>::type >::type IS identical to key_type<
s,deref<pos2>::type >::type thenposl is identical topos2.

Complexity

Amortized constant time.

Example

typedef key_type< map<>,pair<int,unsigned> >::type kil;
typedef key_type< set<>,pair<int,unsigned> >::type k2;

BOOST_MPL_ASSERT(( is_same< k1,int > ));
BOOST_MPL_ASSERT(( is_same< k2,pair<int,unsigned> > ));

See also

Associative Sequengcealue_type, has_key, set, map
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1.4.16 order
Synopsis

template<
typename Sequence
, typename Key
>
struct order

{
typedef unspecified type;
};
Description

Returns a unique unsignéategral Constanassociated with the keey in Sequence.

Header

#include <boost/mpl/order.hpp>

Model of
Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
Sequence Associative Sequence A sequence to query.
Key Any type The queried key.

Expression semantics
For anyAssociative Sequence and arbitrary typ&ey:
typedef order<s,key>::type n;

Return type: Unsignedntegral Constant

Semantics: If has_key<s,key>::value == true, n iS a unique unsignethtegral Constanassociated

with key in s; otherwisen is identical tovoid._.

Complexity

Amortized constant time.

Example

typedef map< pair<int,unsigned>, pair<char,long> > m;

BOOST_MPL_ASSERT_NOT(( is_same< order<m,int>::type, void_ > ));
BOOST_MPL_ASSERT(( is_same< order<m,long>::type,void_ > ));

Revision Date: 15th November 2004




1.4 Intrinsic Metafunctions Sequences 60

See also

Associative Sequencikas_key, count, map

1.4.17 pop_back

Synopsis
template<
typename Sequence
>
struct pop_back
{
typedef unspecified type;
I
Description

pop_back performs a removal at the end of the sequence with guara@éBaomplexity.

Header

#include <boost/mpl/pop_back.hpp>

Model of
Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
Sequence Back Extensible Sequence A sequence to erase the last element from.

Expression semantics
For anyBack Extensible Sequenee
typedef pop_back<s>::type r;
Return type: Back Extensible Sequence
Precondition: empty<s>::value == false.
Semantics: Equivalent toerase<s, end<s>: : type>: : type;.

Postcondition: size<r>::value == size<s>::value - 1.

Complexity

Amortized constant time.
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Example

typedef
typedef
typedef

typedef
typedef
typedef

BOOST_MPL_ASSERT_RELATION( size<resultl>::value, ==, 0
BOOST_MPL_ASSERT_RELATION( size<result2>::value, ==, 1
BOOST_MPL_ASSERT_RELATION( size<result3>::value, ==, 2

vector<long>::type typesli;
vector<long,int>::type types2;
vector<long,int,char>::type types3;

pop_back<typesl>::type resultl;
pop_back<types2>::type result2;
pop_back<types3>::type result3;

BOOST_MPL_ASSERT(( is_same< back<result2>::type, long> ));
BOOST_MPL_ASSERT(( is_same< back<result3>::type, int > ));

See also

Back Extensible Sequengcerase, push_back, back, pop_front

1.4.18 pop_front

Synopsis
template<
typename Sequence
>
struct pop_front
{
typedef unspecified type;
};
Description

pop_front performs a removal at the beginning of the sequence with guara@@gdomplexity.

Header

#include <boost/mpl/pop_front.hpp>

Model of

Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
Sequence Front Extensible Sequence A sequence to erase the first element from.
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Expression semantics

For anyFront Extensible Sequenee

typedef pop_front<s>::type r;

Return type: Front Extensible Sequence

Precondition: empty<s>::value == false.

Semantics: Equivalent toerase<s,begin<s>: :type>: :type;.

Postcondition: size<r>::value == size<s>::value - 1.

Complexity

Amortized constant time.

Example

typedef
typedef
typedef

typedef
typedef
typedef

BOOST_MPL_ASSERT_RELATION( size<resultl>::value, ==, 0
BOOST_MPL_ASSERT_RELATION( size<result2>::value, ==, 1
BOOST_MPL_ASSERT_RELATION( size<result3>::value, ==, 2

BOOST_MPL_ASSERT(( is_same< front<result2>::type, long > ));
BOOST_MPL_ASSERT(( is_same< front<result3>::type, int > ));

See also

vector<long>::type typesli;
vector<int,long>::type types2;
vector<char,int,long>::type types3;

pop_front<typesl>::type resultl;
pop_front<types2>::type result2;
pop_front<types3>::type result3;

Front Extensible Sequencerase, push_front, front, pop_back

1.4.19 push_back

Synopsis

template<
typename Sequence
, typename T

>

struct push_back

{

typedef unspecified type;

};
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Description

push_back performs an insertion at the end of the sequence with guara@tggdomplexity.

Header

#include <boost/mpl/push_back.hpp>

Model of

Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
Sequence Back Extensible Sequence A sequence to insert into.
T Any type The element to be inserted.

Expression semantics
For anyBack Extensible Sequeneeand arbitrary typex:
typedef push_back<s,x>::type r;
Return type: Back Extensible Sequence
Semantics: Equivalent to
typedef insert< s,end<s>::type,x >::type r;
Postcondition: back<r>: :type is identical tox;

size<r>::value == size<s>::value + 1

Complexity

Amortized constant time.

Example

typedef vector_c<bool,false,false,false,
true,true,true,false,false> bools;

typedef push_back<bools,false_>::type message;

BOOST_MPL_ASSERT_RELATION( back<message>::type::value, ==, false );
BOOST_MPL_ASSERT_RELATION (
( count_if<message, equal_to<_1,false_> >::value ), ==, 6
);
See also

Back Extensible Sequencisert, pop_back, back, push_front
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1.4.20 push_front
Synopsis

template<
typename Sequence
, typename T
>

struct push_front
{

typedef unspecified type;
I

Description

push_front performs an insertion at the beginning of the sequence with guara®{@¢domplexity.

Header

#include <boost/mpl/push_front.hpp>

Model of
Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
Sequence Front Extensible Sequence A sequence to insert into.
T Any type The element to be inserted.

Expression semantics
For anyFront Extensible Sequeneeand arbitrary typex:
typedef push_front<s,x>::type r;
Return type: Front Extensible Sequence
Semantics: Equivalent to
typedef insert< s,begin<s>::type,x >::type r;

Postcondition: size<r>::value == size<s>::value + 1;front<r>::type isidentical tox

Complexity

Amortized constant time.
Example

typedef vector_c<int,1,2,3,5,8,13,21> v;
BOOST_MPL_ASSERT_RELATION( size<v>::value, ==, 7 );
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typedef push_front< v,integral_c<int,1> >::type fibonacci;
BOOST_MPL_ASSERT_RELATION( size<fibonacci>::value, ==, 8 );

BOOST_MPL_ASSERT(( equal<
fibonacci
, vector_c<int,1,1,2,3,5,8,13,21>
, equal_to<_,_>
>));

See also

Front Extensible Sequenciensert, pop_front, front, push_back

1.4.21 sequence_tag

Synopsis

template<
typename X
>
struct sequence_tag
{
typedef unspecified type;
I

Description

sequence_tag is atag metafunctioffior all tag dispatchethtrinsic sequence operatians

Header

#include <boost/mpl/sequence_tag.hpp>

Parameters
Parameter Requirement Description
X Any type A type to obtain a sequence tag for.

Expression semantics

For any arbitrary type:

typedef sequence_tag<x>::type tag;
Return type: A type.

Semantics: tag is an unspecified tag type fer

Complexity

Amortized constant time.
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See also

Intrinsic MetafunctionsTag Dispatched Metafunction

1.4.22 size
Synopsis

template<
typename Sequence
>
struct size

{
typedef unspecified type;
I

Description

size returns the number of elements in the sequence, that is, the number of elements in the range
[begin<Sequence>: :type, end<Sequence>: : type).

Header

#include <boost/mpl/size.hpp>

Model of
Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to query.

Expression semantics
For anyForward Sequence
typedef size<s>::type n;
Return type: Integral Constant
Semantics: Equivalent to
typedef distance< begin<s>::type,end<s>::type >::type n;

Postcondition: n: :value >= 0.
Complexity

The complexity of thesize metafunction directly depends on the implementation of the particular sequence it is applied
to. In the worst casesize guarantees a linear complexity.
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If the s is aRandom Access Sequenedze<s>: : type is anO(1) operation. The opposite is not necessarily true —
for example, a sequence class that mo&elsvard Sequenamight still give us arO(1) size implementation.

Example

typedef 1ist0<> empty_list;
typedef vector_c<int,0,1,2,3,4,5> numbers;
typedef range_c<int,0,100> more_numbers;

BOOST_MPL_ASSERT_RELATION( size<list>::value, ==, 0 );

BOOST_MPL_ASSERT_RELATION( size<numbers>::value, ==, 5 );

BOOST_MPL_ASSERT_RELATION( size<more_numbers>::value, ==, 100 );
See also

Forward Sequenc&®andom Access Sequeneapty, begin, end, distance

1.4.23 value_type
Synopsis

template<
typename Sequence
, typename X
>

struct value_type
{

typedef unspecified type;
+;

Description

Returns thevaluethat would be used for elemeRin Sequence.

Header

#include <boost/mpl/value_type.hpp>

Model of

Tag Dispatched Metafunction

Parameters
Parameter Requirement Description
Sequence Associative Sequence A sequence to query.
X Any type The type to get thealuefor.
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Expression semantics
For anyAssociative Sequence and an artibrary type:
typedef value_type<s,x>::type V;
Return type: A type.
Precondition: x can be put irs.
Semantics: v is thevaluethat would be used fat in s.
Postcondition: If .. parsed-literal:
has_key< s,key_type<s,x>::type >::type
then .. parsed-literal:
at< s,key_type<s,x>::type >::type

is identical tovalue_type<s,x>: :type.

Complexity

Amortized constant time.

Example

typedef value_type< map<>,pair<int,unsigned> >::type vil;
typedef value_type< set<>,pair<int,unsigned> >::type v2;

BOOST_MPL_ASSERT(( is_same< v1,unsigned > ));
BOOST_MPL_ASSERT(( is_same< v2,pair<int,unsigned> > ));

See also

Associative Sequengckey_type, at, set, map
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Iterators are generic means of addressing a particular element or a range of sequential elements in a sequence. They at
also a mechanism that makes it possible to decaoaiplerithmsfrom concrete compile-timgequence implementatians

Under the hood, all MPL sequence algorithms are implemented in terms of iterators. In particular, that means that they
will work on any custom compile-time sequence, given that the appropriate iterator inteface is provided.

2.1 Concepts

All iterators in MPL are classified into three iterator conceptscanegories, named according to the type of traversal
provided. The categories arBorward IteratorBidirectional Iterator andRandom Access IteratoiThe concepts are
hierarchical: Random Access lteratds a refinement oBidirectional Iteratoy which, in its turn, is a refinement of
Forward Iteratar

Because of the inherently immutable nature of the value access, MPL iterators escape the problems of the traversal-only
categorization discussed at lengthiin 5.

2.1.1 Forward Iterator
Description

A Forward lterator is a type that represents a positional reference to an elemerf@fard Sequencdt allows to
access the element through a dereference operation, and provides a way to obtain an iterator to the next element in g
sequence.

Definitions
— An iterator can belereferenceable, meaning thaleref<i>: : type is a well-defined expression.

— An iterator is past-the-end if it points beyond the last element of a sequence; past-the-end iterators are non-
dereferenceable.

— An iteratori is incrementable if there is a “next” iterator, that is, iiext<i>: : type expression is well-defined,;
past-the-end iterators are not incrementable.

— Two iterators into the same sequence apgivalent if they have the same type.

— An iterator j is reachable from an iteratori if , after recursive application afext metafunction toi a finite
number of timesi is equivalent tgj.

— The notation {,j) refers to arange of iterators beginning with and up to but not including.

— Therange{,j) is avalid range if j is reachable from.

Expression requirements
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Expression Type Complexity
deref<i>: :type Any type Amortized constant time
next<i>::type Forward Iterator Amortized constant time
i::category Integral Constantconvertible tof orward_itera- | Constanttime

tor_tag

Expression semantics
typedef deref<i>::type j;
Precondition: i is dereferenceable
Semantics: j is identical to the type of the pointed element
typedef next<i>::type j;
Precondition: i is incrementable
Semantics: j is the next iterator in a sequence
Postcondition: j is dereferenceable or past-the-end
typedef i::category c;

Semantics: c is identical to the iterator’s category tag

Invariants

For any forward iterators and j the following invariants always hold:
— i andj are equivalent if and only if they are pointing to the same element.
— If i is dereferenceable, arjds equivalent tai, thenj is dereferenceable as well.
— If i andj are equivalent and dereferenceable, theref<i>: : type andderef<j>: :type are identical.
— If i isiincrementable, anglis equivalent tai, thenj is incrementable as well.

— If 1 andj are equivalent and incrementable, thest<i>: : type andnext<j>: : type are equivalent.

See also

Iterators Bidirectional Iteratoy Forward Sequencgéeref, next

2.1.2 Bidirectional lterator
Description

A Bidirectional Iteratoris a Forward Iteratorthat provides a way to obtain an iterator to the previous element in a
sequence.

Refinement of

Forward lterator
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Definitions

— a bidirectional iteratot is decrementable if there is a “previous” iterator, that is, frior<i>: : type expression
is well-defined; iterators pointing to the first element of the sequence are not decrementable.

Expression requirements

In addition to the requirements definedrorward Iteratorthe following requirements must be met.

Expression Type Complexity

next<i>::type Bidirectional Iterator Amortized constant time

prior<i>::type Bidirectional Iterator Amortized constant time

i::category Integral Constant convertible to bidirec- | Constant time
tional_iterator_tag

Expression semantics
typedef prior<i>::type j;
Precondition: i is decrementable
Semantics: j is an iterator pointing to the previous element of the sequence

Postcondition: j is dereferenceable and incrementable

Invariants
For any bidirectional iterators and j the following invariants always hold:

— If i is incrementable, theprior< next<i>::type >::type is a null operation; similarly, ifi is decre-
mentablenext< prior<i>::type >::type is a null operation.

See also

Iterators Forward IteratorRandom Access IterataBidirectional Sequenggrior

2.1.3 Random Access lterator
Description

A Random Access lteratds a Bidirectional Iteratorthat provides constant-time guarantees on moving the iterator
an arbitrary number of positions forward or backward and for measuring the distance to another iterator in the same
sequence.

Refinement of

Bidirectional Iterator

Expression requirements

In addition to the requirements definedBidirectional Iteratorthe following requirements must be met.
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Expression Type Complexity

next<i>::type Random Access Iterator Amortized constant time

prior<i>::type Random Access Iterator Amortized constant time

i::category Integral Constant convertible torandom_ac- | Constanttime
cess_iterator_tag

advance<i,n>: :type Random Access lterator Amortized constant time

distance<i, j>::type Integral Constant Amortized constant time

Expression semantics
typedef advance<i,n>::type j;
Semantics: Seeadvance specification
typedef distance<i,j>::type n;

Semantics: Seedistance specification

Invariants
For any random access iteratarand j the following invariants always hold:

— If advance<i,n>::type is well-defined, thenadvance< advance<i,n>::type, negate<n>::type
>::type is a null operation.

See also

Iterators Bidirectional IteratoyRandom Access Sequenedvance, distance

2.2 lterator Metafunctions
2.2.1 advance
Synopsis

template<
typename Iterator
, typename N
>
struct advance

{
typedef unspecified type;
};

Description

MovesIterator by the distancé. Forbidirectionalandrandom accesdterators, the distance may be negative.

Header

#include <boost/mpl/advance.hpp>
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Parameters
Parameter Requirement Description
Iterator Forward Iterator An iterator to advance.
N Integral Constant A distance.

Model Of

Tag Dispatched Metafunction

Expression semantics
For aForward Iteratos ter and arbitraryintegral Constant:
typedef advance<iter,n>::type j;
Return type: Forward Iteratar
Precondition: If Iterator is aForward Iteratorn: : value must be nonnegative.
Semantics: Equivalent to:
typedef iter iO;
typedef next<iO>::type il;
é&éedef next<in-1>::type j;
if n: :value > 0, and
typedef iter iO;
typedef prior<iO>::type il;
typedef prior<in-1>::type j;
otherwise.

Postcondition: j is dereferenceable or past-the-endlistance<iter,j>::value == n::value if
n::value > 0,anddistance<j,iter>::value == n::value Otherwise.

Complexity

Amortized constant time ifter is a model oRandom Access lteratootherwise linear time.

Example

typedef range_c<int,0,10> numbers;
typedef begin<numbers>::type first;
typedef end<numbers>::type last;

typedef advance<first,int_<10> >::type il;
typedef advance<last,int_<-10> >::type i2;

BOOST_MPL_ASSERT(( boost::is_same<il,last> ));
BOOST_MPL_ASSERT (( boost::is_same<i2,first> ));
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See also

Iterators Tag Dispatched Metafunctipiistance, next

2.2.2 distance
Synopsis

template<
typename First

, typename Last

>
struct distance
{

typedef unspecified type;
+;

Description

Returns the distance betweehirst and Last iterators, that is, anintegral Constantn such that ad-

vance<First,n>: :type is identical toLast.

Header

#include <boost/mpl/distance.hpp>

Parameters

Parameter Requirement Description

First, Last Forward Iterator Iterators to compute a distance between.
Model Of

Tag Dispatched Metafunction

Expression semantics

For anyForward Iteratas first andlast:
typedef distance<first,last>::type n;
Return type: Integral Constant
Precondition: [first, last)is a valid range.
Semantics: Equivalent to

typedef iter_fold<
iterator_range<first,last>
, long_<0>
, next<_1>
>::type n;

Postcondition: is_same< advance<first,n>::type, last >::value == true.
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Complexity

Amortized constant time first andlast areRandom Access ltera®rotherwise linear time.

Example

typedef range_c<int,0,10>::type range;
typedef begin<range>::type first;
typedef end<range>::type last;

BOOST_MPL_ASSERT_RELATION( (distance<first,last>::value), ==, 10);

See also

Iterators Tag Dispatched Metafunctipadvance, next, prior

2.2.3 next
Synopsis

template<
typename Iterator
>

struct next

{
typedef unspecified type;
s

Description

Returns the next iterator in the sequendéote: next has a number of overloaded meanings, depending on the type of

its argument. For instance,ifis anintegral Constantext<X> returns an incrementddtegral Constantf the same

type. The following specification is iterator-specific. Please refer to the corresponding concept’s documentation for the
details of the alternative semanticserd noté

Header

#include <boost/mpl/next_prior.hpp>

Parameters
Parameter Requirement Description
Iterator Forward Iterator An iterator to increment.

Expression semantics
For anyForward Iteratos iter:
typedef next<iter>::type j;

Return type: Forward Iterator
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Precondition: iter is incrementable.

Semantics: j is an iterator pointing to the next element in the sequence, or is past-the-etckrifs a
user-defined iterator, the library-provided default implementation is equivalent to

typedef iter::next j;

Complexity

Amortized constant time.

Example

typedef vector_c<int,1> v;
typedef begin<v>::type first;
typedef end<v>::type last;

BOOST_MPL_ASSERT(( is_same< next<first>::type, last > ));

See also

Iterators begin / end, prior, deref

2.2.4 prior
Synopsis

template<
typename Iterator
>

struct prior

{
typedef unspecified type;
};

Description

Returns the previous iterator in the sequendoté: prior has a number of overloaded meanings, depending on the
type of its argument. For instanceXifs anintegral Constanprior<X> returns an decrementéutegral Constamf the

same type. The following specification is iterator-specific. Please refer to the corresponding concept’s documentation
for the details of the alternative semanticserd noté

Header

#include <boost/mpl/next_prior.hpp>

Parameters
Parameter Requirement Description
Iterator Forward Iteratar An iterator to decrement.
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Expression semantics

For anyForward Iteratos iter:
typedef prior<iter>::type j;
Return type: Forward Iteratar
Precondition: iter is decrementable.

Semantics: j is an iterator pointing to the previous element in the sequencetdf is a user-defined
iterator, the library-provided default implementation is equivalent to

typedef iter::prior j;

Complexity

Amortized constant time.

Example

typedef vector_c<int,1> v;
typedef begin<v>::type first;
typedef end<v>::type last;

BOOST_MPL_ASSERT(( is_same< prior<last>::type, first > ));

See also

Iterators begin / end, next, deref

2.2.5 deref
Synopsis

template<

typename Iterator
>

struct deref
{

typedef unspecified type;
s

Description

Dereferences an iterator.

Header

#include <boost/mpl/deref.hpp>

Parameters
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Parameter Requirement

Description

Iterator Forward Iterator

The iterator to dereference.

Expression semantics

For anyForward Iteratos iter:
typedef deref<iter>::type t;
Return type: A type.

Precondition: iter is dereferenceable.

Semantics: t is identical to the element referencediner. If iter is a user-defined iterator, the library-

provided default implementation is equivalent to

typedef iter::type t;

Complexity

Amortized constant time.

Example

typedef vector<char,short,int,long> types;
typedef begin<types>::type iter;

BOOST_MPL_ASSERT(( is_same< deref<iter>::type, char > ));

See also

Iterators begin / end, next

2.2.6 iterator_category

Synopsis
template<
typename Iterator
>
struct iterator_category
{
typedef typename Iterator::category type;
+;
Description

Returns one of the following iterator category tags:
— forward_iterator_tag
— bidirectional_iterator_tag

— random_access_iterator_tag
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Header

#include <boost/mpl/iterator_category.hpp>
#include <boost/mpl/iterator_tags.hpp>

Parameters
Parameter Requirement Description
Iterator Forward Iterator The iterator to obtain a category for.

Expression semantics

For anyForward Iteratos iter:
typedef iterator_category<iter>::type tag;
Return type: Integral Constant

Semantics: tag is forward_iterator_tag if iter is a model ofForward Iteratorbidirectional -
iterator_tag if iter is a model ofBidirectional Iterator or random_access_iterator_tag if
iter is a model ofRandom Access lterator

Postcondition: forward_iterator_tag::value < bidirectional_iterator_tag::value,
bidirectional_iterator_tag::value < random_access_iterator_tag::value

Complexity

Amortized constant time.

Example

template< typename Tag, typename Iterator >
struct algorithm_impl
{
// O0(n) implementation
s

template< typename Iterator >
struct algorithm_impl<random_access_iterator_tag,Iterator>
{
// 0(1) implementation
I

template< typename Iterator >
struct algorithm
algorithm_impl<
iterator_category<Iterator>::type
, Iterator
>
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See also

Iterators begin / end, advance, distance, next
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The MPL provides a broad range of fundamental algorithms aimed to satisfy the majority of sequential compile-time
data processing needs. The algorithms include compile-time counterparts of many of the STL algorithms, iteration
algorithms borrowed from functional programming languages, and more.

Unlike the algorithms in the C++ Standard Library, which operate on imidicator ranges the majority of MPL coun-
terparts take and retusequencesThis derivation is not dictated by the functional nature of C++ compile-time compu-
tations per se, but rather by a desire to improve general usability of the library, making programming with compile-time
data structures as enjoyable as possible.

In the spirit of the STL, MPL algorithms ageneric meaning that they are not tied to particular sequence class imple-
mentations, and can operate on a wide range of arguments as long as they satisfy the documented requirements. Th
requirements are formulated in terms of concepts. Under the hood, algorithms are decoupled from concrete sequence
implementations by operating dterators

All MPL algorithms can be sorted into three major categories: iteration algorithms, querying algorithms, and transfor-
mation algorithms. The transformation algorithms introduce an assodiaederconcept, a rough equivalent for the
notion ofOutput Iteratoiin the Standard Library. Moreover, every transformation algorithm providese@rse_ coun-

terpart, allowing for a wider range of efficient transformations — a common functionality documentedrbspitisible
Algorithm concept.

3.1 Concepts
3.1.1 Inserter
Description

An Inserteris a compile-time substitute for STQutput Iterator Under the hood, it's simply a type holding two entities:
astateand aroperation When passed totaansformation algorithpthe inserter’s binary operation is invoked for every
element that would normally be written into the output iterator, with the element itself (as the second argument) and the
result of the previous operation’s invocation — or, for the very first element, the inserter’s initial state.

Technically, instead of taking a single inserter parametansformation algorithmsould accept the state and the
“output” operation separately. Grouping these in a single parameter entity, however, brings the algorithms semantically
and syntactically closer to their STL counterparts, significantly simplifying many of the common use cases.

Valid expressions

In the following table and subsequent specificatidmsis a model ofinserter

Expression Type
in::state Any type
in::operation Binary Lambda Expression
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Expression semantics

Expression Semantics
in: :state The inserter’s initial state.
in: :operation The inserter’s “output” operation.

Example

typedef transform<
range_c<int,0,10>
, plus<_1,_1>
, back_inserter< vector0<> >
>::type result;

Models
— inserter
— front_inserter

— back_inserter

See also

Algorithms, Transformation Algorithmsinserter, front_inserter, back_inserter

3.1.2 Reversible Algorithm
Description

A Reversible Algorithmis a member of a pair of transformation algorithms that iterate over their input sequence(s) in
opposite directions. For each reversible algorithithere exists @ounterpartalgorithmreverse_x, that exhibits the
exact semantics of except that the elements of its input sequence argument(s) are processed in the reverse order.

Expression requirements

In the following table and subsequent specificatiaris,a placeholder token for the actiRéversible Algorithris name,
S1,%,..Sy areForward Sequensgandin is aninserter

Expression Type Complexity
X<81,%,..Sn, ..>: i type Forward Sequence Unspecified.
x<81,%,..Sn, ... in>: :type Any type Unspecified.
reverse_x<$1,%,..S, ..>: :type Forward Sequence Unspecified.
reverse_x<S1,%,..S, ... in>: :type Any type Unspecified.

Expression semantics
typedef x<s1,52,...8pn,...>::type t;

Precondition: s; is anExtensible Sequence
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3.1 Concepts

Semantics: t is equivalent to

x<
S15825-:.8nsy..-
, back_inserter< clear<si>::type >
>::type

if has_push_back<s;>: :value == true and

reverse_x<

S1582s«-:8ns..-
, front_inserter< clear<si>::type >
>::type
otherwise.
typedef x<s1,s82,...8n,...in>::type t;

Semantics: t is the result of arx invocation with arguments;,sp,... S,..in.
typedef reverse_x<si1,S82,... Sp,... >::type t;
Precondition: s; is anExtensible Sequence

Semantics: t is equivalent to

x<
81,82,...8n,.-
, front_inserter< clear<si>::type >
>::type
if has_push_front<s;>::value == true and

reverse_x<

S1,82,++..8ny.-.
, back_inserter< clear<si>::type >
>::type
otherwise.
typedef reverse_x<si1,S2,...Sp,... in>::type t;

Semantics: t is the result of aeverse_x invocation with arguments;,s,.. S,...in.

Example

typedef transform<
range_c<int,0,10>
, plus<_1,int_<7> >
, back_inserter< vector0<> >
>::type ri;

typedef transform< rl, minus<_1,int_<2> > >::type r2;
typedef reverse_transform<
r2
, minus<_1,5>
, front_inserter< vector0<> >
>::type r3;

BOOST_MPL_ASSERT(( equal<rl, range_c<int,7,17> > ));
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BOOST_MPL_ASSERT(( equal<r2, range_c<int,5,15> > ));
BOOST_MPL_ASSERT(( equal<r3, range_c<int,0,10> > ));

Models
— transform
— remove

— replace

See also

Transformation Algorithmdnserter

3.2 Inserters
3.2.1 back_inserter
Synopsis

template<
typename Seq
>

struct back_inserter
{
// unspecified
/...
};

Description

Inserts elements at the end of the sequence.

Header

#include <boost/mpl/back_inserter.hpp>

Model of
Inserter
Parameters
Parameter Requirement Description
Seq Back Extensible Sequence A sequence to bind the inserter to.

Expression semantics

The semantics of an expression are defined only where they differ from, or are not definsetriar

For anyBack Extensible Sequenee
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Inserters

Expression Semantics

back_inserter<s> An Inserterin, equivalent to
struct in : inserter<s,push_back<_1,_2> > {};

Complexity

Amortized constant time.

Example

typedef copy<
range_c<int,5,10>
, back_inserter< vector_c<int,0,1,2,3,4> >
>::type range;

BOOST_MPL_ASSERT(( equal< range, range_c<int,0,10> > ));

See also

Algorithms Inserter Reversible Algorithminserter, front_inserter, push_back

3.2.2 front_inserter
Synopsis

template<
typename Seq
>

struct front_inserter
{
// unspecified
/...
};

Description

Inserts elements at the beginning of the sequence.

Header

#include <boost/mpl/front_inserter.hpp>

Model of

Inserter

Parameters
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Parameter Requirement Description
Seq Front Extensible Sequence A sequence to bind the inserter to.

Expression semantics
The semantics of an expression are defined only where they differ from, or are not definsetiar

For anyFront Extensible Sequenee

Expression Semantics

front_inserter<s> An Inserterin, equivalent to
struct in : inserter<s,push_front<_1,_2> > {};

Complexity

Amortized constant time.

Example

typedef reverse_copy<
range_c<int,0,5>
, front_inserter< vector_c<int,5,6,7,8,9> >
>::type range;

BOOST_MPL_ASSERT(( equal< range, range_c<int,0,10> > ));

See also

Algorithms, Inserter Reversible Algorithminserter, back_inserter, push_front

3.2.3 inserter
Synopsis

template<
typename State
, typename Operation
>

struct inserter

{
typedef State state;
typedef Operation operation;

};

Description

A general-purpose model of theserterconcept.
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Header

#include <boost/mpl/inserter.hpp>

Model of

Inserter

Parameters
Parameter Requirement Description
State Any type A initial state.
Operation Binary Lambda Expression An output operation.

Expression semantics
The semantics of an expression are defined only where they differ from, or are not defingetiar

For any binaryLambda Expressioop and arbitrary typetate:

Expression Semantics
inserter<op,state> An Inserter
Complexity

Amortized constant time.

Example

template< typename N > struct is_odd : bool_< ( N::value % 2 ) > {};

typedef copy<
range_c<int,0,10>
, inserter< // a filtering ’push_back’ inserter
vector<>
, if_< is_odd<_2>, push_back<_1,_2>, _1 >
>
>::type odds;

BOOST_MPL_ASSERT(( equal< odds, vector_c<int,1,3,5,7,9>, equal_to<_,_> > ));

See also

Algorithms, Inserter Reversible Algorithmfront_inserter, back_inserter

3.3 lIteration Algorithms

Iteration algorithms are the basic building blocks behind many of the MPL's algorithms, and are usually the first place
to look at when starting to build a new one. Abstracting away the details of sequence iteration and employing various
optimizations such as recursion unrolling, they provide significant advantages over a hand-coded approach.

Revision Date: 15th November 2004



3.3 Iteration Algorithms Algorithms 88

3.3.1 fold
Synopsis

template<
typename Sequence

, typename State

, typename ForwardOp

>
struct fold
{

typedef unspecified type;
I

Description

Returns the result of the successive application of birFaytwardOp to the result of the previouBorwardOp in-
vocation Etate if it's the first call) and every element of the sequence in the rabggih<Sequence>: :type,
end<Sequence>: :type) in order.

Header

#include <boost/mpl/fold.hpp>

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to iterate.
State Any type The initial state for the firsforwardOp application.
ForwardOp Binary Lambda Expression The operation to be executed on forward traversal.

Expression semantics

For anyForward Sequence binaryLambda Expressiosp, and arbitrary typatate:
typedef fold<s,state,op>::type t;
Return type: A type.
Semantics: Equivalent to

typedef iter_fold< s,state,apply<op,_1,deref<_2> > >::type t;

Complexity

Linear. Exactlysize<s>: :value applications obp.

Example

typedef vector<long,float,short,double,float,long,long double> types;
typedef fold<

types
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, int_<0>
, if_< is_float<_2>,next<_1>,_1 >
>::type number_of_floats;

BOOST_MPL_ASSERT_RELATION( number_of_floats::value, ==, 4 );

See also

Algorithms accumulate, reverse_fold, iter_fold, reverse_iter_fold, copy, copy_if

3.3.2 iter_fold
Synopsis

template<
typename Sequence
, typename State
, typename ForwardOp
>

struct iter_fold
{

typedef unspecified type;
};

Description

Returns the result of the successive application of biRarward0Op to the result of the previorwardOp invocation
(Stateifit's the first call) and each iterator in the rangegin<Sequence>: : type, end<Sequence>: : type) in order.

Header

#include <boost/mpl/iter_fold.hpp>

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to iterate.
State Any type The initial state for the firskorward0Op application.
ForwardOp Binary Lambda Expression The operation to be executed on forward traversal.

Expression semantics

For anyForward Sequence, binaryLambda Expressiosp, and an arbitrary typetate:
typedef iter_fold<s,state,op>::type t;
Return type: A type.
Semantics: Equivalent to

typedef begin<Sequence>::type 1i1;
typedef apply<op,state,i;>::type statej;
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typedef next<ii>::type ip;
typedef apply<op,statej,ip>::type statep;

typedef apply<op,staten_1,in>::type statep;
typedef next<ip>::type last;
typedef staten t;

wheren == size<s>::value and last is identical toend<s>::type; equivalent totypedef
state t; if empty<s>::value == true

Complexity

Linear. Exactlysize<s>: :value applications obp.

Example

typedef vector_c<int,5,-1,0,7,2,0,-5,4> numbers;
typedef iter_fold<
numbers
, begin<numbers>::type
, if_< less< deref<_1>, deref<_2> >,_2,_1 >
>::type max_element_iter;

BOOST_MPL_ASSERT_RELATION( deref<max_element_iter>::type::value, ==, 7 );

See also

Algorithms reverse_iter_fold, fold, reverse_fold, copy

3.3.3 reverse_fold
Synopsis

template<
typename Sequence
, typename State
, typename BackwardOp
, typename ForwardOp = _1
>
struct reverse_fold
{
typedef unspecified type;
};

Description

Returns the result of the successive application of biBatkwardOp to the result of the previoBckwardOp invoca-

tion (State if it’s the first call) and every element in the rangegin<Sequence>: : type, end<Sequence>: :type)

in reverse order. IForwardOp is provided, then it is applied on forward traversal to form the result that is passed to the
first BackwardQp call.
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Header

#include <boost/mpl/reverse_fold.hpp>

Parameters
Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to iterate.
State Any type The initial state for the firsBackwardOp / ForwardQOp
application.
BackwardOp Binary Lambda Expression The operation to be executed on backward traversal,
ForwardOp Binary Lambda Expression The operation to be executed on forward traversal.

Expression semantics

For anyForward Sequence, binaryLambda Expressiobackward_op andforward_op, and arbitrary typetate:

typedef reverse_fold< s,state,backward_op >::type t;

Return type: A type

Semantics: Equivalent to

typedef reverse_iter_fold<

B

S
state

, apply<backward_op,_1,deref<_2> >

>

:itype t;

typedef reverse_fold< s,state,backward_op,forward_op >::type t;

Return type: A type.

Semantics: Equivalent to

typedef reverse_fold<

, fold<s,state,forward_op>::type

B

>

Complexity

Sequence

backward_op

:itype t;

Linear. Exactlysize<s>: :value applications obackward_op andforward_op

Example

Remove negative elements from a sequéhce

typedef list_c<int,5,-1,0,-7,-2,0,-5,4> numbers;

typedef list_c<int,-1,-7,-2,-5> negatives;

typedef reverse_fold<

numbers
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, list_c<int>
, if_< less< _2,int_<0> >, push_front<_1,_2,>, _1 >
>::type result;

BOOST_MPL_ASSERT(( equal< negatives,result > ));

See also

Algorithms, fold, reverse_iter_fold, iter_fold

3.3.4 reverse_iter_fold
Synopsis

template<
typename Sequence
, typename State
, typename BackwardOp
, typename ForwardOp = _1
>
struct reverse_iter_fold
{
typedef unspecified type;
I

Description

Returns the result of the successive application of biBaskwardQp to the result of the previougackwardOp invo-
cation Gtate if it’s the first call) and each iterator in the rangsefin<Sequence>: : type, end<Sequence>: : type)

in reverse order. IForwardOp is provided, then it's applied on forward traversal to form the result which is passed to
the firstBackwardOp call.

Header

#include <boost/mpl/reverse_iter_fold.hpp>

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to iterate.
State Any type The initial state for the firsBackwardOp / ForwardQOp
application.
BackwardOp Binary Lambda Expression The operation to be executed on backward traversal,
ForwardOp Binary Lambda Expression The operation to be executed on forward traversal.

Expression semantics

For anyForward Sequence, binaryLambda Expressiobackward_op andforward_op, and arbitrary typetate:

2Seeremove_if for a more compact way to do this.
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typedef reverse_iter_fold< s,state,backward_op >::type t;

Return type: A type.

Semantics: Equivalent to

typedef
typedef
typedef
typedef
typedef
typedef
typedef

begin<s>::type ij;
next<i;>::type ip;

next<ip>::type last;
apply<backward_op,state,in>::type staten;
apply<backward_op,staten,in_1>::type staten_1;

apply<backward_op,statep,i;>::type states;
state; t;

wheren == size<s>::value and last is identical toend<s>::type; equivalent totypedef
state t; if empty<s>::value == true

typedef reverse_iter_fold< s,state,backward_op,forward_op >::type t;

Return type: A type.

Semantics: Equivalent to

typedef

reverse_iter_fold<

Sequence
, iter_fold<s,state,forward_op>::type
, backward_op
>::itype t;

Complexity

Linear. Exactlysize<s>:

Example

:value applications obackward_op andforward_op.

Build a list of iterators to the negative elements in a sequence.

typedef vector_c<int,5,-1,0,-7,-2,0,-5,4> numbers;
typedef list_c<int,-1,-7,-2,-5> negatives;
typedef reverse_iter_fold<

numbers
, list<>

, 1f_< less< deref<_2>,int_<0> >, push_front<_1,_2>, _1 >

>::type iters;

BOOST_MPL_ASSERT(( equal<

negatives

, transform_view< iters,deref<_1> >

>));

See also

Algorithms, iter_fold, reverse_fold, fold

Revision Date: 15th November 2004



3.3 Iteration Algorithms Algorithms 94

3.3.5 accumulate
Synopsis

template<
typename Sequence

, typename State

, typename ForwardOp

>
struct accumulate
{

typedef unspecified type;
I

Description

Returns the result of the successive application of birFaytwardOp to the result of the previouBorwardOp in-
vocation Etate if it's the first call) and every element of the sequence in the rabggih<Sequence>: :type,
end<Sequence>: : type) in order. Note: accumulate is a synonym fofold — end not¢

Header

#include <boost/mpl/accumulate.hpp>

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to iterate.
State Any type The initial state for the firsforwardOp application.
ForwardOp Binary Lambda Expression The operation to be executed on forward traversal.

Expression semantics

For anyForward Sequence binaryLambda Expressiosp, and arbitrary typatate:
typedef accumulate<s,state,op>::type t;
Return type: A type.
Semantics: Equivalent to

typedef fold<s,state,op>::type t;

Complexity

Linear. Exactlysize<s>: :value applications obp.

Example

typedef vector<long,float,short,double,float,long,long double> types;
typedef accumulate<

types
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, int_<0>
, if_< is_float<_2>,next<_1>,_1 >
>::type number_of_floats;

BOOST_MPL_ASSERT_RELATION( number_of_floats::value, ==, 4 );

See also

Algorithms, fold, reverse_fold, iter_fold, reverse_iter_fold, copy, copy_if

3.4 Querying Algorithms
3.4.1 find
Synopsis

template<
typename Sequence

, typename T
>

struct find
{

typedef unspecified type;
s

Description

Returns an iterator to the first occurrence of tffia aSequence.

Header

#include <boost/mpl/find.hpp>

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to search in.
T Any type A type to search for.

Expression semantics

For anyForward Sequenceand arbitrary type:
typedef find<s,t>::type i;
Return type: Forward Iterator
Semantics: Equivalent to

typedef find_if<s, is_same<_,t> >::type i;
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Complexity

Linear. At mostsize<s>: : value comparisons for identity.

Example

typedef vector<char,int,unsigned,long,unsigned long> types;
typedef find<types,unsigned>::type iter;

BOOST_MPL_ASSERT(( is_same< deref<iter>::type, unsigned > ));
BOOST_MPL_ASSERT_RELATION( iter::pos::value, ==, 2 );

See also

Querying Algorithmscontains, find_if, count, lower_bound

3.4.2 find_if
Synopsis

template<
typename Sequence
, typename Pred
>

struct find_if
{

typedef unspecified type;
};

Description

Returns an iterator to the first elementiequence that satisfies the predicakeed.

Header

#include <boost/mpl/find_if.hpp>

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to search in.
Pred UnaryLambda Expression A search condition.

Expression semantics

For anyForward Sequencgand unarjLambda Expressiopred:
typedef find_if<s,pred>::type ij;
Return type: Forward Iteratar

Semantics: i is the first iterator in the rang®¢gin<s>: : type, end<s>: : type) such that
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apply< pred,deref<i>::type >::type::value == true

If no such iterator existg, is identical toend<s>: : type.

Complexity

Linear. At mostsize<s>: :value applications obred.

Example

typedef vector<char,int,unsigned,long,unsigned long> types;
typedef find_if<types, is_same<_1,unsigned> >::type iter;

BOOST_MPL_ASSERT(( is_same< deref<iter>::type, unsigned > ));
BOOST_MPL_ASSERT_RELATION( iter::pos::value, ==, 2 );

See also

Querying Algorithmsfind, count_if, lower_bound

3.4.3 contains
Synopsis

template<
typename Sequence
, typename T
>

struct contains

{
typedef unspecified type;
I

Description

Returns a true-valuelditegral Constanf one or more elements iBequence are identical tcT.

Header

#include <boost/mpl/contains.hpp>

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to be examined.
T Any type A type to search for.

Expression semantics

For anyForward Sequenceand arbitrary type:
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typedef contains<s,t>::type r;
Return type: Integral Constant
Semantics: Equivalent to

typedef not_< is_same<
find<s,t>::type
, end<s>::type
> >::itype r;

Complexity

Linear. At mostsize<s>: :value comparisons for identity.

Example

typedef vector<char,int,unsigned,long,unsigned long> types;
BOOST_MPL_ASSERT_NOT(( contains<types,bool> ));

See also

Querying Algorithmsfind, find_if, count, lower_bound

3.4.4 count
Synopsis

template<
typename Sequence
, typename T
>

struct count
{
typedef unspecified type;
};
Description

Returns the number of elements iSequence that are identical ta.

Header

#include <boost/mpl/count.hpp>

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to be examined.
T Any type A type to search for.
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Expression semantics

For anyForward Sequenceand arbitrary type:
typedef count<s,t>::type n;
Return type: Integral Constant
Semantics: Equivalent to

typedef count_if< s,is_same<_,T> >::type n;

Complexity

Linear. Exactlysize<s>: : value comparisons for identity.

Example

typedef vector<int,char,long,short,char,short,double,long> types;
typedef count<types, short>::type n;

BOOST_MPL_ASSERT_RELATION( n::value, ==, 2 );

See also

Querying Algorithmscount_if, find, find_if, contains, lower_bound

3.4.5 count_if
Synopsis

template<
typename Sequence
, typename Pred

>
struct count_if
{
typedef unspecified type;
};
Description

Returns the number of elements3aquence that satisfy the predicatered.

Header

#include <boost/mpl/count_if.hpp>

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to be examined.
Pred UnaryLambda Expression A count condition.
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Expression semantics

For anyForward Sequenceand unary.ambda Expressiopred:
typedef count_if<s,pred>::type n;
Return type: Integral Constant
Semantics: Equivalent to

typedef lambda<pred>::type p;
typedef fold<
s
, long_<0>
, if_< apply_wrapl<p,_2>, next<_1>, _1 >
>::type n;

Complexity

Linear. Exactlysize<s>: :value applications obred.

Example

typedef vector<int,char,long,short,char,long,double,long> types;

BOOST_MPL_ASSERT_RELATION( (count_if< types, is_float<_> >::value), ==, 1 );
BOOST_MPL_ASSERT_RELATION( (count_if< types, is_same<_,char> >::value), ==, 2 );
BOOST_MPL_ASSERT_RELATION( (count_if< types, is_same<_,void> >::value), ==, 0 );

See also

Querying Algorithmscount, find, find_if, contains

3.4.6 lower_bound

Synopsis
template<
typename Sequence
, typename T
, typename Pred = less<_1,_2>
>
struct lower_bound
{
typedef unspecified type;
};
Description

Returns the first position in the sort8dquence whereT could be inserted without violating the ordering.
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Header

#include <boost/mpl/lower_bound.hpp>

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sorted sequence to search in.
T Any type A type to search a position for.
Pred Binary Lambda Expression A search criteria.

Expression semantics

For any sortedrorward Sequence binaryLambda Expressiopred, and arbitrary typex:
typedef lower_bound< s,x,pred >::type 1ij;
Return type: Forward Iterator

Semantics: i is the furthermost iterator ilbpgin<s>: : type, end<s>: : type) such that, for every iterator
j in [begin<s>: :type, i),

apply< pred, deref<j>::type, x >::type::value == true

Complexity

The number of comparisons is logarithmic: at mosty(ogize<s>::value ) + 1. If s is a Random Access Se-
guencethen the number of steps through the range is also logarithmic; otherwise, the number of steps is proportional to
size<s>::value

Example

typedef vector_c<int,1,2,3,3,3,5,8> numbers;
typedef lower_bound< numbers, int_<3> >::type iter;

BOOST_MPL_ASSERT_RELATION(
(distance< begin<numbers>::type,iter >::value), ==, 2

)

BOOST_MPL_ASSERT_RELATION( deref<iter>::type::value, ==, 3 );

See also

Querying Algorithmsupper_bound, find, find_if, min_element

3.4.7 upper_bound

Synopsis
template<
typename Sequence
, typename T
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, typename Pred = less<_1,_2>

struct upper_bound

typedef unspecified type;

>
{
};
Description

Returns the last position in the sortgelquence whereT could be inserted without violating the ordering.

Header

#include <boost/mpl/upper_bound.hpp>

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sorted sequence to search in.
T Any type A type to search a position for.
Pred Binary Lambda Expression A search criteria.

Expression semantics

For any sortedrorward Sequence binaryLambda Expressiopred, and arbitrary type:

typedef upper_bound< s,x,pred >::type i;

Return type: Forward Iterator

Semantics: i is the furthermost iterator ilbpgin<s>: : type, end<s>: : type) such that, for every iterator

jin [begin<s>::type, 1),

Complexity

The number of comparisons is logarithmic: at mosty(ogize<s>: :value ) + 1.

apply< pred, x, deref<j>::type >::type::value == false

If s is aRandom Access Se-

guencethen the number of steps through the range is also logarithmic; otherwise, the number of steps is proportional to

size<s>::value

Example

typedef vector_c<int,1,2,3,3,3,5,8> numbers;

typedef upper_bound< numbers, int_<3> >::type iter;

BOOST_MPL_ASSERT_RELATION(

)

(distance< begin<numbers>::type,iter >::value), ==, 5

BOOST_MPL_ASSERT_RELATION( deref<iter>::type::value, ==, 5 );
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See also

Querying Algorithmslower_bound, find, find_if, min_element

3.4.8 min_element

Synopsis
template<
typename Sequence
, typename Pred = less<_1,_2>
>
struct min_element
{
typedef unspecified type;
+;
Description

Returns an iterator to the smallest elemergdquence.

Header

#include <boost/mpl/min_element.hpp>

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to be searched.
Pred Binary Lambda Expression A comparison criteria.

Expression semantics

For anyForward Sequenceand binaryLambda Expressiopred:
typedef min_element<s,pred>::type 1i;
Return type: Forward lterator

Semantics: i is the first iterator integin<s>: :type, end<s>: :type) such that for every iteratoy in
[begin<s>: :type, end<s>: :type),

apply< pred, deref<j>::type, deref<i>::type >::type::value == false

Complexity

Linear. Zero comparisons #f is empty, otherwise exactlize<s>: :value - 1 comparisons.

Example

typedef vector<bool,char[50],long,double> types;
typedef min_element<
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transform_view< types,sizeof_<_1> >
>::type iter;

BOOST_MPL_ASSERT(( is_same< deref<iter::base>::type, bool> ));

See also

Querying Algorithmsmax_element, find_if, upper_bound, find

3.4.9 max_element

Synopsis
template<
typename Sequence
, typename Pred = less<_1,_2>
>
struct max_element
{
typedef unspecified type;
};
Description

Returns an iterator to the largest elemergéquence.

Header

#include <boost/mpl/max_element.hpp>

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to be searched.
Pred Binary Lambda Expression A comparison criteria.

Expression semantics
For anyForward Sequencgand binaryLambda Expressiopred:
typedef max_element<s,pred>::type i;

Return type: Forward Iterator

Semantics: i is the first iterator integin<s>: :type, end<s>: :type) such that for every iteratoy in

[begin<s>: :type, end<s>: :type),

apply< pred, deref<i>::type, deref<j>::type >::type::value == false

Complexity

Linear. Zero comparisons #f is empty, otherwise exactlize<s>: :value - 1 comparisons.
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Example

typedef vector<bool,char[50],long,double> types;
typedef max_element<
transform_view< types,sizeof_<_1> >
>::type iter;

BOOST_MPL_ASSERT(( is_same< deref<iter::base>::type, char[50]> ));

See also

Querying Algorithmsmin_element, find_if, upper_bound, find

3.4.10 equal
Synopsis

template<
typename Seql
, typename Seq2
, typename Pred = is_same<_1,_2>
>
struct equal
{
typedef unspecified type;
};

Description

Returns a true-valuelhtegral Constanif the two sequenceSeql andSeq2 are identical when compared element-by-
element.

Header

#include <boost/mpl/equal.hpp>

Parameters
Parameter Requirement Description
Seql, Seq?2 Forward Sequence Sequences to compare.
Pred Binary Lambda Expression A comparison criterion.

Expression semantics

For anyForward Sequensss1 ands2 and a binary-ambda Expressiopred:
typedef equal<sl,s2,pred>::type c;
Return type: Integral Constant

Semantics: c: :value == true is and only ifsize<s1>::value == size<s2>::value and for every
iteratori in [begin<s1>: :type, end<sl>::type) deref<i>: :type is identical to
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advance< begin<s2>::type, distance< begin<sl>::type,i >::type >::type

Complexity

Linear. At mostsize<s1>: :value comparisons.

Example

typedef vector<char,int,unsigned,long,unsigned long> si;
typedef list<char,int,unsigned,long,unsigned long> s2;

BOOST_MPL_ASSERT(( equal<sl,s2> ));

See also

Querying Algorithmsfind, find_if

3.5 Transformation Algorithms

According to their name, MPL'sransformation or sequence-building algorithmsrovide the tools for building new
sequences from the existing ones by performing some kind of transformation. A typical transformation alogrithm takes
one or more input sequences and a transformation metafunction/predicate, and returns a new sequence built according tc
the algorithm’s semantics through the means oliterterargument, which plays a role similar to the role of run-time
Output Iterator

Every transformation algorithm is Reversible Algorithm providing an accordingly nametkverse_ counterpart
carrying the transformation in the reverse order. Thus, all sequence-building algorithms come in pairs, for instance
replace / reverse_replace. In presence of variability of the output sequence’s properties such as front or backward
extensibility, the existence of the bidirectional algorithms allows for the most efficient way to perform the required
transformation.

3.5.1 copy
Synopsis

template<
typename Sequence
, typename In = unspecified
>
struct copy
{
typedef unspecified type;
I

Description

Returns a copy of the original sequence.

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpession semantics subsection for a
precise specification of the algorithm’s details in all casesnré noté
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Header

#include <boost/mpl/copy.hpp>

Model of

Reversible Algorithm

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to copy.
In Inserter An inserter.

Expression semantics
The semantics of an expression are defined only where they differ from, or are not defRmekisible Algorithm
For anyForward Sequencg and aninserterin:

typedef copy<s,in>::type r;

Return type: A type.

Semantics: Equivalent to

typedef fold< s,in::state,in::operation >::type r;

Complexity

Linear. Exactlysize<s>: :value applications ofin: : operation.

Example

typedef vector_c<int,0,1,2,3,4,5,6,7,8,9> numbers;
typedef copy<
range_c<int,10,20>
, back_inserter< numbers >
>::type result;

BOOST_MPL_ASSERT_RELATION( size<result>::value, ==, 20 );
BOOST_MPL_ASSERT(( equal< result,range_c<int,0,20> > ));

See also

Transformation AlgorithmsReversible Algorithmreverse_copy, copy_if, transform

3.5.2 copy._if
Synopsis

template<
typename Sequence
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, typename Pred
, typename In = unspecified
>
struct copy_if
{
typedef unspecified type;
};

Description

Returns a filtered copy of the original sequence containing the elements that satisfy the predi¢ate

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpeession semantics subsection for a
precise specification of the algorithm’s details in all casesréd noté

Header

#include <boost/mpl/copy_if.hpp>

Model of

Reversible Algorithm

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to copy.
Pred UnaryLambda Expression A copying condition.
In Inserter An inserter.

Expression semantics
The semantics of an expression are defined only where they differ from, or are not defReakigible Algorithm
For anyForward Sequence, an unarjLambda Expressiopred, and arinserterin:
typedef copy_if<s,pred,in>::type r;
Return type: A type.
Semantics: Equivalent to
typedef lambda<pred>::type p;

typedef lambda<in::operation>::type op;

typedef fold<
s
, in::state
, eval_if<
apply_wrapl<p,_2>

, apply_wrap2<op,_1,_2>
, identity<_1>
>
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>::type r;

Complexity

Linear. Exactly size<s>::value applications of pred, and at mostsize<s>::value applications of
in::operation.

Example

typedef copy_if<
range_c<int,0,10>
, less< _1, int_<5> >

, back_inserter< vector<> >
>::type result;

BOOST_MPL_ASSERT_RELATION( size<result>::value, ==, 5 );
BOOST_MPL_ASSERT(( equal<result,range_c<int,0,5> > ));

See also

Transformation AlgorithmsReversible Algorithmreverse_copy_if, copy, remove_if, replace_if

3.5.3 transform
Synopsis

template<
typename Seq
, typename Op
, typename In = unspectfied
>
struct transform
{
typedef unspecified type;
I

template<
typename Seql
, typename Seq2
, typename BinaryOp
, typename In = unspectfied
>
struct transform
{
typedef unspecified type;
I

Description

transform is anoverloaded name
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— transform<Seq,O0p> returns a transformed copy of the original sequence produced by applying an unary trans-
formationQp to every element in thebpgin<Sequence>: :type, end<Sequence>: :type) range.

— transform<Seql,Seq2,0p> returns a new sequence produced by applying a binary transformtios-
ry0Op to a pair of elements (e e2) from the correspondingbpgin<Seqi>: :type, end<Seql>::type) and
[begin<Seq2>: :type, end<Seq2>: :type) ranges

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpession semantics subsection for a
precise specification of the algorithm’s details in all casesnré noté

Header

#include <boost/mpl/transform.hpp>

Model of

Reversible Algorithm

Parameters
Parameter Requirement Description
Sequence, Seql, Seq?2 Forward Sequence Sequences to transform.
Op, BinaryOp Lambda Expression A transformation.
In Inserter An inserter.

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defRecdkmible Algorithm
For anyForward Sequenees, s1 ands2, Lambda Expressi@pp andop2, and annserterin:
typedef transform<s,op,in>::type r;
Return type: A type.
Postcondition: Equivalent to
typedef lambda<op>::type f;

typedef lambda<in::operation>::type in_op;

typedef fold<
s
, in::state
, bind< in_op, _1, bind<f, _2> >
>::type r;

typedef transform<sl,s2,op,in>::type r;
Return type: A type.
Postcondition: Equivalent to

typedef lambda<op2>::type f;

typedef lambda<in::operation>::type in_op;

typedef fold<
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pair_view<s1,s2>
, in::state
, bind<
in_op

, 1
, bind<f, bind<first<>,_2>, bind<second<>,_2> >
>

>::type r;

Complexity

Linear. Exactlysize<s>: :value / size<s1>: :value applications obp / op2 andin: : operation.

Example

typedef vector<char,short,int,long,float,double> types;
typedef vector<char*,short*,int*,long*,float*,double*> pointers;
typedef transform< types,boost::add_pointer<_1> >::type result;

BOOST_MPL_ASSERT(( equal<result,pointers> ));

See also

Transformation AlgorithmsReversible Algorithmreverse_transform, copy, replace_if

3.5.4 replace
Synopsis

template<
typename Sequence
, typename 0l1dType
, typename NewType
, typename In = unspecified
>
struct replace
{
typedef unspecified type;
+;

Description

Returns a copy of the original sequence where every type identioabttype has been replaced witewType.

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpession semantics subsection for a
precise specification of the algorithm’s details in all casesré notég

Header

#include <boost/mpl/replace.hpp>
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Model of

Reversible Algorithm

Parameters
Parameter Requirement Description
Sequence Forward Sequence A original sequence.
01dType Any type A type to be replaced.
NewType Any type A type to replace with.
In Inserter An inserter.

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defRecdemsible Algorithm

For anyForward Sequence, aninserterin, and arbitrary types andy:

typedef replace<s,x,y,in>::type r;

Return type: A type.

Semantics: Equivalent to

typedef replace_if< s,y,is_same<_,x>,in >::type r;

Complexity

Linear. Performs exactlyize<s>: : value comparisons for identity / insertions.

Example

typedef vector<int,float,char,float,float,double> types;
typedef vector<int,double,char,double,double,double> expected;
typedef replace< types,float,double >::type result;

BOOST_MPL_ASSERT(( equal< result,expected > ));

See also

Transformation AlgorithmsReversible Algorithmreverse_replace, replace_if, remove, transform

3.5.5 replace_if
Synopsis

template<

typename Sequence

, typename Pred
In = unspecified

, typename
>

struct replace_

{

if
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typedef unspecified type;
};

Description

Returns a copy of the original sequence where every type that satisfies the predisatieas been replaced with
NewType.

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpession semantics subsection for a
precise specification of the algorithm’s details in all casesré notég

Header

#include <boost/mpl/replace_if.hpp>

Model of

Reversible Algorithm

Parameters
Parameter Requirement Description
Sequence Forward Sequence An original sequence.
Pred UnaryLambda Expression A replacement condition.
NewType Any type A type to replace with.
In Inserter An inserter.

Expression semantics
The semantics of an expression are defined only where they differ from, or are not defRecdemible Algorithm
For anyForward Sequence, an unaryLambda Expressiopred, aninserterin, and arbitrary type:

typedef replace_if<s,pred,x,in>::type r;

Return type: A type.

Semantics: Equivalent to

typedef lambda<pred>::type p;
typedef transform< s, if_< apply_wrapl<p,_1>,x,_1>, in >::type r;

Complexity

Linear. Performs exactlyize<s>: :value applications opred, and at mosgize<s>: : value insertions.

Example

typedef vector_c<int,1,4,5,2,7,5,3,5> numbers;
typedef vector_c<int,1,4,0,2,0,0,3,0> expected;
typedef replace_if< numbers, greater<_,int_<4> >, int_<0> >::type result;
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BOOST_MPL_ASSERT(( equal< result,expected, equal_to<_,_> > ));

See also

Transformation AlgorithmsReversible Algorithmreverse_replace_if, replace, remove_if, transform

3.5.6 remove

Synopsis
template<
typename Sequence
, typename T
, typename In = unspectfied
>
struct remove
{
typedef unspecified type;
I
Description

Returns a new sequence that contains all elements fsegifi<Sequence>: :type, end<Sequence>: :type) range
except those that are identicalTo

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpession semantics subsection for a
precise specification of the algorithm’s details in all casesréd noté¢

Header

#include <boost/mpl/remove.hpp>

Model of

Reversible Algorithm

Parameters
Parameter Requirement Description
Sequence Forward Sequence An original sequence.
T Any type A type to be removed.
In Inserter An inserter.

Expression semantics
The semantics of an expression are defined only where they differ from, or are not defReagemsible Algorithm
For anyForward Sequencg aninserterin, and arbitrary type:

typedef remove<s,x,in>::type r;

Return type: A type.
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Semantics: Equivalent to

typedef remove_if< s,is_same<_,x>,in >::type r;

Complexity

Linear. Performs exactlyize<s>: : value comparisons for equality, and at mestze<s>: : value insertions.

Example

typedef vector<int,float,char,float,float,double>::type types;
typedef remove< types,float >::type result;

BOOST_MPL_ASSERT(( equal< result, vector<int,char,double> > ));

See also

Transformation AlgorithmsReversible Algorithmreverse_remove, remove_if, copy, replace

3.5.7 remove_if
Synopsis

template<
typename Sequence
, typename Pred
, typename In = unspecified
>
struct remove_if

{
typedef unspecified type;
+;

Description

Returns a new sequence that contains all the elements fsegif<Sequence>: :type, end<Sequence>: :type)
range except those that satisfy the predicated.

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpeession semantics subsection for a
precise specification of the algorithm’s details in all casesné noté

Header

#include <boost/mpl/remove_if.hpp>

Model of

Reversible Algorithm

Parameters
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Parameter Requirement Description
Sequence Forward Sequence An original sequence.
Pred UnaryLambda Expression A removal condition.
In Inserter An inserter.

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defRegkmible Algorithm

For anyForward Sequence, and annserterin, and an unaryambda Expressiopred:
typedef remove_if<s,pred,in>::type r;
Return type: A type.
Semantics: Equivalent to

typedef lambda<pred>::type p;
typedef lambda<in::operation>::type op;

typedef fold<
s
, in::state
, eval_if<
apply_wrapil<p,_2>

, identity<_1>
, apply_wrap2<op,_1,_2>
>

>::type r;

Complexity

Linear. Performs exactlyize<s>: :value applications opred, and at mosgize<s>: : value insertions.

Example

typedef vector_c<int,1,4,5,2,7,5,3,5>::type numbers;
typedef remove_if< numbers, greater<_,int_<4> > >::type result;

BOOST_MPL_ASSERT(( equal< result,vector_c<int,1,4,2,3>,equal_to<_,_> > ));

See also

Transformation AlgorithmsReversible Algorithmreverse_remove_if, remove, copy_if, replace_if

3.5.8 unique
Synopsis

template<
typename Seq
, typename Pred
, typename In = unspecified
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>
struct unique

{
typedef unspecified type;
I

Description

Returns a sequence of the initial elements of every subrange of the original sequgrwthose elements are all the
same.

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpeession semantics subsection for a
precise specification of the algorithm’s details in all casesréd noté

Header

#include <boost/mpl/unique.hpp>

Model of

Reversible Algorithm

Parameters
Parameter Requirement Description
Sequence Forward Sequence An original sequence.
Pred Binary Lambda Expression An equivalence relation.
In Inserter An inserter.

Expression semantics
The semantics of an expression are defined only where they differ from, or are not defR@atisible Algorithm
For anyForward Sequence a binaryLambda Expressiopred, and annserterin:

typedef unique<s,pred,in>::type r;

Return type: A type.

Semantics: If size<s>: :value <= 1, then equivalent to

typedef copy<s,in>::type r;
otherwise equivalent to

typedef lambda<pred>::type p;
typedef lambda<in::operation>::type in_op;
typedef apply_wrap2<
in_op
, in::state
, front<types>::type
>::type in_state;

typedef fold<
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s
, pair< in_state, front<s>::type >
, eval_if<
apply_wrap2<p, second<_1>, _2>
, identity< first<_1> >
, apply_wrap2<in_op, first<_1>, _2>
>
>::type::first r;

Complexity

Linear. Performs exactlyize<s>: :value - 1 applications obred, and at mosgize<s>: :value insertions.

Example

typedef vector<int,float,float,char,int,int,int,double> types;
typedef vector<int,float,char,int,double> expected;
typedef unique< types, is_same<_1,_2> >::type result;

BOOST_MPL_ASSERT(( equal< result,expected > ));

See also

Transformation AlgorithmsReversible Algorithmreverse_unique, remove, copy_if, replace_if

3.5.9 partition
Synopsis

template<
typename Seq
, typename Pred
, typename Inl
, typename In2
>
struct partition

{

unspectfied
unspectfied

typedef unspecified type;
};

Description

Returns a pair of sequences together containing all elements in the tagge{Seq>: : type, end<Seq>: : type) split
into two groups based on the predicated. partition is a synonym fostable_partition.

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpession semantics subsection for a
precise specification of the algorithm’s details in all casesnré noté

Header

#include <boost/mpl/partition.hpp>
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Model of

Reversible Algorithm

Parameters
Parameter Requirement Description
Seq Forward Sequence An original sequence.
Pred UnaryLambda Expression A partitioning predicate.
Ini, In2 Inserter Output inserters.

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defRmckisible Algorithm

For anyForward Sequence, an unaryLambda Expressiopred, andinsertes in1 andin2:
typedef partition<s,pred,inl,in2>::type r;
Return type: A pair.
Semantics: Equivalent to

typedef stable_partition<s,pred,inl,in2>::type r;

Complexity

Linear. Exactlysize<s>::value applications ofpred, andsize<s>: :value of summarizedini
in2: :operation applications.

Example

template< typename N > struct is_odd : bool_<(N::value % 2)> {I};

typedef partition<
range_c<int,0,10>
, is_odd<_1>
, back_inserter< vector<> >
, back_inserter< vector<> >
>::type r;

BOOST_MPL_ASSERT(( equal< r::first, vector_c<int,1,3,5,7,9> > ));
BOOST_MPL_ASSERT(( equal< r::second, vector_c<int,0,2,4,6,8> > ));

See also

Transformation AlgorithmsReversible Algorithmreverse_partition, stable_partition, sort

3.5.10 stable_partition
Synopsis

template<
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typename Seq
, typename Pred
, typename Inl = unspecified
, typename In2 unspectfied
>
struct stable_partition

{

typedef unspecified type;
I

Description

Returns a pair of sequences together containing all elements in the tagge{Seq>: : type, end<Seq>: : type) split
into two groups based on the predic@te:d. stable_partition is guaranteed to preserve the relative order of the
elements in the resulting sequences.

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpeession semantics subsection for a
precise specification of the algorithm’s details in all casesréd noté

Header

#include <boost/mpl/stable_partition.hpp>

Model of

Reversible Algorithm

Parameters
Parameter Requirement Description
Seq Forward Sequence An original sequence.
Pred UnaryLambda Expression A partitioning predicate.
Ini, In2 Inserter Output inserters.

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defR@atisible Algorithm
For anyForward Sequencg an unaryLambda Expressiopred, andinsertes in1 andin2:

typedef stable_partition<s,pred,inl,in2>::type r;

Return type: A pair.

Semantics: Equivalent to

typedef lambda<pred>::type p;
typedef lambda<inl::operation>::type inl_op;
typedef lambda<in2::operation>::type in2_op;

typedef fold<

s
, pair< inl::state, in2::state >
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, 1f <
apply_wrapi<p,_2>
, pair< apply_wrap2<inl_op,first<_1>,_2>, second<_1> >

, pair< first<_1>, apply_wrap2<in2_op,second<_1>,_2> >
>

>::type r;

Complexity

Linear. Exactlysize<s>::value applications ofpred, andsize<s>: :value of summarizedinl: : operation /
in2: :operation applications.

Example

template< typename N > struct is_odd : bool_<(N::value % 2)> {I};

typedef stable_partition<
range_c<int,0,10>
, is_odd<_1>
, back_inserter< vector<> >
, back_inserter< vector<> >
i:type r;

\4

BOOST_MPL_ASSERT(( equal< r::first, vector_c<int,1,3,5,7,9> > ));
BOOST_MPL_ASSERT(( equal< r::second, vector_c<int,0,2,4,6,8> > ));

See also

Transformation AlgorithmsReversible Algorithmreverse_stable_partition, partition, sort, transform

3.5.11 sort
Synopsis

template<
typename Seq
, typename Pred = less<_1,_2>
, typename In = unspecified
>
struct sort
{
typedef unspecified type;
};

Description

Returns a new sequence of all elements in the rabggih<Seqg>: : type, end<Seqg>: : type) sorted according to the
ordering relatiorPred.

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpession semantics subsection for a
precise specification of the algorithm’s details in all casesré notég
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Header

#include <boost/mpl/sort.hpp>

Model of

Reversible Algorithm

Parameters
Parameter Requirement Description
Seq Forward Sequence An original sequence.
Pred Binary Lambda Expression An ordering relation.
In Inserter An inserter.

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defReaemible Algorithm

For anyForward Sequence a binaryLambda Expressiopred, and annserterin:

typedef sort<s,pred,in>::type r;

Return type: A type.

Semantics: If size<s>::value <= 1, equivalentto

typedef copy<s,in>::type r;

otherwise equivalent to

typedef back_inserter< vector<> > aux_in;

typedef lambda<pred>::type p;

typedef begin<s>::type pivot;
typedef partition<
iterator_range< next<pivot>::type, end<s>::type >

, apply_wrap2<p,_1,deref<pivot>::type>

, aux_in
, aux_in

\4

typedef sort<partitioned
typedef sort<partitioned

::type partitioned;

typedef copy<
joint_view<

, part2

>
, in

>::type r;

::first,p,aux_in >::type partl;
::second,p,aux_in >::type part2;

joint_view<partl,single_view< deref<pivot>::type > >
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Complexity

AverageO(n log(n))wheren == size<s>: : value, quadratic at worst.

Example

typedef vector_c<int,3,4,0,-5,8,-1,7> numbers;
typedef vector_c<int,-5,-1,0,3,4,7,8> expected;
typedef sort<numbers>::type result;

BOOST_MPL_ASSERT(( equal< result, expected, equal_to<_,_> > ));

See also

Transformation AlgorithmsReversible Algorithmpartition

3.5.12 reverse

Synopsis
template<
typename Sequence
, typename In = unspecified
>
struct reverse
{
typedef unspecified type;
};
Description

Returns a reversed copy of the original sequemegerse is a synonym fotreverse_copy.

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpeession semantics subsection for a

precise specification of the algorithm’s details in all casesréd noté

Header

#include <boost/mpl/reverse.hpp>

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to reverse.
In Inserter An inserter.

Expression semantics
For anyForward Sequence, and annserterin:

typedef reverse<s,in>::type r;
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Return type: A type.
Semantics: Equivalent to

typedef reverse_copy<s,in>::type r;

Complexity

Linear.

Example

typedef vector_c<int,9,8,7,6,5,4,3,2,1,0> numbers;
typedef reverse< numbers >::type result;

BOOST_MPL_ASSERT(( equal< result, range_c<int,0,10> > ));

See also

Transformation AlgorithmsReversible Algorithmreverse_copy, copy, copy_if

3.5.13 reverse_copy
Synopsis

template<
typename Sequence
, typename In = unspecified
>
struct reverse_copy
{
typedef unspecified type;
};

Description

Returns a reversed copy of the original sequence.

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpeession semantics subsection for a
precise specification of the algorithm’s details in all casesré noté

Header

#include <boost/mpl/copy.hpp>

Model of

Reversible Algorithm

Parameters
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Parameter Requirement Description
Sequence Forward Sequence A sequence to copy.
In Inserter An inserter.

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defRmckisible Algorithm
For anyForward Sequence, and annserterin:

typedef reverse_copy<s,in>::type r;

Return type: A type.

Semantics: Equivalent to

typedef reverse_fold< s,in::state,in::operation >::type r;

Complexity

Linear. Exactlysize<s>: :value applications ofin: : operation.

Example

typedef list_c<int,10,11,12,13,14,15,16,17,18,19>::type numbers;
typedef reverse_copy<
range_c<int,0,10>
, front_inserter< numbers >
>::type result;

BOOST_MPL_ASSERT_RELATION( size<result>::value, ==, 20 );
BOOST_MPL_ASSERT(( equal< result,range_c<int,0,20> > ));

See also

Transformation AlgorithmsReversible Algorithmcopy, reverse_copy_if, reverse_transform

3.5.14 reverse_copy_if
Synopsis

template<
typename Sequence
, typename Pred

, typename In = unspectfied
>

struct reverse_copy_if
{

typedef unspecified type;
I
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Description

Returns a reversed, filtered copy of the original sequence containing the elements that satisfy the predicate

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpession semantics subsection for a
precise specification of the algorithm’s details in all casesré notég

Header

#include <boost/mpl/copy_if.hpp>

Model of

Reversible Algorithm

Parameters
Parameter Requirement Description
Sequence Forward Sequence A sequence to copy.
Pred UnaryLambda Expression A copying condition.
In Inserter An inserter.

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defRmckisible Algorithm
For anyForward Sequence, an unaryLambda Expressiopred, and annserterin:

typedef reverse_copy_if<s,pred,in>::type r;

Return type: A type

Semantics: Equivalent to

typedef lambda<pred>::type p;
typedef lambda<in::operation>::type op;

typedef reverse_fold<
s
, in::state
, eval_if<
apply_wrapl<p,_2>

, apply_wrap2<op,_1,_2>
, identity<_1>
>

>::type r;

Complexity

Linear. Exactly size<s>::value applications of pred, and at mostsize<s>::value applications of
in::operation.
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Example

typedef reverse_copy_if<
range_c<int,0,10>
, less< _1, int_<5> >

, front_inserter< vector<> >
>::type result;

BOOST_MPL_ASSERT_RELATION( size<result>::value, ==, 5 );
BOOST_MPL_ASSERT(( equal<result,range_c<int,0,5> > ));

See also

Transformation AlgorithmsReversible Algorithmcopy_if, reverse_copy, remove_if, replace_if

3.5.15 reverse_transform
Synopsis

template<
typename Seq
, typename Op
, typename In = unspectfied
>
struct reverse_transform
{
typedef unspecified type;
I

template<
typename Seql
, typename Seq2
, typename BinaryOp
, typename In = unspectfied
>
struct reverse_transform
{
typedef unspecified type;
I

Description
reverse_transform iS anoverloaded name

— reverse_transform<Seq,0p> returns a reversed, transformed copy of the original sequence produced by ap-
plying an unary transformatiaip to every element in thépgin<Sequence>: : type, end<Sequence>: : type)
range.

— reverse_transform<Seql,Seq2,0p> returns a new sequence produced by applying a binary transformation
BinaryOp to a pair of elements (e e2) from the correspondingbpgin<Seql>: :type, end<Seql>: :type)
and pegin<Seq2>: :type, end<Seq2>: : type) ranges in reverse order.

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpession semantics subsection for a
precise specification of the algorithm’s details in all casesnré noté¢
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Header

#include <boost/mpl/transform.hpp>

Model of

Reversible Algorithm

Parameters

Parameter

Requirement

Description

Sequence, Seql, Seq2

Forward Sequence

Sequences to transform.

Op, BinaryOp

Lambda Expression

A transformation.

In

Inserter

An inserter.

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defReaemible Algorithm

For anyForward Sequenesss, s1 ands2, Lambda Expressi@op andop2, and arinserterin:

typedef reverse_transform<s,op,in>::type r;

Return type: A type.

Postcondition: Equivalent to

typedef lambda<op>::type f;

typedef lambda<in::operation>::type in_op;

typedef reverse_fold<

S

, in::state

, bind< in_op, _1, bind<f, _

>::type r;

typedef transform<sl,s2,op,in>::type r;

Return type: A type.

Postcondition: Equivalent to

typedef lambda<op2>::type f;
typedef lambda<in::operation>::type in_op;

typedef reverse_fold<
pair_view<sl,s2>
, in::state
, bind<

in_op

, 1
, bind<f, bind<first<>,_2>, bind<second<>,_2> >

>

>::type r;
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Complexity

Linear. Exactlysize<s>: :value / size<s1>: :value applications obp / op2 andin: : operation.

Example

typedef vector<char,short,int,long,float,double> types;
typedef vector<double*,float*,long*,int*,short*,char*> pointers;
typedef reverse_transform< types,boost::add_pointer<_1> >::type result;

BOOST_MPL_ASSERT(( equal<result,pointers> ));

See also

Transformation AlgorithmsReversible Algorithmtransform, reverse_copy, replace_if

3.5.16 reverse_replace
Synopsis

template<
typename Sequence
, typename 01dType
, typename NewType
, typename In = unspectfied
>
struct reverse_replace
{
typedef unspecified type;
I

Description

Returns a reversed copy of the original sequence where every type identicalimpe has been replaced wilfewType.

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpession semantics subsection for a
precise specification of the algorithm’s details in all casesnré noté

Header

#include <boost/mpl/replace.hpp>

Model of

Reversible Algorithm

Parameters
Parameter Requirement Description
Sequence Forward Sequence A original sequence.
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Parameter Requirement Description
01dType Any type A type to be replaced.
NewType Any type A type to replace with.
In Inserter An inserter.

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defRegemsible Algorithm

For anyForward Sequence, aninserterin, and arbitrary types andy:
typedef reverse_replace<s,x,y,in>::type r;
Return type: A type.
Semantics: Equivalent to

typedef reverse_replace_if< s,y,is_same<_,x>,in >::type r;

Complexity

Linear. Performs exactlyize<s>: : value comparisons for identity / insertions.

Example

typedef vector<int,float,char,float,float,double> types;
typedef vector<double,double,double,char,double,int> expected;
typedef reverse_replace< types,float,double >::type result;

BOOST_MPL_ASSERT(( equal< result,expected > ));

See also

Transformation AlgorithmsReversible Algorithmreplace, reverse_replace_if, remove, reverse_transform

3.5.17 reverse_replace_if
Synopsis

template<
typename Sequence
, typename Pred
, typename In = unspecified
>
struct reverse_replace_if
{
typedef unspecified type;
};
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Description

Returns a reversed copy of the original sequence where every type that satisfies the ppedichtes been replaced
with NewType.

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpession semantics subsection for a
precise specification of the algorithm’s details in all casesnré noté

Header

#include <boost/mpl/replace_if.hpp>

Model of

Reversible Algorithm

Parameters
Parameter Requirement Description
Sequence Forward Sequence An original sequence.
Pred UnaryLambda Expression A replacement condition.
NewType Any type A type to replace with.
In Inserter An inserter.

Expression semantics
The semantics of an expression are defined only where they differ from, or are not defR@atisible Algorithm
For anyForward Sequencg an unarjLambda Expressiopred, aninserterin, and arbitrary type:

typedef reverse_replace_if<s,pred,x,in>::type r;

Return type: A type.

Semantics: Equivalent to

typedef lambda<pred>::type p;
typedef reverse_transform< s, if_< apply_wrapl<p,_1>,x,_-
1>, in >::type r;

Complexity

Linear. Performs exactlyize<s>: : value applications obred, and at mostize<s>: :value insertions.

Example

typedef vector_c<int,1,4,5
typedef vector_c<int,1,4,0
typedef reverse_replace_if
numbers
, greater< _, int_<4> >
, int_<0>
, front_inserter< vector<> >

> numbers;
> expected;

o »
w W
o o,
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>::type result;

BOOST_MPL_ASSERT(( equal< result,expected, equal_to<_,_> > ));

See also

Transformation AlgorithmsReversible Algorithmreplace_if, reverse_replace, remove_if, transform

3.5.18 reverse_remove
Synopsis

template<
typename Sequence
, typename T
, typename In = unspecified
>
struct reverse_remove

{
typedef unspecified type;
s

Description

Returns a new sequence that contains all elements feegif<Sequence>: :type, end<Sequence>: : type) range
in reverse order except those that are identical to

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpeession semantics subsection for a
precise specification of the algorithm’s details in all casesré noté

Header

#include <boost/mpl/remove.hpp>

Model of

Reversible Algorithm

Parameters
Parameter Requirement Description
Sequence Forward Sequence An original sequence.
T Any type A type to be removed.
In Inserter An inserter.

Expression semantics
The semantics of an expression are defined only where they differ from, or are not defReakigible Algorithm

For anyForward Sequence, aninserterin, and arbitrary type:
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typedef reverse_remove<s,x,in>::type r;
Return type: A type.
Semantics: Equivalent to

typedef reverse_remove_if< s,is_same<_,x>,in >::type r;

Complexity

Linear. Performs exactlyize<s>: : value comparisons for equality, and at mastze<s>: : value insertions.

Example

typedef vector<int,float,char,float,float,double>::type types;
typedef reverse_remove< types,float >::type result;

BOOST_MPL_ASSERT(( equal< result, vector<double,char,int> > ));

See also

Transformation AlgorithmsReversible Algorithmremove, reverse_remove_if, reverse_copy, transform, re-
place

3.5.19 reverse_remove_if
Synopsis

template<
typename Sequence
, typename Pred
, typename In = unspectfied
>
struct reverse_remove_if
{
typedef unspecified type;
I

Description

Returns a new sequence that contains all the elements fsegif<Sequence>: :type, end<Sequence>: :type)
range in reverse order except those that satisfy the predieate

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpeession semantics subsection for a
precise specification of the algorithm’s details in all casesréd noté

Header

#include <boost/mpl/remove_if.hpp>

Model of

Reversible Algorithm
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Parameters

Parameter Requirement Description

Sequence Forward Sequence An original sequence.

Pred UnaryLambda Expression A removal condition.

In Inserter An inserter.

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defReakigible Algorithm

For anyForward Sequence and aninserterin, and an unaryambda Expressiopred:

typedef reverse_remove_if<s,pred,in>::type r;

Return type: A type.

Semantics: Equivalent to

typedef

typedef lambda<in::operation>::type op;

typedef
s

lambda<pred>: :type p;

reverse_fold<

, in::state
, eval_if<

apply_wrapl<p,_2>
, identity<_1>

, apply_wrap2<op,_1,_2>

>

>::type r;

Complexity

Linear. Performs exactlyize<s>: :value applications obred, and at mostize<s>: :value insertions.

Example

typedef vector_c<int,1,4,5,2,7,5,3,5>::type numbers;

typedef reverse_remove_if< numbers, greater<_,int_<4> > >::type result;

BOOST_MPL_ASSERT(( equal< result,vector_c<int,3,2,4,1>,equal_to<_,_> > ));

See also

Transformation AlgorithmsReversible Algorithmremove_if, reverse_remove, reverse_copy_if, replace_if

3.5.20 reverse_unique

Synopsis

template<

typename Seq
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, typename Pred
, typename In = unspecified
>

struct reverse_unique

{
typedef unspecified type;
};

Description

Returns a sequence of the initial elements of every subrange of the reversed original seégqgemtese elements are
all the same.

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpession semantics subsection for a
precise specification of the algorithm’s details in all casesré notég

Header

#include <boost/mpl/unique.hpp>

Model of

Reversible Algorithm

Parameters
Parameter Requirement Description
Sequence Forward Sequence An original sequence.
Pred Binary Lambda Expression An equivalence relation.
In Inserter An inserter.

Expression semantics
The semantics of an expression are defined only where they differ from, or are not defRecgkigible Algorithm
For anyForward Sequence, a binaryLambda Expressiopred, and annserterin:

typedef reverse_unique<s,pred,in>::type r;

Return type: A type.

Semantics: If size<s>::value <= 1, then equivalent to

typedef reverse_copy<s,in>::type r;
otherwise equivalent to

typedef lambda<pred>::type p;
typedef lambda<in::operation>::type in_op;
typedef apply_wrap2<
in_op
, in::state
» front<types>::type
>::type in_state;
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typedef reverse_fold<
s
, pair< in_state, front<s>::type >
, eval_if<
apply_wrap2<p, second<_1>, _2>

, identity< first<_1> >
, apply_wrap2<in_op, first<_1>, _2>
>

>::type::first r;

Complexity

Linear. Performs exactlyize<s>: :value - 1 applications obred, and at mostize<s>: : value insertions.

Example

typedef vector<int,float,float,char,int,int,int,double> types;
typedef vector<double,int,char,float,int> expected;
typedef reverse_unique< types, is_same<_1,_2> >::type result;

BOOST_MPL_ASSERT(( equal< result,expected > ));

See also

Transformation AlgorithmsReversible Algorithmunique, reverse_remove, reverse_copy_if, replace_if

3.5.21 reverse_partition

Synopsis
template<
typename Seq
, typename Pred
, typename Inl = unspectfied
, typename In2 = unspecified
>
struct reverse_partition
{
typedef unspecified type;
I
Description

Returns a pair of sequences together containing all elements in the r@age{Seq>: : type, end<Seqg>: : type) split
into two groups based on the predicBieed. reverse_partition is a synonym foreverse_stable_partition.

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpession semantics subsection for a
precise specification of the algorithm’s details in all casesréd noté
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Header

#include <boost/mpl/partition.hpp>

Model of

Reversible Algorithm

Parameters
Parameter Requirement Description
Seq Forward Sequence An original sequence.
Pred UnaryLambda Expression A partitioning predicate.
Ini, In2 Inserter Output inserters.

Expression semantics

The semantics of an expression are defined only where they differ from, or are not defReaemible Algorithm
For anyForward Sequencg an unaryLambda Expressiopred, andinsertes in1 andin2:

typedef reverse_partition<s,pred,inl,in2>::type r;

Return type: A pair.

Semantics: Equivalent to

typedef reverse_stable_partition<s,pred,inl,in2>::type r;

Complexity

Linear. Exactlysize<s>::value applications ofpred, and size<s>: :value of summarizedinl: :operation /
in2: :operation applications.

Example
template< typename N > struct is_odd : bool_<(N::value % 2)> {};

typedef partition<
range_c<int,0,10>
, is_odd<_1>
, back_inserter< vector<> >
, back_inserter< vector<> >
::type r;

\4

BOOST_MPL_ASSERT(( equal< r::first, vector_c<int,9,7,5,3,1> > ));
BOOST_MPL_ASSERT(( equal< r::second, vector_c<int,8,6,4,2,0> > ));

See also

Transformation AlgorithmsReversible Algorithmpartition, reverse_stable_partition, sort
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3.5.22 reverse_stable partition

Synopsis
template<
typename Seq
, typename Pred
, typename Inl = unspecified
, typename In2 = unspecified
>
struct reverse_stable_partition
{
typedef unspecified type;
+;
Description

Returns a pair of sequences together containing all elements in the tagge {Seq>: : type, end<Seq>: : type) split
into two groups based on the predic®is=d. reverse_stable_partition is guaranteed to preserve the reversed
relative order of the elements in the resulting sequences.

[Note: This wording applies to a no-inserter version(s) of the algorithm. SeExpession semantics subsection for a
precise specification of the algorithm’s details in all casesré notég

Header

#include <boost/mpl/stable_partition.hpp>

Model of

Reversible Algorithm

Parameters
Parameter Requirement Description
Seq Forward Sequence An original sequence.
Pred UnaryLambda Expression A partitioning predicate.
Ini, In2 Inserter Output inserters.

Expression semantics
The semantics of an expression are defined only where they differ from, or are not defReaemsible Algorithm
For anyForward Sequencg an unaryLambda Expressiopred, andinsertes in1 andin2:

typedef reverse_stable_partition<s,pred,inl,in2>::type r;

Return type: A pair.

Semantics: Equivalent to

typedef lambda<pred>::type p;
typedef lambda<inl::operation>::type inl_op;
typedef lambda<in2::operation>::type in2_op;
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typedef reverse_fold<
s
, pair< inl::state, in2::state >
, 1f <
apply_wrapl<p,_2>
, pair< apply_wrap2<inl_op,first<_1>,_2>, second<_1> >

, pair< first<_1>, apply_wrap2<in2_op,second<_1>,_2> >
>

>::type r;

Complexity

Linear. Exactlysize<s>::value applications ofpred, and size<s>: :value of summarizedinl: :operation /
in2::operation applications.

Example

template< typename N > struct is_odd : bool_<(N::value % 2)> {I};

typedef reverse_stable_partition<
range_c<int,0,10>
, is_odd<_1>
, back_inserter< vector<> >
, back_inserter< vector<> >
i :type r;

\4

BOOST_MPL_ASSERT(( equal< r::first, vector_c<int,9,7,5,3,1> > ));
BOOST_MPL_ASSERT(( equal< r::second, vector_c<int,8,6,4,2,0> > ));

See also

Transformation AlgorithmsReversible Algorithmstable_partition, reverse_partition, sort, transform
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Chapter 4 Metafunctions

The MPL includes a number of predefined metafunctions that can be roughly classified in two categoeias pur-
pose metafunctions, dealing with conditionalype selectiorand higher-order metafunctidémvocation composition and
argument bindingandnumeric metafunctions, incapsulating built-in and user-definadthmetic comparisonlogical,
andbitwise operations.

Given that it is possible to perform integer numeric computations at compile time using the conventional operators
notation, the need for the second category might be not obvious, but it in fact plays a cental role in making programming
with MPL seemingly effortless. In particular, there are at least two contexts where built-in language facilities fall
shor®):

1) Passing a computation to an algorithm.
2) Performing a computation on non-integer data.

The second use case deserves special attention. In contrast to the built-in, strictly integer compile-time arithmetics, the
MPL numeric metafunctions apolymorphic¢ with support fomixed-type arithmeticsThis means that they can operate

on a variety of numeric types — for instance, rational, fixed-point or complex numbers, — and that, in general, you are
allowed to freely intermix these types within a single expression.Nsereric Metafunctiorconcept for more details

on the MPL numeric infrastructure.

To reduce a negative syntactical impact of the metafunctions notation over the infix operator notation, all numeric
metafunctions allow to pass up to N arguments, where N is defined by the vahp®®f_MPL_LIMIT_METAFUNC-
TION_ARITY configuration macro.

4.1 Concepts
4.1.1 Metafunction
Description

A metafunctionis a class or a class template that represents a function invocable at compile-time. An non-nullary meta-
function is invoked by instantiating the class template with particular template parameters (metafunction arguments); the
result of the metafunction application is accessible through the instantiation’s nggtetypedef. All metafunction’s
arguments must be types (i.e. omyype template parameteese allowed). A metafunction can have a variable number

of parameters. Awullary metafunctions represented as a (template) class with a nested typename member.

Expression requirements

In the following table and subsequent specificatidnis,aMetafunction

3)All other considerations aside, as of the time of this writing (early 2004), using built-in operators on integral constants still often present a
portability problem — many compilers cannot handle particular forms of expressions, forcing us to use conditional compilation. Because MPL
numeric metafunctions work on types and encapsulate these kind of workarounds internally, they elude these problems, so if you aim for portability,
it is generally adviced to use them in the place of the conventional operators, even at the price of slightly decreased readability.
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Expression Type Complexity
Expression Type Complexity
f::type Any type Unspecified.
f<>: :type Any type Unspecified.
f<al,..,an>: :type Any type Unspecified.

Expression semantics

typedef f::type x;

Precondition: f is a nullaryMetafunction £ : : type is atype-name

Semantics: x is the result of the metafunction invocation.

typedef £<>::type x;

Precondition: £ is a nullaryMetafunction £<>: : type is atype-name

Semantics: x is the result of the metafunction invocation.

typedef f<al,...

an>::type Xx;

Precondition: £ is ann-ary Metafunction ai,... an are typesf<al, . ..an>: : type iS atype-name

Semantics: x is the result of the metafunction invocation with the actual arguments an.

Models
— identity
— plus
— begin
— insert

— fold

See also

MetafunctionsMetafunction Clasd.ambda Expressigrinvocation apply, lambda, bind

4.1.2 Metafunction Class

Summary

A metafunction clasis a certain form of metafunction representation that enables higher-order metaprogramming. More

precisely, it's a class with a publicly-accessible nesitafunctioncalled apply. Correspondingly, a metafunction
class invocation is defined as invocation of its nestgslly metafunction.

Expression requirements

In the following table and subsequent specificatidris,aMetafunction Class
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Expression Type Complexity
f::apply: :type Any type Unspecified.
f::apply<>::type Any type Unspecified.
f::apply<al,...an>::type Any type Unspecified.

Expression semantics
typedef f::apply::type x;
Precondition: £ is a nullaryMetafunction Classf : :apply: : type is atype-name
Semantics: x is the result of the metafunction class invocation.
typedef f::apply<>::type x;
Precondition: f is a nullaryMetafunction Classt : : apply<>: : type iS atype-name
Semantics: x is the result of the metafunction class invocation.
typedef f::apply<al,...an>::type X;
Precondition: f is ann-ary metafunction clasgpply is aMetafunction

Semantics: x is the result of the metafunction class invocation with the actual argura¢ntsan.

Models
— always
— arg
— quote
— numeric_cast

— unpack_args

See also

MetafunctionsMetafunction Lambda Expressiqrinvocation apply_wrap, bind, quote

4.1.3 Lambda Expression

Description

A Lambda Expressiois a compile-time invocable entity in either of the following two forms:
— Metafunction Class
— Placeholder Expression

Most of the MPL components accept either of those, and the concept gives us a consice way to describe these require-
ments.

Expression requirements

See correspondingletafunction ClasandPlaceholder Expressia@pecifications.
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Models
— always
— unpack_args
— plus<_, int_<2> >

— if_< less<_1, int_<7> >, plus<_1,_2>, _1 >

See also

MetafunctionsPlaceholdersapply, lambda

4.1.4 Placeholder Expression
Description

A Placeholder Expressiois a type that is either alaceholderor a class template specialization with at least one
argument that itself is Rlaceholder Expression

Expression requirements

If X is a class template, ard,... an are arbitrary types, thexxa1i, ... ,an> is aPlaceholder Expressiahand only if
all of the following conditions hold:

— At least one of the template argumeats... an is aplaceholdeor aPlaceholder Expression
— All of X's template parameters, including the default ones, are types.

— The number oKk’s template parameters, including the default ones, is less or equal to the val@saf MPL_-
LIMIT_METAFUNCTION_ARITY configuration macro

Models
— _1

— plus<_, int_<2> >

— if_< less<_1, int_<7> >, plus<_1,_2>, _1 >

See also

Lambda ExpressiqgriPlaceholderdMetafunctionsapply, lambda

4.1.5 Tag Dispatched Metafunction
Summary

A Tag Dispatched Metafunctios a Metafunctionthat employs dag dispatchingechnique in its implementation to
build an infrastructure for easy overriding/extenstion of the metafunction’s behavior.

Notation
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Symbol Legend
name A placeholder token for the specific metafunction’s name.
tag-metafunction A placeholder token for the tag metafunction’s name.
tag A placeholder token for one of possible tag types returned by the tag meta-
function.
Synopsis

template< typename Tag > struct mame_impl;

template<
typename X
[ ...1
>
struct name
name _impl< typename tag-metafunction<X>::type >
::template apply<X [, ...J>

{
};
template< typename Tag > struct nmame_impl
{
template< typename X [, ...J] > struct apply
{
// default tmplementation
+;
+;
template<> struct name_impl<tag>
{
template< typename X [, ...J] > struct apply
{
// tag-specific implementation
s
};
Description

The usual mechanism for overriding a metafunction’s behavior is class template specialization — given a library-defined
metafunctiont, it's possible to write a specialization offor a specific typaiser_type that would have the required
semantic®.

While this mechanism is always available, it's not always the most convenient one, especially if it is desirable to spe-
cialize a metafunction’s behavior forfamily of related types. A typical example of it is numbered forms of sequence
classes in MPL itselfl(ist0, ...,1ist50, et al.), and sequence classes in general.

A Tag Dispatched Metafunctiois a concept name for an instance of the metafunction implementation infrastructure
being employed by the library to make it easier for users and implementors to override the behavior of library’s meta-
functions operating on families of specific types.

The infrastructure is built on a variation of the technique commonly knowaggispatchinghence the concept name),
and involves three entities: a metafunction itself, an associated tag-prodagingetafunctionand the metafunction’s
implementation, in the form of Bletafunction Classemplate parametrized byTag type parameter. The metafunction
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redirects to its implementation class template by invoking its specialization on a tag type produced by the tag metafunc-
tion with the original metafunction’s parameters.

Example

#include <boost/mpl/size.hpp>
namespace user {
struct bitset_tag;

struct bitsetO

{
typedef bitset_tag tag;
/.
};
template< typename BO > struct bitsetl
{
typedef bitset_tag tag;
/.
+;
template< typename BO, ..., typename Bn > struct bitsetn
{
typedef bitset_tag tag;
/...
I

} // namespace user

namespace boost { namespace mpl {
template<> struct size_impl<user::bitset_tag>

{
template< typename Bitset > struct apply
{
typedef typename Bitset::size type;
+;
I
3}
Models

— sequence_tag

See also

Metafunction Metafunction ClassNumeric Metafunction

4Usually such user-defined specialization is still required to preserneishiginal invariants and complexity requirements.
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4.1.6 Numeric Metafunction
Description

A Numeric Metafunctioris aTag Dispatched Metafunctichat provides a built-in infrastructure for easy implementa-
tion of mixed-type operations.

Expression requirements

In the following table and subsequent specificatiansis a placeholder token for the actudlimeric Metafunctiols
name, and, y andxy,Xo,... Xy are arbitrary numeric types.

Expression Type Complexity
op_tag<x>::type Integral Constant Amortized constant time.
op_impl< Any type Unspecified.

op_tag<x>::type

, op_tag<y>::type
>::apply<x,y>::type
OpP<X1,X2,... Xn>: : type Any type Unspecified.

Expression semantics
typedef op_tag<x>::type tag;
Semantics: tag is a tag type fok for op. tag: : value is x's conversion rank

typedef op_impl<
op_tag<x>::type
, op_tag<y>::type
>::apply<x,y>::type r;

Semantics: r is the result obp application on argumentsandy.
typedef op<zi,z2,... Tp>::type r;

Semantics: r is the result obp application on argumentg xo,... Xn.

Example

struct complex_tag : int_<10> {};

template< typename Re, typename Im > struct complex

{
typedef complex_tag tag;
typedef complex type;
typedef Re real;
typedef Im imag;

I

template< typename C > struct real : C::real {};
template< typename C > struct imag : C::imag {};

namespace boost { namespace mpl {
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template<>

struct plus_impl< complex_tag,complex_tag >

{

template< typename N1, typename N2 > struct apply
: complex<
plus< typename N1::real, typename N2::real >

, plus< typename N1::imag, typename N2::imag >
>

o

};
3

typedef complex< int_<5>, int_<-1> > ci;
typedef complex< int_<-5>, int_<1> > c2;

typedef plus<cl,c2> ri;
BOOST_MPL_ASSERT_RELATION( real<ril>::value, ==, 0
BOOST_MPL_ASSERT_RELATION( imag<ri>::value, ==, 0

typedef plus<cl,cl> r2;
BOOST_MPL_ASSERT_RELATION( real<r2>::value, ==, 10 );
BOOST_MPL_ASSERT_RELATION( imag<r2>::value, ==, -2 );

typedef plus<c2,c2> r3;
BOOST_MPL_ASSERT_RELATION( real<r3>::value, ==, -10 );
BOOST_MPL_ASSERT_RELATION( imag<r3>::value, ==, 2 );

Models
— plus
— minus
— times

— divides

See also

Tag Dispatched MetafunctipMetafunctionsnumeric_cast

4.1.7 Trivial Metafunction
Description

A Trivial Metafunctionaccepts a single argument of a class typend returns th&’s nested type membex: :name,
wherename is a placeholder token for the actual member’s name accessed by a specific metafunction’s instance. By
convention, altrivial metafunctionsn MPL are named after the members they provide assess to. For instamségla
Metafunctionnamedfirst reaches for the’s nested member: first.
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Expression requirements

In the following table and subsequent specificatianse is placeholder token for the names of hévial Metafunction
itself and the accessed member, arid a class type such that : name is a validtype-name

Expression Type Complexity
name<x>: :type Any type Constant time.

Expression semantics
typedef name<x>::type r;
Precondition: x::name is a validtype-name

Semantics: is_same<r,x: :name>: :value == true.

Models
— first
— second

— base

See also

Metafunctions Trivial Metafunctions identity

4.2 Type Selection
421 if_
Synopsis

template<
typename C
, typename T1
, typename T2
>

struct if_
{

typedef unspecified type;
s

Description

Returns one of its two argumen®, or T2, depending on the valug

Header

#include <boost/mpl/if.hpp>
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Parameters
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Type Selection

Parameter Requirement Description
C Integral Constant A selection condition.
T1,T2 Any type Types to select from.

Expression semantics

For anyintegral Constan¢ and arbitrary types1, t2:
typedef if_<c,tl,t2>::type t;
Return type: Any type.

Semantics: If c: :value == true, t is identical tot1; otherwiset is identical tot2.

Example

typedef if_<true_,char,long>::type tl;
typedef if_<false_,char,long>::type t2;

BOOST_MPL_ASSERT(( is_same<tl, char> ));
BOOST_MPL_ASSERT(( is_same<t2, long> ));

See also

Metafunctionsintegral Constantif _c, eval_if

422 ifc
Synopsis

template<
bool ¢

, typename T1

, typename T2

>
struct if_c
{

typedef unspecified type;
};

Description

Returns one of its two argument, or T2, depending on the value of integral constanif_c<c,t1,t2>::typeisa

shorcut notation fotf _< bool_<c>,t1,t2 >::type.

Header

#include <boost/mpl/if.hpp>

Parameters
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Parameter Requirement Description
c An integral constant A selection condition.
T1,T2 Any type Types to select from.

Expression semantics

For any integral constartand arbitrary types1, t2:

typedef if_c<c,tl,t2>::type t;

Return type: Any type.

Semantics: Equivalent totypedef if_< bool_<c>,t1,t2 >::type t;

Example

typedef if_c<true,char,long>::type tl;
typedef if_c<false,char,long>::type t2;

BOOST_MPL_ASSERT(( is_same<tl, char> ));
BOOST_MPL_ASSERT(( is_same<t2, long> ));

See also

Metafunctionsintegral Constantif _, eval_if, bool_

4.2.3 eval_if
Synopsis

template<

typename C
, typename F1
, typename F2

>

struct eval_if

{

typedef unspecified type;

};

Description

Evaluates one of its twoullary-metafunctiorargumentsF1 or F2, depending on the value

Header

#include <boost/mpl/eval_if.hpp>

Parameters
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Parameter Requirement Description
C Integral Constant An evaluation condition.
F1,F2 Nullary Metafunction Metafunctions to select for evaluation from.

Expression semantics

For anylntegral Constant and nullaryMetafunctiors £1, £2:
typedef eval_if<c,fl,f2>::type t;
Return type: Any type.

Semantics: If c: :value == true, t is identical tof1: : type; otherwiset is identical tof2: : type.

Example

typedef eval_if< true_, identity<char>, identity<long> >::type t1;
typedef eval_if< false_, identity<char>, identity<long> >::type t2;

BOOST_MPL_ASSERT(( is_same<tl,char> ));
BOOST_MPL_ASSERT(( is_same<t2,long> ));

See also

Metafunctionsintegral Constanteval_if _c, if_

424 eval if c
Synopsis

template<
bool ¢
, typename F1
, typename F2
>

struct eval_if_c
{

typedef unspecified type;
};

Description
Evaluates one of its twaullary-metafunctiorargumentsF1 or F2, depending on the value of integral constant

eval_if_c<c,f1,£2>::type is a shorcut notation fosval _if< bool_<c>,f1,f2 >::type.

Header

#include <boost/mpl/eval_if.hpp>

Parameters
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Parameter Requirement Description
c An integral constant An evaluation condition.
F1,F2 Nullary Metafunction Metafunctions to select for evaluation from.

Expression semantics

For any integral constartand nullaryMetafunctiors £1, £2:

typedef eval_if_c<c,f1,f2>::type t;

Return type: Any type.

Semantics: Equivalent totypedef eval_if< bool_<c>,f1,f2 >::type t;

Example

typedef eval_if_c< true, identity<char>, identity<long> >::type t1;
typedef eval_if_c< false, identity<char>, identity<long> >::type t2;

BOOST_MPL_ASSERT(( is_same<tl,char> ));
BOOST_MPL_ASSERT(( is_same<t2,long> ));

See also

Metafunctionsintegral Constantval_if, if _, bool_

4.3

Invocation

4.3.1 apply

Synopsis

template<
typename F
>
struct applyO
{
typedef unspecified type;
I

template<

typename F, typename Al
>

struct applyl

{

typedef unspecified type;
+;
template<

typename F, typename Al,...

>

typename An
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struct applyn

{
typedef unspecified type;
I
template<
typename F
, typename Al = unspecified
, typename An = unspecified
>
struct apply
{
typedef unspecified type;
I
Description

Invokes aMetafunction Claser aLambda ExpressioR with argumentsii,... An.

Header

#include <boost/mpl/apply.hpp>

Parameters
Parameter Requirement Description
F Lambda Expression An expression to invoke.
Al,...An Any type Invocation arguments.

Expression semantics
For anyLambda Expression and arbitrary typesi,... an:

typedef applyn<f,al,...an>::type t;
typedef apply<f,al,...an>::type t;

Return type: Any type.

Semantics: Equivalent totypedef apply_wrapn< lambda<f>::type,al,... an>::type t;.

Example

template< typename N1, typename N2 > struct int_plus
int_<( N1::value + N2::value )>

{

+;

typedef apply< int_plus<_1,_2>, int_<2>, int_<3> >::type rl;
typedef apply< quote2<int_plus>, int_<2>, int_<3> >::type r2;

BOOST_MPL_ASSERT_RELATION( ril::value, ==, 5 );
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BOOST_MPL_ASSERT_RELATION( r2::value, ==, 5 );

See also

Metafunctionsapply_wrap, lambda, quote, bind

4.3.2 apply_wrap

Synopsis
template<
typename F
>
struct apply_wrapO
{
typedef unspecified type;
};
template<
typename F, typename Al
>
struct apply_wrapl
{
typedef unspecified type;
I
template<
typename F, typename Al,... typename An
>
struct apply_wrapn
{
typedef unspecified type;
I
Description

Invokes aMetafunction Clas§ with argumentsii,... An.

In essenceapply_wrap forms are nothing more than syntactic wrappers ardunchpply<Al,... An>::type/
F::apply::type expressions (hence the name). They provide a more concise notation and higher portability than their
underlaying constructs at the cost of an extra template instantiation.

Header

#include <boost/mpl/apply_wrap.hpp>

Parameters
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Parameter Requirement Description
F Metafunction Class A metafunction class to invoke.
Al,...An Any type Invocation arguments.

Expression semantics

For anyMetafunction Clasg and arbitrary typesi,... an:
typedef apply_wrapn<f,al,...an>::type t;
Return type: Any type.

Semantics: If n > 0, equivalent totypedef f::apply<al,... an>::type t;, otherwise equiva-
lent to eithertypedef f::apply::type t; Or typedef f::apply<>::type t; depending on
whetherf : : apply is a class or a class template.

Example
struct f0
{
template< typename T = int > struct apply
{
typedef char type;
+;
};
struct g0
{
struct apply { typedef char type; };
};
struct f2
{
template< typename T1, typename T2 > struct apply
{
typedef T2 type;
I
I

typedef apply_wrapO< fO >::type rl;
typedef apply_wrapO< g0 >::type r2;
typedef apply_wrap2< f2,int,char >::type r3;

BOOST_MPL_ASSERT(( is_same<rl,char> ));

BOOST_MPL_ASSERT(( is_same<r2,char> ));
BOOST_MPL_ASSERT(( is_same<r3,char> ));

See also

Metafunctionsinvocation apply, lambda, quote, bind, protect
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4.3.3 unpack_args
Synopsis

template<
typename F
>

struct unpack_args
{
// unspecified
/...
I

Description

A higher-order primitive transforming amary Lambda ExpressioR into an unaryMetafunction Clasg accepting a
single sequence afarguments.

Header

#include <boost/mpl/unpack_args.hpp>

Model of

Metafunction Class

Parameters
Parameter Requirement Description
F Lambda Expression A lambda expression to adopt.

Expression semantics
For an arbitranf.ambda Expressiofy, and arbitrary typesi,... an:
typedef unpack_args<f> g;
Return type: Metafunction Class
Semantics: g is a unaryMetafunction Classuch that
apply_wrapn< g, vector<al,...an> >::type
is identical to

apply<F,al,...an>::type

Example

BOOST_MPL_ASSERT(( apply<
unpack_args< is_same<_1,_2> >
, vector<int,int>

> ));
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See also

MetafunctionsLambda ExpressigiMetafunction Classapply, apply_wrap, bind

4.4 Composition and Argument Binding
4.4.1 Placeholders
Synopsis

namespace placeholders {
typedef unspecified _;

typedef arg<i> _1;
typedef arg<2> _2;
typedef arg<n> -n;
b

using placeholders::_;
using placeholders::_1;
using placeholders::_2;
using placeholders::_n;

Description

A placeholder in a formnis simply a synonym for the correspondiagg<n> specialization. The unnamed placeholder
_ (underscore) carriespecial meaningn bind and lambda expressions, and does not have defined semantics outside of
these contexts.

Placeholder names can be made available in the user namespace thgotighnamespace mpl::placeholders;
directive.

Header

#include <boost/mpl/placeholders.hpp>

[Note: The include might be omitted when using placeholders to constiuaitrdoda Expressiofor passing it to MPL's
own algorithm or metafunction: any library component that is documented to accept a lambda expression makes the
placeholders implicitly available for the user codeend notg

Parameters

None.

Expression semantics

For any integral constamtin the range [1BOOST_MPL_LIMIT_METAFUNCTION_ARITY] and arbitrary typeai,... an:
typedef apply_wrapn<_n,al,...an>::type Xx;
Return type: A type.

Semantics: Equivalent to
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typedef apply_wrapn< arg<n>,al,...an >::type x;

Example

typedef apply_wrap5< _1,bool,char,short,int,long >::type ti;
typedef apply_wrap5< _3,bool,char,short,int,long >::type t3;

BOOST_MPL_ASSERT(( is_same< t1, bool > ));
BOOST_MPL_ASSERT(( is_same< t3, short > ));

See also

Composition and Argument Bindingrg, lambda, bind, apply, apply_wrap

4.4.2 lambda
Synopsis

template<
typename X
, typename Tag = unspecified
>
struct lambda
{
typedef unspecified type;
+;

Description

If X is aPlaceholder ExpressiptransformsX into a correspondind/letafunction ClassotherwiseX is returned un-
changed.

Header

#include <boost/mpl/lambda.hpp>

Parameters
Parameter Requirement Description
X Any type An expression to transform.
Tag Any type A tag determining transform semantics.

Expression semantics

For arbitrary types andtag:
typedef lambda<x>::type f;
Return type: Metafunction Class

Semantics: If x is aPlaceholder Expressidn a general fornk<ai, .. .an>, whereX is a class template
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andal,... an are arbitrary types, equivalent to

typedef protect< bind<
quoten <X>
, lambda<al>::type,... lambda<an>::type
> > f;

otherwisef is identical tox.
typedef lambda<x,tag>::type f;
Return type: Metafunction Class

Semantics: If x is aPlaceholder Expressidn a general fornk<ai, . ..an>, whereX is a class template
andal,... an are arbitrary types, equivalent to

typedef protect< bind<
quoten<X,tag>
, lambda<al,tag>::type,... lambda<an,tag>::type
> > f;

otherwisef is identical tox.

Example

template< typename N1, typename N2 > struct int_plus
int_<( N1::value + N2::value )>

{

};

typedef lambda< int_plus<_1, int_<42> > >::type f1;
typedef bind< quote2<int_plus>, _1, int_<42> > f2;

typedef f1::apply<42>::type ril;
typedef £2::apply<42>::type r2;

BOOST_MPL_ASSERT_RELATION( ril::value, ==, 84 );
BOOST_MPL_ASSERT_RELATION( r2::value, ==, 84 );
See also

Composition and Argument Bindin@vocation Placeholdersind, quote, protect, apply

4.4.3 bind
Synopsis

template<
typename F
>
struct bindO
{
// unspecified
/...
};
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template<
typename F, typename Al
>
struct bindl
{
// unspecified
/...
I
template<
typename F, typename Al,... typename An
>
struct bindn
{
// unspecified
/...
I
template<
typename F
, typename Al = unspecified
, typename An = unspecified
>
struct bind
{
// unspecified
/...
I
Description

bind is a higher-order primitive foMetafunction Classomposition and argument binding. In essence, it's a compile-
time counterpart of the similar run-time functionality providedByost.BindandBoost.Lambddibraries.

Header

#include <boost/mpl/bind.hpp>

Model of

Metafunction Class

Parameters
Parameter Requirement Description
F Metafunction Class An metafunction class to perform binding on.
Al,... An Any type Arguments to bind.
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Expression semantics

For anyMetafunction Clasg and arbitrary typesi,... an:

typedef bind<f,al,...an> g;
typedef bindn<f,al,...an> g;

Return type: Metafunction Class
Semantics: Equivalent to

struct g
{
template<
typename Ul = unspectfied

, typename Un = unspecified
>
struct apply
: apply_wrapn<
typename hO<f,Ul,...Un>::type
, typename hil<al,Ul1,...Un>::type

, typename hn<an,Ul,...Un>::type
>

“ A

};
wherehk is equivalent to

template< typename X, typename Ul,... typename Un > struct hk
: apply_wrapn<X,Ul,...Un>
{
};
if £ orak is abind expressiowr aplaceholderand
template< typename X, typename Ul,... typename Un > struct hk
{

typedef X type;
};

otherwise. Note: Every nth appearance of thennamed placeholdén the bind<f,al,...an>
specialization is replaced with the corresponding numbered placehaiderend noté

Example

struct f1
{
template< typename T1 > struct apply
{
typedef T1 type;
+;
s

struct 5
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{
template< typename T1, typename T2, typename T3, typename T4, typename T5 >
struct apply
{
typedef TS5 type;
};
};

typedef apply_wrapl<
bind1<f1,_1>
, int
>::type rili;

typedef apply_wrapb<
bind1<f1,_5>
, void,void,void,void,int
>::type ril2;

BOOST_MPL_ASSERT(( is_same<rll,int> ));
BOOST_MPL_ASSERT(( is_same<rl2,int> ));

typedef apply_wrapb<
bindb<f5,_1,_2,_3,_4,_5>
, void,void,void,void,int
>::type rbi;

typedef apply_wrapb<
bindb<f5,_5,_4,_3,_2,_1>
, int,void,void,void,void
>::type rb2;

BOOST_MPL_ASSERT(( is_same<r51,int> ));
BOOST_MPL_ASSERT(( is_same<r52,int> ));

See also

Composition and Argument Bindingvocation Placeholderslambda, quote, protect, apply, apply_wrap

4.4.4 quote
Synopsis

template<
template< typename P1 > class F
, typename Tag = unspecified

>

struct quotel

{
// unspecified
/...

I

Revision Date: 15th November 2004



165 Metafunctions 4.4 Composition and Argument Binding

template<
template< typename P1,... typename Pn > class F
, typename Tag = unspectfied
>
struct quoten
{
// unspecified
/...
s
Description

quoten is a higher-order primitive that wraps arary Metafunctionto create a correspondindgetafunction Class

Header

#include <boost/mpl/quote.hpp>

Model of

Metafunction Class

Parameters
Parameter Requirement Description
F Metafunction A metafunction to wrap.
Tag Any type A tag determining wrap semantics.

Expression semantics
For anyn-ary Metafunctionf and arbitrary typeag:

typedef quoten<f> g;
typedef quoten<f,tag> g;

Return type: Metafunction Class

Semantics: Equivalent to

struct g
{
template< typename Al,... typename An > struct apply
: f<A1,...An>
{
I
};
if £<A1,...An> has a nested type membertype, and to
struct g
{
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template< typename Al,... typename An > struct apply
{
typedef £f<Al,...An> type;
I
I
otherwise.
Example
template< typename T > struct f1
{
typedef T type;
};
template<
typename T1, typename T2, typename T3, typename T4, typename T5
>
struct f5
{
// no ’type’ member!
};
typedef quotel<fl>::apply<int>::type tl;
typedef quoteb<fb>::apply<char,short,int,long,float>::type tb;
BOOST_MPL_ASSERT(( is_same< t1, int > ));
BOOST_MPL_ASSERT(( is_same< t5, fb<char,short,int,long,float> > ));
See also

Composition and Argument Bindingvocation bind, lambda, protect, apply

4,45 arg

Synopsis

template< int n > struct arg;

template<> struct arg<i>

{
template< typename Al,... typename An = unspecified >
struct apply
{
typedef Al type;
};
};

template<> struct arg<n>

{
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template< typename Al,... typename An >
struct apply
{
typedef An type;
s
+;
Description

arg<n> specialization is #etafunction Classhat return thenth of its arguments.

Header

#include <boost/mpl/arg.hpp>

Parameters
Parameter Requirement Description
n An integral constant A number of argument to return.

Expression semantics

For any integral constamtin the range [1BOOST_MPL_LIMIT_METAFUNCTION_ARITY] and arbitrary typead,... an:
typedef apply_wrapn< arg<n>,al,...an >::type Xx;
Return type: A type.

Semantics: x is identical toan.

Example

typedef apply_wrapb< arg<1l>,bool,char,short,int,long >::type til;
typedef apply_wrapb< arg<3>,bool,char,short,int,long >::type t3;

BOOST_MPL_ASSERT(( is_same< t1, bool > ));
BOOST_MPL_ASSERT(( is_same< t3, short > ));

See also

Composition and Argument Bindin&laceholderslambda, bind, apply, apply_wrap

4.4.6 protect
Synopsis

template<
typename F
>

struct protect

{
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// unspecified
/...
};

Description

protect is an identity wrapper for detafunction Classhat prevents its argument from being recognized bsd

expression

Header

#include <boost/mpl/protect.hpp>

Parameters
Parameter Requirement Description
F Metafunction Class A metafunction class to wrap.

Expression semantics
For anyMetafunction Class:
typedef protect<f> g;
Return type: Metafunction Class
Semantics: If £ is abind expressiopequivalent to

struct g
{
template<

typename Ul = unspecified,.

>
struct apply
: apply_wrapn<f,Ul,...Un>
{
};
+;

otherwise equivalent toypedef f g;.
Example

FIXME

struct £

{

typename Un = unspecified

template< typename T1, typename T2 > struct apply

{
// ...
};
};
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typedef bind<_1, protect< bind<f,_1,_2> > >

typedef apply_wrapO< fO >::type rl;
typedef apply_wrapO< g0 >::type r2;
typedef apply_wrap2< £f2,int,char >::type r3;

BOOST_MPL_ASSERT(( is_same<rl,char> ));
BOOST_MPL_ASSERT(( is_same<r2,char> ));
BOOST_MPL_ASSERT (( is_same<r3,char> ));

See also

Composition and Argument Bindingvocation bind, quote, apply_wrap

4.5 Arithmetic Operations
45.1 plus
Synopsis

template<
typename T1
, typename T2
, typename T3 = unspecified

, typename Tn = unspecified
>
struct plus
{
typedef unspecified type;
};

Description

Returns the sum of its arguments.

Header

#include <boost/mpl/plus.hpp>
#include <boost/mpl/arithmetic.hpp>

Model of

Numeric Metafunction

Parameters
Parameter Requirement Description
T1,T2,...Tn Integral Constant Operation’s arguments.
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[Note: The requirements listed in this specification are the ones imposed by the default implementatiNonteeie
Metafunctionconcept for the details on how to provide an implementation for a user-defined numeric type that does not
satisfy thelntegral Constantequirements. —end not¢

Expression semantics

For anylntegral Constaistcy,Cy,... Cn:
typedef plus<cl,...cn>::type r;
Return type: Integral Constant
Semantics: Equivalent to

typedef integral_c<
typeof (cl::value + c2::value)
, ( cl::value + c2::value )

> c;
typedef plus<c,c3,...cn>::type r;
typedef plus<cl,...cn> r;

Return type: Integral Constant
Semantics: Equivalent to

struct r : plus<cl,...cn>::type {};

Complexity

Amortized constant time.

Example

typedef plus< int_<-10>, int_<3>, long_<1> >::type r;
BOOST_MPL_ASSERT_RELATION( r::value, ==, -6 );
BOOST_MPL_ASSERT(( is_same< r::value_type, long > ));

See also

Arithmetic OperationsNumeric Metafunctiopnumeric_cast, minus, negate, times

4.5.2 minus

Synopsis
template<
typename T1
, typename T2

, typename T3 = unspecified
, typename Tn = unspecified

>
struct minus
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{
typedef unspecified type;
};
Description

Returns the difference of its arguments.

Header

#include <boost/mpl/minus.hpp>
#include <boost/mpl/arithmetic.hpp>

Model of

Numeric Metafunction

Parameters
Parameter Requirement Description
T1,T2,...Tn Integral Constant Operation’s arguments.

[Note: The requirements listed in this specification are the ones imposed by the default implementatiNonteeie
Metafunctionconcept for the details on how to provide an implementation for a user-defined numeric type that does not
satisfy thelntegral Constantequirements. —end not¢

Expression semantics

For anylntegral Constaistcy,Cp,... Cn:
typedef minus<cl,...cn>::type r;
Return type: Integral Constant
Semantics: Equivalent to

typedef integral_c<
typeof (cl::value - c2::value)
, ( cl::value - c2::value )

> c;
typedef minus<c,c3,...cn>::type r;
typedef minus<cl,...cn> r;

Return type: Integral Constant
Semantics: Equivalent to

struct r : minus<cl,...cn>::type {};

Complexity

Amortized constant time.
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Example

typedef minus< int_<-10>, int_<3>, long_<1> >::type r;
BOOST_MPL_ASSERT_RELATION( r::value, ==, -14 );
BOOST_MPL_ASSERT(( is_same< r::value_type, long > ));

See also

Arithmetic OperationsNumeric Metafunctionnumeric_cast, plus, negate, times

45.3 times
Synopsis

template<
typename T1
, typename T2
, typename T3 = unspecified

, typename Tn = unspecified
>
struct times
{
typedef unspecified type;
};

Description

Returns the product of its arguments.

Header

#include <boost/mpl/times.hpp>
#include <boost/mpl/arithmetic.hpp>

Model of

Numeric Metafunction

Parameters
Parameter Requirement Description
T1,T2,...Tn Integral Constant Operation’s arguments.

[Note: The requirements listed in this specification are the ones imposed by the default implementatiNongeie
Metafunctionconcept for the details on how to provide an implementation for a user-defined numeric type that does not
satisfy thelntegral Constantequirements. —end not¢
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Expression semantics

For anylntegral Constaistcy,Cy,... Cn:
typedef times<cl,...cn>::type r;
Return type: Integral Constant
Semantics: Equivalent to

typedef integral_c<
typeof (cl::value * c2::value)
, ( cl::value * c2::value )

> ¢;
typedef times<c,c3,...cn>::type r;
typedef times<cl,...cn> r;

Return type: Integral Constant
Semantics: Equivalent to

struct r : times<cl,...cn>::type {};

Complexity

Amortized constant time.

Example

typedef times< int_<-10>, int_<3>, long_<1> >::type r;
BOOST_MPL_ASSERT_RELATION( r::value, ==, -30 );
BOOST_MPL_ASSERT(( is_same< r::value_type, long > ));

See also

MetafunctionsNumeric Metafunctionnumeric_cast, divides, modulus, plus

4.5.4 divides
Synopsis

template<
typename T1
, typename T2
, typename T3 = unspecified

, typename Tn = unspecified

>
struct divides
{

typedef unspecified type;
I
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Description

Returns the quotient of its arguments.

Header

#include <boost/mpl/divides.hpp>
#include <boost/mpl/arithmetic.hpp>

Model of

Numeric Metafunction

Parameters
Parameter Requirement Description
T1,T2,...Tn Integral Constant Operation’s arguments.

[Note: The requirements listed in this specification are the ones imposed by the default implementatiNongeie
Metafunctionconcept for the details on how to provide an implementation for a user-defined numeric type that does not
satisfy thelntegral Constantequirements. —end not¢

Expression semantics
For anylntegral Constaistcy,Cp,... Cn:
typedef divides<cl,...cn>::type r;
Return type: Integral Constant
Precondition: c2::value != 0,...cn::value != 0.
Semantics: Equivalent to

typedef integral_c<
typeof (cl::value / c2::value)
, ( cl::value / c2::value )

> c;
typedef divides<c,c3,...cn>::type r;
typedef divides<cl,...cn> r;

Return type: Integral Constant
Precondition: c2::value != 0,...cn::value != 0
Semantics: Equivalent to

struct r : divides<cl,...cn>::type {};

Complexity

Amortized constant time.
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