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Chapter 1 Sequences

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

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

1.1 Concepts

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

1.1.1 Forward Sequence
Description

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

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

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

— A sequence iemptyif its size is zero.

Expression requirements

For anyForward Sequencethe following expressions must be valid:

Expression Type Complexity

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

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

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

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

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

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

Models

— vector

— map

— range_c

— iterator_range

— filter_view

See also

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

1.1.2 Bidirectional Sequence
Description

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

Refinement of

Forward Sequence
Expression requirements

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

Revision Date: 15th November 2004
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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 defimed/and Sequence

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

Models
— vector

— range_c

See also

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

1.1.3 Random Access Sequence
Description

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

Refinement of

Bidirectional Sequence

Expression requirements

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

Expression Type Complexity

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

Expression semantics

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

Revision Date: 15th November 2004
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Expression Semantics

Expression Semantics

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

— vector

— range_c
See also

SequencesBidirectional Sequencé&xtensible SequencRandom Access lteratosegin / end, at

1.1.4 Extensible Sequence

Description

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

sequence traversal characteristics

Expression requirements

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

sions must be valid:

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

clear<s>::type

Extensible Sequence

Constant time

Expression semantics

Expression

Semantics

insert<s,pos,x>::type

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

insert_range<s,pos,r>::type

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

erase<s,pos>::type

erase.

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

erase<s,pos,last>::type

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

clear<s>::type

An empty sequence concept-identicaktseeclear.
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Models
— vector

— list

See also

SequencesBack Extensible Sequencinsert, insert_range, erase, clear

1.1.5 Front Extensible Sequence

Description

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

operations at the beginning.

Refinement of

Extensible Sequence

Expression requirements

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

be met:

Expression

Type

Complexity

push_front<s,x>::type

Front Extensible Sequence

Amortized constant time

pop_front<s>::type

Front Extensible Sequence

Amortized constant time

front<s>::type

Any type

Amortized constant time

Expression semantics

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

Expression

Semantics

push_front<s,x>::type

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

front.

pop_front<v>::type

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

front<s>::type

The first element in the sequence; seent.

Models
— vector

— list

See also

Sequencegxtensible SequengBack Extensible Sequengeish_front, pop_front, front
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