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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 manipulatingsequencesof 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 the MPLIterators, with two additional classifi-
cation dimensions:extensibility andassociativeness.

1.1.1 Forward Sequence

Description

A Forward Sequenceis an MPL concept representing a compile-time sequence of elements. Sequence elements are
types, and are accessible throughIterators. 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 unspecified,
order. Every MPL sequence is aForward Sequence.

Definitions

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

— A sequence isemptyif its size is zero.

Expression requirements

For anyForward Sequences the 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; seebegin.

end<s>::type A past-the-end iterator to the sequence; seeend.

size<s>::type The size of the sequence; seesize.

empty<s>::type A booleanIntegral Constantc such thatc::value == true if and only if the
sequence is empty; seeempty.

front<s>::type The first element in the sequence; seefront.

Invariants

For anyForward Sequences the following invariants always hold:

— [begin<s>::type, end<s>::type) is always a valid range.

— An algorithm that iterates through the range [begin<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 throughs will access its elements in the same order.

Models

— vector

— map

— range_c

— iterator_range

— filter_view

See also

Sequences, Bidirectional Sequence, Forward Iterator, begin / end, size, empty, front

1.1.2 Bidirectional Sequence

Description

A Bidirectional Sequenceis aForward Sequencewhose iterators modelBidirectional Iterator.

Refinement of

Forward Sequence

Expression requirements

In addition to the requirements defined inForward Sequence, for anyBidirectional Sequences the following must be
met:
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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 defined inForward Sequence.

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

Models

— vector

— range_c

See also

Sequences, Forward Sequence, Random Access Sequence, Bidirectional Iterator, begin / end, back

1.1.3 Random Access Sequence

Description

A Random Access Sequenceis a Bidirectional Sequencewhose iterators modelRandom Access Iterator. A random
access sequence guarantees amortized constant time access to an arbitrary sequence element.

Refinement of

Bidirectional Sequence

Expression requirements

In addition to the requirements defined inBidirectional Sequence, for anyRandom Access Sequences the following
must be met:

Expression Type Complexity
begin<s>::type Random Access Iterator Amortized constant time

end<s>::type Random Access Iterator 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 defined inBidirectional Sequence.
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Expression Semantics

Expression Semantics
at<s,n>::type Thenth element from the beginning of the sequence; seeat.

Models

— vector

— range_c

See also

Sequences, Bidirectional Sequence, Extensible Sequence, Random Access Iterator, begin / end, at

1.1.4 Extensible Sequence

Description

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

Expression requirements

For anyExtensible Sequences, its iteratorspos andlast, Forward Sequencer, and any typex, 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 tos, of the following elements:

[begin<s>::type, pos), x, [pos, end<s>::type); seeinsert.

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

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

erase<s,pos,last>::type A new sequence, concept-identical tos, of the following elements:
[begin<s>::type, pos), [last, end<s>::type); seeerase.

clear<s>::type An empty sequence concept-identical tos; seeclear.
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Models

— vector

— list

See also

Sequences, Back Extensible Sequence, insert, insert_range, erase, clear

1.1.5 Front Extensible Sequence

Description

A Front Extensible Sequenceis anExtensible Sequencethat supports amortized constant time insertion and removal
operations at the beginning.

Refinement of

Extensible Sequence

Expression requirements

In addition to the requirements defined inExtensible Sequence, for anyBack Extensible Sequences the 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 defined inExtensible 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; seefront.

Models

— vector

— list

See also

Sequences, Extensible Sequence, Back Extensible Sequence, push_front, pop_front, front
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1.1.6 Back Extensible Sequence

Description

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

Refinement of

Extensible Sequence

Expression requirements

In addition to the requirements defined inExtensible Sequence, for anyBack Extensible Sequences the 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 defined inExtensible 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; seeback.

Models

— vector

— deque

See also

Sequences, Extensible Sequence, Front Extensible Sequence, push_back, pop_back, back

1.1.7 Associative Sequence

Description

An Associative Sequenceis a Forward Sequencethat 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



15 Sequences 1.1 Concepts

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 specifications,s is anAssociative Sequence, x is a sequence element, andk and
def are arbitrary types.

In addition to the requirements defined inForward Sequence, the 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 Constantor 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 defined inForward Sequence.

Expression Semantics
has_key<s,k>::type A booleanIntegral Constantc such thatc::value == true if and only

if there is one or more elements with the keyk in s; seehas_key.

count<s,k>::type The number of elements with the keyk in s; seecount.

order<s,k>::type A unique unsignedIntegral Constantassociated with the keyk in the se-
quences; seeorder.

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

The first element associated with the keyk in the sequences; seeat.

key_type<s,x>::type The key part of the elementx that would be used to identifyx in s; see
key_type.

value_type<s,x>::type The value part of the elementx that would be used forx in s; seevalue_-
type.

Models

— set

— map

See also

Sequences, Extensible Associative Sequence, has_key, count, order, at, key_type, value_type
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1.1.8 Extensible Associative Sequence

Description

An Extensible Associative Sequenceis anAssociative Sequencethat supports insertion and removal of elements. In con-
trast toExtensible Sequence, Extensible Associative Sequencedoes not provide a mechanism for inserting an element
at a specific position.

Expression requirements

In the following table and subsequent specifications,s is anAssociative Sequence, pos is an iterator intos, andx andk
are arbitrary types.

In addition to theAssociative Sequencerequirements, 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 defined inAssociative Sequence.

Expression Semantics
insert<s,x>::type Insertsx into s; the resulting sequencer is equivalent tos 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; seeinsert.

erase_key<s,k>::type Erases elements ins associated with the keyk; 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; equivalent toerase_key<s,
deref<pos>::type >::type; seeerase.

clear<s>::type An empty sequence concept-identical tos; seeclear.

Models

— set

— map

See also

Sequences, Associative Sequence, insert, erase, clear
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1.1.9 Integral Sequence Wrapper

Description

An Integral Sequence Wrapperis a class template that provides a concise interface for creating a corresponding sequence
of Integral Constants. In particular, assuming thatseq is a name of the wrapper’s underlying sequence andc1,c2,... cn

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

seq_c<T,c1,c2,... cn>

If seq is aVariadic Sequence, numberedwrapper forms are also avaialable:

seqn_c<T,c1,c2,... cn>

Expression requirements

In the following table and subsequent specifications,seq is a placeholder token for theIntegral Sequence Wrapper’s
underlying sequence’s name.

Expression Type Complexity
seq_c<T,c1,c2,... cn> Forward Sequence Amortized constant time.

seq_c<T,c1,c2,... cn>::type Forward Sequence Amortized constant time.

seq_c<T,c1,c2,... cn>::value_type An integral type Amortized constant time.

seqn_c<T,c1,c2,... cn> Forward Sequence Amortized constant time.

seqn_c<T,c1,c2,... cn>::type Forward Sequence Amortized constant time.

seqn_c<T,c1,c2,... cn>::value_type An integral type Amortized constant time.

Expression semantics

typedef seq_c<T,c 1,c 2,... c n> s;
typedef seqn _c<T,c 1,c 2,... c n> s;

Semantics: s is a sequenceseq of integral constant wrappersintegral_c<T,c1>, integral_c<T,c2>,
... integral_c<T,cn>.

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

typedef seq_c<T,c 1,c 2,... c n>::type s;
typedef seqn _c<T,c 1,c 2,... c n>::type s;

Semantics: s is identical toseqn<integral_c<T,c1>,integral_c<T,c2>, ... integral_c<T,cn> >.

typedef seq_c<T,c 1,c 2,... c n>::value_type t;
typedef seqn _c<T,c 1,c 2,... c n>::value_type t;

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

Models

— vector_c

— list_c

— set_c
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See also

Sequences, Variadic Sequence, Integral Constant

1.1.10 Variadic Sequence

Description

A Variadic Sequenceis a member of a family of sequence classes with bothvariadic andnumberedforms. If seq is a
generic name for someVariadic Sequence, its variadic formallows us to specify a sequence ofn elementst1,t2,... tn, for
anyn from 0 up to apreprocessor-configurable limitBOOST_MPL_LIMIT_seq_SIZE, using the following notation:

seq<t1,t2,... tn>

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

seqn<t1,t2,... tn>

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

Expression requirements

In the following table and subsequent specifications,seq is a placeholder token for the actualVariadic Sequencename.

Expression Type Complexity
seq<t1,t2,... tn> Forward Sequence Amortized constant time

seq<t1,t2,... tn>::type Forward Sequence Amortized constant time

seqn<t1,t2,... tn> Forward Sequence Amortized constant time

seqn<t1,t2,... tn>::type Forward Sequence Amortized constant time

Expression semantics

typedef seq<t 1,t 2,... t n> s;
typedef seqn <t 1,t 2,... t n> s;

Semantics: s is a sequence of elementst1,t2,... tn.

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

typedef seq<t 1,t 2,... t n>::type s;
typedef seqn <t 1,t 2,... t n>::type s;

Semantics: s is identical toseqn<t1,t2,... tn >.

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

Models

— vector

— list

— map
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See also

Sequences, Configuration, 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 avariadic, random access, extensiblesequence 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 extension,vector 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 table,v is an instance ofvector, pos andlast are iterators intov, r is aForward Sequence, n is an
Integral Constant, andx andt1,t2,... tn are arbitrary types.

Expression Semantics
vector<t 1,t 2,... t n>
vectorn <t 1,t 2,... t n>

vector of elementst1,t2,... tn; seeVariadic Sequence.

vector<t 1,t 2,... t n>::type
vectorn <t 1,t 2,... t n>::type

Identical tovectorn<t1,t2,... tn>; seeVariadic Sequence.

begin<v>::type An iterator pointing to the beginning ofv; seeRandom Access Se-
quence.

end<v>::type An iterator pointing to the end ofv; seeRandom Access Sequence.

size<v>::type The size ofv; seeRandom Access Sequence.

empty<v>::type A booleanIntegral Constantc such thatc::value == true if and
only if the sequence is empty; seeRandom Access Sequence.
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Expression Semantics
front<v>::type The first element inv; seeRandom Access Sequence.

back<v>::type The last element inv; seeRandom Access Sequence.

at<v,n>::type Thenth element from the beginning ofv; seeRandom Access Se-
quence.

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

insert_range<v,pos,r>::type A new vector of following elements: [begin<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: [begin<v>::type, pos),
[next<pos>::type, end<v>::type); seeExtensible Sequence.

erase<v,pos,last>::type A new vector of following elements: [begin<v>::type, pos),
[last, end<v>::type); seeExtensible Sequence.

clear<v>::type An emptyvector; seeExtensible Sequence.

push_back<v,x>::type A new vector of following elements: [begin<v>::type,
end<v>::type), x; seeBack Extensible Sequence.

pop_back<v>::type A newvector of following elements: [begin<v>::type, prior<
end<v>::type >::type); seeBack Extensible Sequence.

push_front<v,x>::type A new vector of following elements: [begin<v>::type,
end<v>::type), x; seeFront Extensible Sequence.

pop_front<v>::type A new vector of following elements: [next< 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

Sequences, Variadic Sequence, Random Access Sequence, Extensible Sequence, vector_c, list

1.2.2 list

Description

A list is avariadic, 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>

Revision Date: 15th November 2004



21 Sequences 1.2 Classes

Model of

— Variadic Sequence

— Forward Sequence

— Extensible Sequence

— Front Extensible Sequence

Expression semantics

In the following table,l is alist, pos andlast are iterators intol, r is aForward Sequence, andt1,t2,... tn andx are
arbitrary types.

Expression Semantics
list<t 1,t 2,... t n>
listn <t 1,t 2,... t n>

list of elementst1,t2,... tn; seeVariadic Sequence.

list<t 1,t 2,... t n>::type
listn <t 1,t 2,... t n>::type

Identical tolistn<t1,t2,... tn>; seeVariadic Sequence.

begin<l>::type An iterator to the beginning ofl; seeForward Sequence.

end<l>::type An iterator to the end ofl; seeForward Sequence.

size<l>::type The size ofl; seeForward Sequence.

empty<l>::type A booleanIntegral Constantc such thatc::value == true if and
only if l is empty; seeForward Sequence.

front<l>::type The first element inl; seeForward Sequence.

insert<l,pos,x>::type A new list of following elements: [begin<l>::type, pos), x,
[pos, end<l>::type); seeExtensible Sequence.

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

erase<l,pos>::type A new list of following elements: [begin<l>::type, pos),
[next<pos>::type, end<l>::type); seeExtensible Sequence.

erase<l,pos,last>::type A new list of following elements: [begin<l>::type, pos),
[last, end<l>::type); seeExtensible Sequence.

clear<l>::type An emptylist; seeExtensible Sequence.

push_front<l,x>::type A new list containingx as its first element; seeFront Extensible
Sequence.

pop_front<l>::type A new list containing all but the first elements ofl in the same
order; seeFront 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

Sequences, Variadic Sequence, Forward Sequence, Extensible Sequence, vector, list_c

1.2.3 deque

Description

deque is avariadic, random access, extensiblesequence 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 forvector.

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

Sequences, vector, list, set

1.2.4 set

Description

set is avariadic, associative, extensiblesequence of types that supports constant-time insertion and removal of elements,
and testing for membership. Aset 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 table,s is an instance ofset, pos is an iterator intos, andx, k, andt1,t2,... tn are arbitrary types.

Expression Semantics
set<t 1,t 2,... t n>
setn <t 1,t 2,... t n>

set of elementst1,t2,... tn; seeVariadic Sequence.

set<t 1,t 2,... t n>::type
setn <t 1,t 2,... t n>::type

Identical tosetn<t1,t2,... tn>; seeVariadic Sequence.

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

end<s>::type An iterator pointing to the end ofs; seeAssociative Sequence.

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

empty<s>::type A booleanIntegral Constantc such thatc::value == true if and
only if s is empty; seeAssociative Sequence.

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

has_key<s,k>::type A booleanIntegral Constantc such thatc::value == true if and
only if there is one or more elements with the keyk in s; seeAsso-
ciative Sequence.

count<s,k>::type The number of elements with the keyk in s; seeAssociative Se-
quence.

order<s,k>::type A unique unsignedIntegral Constantassociated with the keyk in
s; seeAssociative Sequence.

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

The element associated with the keyk in s; seeAssociative Se-
quence.

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

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

insert<s,x>::type A newset equivalent tos 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 thathas_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

Sequences, Variadic Sequence, Associative Sequence, Extensible Associative Sequence, set_c, map, vector

1.2.5 map

Description

map is a variadic, associative, extensiblesequence of type pairs that supports constant-time insertion and removal of
elements, and testing for membership. Amap 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 specifications,m is an instance ofmap, pos is an iterator intom, x andp1,p2,... pn

arepairs, andk is an arbitrary type.

Expression Semantics
map<p 1,p 2,... p n>
mapn <p 1,p 2,... p n>

map of elementsp1,p2,... pn; seeVariadic Sequence.

map<p 1,p 2,... p n>::type
mapn <p 1,p 2,... p n>::type

Identical tomapn<p1,p2,... pn>; seeVariadic Sequence.

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

end<m>::type An iterator pointing to the end ofm; seeAssociative Sequence.

size<m>::type The size ofm; seeAssociative Sequence.
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Expression Semantics
empty<m>::type A booleanIntegral Constantc such thatc::value == true if and

only if m is empty; seeAssociative Sequence.

front<m>::type The first element inm; seeAssociative Sequence.

has_key<m,k>::type Queries the presence of elements with the keyk in m; seeAssocia-
tive Sequence.

count<m,k>::type The number of elements with the keyk in m; seeAssociative Se-
quence.

order<m,k>::type A unique unsignedIntegral Constantassociated with the keyk in
m; seeAssociative Sequence.

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

The element associated with the keyk in m; seeAssociative Se-
quence.

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 tom 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 thathas_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]>
, pair<int[42],bool>
> m;

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

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

See also

Sequences, Variadic Sequence, Associative Sequence, Extensible Associative Sequence, set, 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 Sequenceof Integral Constants. Note that because it is not anExtensible Sequence,
sequence-building intrinsic metafunctions such aspush_front and transformation algorithms such asreplace 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 table,r is an instance ofrange_c, n is anIntegral Constant, T is an arbitrary integral type, andn andm
are integral constant values of typeT.

Expression Semantics
range_c<T,n,m>
range_c<T,n,m>::type

A sorted Random Access Sequenceof integral constant wrappers for
the half-open range of values [n, m): integral_c<T,n>, integral_-
c<T,n+1>,... integral_c<T,m-1>.

begin<r>::type An iterator pointing to the beginning ofr; seeRandom Access Sequence.

end<r>::type An iterator pointing to the end ofr; seeRandom Access Sequence.

size<r>::type The size ofr; seeRandom Access Sequence.

empty<r>::type A booleanIntegral Constantc such thatc::value == true if and only
if r is empty; seeRandom Access Sequence.

front<r>::type The first element inr; seeRandom Access Sequence.

back<r>::type The last element inr; seeRandom Access Sequence.

at<r,n>::type Thenth element from the beginning ofr; seeRandom Access Sequence.

Example

typedef range_c<int,0,0> range0;
typedef range_c<int,0,1> range1;
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typedef range_c<int,0,10> range10;

BOOST_MPL_ASSERT_RELATION( size<range0>::value, ==, 0 );
BOOST_MPL_ASSERT_RELATION( size<range1>::value, ==, 1 );
BOOST_MPL_ASSERT_RELATION( size<range10>::value, ==, 10 );

BOOST_MPL_ASSERT(( empty<range0> ));
BOOST_MPL_ASSERT_NOT(( empty<range1> ));
BOOST_MPL_ASSERT_NOT(( empty<range10> ));

BOOST_MPL_ASSERT(( is_same< begin<range0>::type, end<range0>::type > ));
BOOST_MPL_ASSERT_NOT(( is_same< begin<range1>::type, end<range1>::type > ));
BOOST_MPL_ASSERT_NOT(( is_same< begin<range10>::type, end<range10>::type > ));

BOOST_MPL_ASSERT_RELATION( front<range1>::type::value, ==, 0 );
BOOST_MPL_ASSERT_RELATION( back<range1>::type::value, ==, 0 );
BOOST_MPL_ASSERT_RELATION( front<range10>::type::value, ==, 0 );
BOOST_MPL_ASSERT_RELATION( back<range10>::type::value, ==, 9 );

See also

Sequences, Random Access Sequence, vector_c, set_c, list_c

1.2.7 vector_c

Description

vector_c is anIntegral Sequence Wrapperfor vector. As such, it shares allvector 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/vectorn_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 defined invector.

Revision Date: 15th November 2004



1.2 Classes Sequences 28

Expression Semantics
vector_c<T,c 1,c 2,... c n>
vectorn _c<T,c 1,c 2,... c n>

A vector of integral constant wrappersintegral_-
c<T,c1>, integral_c<T,c2>, ... integral_c<T,cn>;
seeIntegral Sequence Wrapper.

vector_c<T,c 1,c 2,... c n>::type
vectorn _c<T,c 1,c 2,... c n>::type

Identical tovectorn< integral_c<T,c1>, integral_-
c<T,c2>, ... integral_c<T,cn> >; seeIntegral Sequence
Wrapper.

vector_c<T,c 1,c 2,... c n>::value_type
vectorn _c<T,c 1,c 2,... c n>::value_type

Identical toT; seeIntegral Sequence Wrapper.

Example

typedef vector_c<int,1,2,3,5,7,12,19,31> fibonacci;
typedef push_back<fibonacci,int_<50> >::type fibonacci2;

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

See also

Sequences, Integral Sequence Wrapper, vector, integral_c, set_c, list_c, range_c

1.2.8 list_c

Description

list_c is anIntegral Sequence Wrapperfor list. As such, it shares alllist 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 inlist.

Revision Date: 15th November 2004



29 Sequences 1.2 Classes

Expression Semantics
list_c<T,c 1,c 2,... c n>
listn _c<T,c 1,c 2,... c n>

A list of integral constant wrappersintegral_c<T,c1>,
integral_c<T,c2>, ... integral_c<T,cn>; seeIntegral
Sequence Wrapper.

list_c<T,c 1,c 2,... c n>::type
listn _c<T,c 1,c 2,... c n>::type

Identical to listn< integral_c<T,c1>, integral_-
c<T,c2>, ... integral_c<T,cn> >; seeIntegral Sequence
Wrapper.

list_c<T,c 1,c 2,... c n>::value_type
listn _c<T,c 1,c 2,... c n>::value_type

Identical toT; seeIntegral Sequence Wrapper.

Example

typedef list_c<int,1,2,3,5,7,12,19,31> fibonacci;
typedef push_front<fibonacci,int_<1> >::type fibonacci2;

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

See also

Sequences, Integral Sequence Wrapper, list, integral_c, vector_c, set_c, range_c

1.2.9 set_c

Description

set_c is anIntegral Sequence Wrapperfor set. As such, it shares allset 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 defined inset.

Expression Semantics
set_c<T,c 1,c 2,... c n>
setn _c<T,c 1,c 2,... c n>

A set of integral constant wrappersintegral_c<T,c1>,
integral_c<T,c2>, ... integral_c<T,cn>; seeIntegral
Sequence Wrapper.
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Expression Semantics
set_c<T,c 1,c 2,... c n>::type
setn _c<T,c 1,c 2,... c n>::type

Identical to setn< integral_c<T,c1>, integral_-
c<T,c2>, ... integral_c<T,cn> >; seeIntegral Sequence
Wrapper.

set_c<T,c 1,c 2,... c n>::value_type
setn _c<T,c 1,c 2,... c n>::value_type

Identical toT; seeIntegral Sequence Wrapper.

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

Sequences, Integral Sequence Wrapper, set, integral_c, vector_c, list_c, range_c

1.3 Views

A view is 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 short-circuitlogical operationsandeval_-
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

// ...

};

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 defined inRandom Access Sequence.

In the following table,s is an instance ofempty_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

Sequences, Views, vector, list, single_view

1.3.2 filter_view

Synopsis

template<
typename Sequence

, typename Pred
>

struct filter_view
{

// unspecified

// ...

};

Description

A view into a subset ofSequence’s elements satisfying the predicatePred.

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 defined inForward Sequence.

In the following table,v is an instance offilter_view, s is an arbitraryForward Sequence, pred is an unaryLambda
Expression.

Expression Semantics
filter_view<s,pred>
filter_view<s,pred>::type

A lazy Forward Sequencesequence of all the elements in the
range [begin<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; seeForward 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

Sequences, Views, transform_view, joint_view, zip_view, iterator_range

1.3.3 iterator_range

Synopsis

template<
typename First

, typename Last
>

struct iterator_range
{

// unspecified

// ...

Revision Date: 15th November 2004



33 Sequences 1.3 Views

};

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 Sequence, depending 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 defined inForward Sequence.

In the following table,v is an instance ofiterator_range, first andlast are iterators into aForward Sequence,
and [first, last) form a valid range.

Expression Semantics
iterator_range<first,last>
iterator_range<first,last>::type

A lazy sequence all the elements in the range [first, last).

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

Sequences, Views, filter_view, transform_view, joint_view, zip_view, max_element

1.3.4 joint_view

Synopsis

template<

Revision Date: 15th November 2004



1.3 Views Sequences 34

typename Sequence1
, typename Sequence2
>

struct joint_view
{

// unspecified

// ...

};

Description

A view into the sequence of elements formed by concatenatingSequence1 andSequence2 elements.

Header

#include <boost/mpl/joint_view.hpp>

Model of

— Forward Sequence

Parameters

Parameter Requirement Description
Sequence1, Sequence2 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 defined inForward Sequence.

In the following table,v is an instance ofjoint_view, s1 ands2 are arbitraryForward Sequences.

Expression Semantics
joint_view<s1,s2>
joint_view<s1,s2>::type

A lazy Forward Sequenceof all the elements in the ranges
[begin<s1>::type, end<s1>::type), [begin<s2>::type,
end<s2>::type).

size<v>::type The size of v; size<v>::value == size<s1>::value +
size<s2>::value; linear complexity; seeForward 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

Sequences, Views, 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 typeT 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 defined inRandom Access Sequence.

In the following table,v is an instance ofsingle_view, x is an arbitrary type.

Expression Semantics
single_view<x>
single_view<x>::type

A single-element Random Access Sequencev such that
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

Sequences, Views, 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 ofSequence’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 defined inForward Sequence.

In the following table,v is an instance oftransform_view, s is an arbitraryForward Sequence, andf is an unary
Lambda Expression.
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Expression Semantics
transform_view<s,f>
transform_view<s,f>::type

A lazy Forward Sequencesuch that for eachi in the range
[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

Sequences, Views, 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 elements
each of which, in turn, is a sequence of the correspondingSequences’ elements.

Header

#include <boost/mpl/zip_view.hpp>

Model of

— Forward Sequence

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

Expression semantics

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

In the following table,v is an instance ofzip_view, seq aForward Sequenceof n Forward Sequences.

Expression Semantics
zip_view<seq>
zip_view<seq>::type

A lazy Forward Sequencev such that for eachi in [begin<v>::type,
end<v>::type) and for each j in [begin<seq>::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; seeForward Sequence.

Example

Element-wise sum of three vectors.

typedef vector_c<int,1,2,3,4,5> v1;
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<v1,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, Views, filter_view, transform_view, joint_view, single_view, iterator_range

1.4 Intrinsic Metafunctions

The metafunctions that form the essential interface of sequenceclassesdocumented in the correspondingsequence
conceptsare known asintrinsic sequence operations. They differ from genericsequence algorithmsin that, in general,
they need to be implemented from scratch for each new sequence class1).

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

1)In 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 asbegin / end).
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1.4.1 at

Synopsis

template<
typename Sequence

, typename N
>

struct at
{

typedef unspecified type;
};

template<
typename AssocSeq

, typename Key
, typename Default = unspecified

>
struct at
{

typedef unspecified type;
};

Description

at is anoverloaded name:

— at<Sequence,N> returns theN-th element from the beginning of theForward SequenceSequence.

— at<AssocSeq,Key,Default> returns the first element associated withKey in theAssociative SequenceAssoc-
Seq, or Default 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 specifying
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.
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Expression semantics

For anyForward Sequences, andIntegral Constantn:

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 Sequences, and arbitrary typeskey 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 withkey; 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 Sequence, Random Access Sequence, Associative Sequence, at_c, front, back
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1.4.2 at_c

Synopsis

template<
typename Sequence

, long n
>

struct at_c
{

typedef unspecified type;
};

Description

Returns a type identical to thenth element from the beginning of the sequence.at_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 specify-
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 Sequence, Random Access Sequence, at, 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 Sequences:

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> range1;
typedef range_c<int,0,10> range2;
typedef range_c<int,-10,0> range3;

BOOST_MPL_ASSERT_RELATION( back<range1>::value, ==, 0 );
BOOST_MPL_ASSERT_RELATION( back<range2>::value, ==, 9 );
BOOST_MPL_ASSERT_RELATION( back<range3>::value, ==, -1 );

See also

Bidirectional Sequence, front, 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 is not aForward Sequence, returns
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 typex:

typedef begin<x>::type first;

Return type: Forward Iteratoror void_.
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Semantics: If x is aForward Sequence, first is an iterator pointing to the first element ofs; otherwise
first is void_.

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 == 0.

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 Sequence, end, size, empty

1.4.5 clear

Synopsis

template<
typename Sequence

>
struct clear
{

typedef unspecified type;
};

Description

Returns an empty sequenceconcept-identicalto Sequence.

Header

#include <boost/mpl/clear.hpp>

Model of

Tag Dispatched Metafunction

Parameters
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Parameter Requirement Description
Sequence Extensible Sequenceor Extensible Associa-

tive Sequence
A sequence to get an empty “copy” of.

Expression semantics

For anyExtensible Sequenceor Extensible Associative Sequences:

typedef clear<s>::type t;

Return type: Extensible Sequenceor 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 Sequence, Extensible Associative Sequence, erase, empty, begin, end

1.4.6 empty

Synopsis

template<
typename Sequence

>
struct empty
{

typedef unspecified type;
};

Description

Returns anIntegral Constantc such thatc::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 Sequences:

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 Sequence, Integral Constant, size, begin / end

1.4.7 end

Synopsis

template<
typename X

>
struct end
{

typedef unspecified type;
};

Description

Returns the sequence’s past-the-end iterator. If the argument is not aForward Sequence, returnsvoid_.
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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 typex:

typedef end<x>::type last;

Return type: Forward Iteratoror void_.

Semantics: If x is Forward Sequence, last is an iterator pointing one past the last element ins; otherwise
last is void_.

Postcondition: If last 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 Sequence, begin, end, next

1.4.8 erase

Synopsis

template<
typename Sequence

, typename First
, typename Last = unspecified

>
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 SequenceorExtensible Asso-

ciative Sequence
A sequence to erase from.

First Forward Iterator An iterator to the beginning of the range to be erased.

Last Forward Iterator An iterator past-the-end of the range to be erased.

Expression semantics

For anyExtensible Sequences, and iteratorspos, first andlast into s:

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

Return type: Extensible Sequence.

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

Semantics: r is a new sequence,concept-identicalto s, of the following elements: [begin<s>::type,
pos), [last, end<s>::type).

Postcondition: The relative order of the elements inr is the same as ins;

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 iterator ins.

Semantics: Equivalent to

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

For anyExtensible Associative Sequences, and iteratorpos into s:

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

Return type: Extensible Sequence.
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Precondition: pos is a dereferenceable iterator tos.

Semantics: Erases the element at a specific positionpos; 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 Sequence, Extensible Associative Sequence, erase_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 the keyKey in theExtensible Associative SequenceAssocSeq .

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 Sequences, and arbitrary typekey:

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

Return type: Extensible Associative Sequence.

Semantics: r is concept-identicaland equivalent tos except thathas_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 m1;

BOOST_MPL_ASSERT_RELATION( size<m1>::type::value, ==, 1 );
BOOST_MPL_ASSERT(( is_same< at<m1,char>::type,void_ > ));
BOOST_MPL_ASSERT(( is_same< at<m1,int>::type,unsigned > ));

See also

Extensible Associative Sequence, erase, 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 Sequences:

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 types1;
typedef list<int,long>::type types2;
typedef list<char,int,long>::type types3;

BOOST_MPL_ASSERT(( is_same< front<types1>::type, long > ));
BOOST_MPL_ASSERT(( is_same< front<types2>::type, int> ));
BOOST_MPL_ASSERT(( is_same< front<types3>::type, char> ));

See also

Forward Sequence, back, 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;
};

Description

Returns a true-valuedIntegral Constantif Sequence contains an element with keyKey.

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 Sequences, and arbitrary typekey:

typedef has_key<s,key>::type c;

Return type: BooleanIntegral Constant.

Semantics: c::value == true if key is in s’s set of keys; otherwisec::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> > m1;
BOOST_MPL_ASSERT(( has_key<m1,long> ));
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See also

Associative Sequence, count, 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 typeT at an arbitrary positionPos in Sequence. Pos is
ignored isSequence is a model ofExtensible Associative Sequence.

— insert<Sequence,T> is a shortcut notation forinsert<Sequence,Pos,T> for the case whenSequence is a
model ofExtensible Associative Sequence.

Header

#include <boost/mpl/insert.hpp>

Model of

Tag Dispatched Metafunction

Parameters

Parameter Requirement Description
Sequence Extensible SequenceorExtensible Asso-

ciative Sequence
A sequence to insert into.
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Parameter Requirement Description
Pos Forward Iterator An iterator inSequence specifying the insertion po-

sition.

T Any type The element to be inserted.

Expression semantics

For anyExtensible Sequences, iteratorpos in s, and arbitrary typex:

typedef insert<s,pos,x>::type r;

Return type: Extensible Sequence

Precondition: pos is an iterator ins.

Semantics: r is a sequence,concept-identicalto s, of the following elements: [begin<s>::type, pos),
x, [pos, end<s>::type).

Postcondition: The relative order of the elements inr is the same as ins.

at< r, distance< begin<s>::type,pos >::type >::type

is identical tox;

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

For anyExtensible Associative Sequences, iteratorpos in s, and arbitrary typex:

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 is ignored.

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 m1;

BOOST_MPL_ASSERT_RELATION( size<m1>::value, ==, 2 );
BOOST_MPL_ASSERT(( is_same< at<m1,int>::type,unsigned > ));
BOOST_MPL_ASSERT(( is_same< at<m1,char>::type,long > ));

See also

Extensible Sequence, Extensible Associative Sequence, insert_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;
};

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 SequenceorExtensible Asso-

ciative Sequence
A sequence to insert into.

Pos Forward Iterator An iterator inSequence specifying the insertion po-
sition.

Range Forward Sequence The range of elements to be inserted.

Expression semantics

For anyExtensible Sequences, iteratorpos in s, andForward Sequencerange:
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typedef insert<s,pos,range>::type r;

Return type: Extensible Sequence.

Precondition: pos is an iterator intos.

Semantics: r is a sequence,concept-identicalto s, of the following elements: [begin<s>::type, pos),
[begin<r>::type, end<r>::type), [pos, end<s>::type).

Postcondition: The relative order of the elements inr is the same as ins;

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 for
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< list0<> >::type
, list<int>
>::type result2;

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

See also

Extensible Sequence, insert, push_front, push_back, erase

1.4.14 is_sequence

Synopsis

template<
typename X

>
struct is_sequence
{

typedef unspecified type;
};

Description

Returns a booleanIntegral Constantc such thatc::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 {};

BOOST_MPL_ASSERT_NOT(( is_sequence< std::vector<int> > ));
BOOST_MPL_ASSERT_NOT(( is_sequence< int > ));
BOOST_MPL_ASSERT_NOT(( is_sequence< int& > ));
BOOST_MPL_ASSERT_NOT(( is_sequence< UDT > ));
BOOST_MPL_ASSERT_NOT(( is_sequence< UDT* > ));
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

Forward Sequence, begin, end, vector, list, 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 thekey that would be used to identifyX 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 thekey for.

Expression semantics

For anyAssociative Sequences, iteratorspos1 andpos2 in s, and an artibrary typex:

typedef key_type<s,x>::type k;

Return type: A type.

Precondition: x can be put ins.

Semantics: k is thekey that would be used to identifyx in s.

Postcondition: If key_type< s,deref<pos1>::type >::type is identical to key_type<
s,deref<pos2>::type >::type thenpos1 is identical topos2.

Complexity

Amortized constant time.

Example

typedef key_type< map<>,pair<int,unsigned> >::type k1;
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 Sequence, value_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 unsignedIntegral Constantassociated with the keyKey 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 Sequences, and arbitrary typekey:

typedef order<s,key>::type n;

Return type: UnsignedIntegral Constant.

Semantics: If has_key<s,key>::value == true, n is a unique unsignedIntegral Constantassociated
with key in s; otherwise,n 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_ > ));
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See also

Associative Sequence, has_key, count, map

1.4.17 pop_back

Synopsis

template<
typename Sequence

>
struct pop_back
{

typedef unspecified type;
};

Description

pop_back performs a removal at the end of the sequence with guaranteedO(1)complexity.

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 Sequences:

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 vector<long>::type types1;
typedef vector<long,int>::type types2;
typedef vector<long,int,char>::type types3;

typedef pop_back<types1>::type result1;
typedef pop_back<types2>::type result2;
typedef pop_back<types3>::type result3;

BOOST_MPL_ASSERT_RELATION( size<result1>::value, ==, 0 );
BOOST_MPL_ASSERT_RELATION( size<result2>::value, ==, 1 );
BOOST_MPL_ASSERT_RELATION( size<result3>::value, ==, 2 );

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

See also

Back Extensible Sequence, erase, 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 guaranteedO(1)complexity.

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.

Revision Date: 15th November 2004



1.4 Intrinsic Metafunctions Sequences 62

Expression semantics

For anyFront Extensible Sequences:

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 vector<long>::type types1;
typedef vector<int,long>::type types2;
typedef vector<char,int,long>::type types3;

typedef pop_front<types1>::type result1;
typedef pop_front<types2>::type result2;
typedef pop_front<types3>::type result3;

BOOST_MPL_ASSERT_RELATION( size<result1>::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

Front Extensible Sequence, erase, 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 guaranteedO(1)complexity.

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 Sequences and 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 Sequence, insert, 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;
};

Description

push_front performs an insertion at the beginning of the sequence with guaranteedO(1)complexity.

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 Sequences and 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 is identical 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 Sequence, insert, pop_front, front, push_back

1.4.21 sequence_tag

Synopsis

template<
typename X

>
struct sequence_tag
{

typedef unspecified type;
};

Description

sequence_tag is atag metafunctionfor all tag dispatchedintrinsic sequence operations.

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 typex:

typedef sequence_tag<x>::type tag;

Return type: A type.

Semantics: tag is an unspecified tag type forx.

Complexity

Amortized constant time.
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See also

Intrinsic Metafunctions, Tag Dispatched Metafunction

1.4.22 size

Synopsis

template<
typename Sequence

>
struct size
{

typedef unspecified type;
};

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 Sequences:

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 case,size guarantees a linear complexity.
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If the s is aRandom Access Sequence, size<s>::type is anO(1) operation. The opposite is not necessarily true —
for example, a sequence class that modelsForward Sequencemight still give us anO(1)size implementation.

Example

typedef list0<> 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 Sequence, Random Access Sequence, empty, 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 elementX in 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 thevaluefor.
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Expression semantics

For anyAssociative Sequences, and an artibrary typex:

typedef value_type<s,x>::type v;

Return type: A type.

Precondition: x can be put ins.

Semantics: v is thevaluethat would be used forx 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 v1;
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 Sequence, key_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 are
also a mechanism that makes it possible to decouplealgorithmsfrom concrete compile-timesequence implementations.
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 concepts, orcategories, named according to the type of traversal
provided. The categories are:Forward Iterator, Bidirectional Iterator, andRandom Access Iterator. The concepts are
hierarchical: Random Access Iteratoris a refinement ofBidirectional Iterator, which, in its turn, is a refinement of
Forward Iterator.

Because of the inherently immutable nature of the value access, MPL iterators escape the problems of the traversal-only
categorization discussed at length in [n1550].

2.1.1 Forward Iterator

Description

A Forward Iteratori is a type that represents a positional reference to an element of aForward Sequence. It allows to
access the element through a dereference operation, and provides a way to obtain an iterator to the next element in a
sequence.

Definitions

— An iterator can bedereferenceable, meaning thatderef<i>::type is a well-defined expression.

— An iterator ispast-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, ifnext<i>::type expression is well-defined;
past-the-end iterators are not incrementable.

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

— An iteratorj is reachable from an iteratori if , after recursive application ofnext metafunction toi a finite
number of times,i is equivalent toj.

— The notation [i,j) refers to arange of iterators beginning withi and up to but not includingj.

— The range [i,j) is avalid range if j is reachable fromi.

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 Constant, convertible toforward_itera-
tor_tag

Constant time

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 iteratorsi andj the following invariants always hold:

— i andj are equivalent if and only if they are pointing to the same element.

— If i is dereferenceable, andj is equivalent toi, thenj is dereferenceable as well.

— If i andj are equivalent and dereferenceable, thenderef<i>::type andderef<j>::type are identical.

— If i is incrementable, andj is equivalent toi, thenj is incrementable as well.

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

See also

Iterators, Bidirectional Iterator, Forward Sequence, deref, next

2.1.2 Bidirectional Iterator

Description

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

Refinement of

Forward Iterator
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Definitions

— a bidirectional iteratori is decrementable if there is a “previous” iterator, that is, ifprior<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 defined inForward Iterator, the 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-
tional_iterator_tag

Constant time

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 iteratorsi andj the following invariants always hold:

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

See also

Iterators, Forward Iterator, Random Access Iterator, Bidirectional Sequence, prior

2.1.3 Random Access Iterator

Description

A Random Access Iteratoris 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 defined inBidirectional Iterator, the 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-
cess_iterator_tag

Constant time

advance<i,n>::type Random Access Iterator 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 iteratorsi andj the following invariants always hold:

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

See also

Iterators, Bidirectional Iterator, Random Access Sequence, advance, distance

2.2 Iterator Metafunctions

2.2.1 advance

Synopsis

template<
typename Iterator

, typename N
>

struct advance
{

typedef unspecified type;
};

Description

MovesIterator by the distanceN. Forbidirectionalandrandom accessiterators, 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 Iteratoriter and arbitraryIntegral Constantn:

typedef advance<iter,n>::type j;

Return type: Forward Iterator.

Precondition: If Iterator is aForward Iterator, n::value must be nonnegative.

Semantics: Equivalent to:

typedef iter i0;
typedef next<i0>::type i1;
...

typedef next<in-1 >::type j;

if n::value > 0, and

typedef iter i0;
typedef prior<i0>::type i1;
...

typedef prior<in-1 >::type j;

otherwise.

Postcondition: j is dereferenceable or past-the-end;distance<iter,j>::value == n::value if
n::value > 0, anddistance<j,iter>::value == n::value otherwise.

Complexity

Amortized constant time ifiter is a model ofRandom Access Iterator, otherwise 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 i1;
typedef advance<last,int_<-10> >::type i2;

BOOST_MPL_ASSERT(( boost::is_same<i1,last> ));
BOOST_MPL_ASSERT(( boost::is_same<i2,first> ));
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See also

Iterators, Tag Dispatched Metafunction, distance, next

2.2.2 distance

Synopsis

template<
typename First

, typename Last
>

struct distance
{

typedef unspecified type;
};

Description

Returns the distance betweenFirst 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 Iteratorsfirst 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 iffirst andlast areRandom Access Iterators, otherwise 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 Metafunction, advance, next, prior

2.2.3 next

Synopsis

template<
typename Iterator

>
struct next
{

typedef unspecified type;
};

Description

Returns the next iterator in the sequence. [Note: next has a number of overloaded meanings, depending on the type of
its argument. For instance, ifX is anIntegral Constant, next<X> returns an incrementedIntegral Constantof the same
type. The following specification is iterator-specific. Please refer to the corresponding concept’s documentation for the
details of the alternative semantics —end note].

Header

#include <boost/mpl/next_prior.hpp>

Parameters

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

Expression semantics

For anyForward Iteratorsiter:

typedef next<iter>::type j;

Return type: Forward Iterator.

Revision Date: 15th November 2004



2.2 Iterator Metafunctions Iterators 76

Precondition: iter is incrementable.

Semantics: j is an iterator pointing to the next element in the sequence, or is past-the-end. Ifiter is 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 sequence. [Note: prior has a number of overloaded meanings, depending on the
type of its argument. For instance, ifX is anIntegral Constant, prior<X> returns an decrementedIntegral Constantof the
same type. The following specification is iterator-specific. Please refer to the corresponding concept’s documentation
for the details of the alternative semantics —end note].

Header

#include <boost/mpl/next_prior.hpp>

Parameters

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

For anyForward Iteratorsiter:

typedef prior<iter>::type j;

Return type: Forward Iterator.

Precondition: iter is decrementable.

Semantics: j is an iterator pointing to the previous element in the sequence. Ifiter 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;
};

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 Iteratorsiter:

typedef deref<iter>::type t;

Return type: A type.

Precondition: iter is dereferenceable.

Semantics: t is identical to the element referenced byiter. 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 Iteratorsiter:

typedef iterator_category<iter>::type tag;

Return type: Integral Constant.

Semantics: tag is forward_iterator_tag if iter is a model ofForward Iterator, bidirectional_-
iterator_tag if iter is a model ofBidirectional Iterator, or random_access_iterator_tag if
iter is a model ofRandom Access Iterator;

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
{

// O(n) implementation
};

template< typename Iterator >
struct algorithm_impl<random_access_iterator_tag,Iterator>
{

// O(1) implementation
};

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 implictiterator ranges, the majority of MPL coun-
terparts take and returnsequences. This 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 aregeneric, 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. The
requirements are formulated in terms of concepts. Under the hood, algorithms are decoupled from concrete sequence
implementations by operating onIterators.

All MPL algorithms can be sorted into three major categories: iteration algorithms, querying algorithms, and transfor-
mation algorithms. The transformation algorithms introduce an associatedInserterconcept, a rough equivalent for the
notion ofOutput Iteratorin the Standard Library. Moreover, every transformation algorithm provides areverse_ coun-
terpart, allowing for a wider range of efficient transformations — a common functionality documented by theReversible
Algorithm concept.

3.1 Concepts

3.1.1 Inserter

Description

An Inserteris a compile-time substitute for STLOutput Iterator. Under the hood, it’s simply a type holding two entities:
astateand anoperation. When passed to atransformation algorithm, the 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 parameter,transformation algorithmscould 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 specifications,in is a model ofInserter.

Expression Type
in::state Any type

in::operation BinaryLambda Expression

http://www.sgi.com/tech/stl/OutputIterator.html
http://www.sgi.com/tech/stl/OutputIterator.html
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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 Algorithms, inserter, 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 algorithmx there exists acounterpartalgorithmreverse_x, that exhibits the
exact semantics ofx except that the elements of its input sequence argument(s) are processed in the reverse order.

Expression requirements

In the following table and subsequent specifications,x is a placeholder token for the actualReversible Algorithm’s name,
s1,s2,...sn areForward Sequences, andin is anInserter.

Expression Type Complexity
x<s1,s2,...sn, ...>::type Forward Sequence Unspecified.

x<s1,s2,...sn, ... in>::type Any type Unspecified.

reverse_x<s1,s2,...sn, ...>::type Forward Sequence Unspecified.

reverse_x<s1,s2,...sn, ... in>::type Any type Unspecified.

Expression semantics

typedef x<s 1,s 2,...s n,...>::type t;

Precondition: s1 is anExtensible Sequence.
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Semantics: t is equivalent to

x<
s 1,s 2,...s n,...

, back_inserter< clear<s 1>::type >
>::type

if has_push_back<s1>::value == true and

reverse_x<
s 1,s 2,...s n,...

, front_inserter< clear<s 1>::type >
>::type

otherwise.

typedef x<s 1,s 2,...s n,...in>::type t;

Semantics: t is the result of anx invocation with argumentss1,s2,... sn,...in.

typedef reverse_x<s 1,s 2,... s n,... >::type t;

Precondition: s1 is anExtensible Sequence.

Semantics: t is equivalent to

x<
s 1,s 2,...s n,...

, front_inserter< clear<s 1>::type >
>::type

if has_push_front<s1>::value == true and

reverse_x<
s 1,s 2,...s n,...

, back_inserter< clear<s 1>::type >
>::type

otherwise.

typedef reverse_x<s 1,s 2,...s n,... in>::type t;

Semantics: t is the result of areverse_x invocation with argumentss1,s2,...sn,...in.

Example

typedef transform<
range_c<int,0,10>

, plus<_1,int_<7> >
, back_inserter< vector0<> >
>::type r1;

typedef transform< r1, minus<_1,int_<2> > >::type r2;
typedef reverse_transform<

r2
, minus<_1,5>
, front_inserter< vector0<> >
>::type r3;

BOOST_MPL_ASSERT(( equal<r1, range_c<int,7,17> > ));

Revision Date: 15th November 2004
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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 Algorithms, Inserter

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 defined inInserter.

For anyBack Extensible Sequences:

Revision Date: 15th November 2004
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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 Algorithm, inserter, 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

Revision Date: 15th November 2004
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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 defined inInserter.

For anyFront Extensible Sequences:

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 Algorithm, inserter, 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 theInserterconcept.
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Header

#include <boost/mpl/inserter.hpp>

Model of

Inserter

Parameters

Parameter Requirement Description
State Any type A initial state.

Operation BinaryLambda Expression An output operation.

Expression semantics

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

For any binaryLambda Expressionop and arbitrary typestate:

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 Algorithm, front_inserter, back_inserter

3.3 Iteration 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
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3.3.1 fold

Synopsis

template<
typename Sequence

, typename State
, typename ForwardOp
>

struct fold
{

typedef unspecified type;
};

Description

Returns the result of the successive application of binaryForwardOp to the result of the previousForwardOp in-
vocation (State if it’s the first call) and every element of the sequence in the range [begin<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 firstForwardOp application.

ForwardOp BinaryLambda Expression The operation to be executed on forward traversal.

Expression semantics

For anyForward Sequences, binaryLambda Expressionop, and arbitrary typestate:

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 ofop.

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 binaryForwardOp to the result of the previousForwardOp invocation
(State if it’s the first call) and each iterator in the range [begin<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 firstForwardOp application.

ForwardOp BinaryLambda Expression The operation to be executed on forward traversal.

Expression semantics

For anyForward Sequences, binaryLambda Expressionop, and an arbitrary typestate:

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

Return type: A type.

Semantics: Equivalent to

typedef begin<Sequence>::type i1;
typedef apply<op,state,i1>::type state1;

Revision Date: 15th November 2004
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typedef next<i1>::type i2;
typedef apply<op,state1,i2>::type state2;
...

typedef apply<op,staten−1,in>::type staten;
typedef next<in>::type last;
typedef staten t;

where n == 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 ofop.

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 binaryBackwardOp to the result of the previousBackwardOp invoca-
tion (State if it’s the first call) and every element in the range [begin<Sequence>::type, end<Sequence>::type)
in reverse order. IfForwardOp is provided, then it is applied on forward traversal to form the result that is passed to the
first BackwardOp 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 firstBackwardOp / ForwardOp
application.

BackwardOp BinaryLambda Expression The operation to be executed on backward traversal.

ForwardOp BinaryLambda Expression The operation to be executed on forward traversal.

Expression semantics

For anyForward Sequences, binaryLambda Expressionbackward_op andforward_op, and arbitrary typestate:

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

Return type: A type

Semantics: Equivalent to

typedef reverse_iter_fold<
s

, state
, apply<backward_op,_1,deref<_2> >
>::type t;

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

Return type: A type.

Semantics: Equivalent to

typedef reverse_fold<
Sequence

, fold<s,state,forward_op>::type
, backward_op
>::type t;

Complexity

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

Example

Remove negative elements from a sequence2).

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

Revision Date: 15th November 2004



3.3 Iteration Algorithms Algorithms 92

, 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;
};

Description

Returns the result of the successive application of binaryBackwardOp to the result of the previousBackwardOp invo-
cation (State if it’s the first call) and each iterator in the range [begin<Sequence>::type, end<Sequence>::type)
in reverse order. IfForwardOp 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 firstBackwardOp / ForwardOp
application.

BackwardOp BinaryLambda Expression The operation to be executed on backward traversal.

ForwardOp BinaryLambda Expression The operation to be executed on forward traversal.

Expression semantics

For anyForward Sequences, binaryLambda Expressionbackward_op andforward_op, and arbitrary typestate:

2)Seeremove_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 begin<s>::type i1;
typedef next<i1>::type i2;
...

typedef next<in>::type last;
typedef apply<backward_op,state,in>::type staten;
typedef apply<backward_op,staten,in−1>::type staten−1;
...

typedef apply<backward_op,state2,i1>::type state1;
typedef state1 t;

where n == 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
>::type t;

Complexity

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

Example

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<>
, if_< 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
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3.3.5 accumulate

Synopsis

template<
typename Sequence

, typename State
, typename ForwardOp
>

struct accumulate
{

typedef unspecified type;
};

Description

Returns the result of the successive application of binaryForwardOp to the result of the previousForwardOp in-
vocation (State if it’s the first call) and every element of the sequence in the range [begin<Sequence>::type,
end<Sequence>::type) in order. [Note:accumulate is a synonym forfold — end note]

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 firstForwardOp application.

ForwardOp BinaryLambda Expression The operation to be executed on forward traversal.

Expression semantics

For anyForward Sequences, binaryLambda Expressionop, and arbitrary typestate:

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 ofop.

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;
};

Description

Returns an iterator to the first occurrence of typeT in 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 Sequences and arbitrary typet:

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 Algorithms, contains, 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 element inSequence that satisfies the predicatePred.

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 Sequences and unaryLambda Expressionpred:

typedef find_if<s,pred>::type i;

Return type: Forward Iterator.

Semantics: i is the first iterator in the range [begin<s>::type, end<s>::type) such that
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apply< pred,deref<i>::type >::type::value == true

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

Complexity

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

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 Algorithms, find, count_if, lower_bound

3.4.3 contains

Synopsis

template<
typename Sequence

, typename T
>

struct contains
{

typedef unspecified type;
};

Description

Returns a true-valuedIntegral Constantif one or more elements inSequence are identical toT.

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 Sequences and arbitrary typet:
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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
> >::type 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 Algorithms, find, 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 in aSequence that are identical toT.

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 Sequences and arbitrary typet:

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 Algorithms, count_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 elements inSequence that satisfy the predicatePred.

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 Sequences and unaryLambda Expressionpred:

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_wrap1<p,_2>, next<_1>, _1 >
>::type n;

Complexity

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

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 Algorithms, count, 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 sortedSequence 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 BinaryLambda Expression A search criteria.

Expression semantics

For any sortedForward Sequences, binaryLambda Expressionpred, and arbitrary typex:

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

Return type: Forward Iterator.

Semantics: i is the furthermost iterator in [begin<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 most log2( size<s>::value ) + 1. If s is a Random Access Se-
quencethen 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 Algorithms, upper_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 sortedSequence 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 BinaryLambda Expression A search criteria.

Expression semantics

For any sortedForward Sequences, binaryLambda Expressionpred, and arbitrary typex:

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

Return type: Forward Iterator

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

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

Complexity

The number of comparisons is logarithmic: at most log2( size<s>::value ) + 1. If s is a Random Access Se-
quencethen 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 );

Revision Date: 15th November 2004



103 Algorithms 3.4 Querying Algorithms

See also

Querying Algorithms, lower_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 element inSequence.

Header

#include <boost/mpl/min_element.hpp>

Parameters

Parameter Requirement Description
Sequence Forward Sequence A sequence to be searched.

Pred BinaryLambda Expression A comparison criteria.

Expression semantics

For anyForward Sequences and binaryLambda Expressionpred:

typedef min_element<s,pred>::type i;

Return type: Forward Iterator.

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

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

Complexity

Linear. Zero comparisons ifs is empty, otherwise exactlysize<s>::value - 1 comparisons.

Example

typedef vector<bool,char[50],long,double> types;
typedef min_element<

Revision Date: 15th November 2004



3.4 Querying Algorithms Algorithms 104

transform_view< types,sizeof_<_1> >
>::type iter;

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

See also

Querying Algorithms, max_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 element inSequence.

Header

#include <boost/mpl/max_element.hpp>

Parameters

Parameter Requirement Description
Sequence Forward Sequence A sequence to be searched.

Pred BinaryLambda Expression A comparison criteria.

Expression semantics

For anyForward Sequences and binaryLambda Expressionpred:

typedef max_element<s,pred>::type i;

Return type: Forward Iterator.

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

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

Complexity

Linear. Zero comparisons ifs is empty, otherwise exactlysize<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 Algorithms, min_element, find_if, upper_bound, find

3.4.10 equal

Synopsis

template<
typename Seq1

, typename Seq2
, typename Pred = is_same<_1,_2>
>

struct equal
{

typedef unspecified type;
};

Description

Returns a true-valuedIntegral Constantif the two sequencesSeq1 andSeq2 are identical when compared element-by-
element.

Header

#include <boost/mpl/equal.hpp>

Parameters

Parameter Requirement Description
Seq1, Seq2 Forward Sequence Sequences to compare.

Pred BinaryLambda Expression A comparison criterion.

Expression semantics

For anyForward Sequencess1 ands2 and a binaryLambda Expressionpred:

typedef equal<s1,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<s1>::type) deref<i>::type is identical to
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advance< begin<s2>::type, distance< begin<s1>::type,i >::type >::type

Complexity

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

Example

typedef vector<char,int,unsigned,long,unsigned long> s1;
typedef list<char,int,unsigned,long,unsigned long> s2;

BOOST_MPL_ASSERT(( equal<s1,s2> ));

See also

Querying Algorithms, find, find_if

3.5 Transformation Algorithms

According to their name, MPL’stransformation, or sequence-building algorithmsprovide 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 to
the algorithm’s semantics through the means of itsInserterargument, which plays a role similar to the role of run-time
Output Iterator.

Every transformation algorithm is aReversible Algorithm, providing an accordingly namedreverse_ 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;
};

Description

Returns a copy of the original sequence.

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]
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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 defined inReversible Algorithm.

For anyForward Sequences, 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 Algorithms, Reversible Algorithm, reverse_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 predicatePred.

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

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 defined inReversible Algorithm.

For anyForward Sequences, an unaryLambda Expressionpred, and anInserterin:

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_wrap1<p,_2>
, apply_wrap2<op,_1,_2>
, identity<_1>
>

Revision Date: 15th November 2004



109 Algorithms 3.5 Transformation Algorithms

>::type r;

Complexity

Linear. Exactly size<s>::value applications of pred, and at most size<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 Algorithms, Reversible Algorithm, reverse_copy_if, copy, remove_if, replace_if

3.5.3 transform

Synopsis

template<
typename Seq

, typename Op
, typename In = unspecified

>
struct transform
{

typedef unspecified type;
};

template<
typename Seq1

, typename Seq2
, typename BinaryOp
, typename In = unspecified

>
struct transform
{

typedef unspecified type;
};

Description

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

— transform<Seq1,Seq2,Op> returns a new sequence produced by applying a binary transformationBina-
ryOp to a pair of elements (e1, e21) from the corresponding [begin<Seq1>::type, end<Seq1>::type) and
[begin<Seq2>::type, end<Seq2>::type) ranges.

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

Header

#include <boost/mpl/transform.hpp>

Model of

Reversible Algorithm

Parameters

Parameter Requirement Description
Sequence, Seq1, 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 defined inReversible Algorithm.

For anyForward Sequencess, s1 ands2, Lambda Expressionsop andop2, and anInserterin:

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<s1,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 ofop / 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 Algorithms, Reversible Algorithm, reverse_transform, copy, replace_if

3.5.4 replace

Synopsis

template<
typename Sequence

, typename OldType
, typename NewType
, typename In = unspecified

>
struct replace
{

typedef unspecified type;
};

Description

Returns a copy of the original sequence where every type identical toOldType has been replaced withNewType.

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

Header

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

Reversible Algorithm

Parameters

Parameter Requirement Description
Sequence Forward Sequence A original sequence.

OldType 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 defined inReversible Algorithm.

For anyForward Sequences, anInserterin, and arbitrary typesx 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 exactlysize<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 Algorithms, Reversible Algorithm, reverse_replace, replace_if, remove, transform

3.5.5 replace_if

Synopsis

template<
typename Sequence

, typename Pred
, typename In = unspecified

>
struct replace_if
{
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typedef unspecified type;
};

Description

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

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

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 defined inReversible Algorithm.

For anyForward Sequences, an unaryLambda Expressionpred, anInserterin, and arbitrary typex:

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_wrap1<p,_1>,x,_1>, in >::type r;

Complexity

Linear. Performs exactlysize<s>::value applications ofpred, and at mostsize<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 Algorithms, Reversible Algorithm, reverse_replace_if, replace, remove_if, transform

3.5.6 remove

Synopsis

template<
typename Sequence

, typename T
, typename In = unspecified

>
struct remove
{

typedef unspecified type;
};

Description

Returns a new sequence that contains all elements from [begin<Sequence>::type, end<Sequence>::type) range
except those that are identical toT.

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

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 defined inReversible Algorithm.

For anyForward Sequences, anInserterin, and arbitrary typex:

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 exactlysize<s>::value comparisons for equality, and at mostsize<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 Algorithms, Reversible Algorithm, reverse_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 from [begin<Sequence>::type, end<Sequence>::type)
range except those that satisfy the predicatePred.

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

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 defined inReversible Algorithm.

For anyForward Sequences, and anInserterin, and an unaryLambda Expressionpred:

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_wrap1<p,_2>
, identity<_1>
, apply_wrap2<op,_1,_2>
>

>::type r;

Complexity

Linear. Performs exactlysize<s>::value applications ofpred, and at mostsize<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 Algorithms, Reversible Algorithm, reverse_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;
};

Description

Returns a sequence of the initial elements of every subrange of the original sequenceSeq whose elements are all the
same.

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

Header

#include <boost/mpl/unique.hpp>

Model of

Reversible Algorithm

Parameters

Parameter Requirement Description
Sequence Forward Sequence An original sequence.

Pred BinaryLambda 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 defined inReversible Algorithm.

For anyForward Sequences, a binaryLambda Expressionpred, and anInserterin:

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 exactlysize<s>::value - 1 applications ofpred, and at mostsize<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 Algorithms, Reversible Algorithm, reverse_unique, remove, copy_if, replace_if

3.5.9 partition

Synopsis

template<
typename Seq

, typename Pred
, typename In1 = unspecified

, typename In2 = unspecified

>
struct partition
{

typedef unspecified type;
};

Description

Returns a pair of sequences together containing all elements in the range [begin<Seq>::type, end<Seq>::type) split
into two groups based on the predicatePred. partition is a synonym forstable_partition.

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

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.

In1, In2 Inserter Output inserters.

Expression semantics

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

For anyForward Sequences, an unaryLambda Expressionpred, andInsertersin1 andin2:

typedef partition<s,pred,in1,in2>::type r;

Return type: A pair.

Semantics: Equivalent to

typedef stable_partition<s,pred,in1,in2>::type r;

Complexity

Linear. Exactlysize<s>::value applications ofpred, andsize<s>::value of summarizedin1::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;

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 Algorithms, Reversible Algorithm, reverse_partition, stable_partition, sort

3.5.10 stable_partition

Synopsis

template<
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typename Seq
, typename Pred
, typename In1 = unspecified

, typename In2 = unspecified

>
struct stable_partition
{

typedef unspecified type;
};

Description

Returns a pair of sequences together containing all elements in the range [begin<Seq>::type, end<Seq>::type) split
into two groups based on the predicatePred. 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. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

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.

In1, In2 Inserter Output inserters.

Expression semantics

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

For anyForward Sequences, an unaryLambda Expressionpred, andInsertersin1 andin2:

typedef stable_partition<s,pred,in1,in2>::type r;

Return type: A pair.

Semantics: Equivalent to

typedef lambda<pred>::type p;
typedef lambda<in1::operation>::type in1_op;
typedef lambda<in2::operation>::type in2_op;

typedef fold<
s

, pair< in1::state, in2::state >
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, if_<
apply_wrap1<p,_2>

, pair< apply_wrap2<in1_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 summarizedin1::operation /
in2::operation applications.

Example

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

typedef stable_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 Algorithms, Reversible Algorithm, reverse_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 range [begin<Seq>::type, end<Seq>::type) sorted according to the
ordering relationPred.

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

Revision Date: 15th November 2004



3.5 Transformation Algorithms Algorithms 122

Header

#include <boost/mpl/sort.hpp>

Model of

Reversible Algorithm

Parameters

Parameter Requirement Description
Seq Forward Sequence An original sequence.

Pred BinaryLambda 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 defined inReversible Algorithm.

For anyForward Sequences, a binaryLambda Expressionpred, and anInserterin:

typedef sort<s,pred,in>::type r;

Return type: A type.

Semantics: If size<s>::value <= 1, equivalent to

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
>::type partitioned;

typedef sort<partitioned::first,p,aux_in >::type part1;
typedef sort<partitioned::second,p,aux_in >::type part2;

typedef copy<
joint_view<

joint_view<part1,single_view< deref<pivot>::type > >
, part2
>

, in
>::type r;
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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 Algorithms, Reversible Algorithm, partition

3.5.12 reverse

Synopsis

template<
typename Sequence

, typename In = unspecified

>
struct reverse
{

typedef unspecified type;
};

Description

Returns a reversed copy of the original sequence.reverse is a synonym forreverse_copy.

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

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 Sequences, and anInserterin:

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 Algorithms, Reversible Algorithm, reverse_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. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

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 defined inReversible Algorithm.

For anyForward Sequences, and anInserterin:

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 Algorithms, Reversible Algorithm, copy, reverse_copy_if, reverse_transform

3.5.14 reverse_copy_if

Synopsis

template<
typename Sequence

, typename Pred
, typename In = unspecified

>
struct reverse_copy_if
{

typedef unspecified type;
};
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Description

Returns a reversed, filtered copy of the original sequence containing the elements that satisfy the predicatePred.

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

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 defined inReversible Algorithm.

For anyForward Sequences, an unaryLambda Expressionpred, and anInserterin:

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_wrap1<p,_2>
, apply_wrap2<op,_1,_2>
, identity<_1>
>

>::type r;

Complexity

Linear. Exactly size<s>::value applications of pred, and at most size<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 Algorithms, Reversible Algorithm, copy_if, reverse_copy, remove_if, replace_if

3.5.15 reverse_transform

Synopsis

template<
typename Seq

, typename Op
, typename In = unspecified

>
struct reverse_transform
{

typedef unspecified type;
};

template<
typename Seq1

, typename Seq2
, typename BinaryOp
, typename In = unspecified

>
struct reverse_transform
{

typedef unspecified type;
};

Description

reverse_transform is anoverloaded name:

— reverse_transform<Seq,Op> returns a reversed, transformed copy of the original sequence produced by ap-
plying an unary transformationOp to every element in the [begin<Sequence>::type, end<Sequence>::type)
range.

— reverse_transform<Seq1,Seq2,Op> returns a new sequence produced by applying a binary transformation
BinaryOp to a pair of elements (e1, e21) from the corresponding [begin<Seq1>::type, end<Seq1>::type)
and [begin<Seq2>::type, end<Seq2>::type) ranges in reverse order.

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]
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Header

#include <boost/mpl/transform.hpp>

Model of

Reversible Algorithm

Parameters

Parameter Requirement Description
Sequence, Seq1, 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 defined inReversible Algorithm.

For anyForward Sequencess, s1 ands2, Lambda Expressionsop andop2, and anInserterin:

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, _2> >
>::type r;

typedef transform<s1,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<s1,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 ofop / 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 Algorithms, Reversible Algorithm, transform, reverse_copy, replace_if

3.5.16 reverse_replace

Synopsis

template<
typename Sequence

, typename OldType
, typename NewType
, typename In = unspecified

>
struct reverse_replace
{

typedef unspecified type;
};

Description

Returns a reversed copy of the original sequence where every type identical toOldType has been replaced withNewType.

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

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
OldType 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 defined inReversible Algorithm.

For anyForward Sequences, anInserterin, and arbitrary typesx 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 exactlysize<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 Algorithms, Reversible Algorithm, replace, 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 predicatePred has been replaced
with NewType.

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

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 defined inReversible Algorithm.

For anyForward Sequences, an unaryLambda Expressionpred, anInserterin, and arbitrary typex:

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_wrap1<p,_1>,x,_-
1>, in >::type r;

Complexity

Linear. Performs exactlysize<s>::value applications ofpred, and at mostsize<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 reverse_replace_if<

numbers
, greater< _, int_<4> >
, int_<0>
, front_inserter< vector<> >
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>::type result;

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

See also

Transformation Algorithms, Reversible Algorithm, replace_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;
};

Description

Returns a new sequence that contains all elements from [begin<Sequence>::type, end<Sequence>::type) range
in reverse order except those that are identical toT.

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

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 defined inReversible Algorithm.

For anyForward Sequences, anInserterin, and arbitrary typex:
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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 exactlysize<s>::value comparisons for equality, and at mostsize<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 Algorithms, Reversible Algorithm, remove, reverse_remove_if, reverse_copy, transform, re-
place

3.5.19 reverse_remove_if

Synopsis

template<
typename Sequence

, typename Pred
, typename In = unspecified

>
struct reverse_remove_if
{

typedef unspecified type;
};

Description

Returns a new sequence that contains all the elements from [begin<Sequence>::type, end<Sequence>::type)
range in reverse order except those that satisfy the predicatePred.

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

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 defined inReversible Algorithm.

For anyForward Sequences, and anInserterin, and an unaryLambda Expressionpred:

typedef reverse_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 reverse_fold<
s

, in::state
, eval_if<

apply_wrap1<p,_2>
, identity<_1>
, apply_wrap2<op,_1,_2>
>

>::type r;

Complexity

Linear. Performs exactlysize<s>::value applications ofpred, and at mostsize<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 Algorithms, Reversible Algorithm, remove_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 sequenceSeq whose elements are
all the same.

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

Header

#include <boost/mpl/unique.hpp>

Model of

Reversible Algorithm

Parameters

Parameter Requirement Description
Sequence Forward Sequence An original sequence.

Pred BinaryLambda 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 defined inReversible Algorithm.

For anyForward Sequences, a binaryLambda Expressionpred, and anInserterin:

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 exactlysize<s>::value - 1 applications ofpred, and at mostsize<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 Algorithms, Reversible Algorithm, unique, reverse_remove, reverse_copy_if, replace_if

3.5.21 reverse_partition

Synopsis

template<
typename Seq

, typename Pred
, typename In1 = unspecified

, typename In2 = unspecified

>
struct reverse_partition
{

typedef unspecified type;
};

Description

Returns a pair of sequences together containing all elements in the range [begin<Seq>::type, end<Seq>::type) split
into two groups based on the predicatePred. reverse_partition is a synonym forreverse_stable_partition.

[Note: This wording applies to a no-inserter version(s) of the algorithm. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]
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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.

In1, In2 Inserter Output inserters.

Expression semantics

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

For anyForward Sequences, an unaryLambda Expressionpred, andInsertersin1 andin2:

typedef reverse_partition<s,pred,in1,in2>::type r;

Return type: A pair.

Semantics: Equivalent to

typedef reverse_stable_partition<s,pred,in1,in2>::type r;

Complexity

Linear. Exactlysize<s>::value applications ofpred, andsize<s>::value of summarizedin1::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;

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 Algorithms, Reversible Algorithm, partition, reverse_stable_partition, sort
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3.5.22 reverse_stable_partition

Synopsis

template<
typename Seq

, typename Pred
, typename In1 = unspecified

, typename In2 = unspecified

>
struct reverse_stable_partition
{

typedef unspecified type;
};

Description

Returns a pair of sequences together containing all elements in the range [begin<Seq>::type, end<Seq>::type) split
into two groups based on the predicatePred. 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. See theExpression semantics subsection for a
precise specification of the algorithm’s details in all cases —end note]

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.

In1, In2 Inserter Output inserters.

Expression semantics

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

For anyForward Sequences, an unaryLambda Expressionpred, andInsertersin1 andin2:

typedef reverse_stable_partition<s,pred,in1,in2>::type r;

Return type: A pair.

Semantics: Equivalent to

typedef lambda<pred>::type p;
typedef lambda<in1::operation>::type in1_op;
typedef lambda<in2::operation>::type in2_op;
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typedef reverse_fold<
s

, pair< in1::state, in2::state >
, if_<

apply_wrap1<p,_2>
, pair< apply_wrap2<in1_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 summarizedin1::operation /
in2::operation applications.

Example

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

typedef reverse_stable_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,9,7,5,3,1> > ));
BOOST_MPL_ASSERT(( equal< r::second, vector_c<int,8,6,4,2,0> > ));

See also

Transformation Algorithms, Reversible Algorithm, stable_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 categories:general pur-
pose metafunctions, dealing with conditionaltype selectionand higher-order metafunctioninvocation, composition, and
argument binding, andnumeric metafunctions, incapsulating built-in and user-definedarithmetic, comparison, logical,
andbitwiseoperations.

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
short3):

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 arepolymorphic, with support formixed-type arithmetics. This 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. SeeNumeric Metafunctionconcept 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 value ofBOOST_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 nestedtype typedef. All metafunction’s
arguments must be types (i.e. onlytype template parametersare allowed). A metafunction can have a variable number
of parameters. Anullary metafunctionis represented as a (template) class with a nestedtype typename member.

Expression requirements

In the following table and subsequent specifications,f is 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<a1,..,an>::type Any type Unspecified.

Expression semantics

typedef f::type x;

Precondition: f is a nullaryMetafunction; f::type is atype-name.

Semantics: x is the result of the metafunction invocation.

typedef f<>::type x;

Precondition: f is a nullaryMetafunction; f<>::type is atype-name.

Semantics: x is the result of the metafunction invocation.

typedef f<a1,... an >::type x;

Precondition: f is ann-aryMetafunction; a1,... an are types;f<a1,...an>::type is atype-name.

Semantics: x is the result of the metafunction invocation with the actual argumentsa1,... an.

Models

— identity

— plus

— begin

— insert

— fold

See also

Metafunctions, Metafunction Class, Lambda Expression, invocation, apply, lambda, bind

4.1.2 Metafunction Class

Summary

A metafunction classis a certain form of metafunction representation that enables higher-order metaprogramming. More
precisely, it’s a class with a publicly-accessible nestedMetafunctioncalledapply. Correspondingly, a metafunction
class invocation is defined as invocation of its nestedapply metafunction.

Expression requirements

In the following table and subsequent specifications,f is aMetafunction Class.
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Expression Type Complexity
f::apply::type Any type Unspecified.

f::apply<>::type Any type Unspecified.

f::apply<a1,...an>::type Any type Unspecified.

Expression semantics

typedef f::apply::type x;

Precondition: f is a nullaryMetafunction Class; f::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 Class; f::apply<>::type is atype-name.

Semantics: x is the result of the metafunction class invocation.

typedef f::apply<a1,... an >::type x;

Precondition: f is ann-ary metafunction class;apply is aMetafunction.

Semantics: x is the result of the metafunction class invocation with the actual argumentsa1,... an.

Models

— always

— arg

— quote

— numeric_cast

— unpack_args

See also

Metafunctions, Metafunction, Lambda Expression, invocation, apply_wrap, bind, quote

4.1.3 Lambda Expression

Description

A Lambda Expressionis 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 correspondingMetafunction ClassandPlaceholder Expressionspecifications.
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Models

— always

— unpack_args

— plus<_, int_<2> >

— if_< less<_1, int_<7> >, plus<_1,_2>, _1 >

See also

Metafunctions, Placeholders, apply, lambda

4.1.4 Placeholder Expression

Description

A Placeholder Expressionis a type that is either aplaceholderor a class template specialization with at least one
argument that itself is aPlaceholder Expression.

Expression requirements

If X is a class template, anda1,... an are arbitrary types, thenX<a1,...,an> is aPlaceholder Expressionif and only if
all of the following conditions hold:

— At least one of the template argumentsa1,... an is aplaceholderor aPlaceholder Expression.

— All of X’s template parameters, including the default ones, are types.

— The number ofX’s template parameters, including the default ones, is less or equal to the value ofBOOST_MPL_-
LIMIT_METAFUNCTION_ARITY configuration macro.

Models

— _1

— plus<_, int_<2> >

— if_< less<_1, int_<7> >, plus<_1,_2>, _1 >

See also

Lambda Expression, Placeholders, Metafunctions, apply, lambda

4.1.5 Tag Dispatched Metafunction

Summary

A Tag Dispatched Metafunctionis a Metafunctionthat employs atag dispatchingtechnique 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 name _impl;

template<
typename X

[, ...]

>
struct name

: name _impl< typename tag-metafunction <X>::type >
::template apply<X [, ...] >

{
};

template< typename Tag > struct name _impl
{

template< typename X [, ...] > struct apply
{

// default implementation

};
};

template<> struct name _impl<tag >
{

template< typename X [, ...] > struct apply
{

// tag-specific implementation

};
};

Description

The usual mechanism for overriding a metafunction’s behavior is class template specialization — given a library-defined
metafunctionf, it’s possible to write a specialization off for a specific typeuser_type that would have the required
semantics4).

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 for afamily of related types. A typical example of it is numbered forms of sequence
classes in MPL itself (list0, ...,list50, et al.), and sequence classes in general.

A Tag Dispatched Metafunctionis 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 known astag dispatching(hence the concept name),
and involves three entities: a metafunction itself, an associated tag-producingtag metafunction, and the metafunction’s
implementation, in the form of aMetafunction Classtemplate parametrized by aTag 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 bitset0
{

typedef bitset_tag tag;
// ...

};

template< typename B0 > struct bitset1
{

typedef bitset_tag tag;
// ...

};

template< typename B0, ..., typename Bn > struct bitsetn
{

typedef bitset_tag tag;
// ...

};

} // namespace user

namespace boost { namespace mpl {
template<> struct size_impl<user::bitset_tag>
{

template< typename Bitset > struct apply
{

typedef typename Bitset::size type;
};

};
}}

Models

— sequence_tag

See also

Metafunction, Metafunction Class, Numeric Metafunction

4)Usually such user-defined specialization is still required to preserve thef’s original invariants and complexity requirements.
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4.1.6 Numeric Metafunction

Description

A Numeric Metafunctionis aTag Dispatched Metafunctionthat provides a built-in infrastructure for easy implementa-
tion of mixed-type operations.

Expression requirements

In the following table and subsequent specifications,op is a placeholder token for the actualNumeric Metafunction’s
name, andx, y andx1,x2,... xn are arbitrary numeric types.

Expression Type Complexity
op_tag<x>::type Integral Constant Amortized constant time.

op_impl<
op_tag<x>::type

, op_tag<y>::type
>::apply<x,y>::type

Any type Unspecified.

op<x1,x2,... xn>::type Any type Unspecified.

Expression semantics

typedef op_tag<x>::type tag;

Semantics: tag is a tag type forx 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 ofop application on argumentsx andy.

typedef op<x 1,x 2,... x n>::type r;

Semantics: r is the result ofop application on argumentsx1,x2,... 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;

};

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 >
>

{
};

};

}}

typedef complex< int_<5>, int_<-1> > c1;
typedef complex< int_<-5>, int_<1> > c2;

typedef plus<c1,c2> r1;
BOOST_MPL_ASSERT_RELATION( real<r1>::value, ==, 0 );
BOOST_MPL_ASSERT_RELATION( imag<r1>::value, ==, 0 );

typedef plus<c1,c1> 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 Metafunction, Metafunctions, numeric_cast

4.1.7 Trivial Metafunction

Description

A Trivial Metafunctionaccepts a single argument of a class typex and returns thex’s nested type memberx::name,
wherename is a placeholder token for the actual member’s name accessed by a specific metafunction’s instance. By
convention, alltrivial metafunctionsin MPL are named after the members they provide assess to. For instance, aTrivial
Metafunctionnamedfirst reaches for thex’s nested member::first.
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Expression requirements

In the following table and subsequent specifications,name is placeholder token for the names of theTrivial Metafunction
itself and the accessed member, andx is a class type such thatx::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

4.2.1 if_

Synopsis

template<
typename C

, typename T1
, typename T2
>

struct if_
{

typedef unspecified type;
};

Description

Returns one of its two arguments,T1 or T2, depending on the valueC.

Header

#include <boost/mpl/if.hpp>
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Parameters
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Parameter Requirement Description
C Integral Constant A selection condition.

T1, T2 Any type Types to select from.

Expression semantics

For anyIntegral Constantc and arbitrary typest1, t2:

typedef if_<c,t1,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 t1;
typedef if_<false_,char,long>::type t2;

BOOST_MPL_ASSERT(( is_same<t1, char> ));
BOOST_MPL_ASSERT(( is_same<t2, long> ));

See also

Metafunctions, Integral Constant, if_c, eval_if

4.2.2 if_c

Synopsis

template<
bool c

, typename T1
, typename T2
>

struct if_c
{

typedef unspecified type;
};

Description

Returns one of its two arguments,T1 or T2, depending on the value of integral constantc. if_c<c,t1,t2>::type is a
shorcut notation forif_< 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 constantc and arbitrary typest1, t2:

typedef if_c<c,t1,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 t1;
typedef if_c<false,char,long>::type t2;

BOOST_MPL_ASSERT(( is_same<t1, char> ));
BOOST_MPL_ASSERT(( is_same<t2, long> ));

See also

Metafunctions, Integral Constant, if_, 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 twonullary-metafunctionarguments,F1 or F2, depending on the valueC.

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 anyIntegral Constantc and nullaryMetafunctionsf1, f2:

typedef eval_if<c,f1,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<t1,char> ));
BOOST_MPL_ASSERT(( is_same<t2,long> ));

See also

Metafunctions, Integral Constant, eval_if_c, if_

4.2.4 eval_if_c

Synopsis

template<
bool c

, typename F1
, typename F2
>

struct eval_if_c
{

typedef unspecified type;
};

Description

Evaluates one of its twonullary-metafunctionarguments,F1 or F2, depending on the value of integral constantc.
eval_if_c<c,f1,f2>::type is a shorcut notation foreval_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 constantc and nullaryMetafunctionsf1, f2:

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<t1,char> ));
BOOST_MPL_ASSERT(( is_same<t2,long> ));

See also

Metafunctions, Integral Constant, eval_if, if_, bool_

4.3 Invocation

4.3.1 apply

Synopsis

template<
typename F

>
struct apply0
{

typedef unspecified type;
};

template<
typename F, typename A1

>
struct apply1
{

typedef unspecified type;
};

...

template<
typename F, typename A1,... typename An

>
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struct applyn
{

typedef unspecified type;
};

template<
typename F

, typename A1 = unspecified

...

, typename An = unspecified

>
struct apply
{

typedef unspecified type;
};

Description

Invokes aMetafunction Classor aLambda ExpressionF with argumentsA1,... An.

Header

#include <boost/mpl/apply.hpp>

Parameters

Parameter Requirement Description
F Lambda Expression An expression to invoke.

A1,... An Any type Invocation arguments.

Expression semantics

For anyLambda Expressionf and arbitrary typesa1,... an:

typedef applyn <f,a1,... an >::type t;
typedef apply<f,a1,... an >::type t;

Return type: Any type.

Semantics: Equivalent totypedef apply_wrapn< lambda<f>::type,a1,... 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 r1;
typedef apply< quote2<int_plus>, int_<2>, int_<3> >::type r2;

BOOST_MPL_ASSERT_RELATION( r1::value, ==, 5 );
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BOOST_MPL_ASSERT_RELATION( r2::value, ==, 5 );

See also

Metafunctions, apply_wrap, lambda, quote, bind

4.3.2 apply_wrap

Synopsis

template<
typename F

>
struct apply_wrap0
{

typedef unspecified type;
};

template<
typename F, typename A1

>
struct apply_wrap1
{

typedef unspecified type;
};

...

template<
typename F, typename A1,... typename An

>
struct apply_wrapn
{

typedef unspecified type;
};

Description

Invokes aMetafunction ClassF with argumentsA1,... An.

In essence,apply_wrap forms are nothing more than syntactic wrappers aroundF::apply<A1,... 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.

A1,... An Any type Invocation arguments.

Expression semantics

For anyMetafunction Classf and arbitrary typesa1,... an:

typedef apply_wrapn <f,a1,... an>::type t;

Return type: Any type.

Semantics: If n > 0, equivalent totypedef f::apply<a1,... 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;
};

};

typedef apply_wrap0< f0 >::type r1;
typedef apply_wrap0< g0 >::type r2;
typedef apply_wrap2< f2,int,char >::type r3;

BOOST_MPL_ASSERT(( is_same<r1,char> ));
BOOST_MPL_ASSERT(( is_same<r2,char> ));
BOOST_MPL_ASSERT(( is_same<r3,char> ));

See also

Metafunctions, invocation, apply, lambda, quote, bind, protect
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4.3.3 unpack_args

Synopsis

template<
typename F

>
struct unpack_args
{

// unspecified

// ...

};

Description

A higher-order primitive transforming ann-ary Lambda ExpressionF into an unaryMetafunction Classg accepting a
single sequence ofn arguments.

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 arbitraryLambda Expressionf, and arbitrary typesa1,... an:

typedef unpack_args<f> g;

Return type: Metafunction Class.

Semantics: g is a unaryMetafunction Classsuch that

apply_wrapn < g, vector<a1,... an > >::type

is identical to

apply<F,a1,... an >::type

Example

BOOST_MPL_ASSERT(( apply<
unpack_args< is_same<_1,_2> >

, vector<int,int>
> ));
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See also

Metafunctions, Lambda Expression, Metafunction Class, apply, apply_wrap, bind

4.4 Composition and Argument Binding

4.4.1 Placeholders

Synopsis

namespace placeholders {
typedef unspecified _;
typedef arg<1> _1;
typedef arg<2> _2;
...

typedef arg<n > _n ;
}

using placeholders::_;
using placeholders::_1;
using placeholders::_2;
...

using placeholders::_n ;

Description

A placeholder in a form_n is simply a synonym for the correspondingarg<n> specialization. The unnamed placeholder
_ (underscore) carriesspecial meaningin bind and lambda expressions, and does not have defined semantics outside of
these contexts.

Placeholder names can be made available in the user namespace throughusing namespace mpl::placeholders;
directive.

Header

#include <boost/mpl/placeholders.hpp>

[Note:The include might be omitted when using placeholders to construct aLambda Expressionfor 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 code —end note]

Parameters

None.

Expression semantics

For any integral constantn in the range [1,BOOST_MPL_LIMIT_METAFUNCTION_ARITY] and arbitrary typesa1,... an:

typedef apply_wrapn <_n,a1,... an >::type x;

Return type: A type.

Semantics: Equivalent to
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typedef apply_wrapn < arg<n >,a1,... an >::type x;

Example

typedef apply_wrap5< _1,bool,char,short,int,long >::type t1;
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 Binding, arg, 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 a Placeholder Expression, transformsX into a correspondingMetafunction Class, otherwiseX 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 typesx andtag:

typedef lambda<x>::type f;

Return type: Metafunction Class.

Semantics: If x is aPlaceholder Expressionin a general formX<a1,...an>, whereX is a class template
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anda1,... an are arbitrary types, equivalent to

typedef protect< bind<
quoten <X>

, lambda<a1>::type,... lambda<an >::type
> > f;

otherwise,f is identical tox.

typedef lambda<x,tag>::type f;

Return type: Metafunction Class.

Semantics: If x is aPlaceholder Expressionin a general formX<a1,...an>, whereX is a class template
anda1,... an are arbitrary types, equivalent to

typedef protect< bind<
quoten <X,tag>

, lambda<a1,tag>::type,... lambda<an,tag>::type
> > f;

otherwise,f 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 r1;
typedef f2::apply<42>::type r2;

BOOST_MPL_ASSERT_RELATION( r1::value, ==, 84 );
BOOST_MPL_ASSERT_RELATION( r2::value, ==, 84 );

See also

Composition and Argument Binding, invocation, Placeholders, bind, quote, protect, apply

4.4.3 bind

Synopsis

template<
typename F

>
struct bind0
{

// unspecified

// ...

};
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template<
typename F, typename A1

>
struct bind1
{

// unspecified

// ...

};

...

template<
typename F, typename A1,... typename An

>
struct bindn
{

// unspecified

// ...

};

template<
typename F

, typename A1 = unspecified

...

, typename An = unspecified

>
struct bind
{

// unspecified

// ...

};

Description

bind is a higher-order primitive forMetafunction Classcomposition and argument binding. In essence, it’s a compile-
time counterpart of the similar run-time functionality provided byBoost.BindandBoost.Lambdalibraries.

Header

#include <boost/mpl/bind.hpp>

Model of

Metafunction Class

Parameters

Parameter Requirement Description
F Metafunction Class An metafunction class to perform binding on.

A1,... An Any type Arguments to bind.
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Expression semantics

For anyMetafunction Classf and arbitrary typesa1,... an:

typedef bind<f,a1,...an > g;
typedef bindn <f,a1,...an > g;

Return type: Metafunction Class

Semantics: Equivalent to

struct g
{

template<
typename U1 = unspecified

...

, typename Un = unspecified

>
struct apply

: apply_wrapn <
typename h0<f,U1,... Un >::type

, typename h1<a1,U1,... Un >::type
...

, typename hn <an,U1,... Un >::type
>

{
};

};

wherehk is equivalent to

template< typename X, typename U1,... typename Un > struct hk
: apply_wrapn <X,U1,... Un >

{
};

if f or ak is abind expressionor aplaceholder, and

template< typename X, typename U1,... typename Un > struct hk
{

typedef X type;
};

otherwise. [Note: Every nth appearance of theunnamed placeholderin the bind<f,a1,...an>
specialization is replaced with the corresponding numbered placeholder_n — end note]

Example

struct f1
{

template< typename T1 > struct apply
{

typedef T1 type;
};

};

struct f5
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{
template< typename T1, typename T2, typename T3, typename T4, typename T5 >
struct apply
{

typedef T5 type;
};

};

typedef apply_wrap1<
bind1<f1,_1>

, int
>::type r11;

typedef apply_wrap5<
bind1<f1,_5>

, void,void,void,void,int
>::type r12;

BOOST_MPL_ASSERT(( is_same<r11,int> ));
BOOST_MPL_ASSERT(( is_same<r12,int> ));

typedef apply_wrap5<
bind5<f5,_1,_2,_3,_4,_5>

, void,void,void,void,int
>::type r51;

typedef apply_wrap5<
bind5<f5,_5,_4,_3,_2,_1>

, int,void,void,void,void
>::type r52;

BOOST_MPL_ASSERT(( is_same<r51,int> ));
BOOST_MPL_ASSERT(( is_same<r52,int> ));

See also

Composition and Argument Binding, invocation, Placeholders, lambda, quote, protect, apply, apply_wrap

4.4.4 quote

Synopsis

template<
template< typename P1 > class F

, typename Tag = unspecified

>
struct quote1
{

// unspecified

// ...

};
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...

template<
template< typename P1,... typename Pn > class F

, typename Tag = unspecified

>
struct quoten
{

// unspecified

// ...

};

Description

quoten is a higher-order primitive that wraps ann-aryMetafunctionto create a correspondingMetafunction 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-aryMetafunctionf and arbitrary typetag:

typedef quoten <f> g;
typedef quoten <f,tag> g;

Return type: Metafunction Class

Semantics: Equivalent to

struct g
{

template< typename A1,... typename An > struct apply
: f<A1,... An >

{
};

};

if f<A1,...An> has a nested type member::type, and to

struct g
{
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template< typename A1,... typename An > struct apply
{

typedef f<A1,... An > type;
};

};

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 quote1<f1>::apply<int>::type t1;
typedef quote5<f5>::apply<char,short,int,long,float>::type t5;

BOOST_MPL_ASSERT(( is_same< t1, int > ));
BOOST_MPL_ASSERT(( is_same< t5, f5<char,short,int,long,float> > ));

See also

Composition and Argument Binding, invocation, bind, lambda, protect, apply

4.4.5 arg

Synopsis

template< int n > struct arg;

template<> struct arg<1>
{

template< typename A1,... typename An = unspecified >
struct apply
{

typedef A1 type;
};

};

...

template<> struct arg<n >
{
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template< typename A1,... typename An >
struct apply
{

typedef An type;
};

};

Description

arg<n> specialization is aMetafunction Classthat 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 constantn in the range [1,BOOST_MPL_LIMIT_METAFUNCTION_ARITY] and arbitrary typesa1,... an:

typedef apply_wrapn < arg<n >,a1,... an >::type x;

Return type: A type.

Semantics: x is identical toan.

Example

typedef apply_wrap5< arg<1>,bool,char,short,int,long >::type t1;
typedef apply_wrap5< 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 Binding, Placeholders, lambda, 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 aMetafunction Classthat prevents its argument from being recognized as abind
expression.

Header

#include <boost/mpl/protect.hpp>

Parameters

Parameter Requirement Description
F Metafunction Class A metafunction class to wrap.

Expression semantics

For anyMetafunction Classf:

typedef protect<f> g;

Return type: Metafunction Class.

Semantics: If f is abind expression, equivalent to

struct g
{

template<
typename U1 = unspecified,... typename Un = unspecified

>
struct apply

: apply_wrapn <f,U1,... Un >
{
};

};

otherwise equivalent totypedef f g;.

Example

FIXME

struct f
{

template< typename T1, typename T2 > struct apply
{

// ...

};
};
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typedef bind<_1, protect< bind<f,_1,_2> > >

typedef apply_wrap0< f0 >::type r1;
typedef apply_wrap0< g0 >::type r2;
typedef apply_wrap2< f2,int,char >::type r3;

BOOST_MPL_ASSERT(( is_same<r1,char> ));
BOOST_MPL_ASSERT(( is_same<r2,char> ));
BOOST_MPL_ASSERT(( is_same<r3,char> ));

See also

Composition and Argument Binding, invocation, bind, quote, apply_wrap

4.5 Arithmetic Operations

4.5.1 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 implementation. SeeNumeric
Metafunctionconcept for the details on how to provide an implementation for a user-defined numeric type that does not
satisfy theIntegral Constantrequirements. —end note]

Expression semantics

For anyIntegral Constants c1,c2,... cn:

typedef plus<c1,... cn >::type r;

Return type: Integral Constant.

Semantics: Equivalent to

typedef integral_c<
typeof(c1::value + c2::value)

, ( c1::value + c2::value )
> c;

typedef plus<c,c3,... cn >::type r;

typedef plus<c1,... cn > r;

Return type: Integral Constant.

Semantics: Equivalent to

struct r : plus<c1,... 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 Operations, Numeric Metafunction, numeric_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 implementation. SeeNumeric
Metafunctionconcept for the details on how to provide an implementation for a user-defined numeric type that does not
satisfy theIntegral Constantrequirements. —end note]

Expression semantics

For anyIntegral Constants c1,c2,... cn:

typedef minus<c1,... cn >::type r;

Return type: Integral Constant.

Semantics: Equivalent to

typedef integral_c<
typeof(c1::value - c2::value)

, ( c1::value - c2::value )
> c;

typedef minus<c,c3,... cn >::type r;

typedef minus<c1,... cn > r;

Return type: Integral Constant.

Semantics: Equivalent to

struct r : minus<c1,... 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 Operations, Numeric Metafunction, numeric_cast, plus, negate, times

4.5.3 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 implementation. SeeNumeric
Metafunctionconcept for the details on how to provide an implementation for a user-defined numeric type that does not
satisfy theIntegral Constantrequirements. —end note]
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Expression semantics

For anyIntegral Constants c1,c2,... cn:

typedef times<c1,... cn >::type r;

Return type: Integral Constant.

Semantics: Equivalent to

typedef integral_c<
typeof(c1::value * c2::value)

, ( c1::value * c2::value )
> c;

typedef times<c,c3,... cn >::type r;

typedef times<c1,... cn > r;

Return type: Integral Constant.

Semantics: Equivalent to

struct r : times<c1,... 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

Metafunctions, Numeric Metafunction, numeric_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;
};
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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 implementation. SeeNumeric
Metafunctionconcept for the details on how to provide an implementation for a user-defined numeric type that does not
satisfy theIntegral Constantrequirements. —end note]

Expression semantics

For anyIntegral Constants c1,c2,... cn:

typedef divides<c1,... cn >::type r;

Return type: Integral Constant.

Precondition: c2::value != 0, ... cn::value != 0.

Semantics: Equivalent to

typedef integral_c<
typeof(c1::value / c2::value)

, ( c1::value / c2::value )
> c;

typedef divides<c,c3,... cn >::type r;

typedef divides<c1,... cn > r;

Return type: Integral Constant.

Precondition: c2::value != 0, ... cn::value != 0.

Semantics: Equivalent to

struct r : divides<c1,... cn >::type {};

Complexity

Amortized constant time.
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