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1 Deprecated List

Module negators

Deprecated in C++17, no longer in the standard since C++20. Use not_ fn instead.

Module pointer_adaptors

Deprecated in C++11, no longer in the standard since C++17.

Module ptrmem_adaptors

Deprecated in C++11, no longer in the standard since C++17. Use mem_ fn instead.

Struct std::aligned_storage< _Len, _Align >

Deprecated in C++23. Uses can be replaced by an array std: :byte[_Len] declared with alignas («+

_Align).

Struct std::aligned_union< _Len, _Types >

Deprecated in C++23.
Class std::auto_ptr< _Tp >

Deprecated in C++11, no longer in the standard since C++17. Use unique_ptr instead.
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Struct std::binary_function< _Arg1, _Arg2, Result >

Deprecated in C++11, no longer in the standard since C++17.

Member std::get_unexpected () noexcept

Removed from the C++ standard in C++17

Struct std::is_literal_type< _Tp >

Deprecated in C++17, removed in C++20. The idea of a literal type isn't useful.

Struct std::is_pod< _Tp >

Deprecated in C++20. Use is_standard_layout && is_trivial instead.

Struct std::is_trivial< _Tp >

Deprecated in C++26. Use a combination of one or more more specialized type traits instead, such
as is_trivially_default_constructible, is_trivially_ copy_constructible, is_«+
trivially_copy_assignable, etc., depending on the exact check(s) needed.

Member std::random_shuffle (_ RandomAccesslterator __first, _RandomAccessliterator __last)

Since C++17, std::random_shuffle is not part of the C++ standard. Use std::shuffle instead,
which was introduced in C++11.

Member std::random_shuffle (_RandomAccesslterator __ first, _RandomAccesslterator __ last, _Random«
NumberGenerator &&__rand)

Since C++17, std::random_shuffle is not part of the C++ standard. Use std::shuffle instead,
which was introduced in C++11.

Member std::set_unexpected (unexpected_handler) noexcept

Removed from the C++ standard in C++17

Struct std::unary_function< _Arg, _Result >

Deprecated in C++11, no longer in the standard since C++17.

Member std::unexpected ()

Removed from the C++ standard in C++17

2 Todo List

Member __gnu_cxx::distance (_Inputlterator __first, _Inputlterator _ last, _Distance &__n)

Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual /documentation«
_style.html

Class __gnu_cxx::hash_map< _Key, _Tp, _HashFn, _EqualKey, _Alloc >

Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual/documentation«
_style.html
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2 Todo List 3

Class __gnu_cxx::hash_multimap< _Key, _Tp, _HashFn, _EqualKey, _Alloc >

Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual /documentation«
_style.html

Class __gnu_cxx::hash_multiset< _Value, _HashFcn, _EqualKey, _Alloc >

Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual/documentation«
_style.html

Class __gnu_cxx::hash_set< _Value, _HashFcn, _EqualKey, _Alloc >

Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual /documentation«
_style.html

Member __gnu_cxx::power (_Tp __ x, _Integer __n, _MonoidOperation __monoid_op)

Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual/documentation«
_style.html

Member __gnu_cxx::power (_Tp __x, _Integer __n)

Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual/documentation«
_style.html

Member __gnu_cxx::random_sample (_Inputlterator __first, _Inputlterator __last, _RandomAccesslterator _
out_first, _RandomAccesslterator __out_last)

Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual/documentation«
_style.html

Member __gnu_cxx::random_sample (_Inputlterator __first, _Inputlterator __last, _RandomAccesslterator _
out_first, _RandomAccesslterator ___out_last, _RandomNumberGenerator &__rand)

Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual/documentation«
_style.html

Member __gnu_cxx::random_sample_n (_Forwardlterator __first, _Forwardlterator __last, _Outputlterator _
out, const _Distance __n)

Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual/documentation«
_style.html

Member __gnu_cxx::random_sample_n (_Forwardlterator __first, _Forwardlterator __last, _Outputlterator _
out, const _Distance __n, RandomNumberGenerator &__rand)

Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual/documentation«
_style.html

Struct __gnu_cxx::rb_tree< _Key, _Value, _KeyOfValue, _Compare, _Alloc >

Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual /documentation«
_style.html

Class __gnu_cxx::rope< _CharT, _Alloc >

Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual/documentation«
_style.html
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Class __gnu_cxx::slist< _Tp, _Alloc >

Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual /documentation«
_style.html

Module mathsf

Provide accuracy comparisons on a per-function basis for a small number of targets.

Class std::basic_string< _CharT, _Traits, _Alloc >
Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual/documentation«

_style.html

Member std::regex_traits< _Ch_type >::transform_primary (_Fwd_iter __first, _Fwd_iter _ last) const
Implement this function correctly.
3 Topic Documentation

3.1 Algorithms

Collaboration diagram for Algorithms:

Mutating

Non-Mutating

-

Generalized Numeric
operations

Algorithms

Sorting

Topics

+ Generalized Numeric operations
* Mutating

» Non-Mutating

 Sorting
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3.1 Algorithms 5

3.1.1 Detailed Description

Components for performing algorithmic operations. Includes non-modifying sequence, modifying (mutating) sequence,
sorting, searching, merge, partition, heap, set, minima, maxima, and permutation operations.

3.1.2 Generalized Numeric operations

Collaboration diagram for Generalized Numeric operations:

Generalized Numeric

Algorithms  |<¢—— T

Functions

template <typename _Inputlterator, typename _Tp>

constexpr _Tp std::accumulate (_Inputlterator __first, _Inputlterator __last, _Tp __init)

template<typename _ Inputlterator, typename _Tp, typename _BinaryOperation>

constexpr _Tp std::accumulate (_Inputlterator __first, _Inputlterator __last, _Tp __init, _BinaryOperation __ «
binary_op)

template<typename _Inputlterator, typename _Outputlterator>

constexpr _Outputlterator std::adjacent_difference (_Inputlterator __first, _Inputlterator __last, _Outputlterator «
__result)

template <typename _Inputlterator, typename _Outputlterator, typename _BinaryOperation>

constexpr _Outputlterator std::adjacent_difference (_Inputlterator __first, _Inputlterator __last, _Outputlterator
__result, _BinaryOperation __binary_op)

template<typename _ Inputlterator, typename _Outputlterator, typename _Tp>
constexpr _Outputlterator std::exclusive_scan (_Inputlterator __first, _Inputlterator __last, _Outputlterator __ «
result, _Tp __init)

template<typename _Inputlterator, typename _Outputlterator, typename _Tp, typename _BinaryOperation>
constexpr _Outputlterator std::exclusive_scan (_Inputlterator __first, _Inputlterator __last, _Outputlterator __ «
result, _Tp __init, _BinaryOperation __binary_op)

template<typename _Inputlterator, typename _Outputlterator>

constexpr _Outputlterator std::inclusive_scan (_Inputlterator __first, _Inputlterator __ last, _Outputlterator __ «
result)

template<typename _ Inputlterator, typename _Outputlterator, typename _BinaryOperation>

constexpr _Outputlterator std::inclusive_scan (_Inputlterator __first, _Inputlterator __last, _Outputlterator __ «
result, _BinaryOperation __binary_op)

template <typename _Inputlterator, typename _Outputlterator, typename _BinaryOperation, typename _Tp>

constexpr _Outputlterator std::inclusive_scan (_Inputlterator __first, _Inputlterator __last, _Outputlterator __ «
result, _BinaryOperation __binary_op, _Tp __init)
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template<typename _Inputlterator1, typename _Inputlterator2, typename _Tp>
constexpr _Tp std::iinner_product (_Inputlterator1 __first1, _Inputlterator1 __last1, _Inputlterator2 __ first2, _Tp
__init)

template<typename _Inputlterator1, typename _lInputlterator2, typename _Tp, typename _BinaryOperationi, typename _Binary«

Operation2>

constexpr _Tp std::iinner_product (_Inputlterator1 __ first1, _Inputlterator1 __last1, _Inputlterator2 _ first2, _Tp

__init, _BinaryOperation1 __binary_op1, _BinaryOperation2 __binary_op2)

template<typename _Forwardlterator, typename _Tp>

constexpr void std::iota (_Forwardlterator __first, _Forwardlterator __last, _Tp _ value)

template <typename _Inputlterator, typename _Outputlterator>

constexpr _Outputlterator std::partial_sum (_Inputlterator __first, _Inputlterator __last, _Outputlterator __result)

template <typename _Inputlterator, typename _Outputlterator, typename _BinaryOperation>

constexpr _OQutputlterator std::partial_sum (_Inputlterator __first, _Inputlterator __last, _Outputlterator __result,

_BinaryOperation __binary_op)

template<typename _Inputlterator>

constexpr iterator_traits< _Inputlterator >::value_type std::reduce (_Inputlterator __first, _Inputlterator __last)

template <typename _Inputlterator, typename _Tp>

constexpr _Tp std::reduce (_Inputlterator __first, _Inputlterator _ last, _Tp __init)

template<typename _ Inputlterator, typename _Tp, typename _BinaryOperation>

constexpr _Tp std::reduce (_Inputlterator __first, _Inputlterator __last, _Tp __init, _BinaryOperation __binary_op)

¢ template<typename _Inputlterator, typename _Outputlterator, typename _Tp, typename _BinaryOperation, typename _UnaryOperation>
constexpr _Outputlterator std::transform_exclusive_scan (_Inputlterator __first, _Inputlterator __last, _Output«
Iterator __result, _Tp __init, _BinaryOperation __binary_op, _UnaryOperation __unary_op)

¢ template<typename _Inputlterator, typename _Outputlterator, typename _BinaryOperation, typename _UnaryOperation>
constexpr _Outputlterator std::transform_inclusive_scan (_Inputlterator __first, _Inputlterator __last, _Output«
Iterator __result, _BinaryOperation __binary_op, _UnaryOperation __unary_op)

¢ template<typename _Inputlterator, typename _Outputlterator, typename _BinaryOperation, typename _UnaryOperation, typename _Tp>
constexpr _Outputlterator std::transform_inclusive_scan (_Inputlterator __first, _Inputlterator __last, _Output«
Iterator __result, _BinaryOperation __binary_op, _UnaryOperation __unary_op, _Tp __init)

¢ template<typename _Inputlterator, typename _Tp, typename _BinaryOperation, typename _UnaryOperation>
constexpr _Tp std::transform_reduce (_Inputlterator __first, _Inputlterator __last, _Tp __init, _BinaryOperation
__binary_op, _UnaryOperation __unary_op)

¢ template<typename _Inputlterator1, typename _Inputlterator2, typename _Tp>
constexpr _Tp std::transform_reduce (_Inputlterator1 __ first1, _Inputlterator1 __last1, _Inputlterator2 __first2,
_Tp__init)

¢ template<typename _lInputlterator1, typename _lInputlterator2, typename _Tp, typename _BinaryOperationi, typename _Binary«—
Operation2>
constexpr _Tp std::transform_reduce (_Inputlterator1 __ first1, _Inputlterator1 _ last1, _Inputlterator2 __ first2,
_Tp __init, _BinaryOperation1 __binary_op1, _BinaryOperation2 __binary_op2)

3.1.2.1 Detailed Description

3.1.2.2 Function Documentation

accumulate() [1/2]

template<typename _InputIterator, typename _Tp>
_Tp std::accumulate (
_Inputlterator __ first,
_InputlIterator ___last,

_Tp __1init) [inline], [constexpr]
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3.1 Algorithms 7

Accumulate values in a range.

Accumulates the values in the range [first,last) using operator+(). The initial value is init. The values are processed in
order.

Parameters

__first | Start of range.

_ last | End of range.

__init | Starting value to add other values to.

Returns

The final sum.

accumulate() [2/2]

template<typename _Inputlterator, typename _Tp, typename _BinaryOperation>
_Tp std::accumulate (

_InputlIterator __ first,

_InputIterator __last,

_Tp __init,

_BinaryOperation __binary_op) [inline], [constexpr]
Accumulate values in a range with operation.

Accumulates the values in the range [first, last) using the function object _ _binary_op. The initial value is
___init. The values are processed in order.

Parameters
_first Start of range.
__last End of range.
__init Starting value to add other values to.
__binary op | Function object to accumulate with.

Returns

The final sum.

adjacent_difference() [1/2]

template<typename _InputlIterator, typename _Outputlterator>
_OutputIterator std::adjacent_difference (

_Inputlterator __ first,

_Inputlterator ___last,

_OutputlIterator ___result) [constexpr]
Return differences between adjacent values.

Computes the difference between adjacent values in the range [first,last) using operator-() and writes the result to
__result.
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Parameters

__first Start of input range.

__last End of input range.

__result | Output sums.

Returns

Iterator pointing just beyond the values written to result.

adjacent_difference() [2/2]

template<typename _InputIterator, typename _Outputlterator, typename _BinaryOperation>

_OutputIterator std::adjacent_difference (
_Inputlterator __ first,
_InputlIterator __last,
_OutputlIterator __result,

_BinaryOperation __binary_op) [constexpr]

Return differences between adjacent values.

Computes the difference between adjacent values in the range [__first,__last) using the function object __binary_op

and writes the resultto ___result.

Parameters
__first Start of input range.
__last End of input range.
__result Output sum.
__binary op | Function object.

Returns

Iterator pointing just beyond the values written to result.

exclusive_scan() [1/2]

template<typename _Inputlterator, typename _Outputlterator, typename
_OutputIterator std::exclusive_scan (

_InputIterator __ first,

_Inputlterator ___last,

_OutputlIterator __ result,

_Tp __init) [inline], [constexpr]

Output the cumulative sum of one range to a second range.

_Tp>
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3.1 Algorithms 9

Parameters

__first Start of input range.

__last End of input range.

__result | Start of output range.

__init Initial value.

Returns

The end of the output range.

Write the cumulative sum (aka prefix sum, aka scan) of the input range to the output range. Each element of the output
range contains the running total of all earlier elements (and the initial value), using std: : plus<> for summation.

This function generates an "exclusive" scan, meaning the Nth element of the output range is the sum of the first N-1
input elements, so the Nth input element is not included.

References exclusive_scan(), and move().

exclusive_scan() [2/2]

template<typename _InputIterator, typename _OutputlIterator, typename _Tp, typename _Binary<«
Operation>
_OutputIterator std::exclusive_scan (

_Inputlterator __ first,

_InputlIterator ___last,

_OutputlIterator __result,

_Tp __init,

_BinaryOperation __binary op) [constexpr]

Output the cumulative sum of one range to a second range.

Parameters
__first Start of input range.
__last End of input range.
__result Start of output range.
__init Initial value.
__binary op | Function to perform summation.

Returns

The end of the output range.
Write the cumulative sum (aka prefix sum, aka scan) of the input range to the output range. Each element of the output
range contains the running total of all earlier elements (and the initial value), using binary_op for summation.

This function generates an "exclusive" scan, meaning the Nth element of the output range is the sum of the first N-1
input elements, so the Nth input element is not included.

References move().

Referenced by exclusive_scan().
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inclusive_scan() [1/3]

template<typename _Inputlterator, typename _OutputlIterator>
_OutputIterator std::inclusive_scan (

_InputIterator __ first,

_Inputlterator ___last,

_OutputIterator __result) [inline], [constexpr]

Output the cumulative sum of one range to a second range.

Parameters

__first Start of input range.

__last End of input range.

__result | Start of output range.

Returns

The end of the output range.

Write the cumulative sum (aka prefix sum, aka scan) of the input range to the output range. Each element of the output
range contains the running total of all earlier elements, using std: : plus<> for summation.

This function generates an "inclusive" scan, meaning the Nth element of the output range is the sum of the first N input
elements, so the Nth input element is included.

References inclusive_scan().

inclusive_scan() [2/3]

template<typename _Inputlterator, typename _Outputlterator, typename _BinaryOperation>
_OutputIterator std::inclusive_scan (

_InputIterator __ first,

_InputIterator __last,

_OutputlIterator __result,

_BinaryOperation __binary_op) [constexpr]

Output the cumulative sum of one range to a second range.

Parameters
__first Start of input range.
__last End of input range.
__result Start of output range.
__binary _op | Function to perform summation.

Returns

The end of the output range.
Write the cumulative sum (aka prefix sum, aka scan) of the input range to the output range. Each element of the output
range contains the running total of all earlier elements, using binary_op for summation.

This function generates an "inclusive" scan, meaning the Nth element of the output range is the sum of the first N input
elements, so the Nth input element is included.

References inclusive_scan(), and move().
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inclusive_scan() [3/3]

template<typename _InputIterator, typename _OutputlIterator, typename _BinaryOperation, typename <=
_Tp>
_OutputIterator std::inclusive_scan (

_Inputlterator __ first,

_Inputlterator ___last,

_OutputIterator __ result,

_BinaryOperation __binary op,

_Tp __1init) [constexpr]

Output the cumulative sum of one range to a second range.

Parameters
__first Start of input range.
__last End of input range.
__result Start of output range.
__binary op | Function to perform summation.
__init Initial value.

Returns

The end of the output range.

Write the cumulative sum (aka prefix sum, aka scan) of the input range to the output range. Each element of the output
range contains the running total of all earlier elements (and the initial value), using binary_op for summation.

This function generates an "inclusive" scan, meaning the Nth element of the output range is the sum of the first N input
elements, so the Nth input element is included.

Referenced by inclusive_scan(), and inclusive_scan().

inner_product() [1/2]

template<typename _InputIteratorl, typename _InputlIterator2, typename _Tp>
_Tp std::inner_product (

_InputIteratorl _ firstl,

_InputIteratorl __ lastl,

_InputIterator2 __ first2,

_Tp __1init) [inline], [constexpr]
Compute inner product of two ranges.

Starting with an initial value of ___init, multiplies successive elements from the two ranges and adds each product
into the accumulated value using operator+(). The values in the ranges are processed in order.

Generated by Doxygen



12

Parameters

__first1 | Start of range 1.

_ last1 | End of range 1.

__first2 | Start of range 2.

__init Starting value to add other values to.

Returns

The final inner product.

inner_product() [2/21]

template<typename _Inputlteratorl, typename _Inputlterator2, typename _Tp, typename _Binary+«+
Operationl, typename _BinaryOperation2>
_Tp std::inner_product (

_InputIteratorl _ firstl,

_InputlIteratorl __ lastl,

_InputlIterator2 __ first2,

_Tp __init,

_BinaryOperationl __binary opl,

_BinaryOperation2 __binary opZ2) [inline], [constexpr]
Compute inner product of two ranges.

Starting with an initial value of __init, applies __binary_op2 to successive elements from the two ranges and
accumulates each result into the accumulated value using __binary_opl. The values in the ranges are processed
in order.

Parameters
__first1 Start of range 1.
__lastt End of range 1.
_ first2 Start of range 2.
__init Starting value to add other values to.
__binary op1 | Function object to accumulate with.
__binary op2 | Function object to apply to pairs of input values.

Returns

The final inner product.

iota()

template<typename _ForwardIterator, typename _Tp>

void std::iota (

_ForwardIterator __ first,
_ForwardIterator __ last,
_Tp __value) [constexpr]

Create a range of sequentially increasing values.

For each element in the range [first,last) assigns value and increments value as if by ++value.
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Parameters

__first Start of range.

__last End of range.

__value | Starting value.

Returns

Nothing.

partial_sum() [1/2]

template<typename _Inputlterator, typename _Outputlterator>
_OutputIterator std::partial_sum (

_Inputlterator __ first,
InputIterator __last,

_OutputlIterator ___result) [constexpr]
Return list of partial sums.

Accumulates the values in the range [first,last) using the + operator. As each successive input value is added into the
total, that partial sum is writtento ___result. Therefore, the first value in __result is the first value of the input, the
second value in ___result is the sum of the first and second input values, and so on.

Parameters

__first Start of input range.
__last End of input range.

__result | Output sum.

Returns

Iterator pointing just beyond the values written to __result.

Referenced by __gnu_parallel::__parallel_random_shuffle_drs_pu(), and __gnu_parallel::__sequential_random_shuffle().

partial_sum() [2/2]

template<typename _InputIterator, typename _Outputlterator, typename _BinaryOperation>
_OutputIterator std::partial_sum (

_Inputlterator __ first,

_Inputlterator ___last,

_OutputlIterator __result,

_BinaryOperation __binary_op) [constexpr]
Return list of partial sums.

Accumulates the values in the range [first,last) using __binary_op. As each successive input value is added into the
total, that partial sum is written to ___result. Therefore, the first value in ___result is the first value of the input, the
second value in __result is the sum of the first and second input values, and so on.
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Parameters
__first Start of input range.
__last End of input range.
__result Output sum.
__binary op | Function object.

Returns

Iterator pointing just beyond the values written to __result.

reduce() [1/3]

template<typename _InputIterator>
iterator_traits< _InputlIterator >::value_type std::reduce (
_InputlIterator __ first,

_InputIterator __last) [inline], [constexpr]

Calculate reduction of values in a range.

Parameters

__first | Start of range.

__last | End of range.

Returns

The final sum.
Reduce the values in the range [first, last) using addition, with an initial value of T { }, where T is the iterator's
value type. Equivalent to calling std: : reduce (first, last, T{}, std::plus<>()).

References reduce().

reduce() [2/3]

template<typename _InputlIterator, typename _Tp>
_Tp std::reduce (
_InputlIterator __ first,
_InputIterator __last,

_Tp __1init) [inline], [constexpr]

Calculate reduction of values in a range.
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Parameters

__first | Start of range.

__last | End of range.

__init | Starting value to add other values to.

Returns

The final sum.

Reduce the values in the range [first, last) using addition. Equivalent to calling std: :reduce (first,
last, init, std::plus<>()).

References move(), and reduce().

reduce() [3/3]

template<typename _InputIterator, typename _Tp, typename _BinaryOperation>
_Tp std::reduce (

_Inputlterator __ first,

_Inputlterator ___last,
Tp __init,

_BinaryOperation __binary op) [constexpr]

Calculate reduction of values in a range.

Parameters
__first Start of range.
__last End of range.
__init Starting value to add other values to.
__binary op | A binary function object.

Returns

The final sum.

Reduce the values in the range [first, last) using a binary operation. The initial value is init. The values are
not necessarily processed in order.

This algorithm is similar to std: : accumulate butis not required to perform the operations in order from first to last.
For operations that are commutative and associative the result will be the same as for std: :accumulate, but for

other operations (such as floating point arithmetic) the result can be different.

Referenced by reduce(), and reduce().
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transform_exclusive_scan()

template<typename _InputIterator, typename _OutputlIterator, typename _Tp, typename _Binary<«
Operation, typename _UnaryOperation>
_OutputIterator std::transform_exclusive_scan (

_Inputlterator __ first,

_InputlIterator ___last,

_OutputIterator __ result,

_Tp __init,

_BinaryOperation __binary_op,

_UnaryOperation __unary_op) [constexpr]

Output the cumulative sum of one range to a second range.

Parameters
__first Start of input range.
__last End of input range.
__result Start of output range.
__init Initial value.
__binary op | Function to perform summation.
__unary_op | Function to transform elements of the input range.

Returns

The end of the output range.

Write the cumulative sum (aka prefix sum, aka scan) of the input range to the output range. Each element of the output
range contains the running total of all earlier elements (and the initial value), using __unary_ op to transform the input
elements and using ___binary_op for summation.

This function generates an "exclusive" scan, meaning the Nth element of the output range is the sum of the first N-1
input elements, so the Nth input element is not included.

References move().

transform_inclusive_scan() [1/2]

template<typename _InputIterator, typename _Outputlterator, typename _BinaryOperation, typename <
_UnaryOperation>
_OutputIterator std::transform_inclusive_scan (

_Inputlterator __ first,

_InputlIterator ___last,

_OutputIterator __ result,

_BinaryOperation __binary_ op,

_UnaryOperation __unary_op) [constexpr]

Output the cumulative sum of one range to a second range.
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Parameters
__first Start of input range.
__last End of input range.
__result Start of output range.

__binary op | Function to perform summation.

__unary_op | Function to transform elements of the input range.

Returns

The end of the output range.

Write the cumulative sum (aka prefix sum, aka scan) of the input range to the output range. Each element of the output
range contains the running total of all earlier elements, using ___unary_ op to transform the input elements and using
__binary_op for summation.

This function generates an "inclusive" scan, meaning the Nth element of the output range is the sum of the first N input
elements, so the Nth input element is included.

References move(), and transform_inclusive_scan().

transform_inclusive_scan() [2/2]

template<typename _InputIterator, typename _Outputlterator, typename _BinaryOperation, typename <
_UnaryOperation, typename _Tp>
_OutputIterator std::transform_inclusive_scan (

_Inputlterator __ first,

_InputIterator __last,

_OutputIterator __ result,

_BinaryOperation __binary_op,

_UnaryOperation __unary_op,

_Tp __init) [constexpr]

Output the cumulative sum of one range to a second range.

Parameters
__first Start of input range.
__last End of input range.
__result Start of output range.

__binary op | Function to perform summation.

__unary_op | Function to transform elements of the input range.

__Init Initial value.

Returns

The end of the output range.

Write the cumulative sum (aka prefix sum, aka scan) of the input range to the output range. Each element of the output
range contains the running total of all earlier elements (and the initial value), using ___unary_ op to transform the input
elements and using __binary_op for summation.

This function generates an "inclusive" scan, meaning the Nth element of the output range is the sum of the first N input
elements, so the Nth input element is included.

Referenced by transform_inclusive_scan().
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transform_reduce() [1/3]

template<typename _InputIterator, typename _Tp, typename _BinaryOperation, typename _Unary<
Operation>
_Tp std::transform_reduce (

_Inputlterator __ first,

_InputlIterator ___last,

_Tp __init,

_BinaryOperation __binary_op,

_UnaryOperation ___unary_op) [constexpr]

Transform the elements of a range and reduce.

Parameters
__first Start of range.
__last End of range.
__init Starting value to add other values to.

__binary op | The function used to perform reduction.

__unary _op | The function used to transform values from the range.

Returns

The final sum.

Call unary_op (first[n]) foreach nin [0, last-first) and then use binary_op to reduce the values
returned by unary_ op to a single value of type T.

transform_reduce() [2/3]

template<typename _InputIteratorl, typename _InputlIterator2, typename _Tp>
_Tp std::transform_reduce (

_InputlIteratorl _ firstl,

_InputlIteratorl __ lastl,

_InputIterator2 _ first2,

_Tp __init) [inline], [constexpr]

Combine elements from two ranges and reduce.

Parameters

__first1 | Start of first range.

_ last1 | End of first range.

__first2 | Start of second range.

__init Starting value to add other values to.

Returns

The final sum.
Call firstl[n]xfirst2[n] foreachnin [0, lastl-first1l) and then use addition to sum those products to
a single value of type T.
The range beginning at £irst?2 must contain at least last1-first1 elements.

References move(), and transform_reduce().
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transform_reduce() [3/3]

template<typename _InputIteratorl,

typename _Inputlterator2, typename

Operationl, typename _BinaryOperation2>

_Tp std::transform_reduce (

_InputlIteratorl _ firstl,

_InputlIteratorl __ lastl,

_InputIterator2 _ first2,

_Tp __init,

_BinaryOperationl __binary_opl,

_BinaryOperation2 __binary op2)

Combine elements from two ranges and reduce.

[constexpr]

Parameters

__first1 Start of first range.

__last1 End of first range.

_ first2 Start of second range.

__init Starting value to add other values to.

__binary op1 | The function used to perform reduction.

__binary op2 | The function used to combine values from the ranges.
Returns

The final sum.

_Tp,

typename _Binary+«

Callbinary_op2 (firstl[n], first2[n]) foreachnin [0, lastl-firstl) andthenuse binary_opl
to reduce the values returned by binary_op?2 to a single value of type T.

The range beginning at £irst?2 must contain atleast last1-first1 elements.

Referenced by transform_reduce().

3.1.3 Mutating

Collaboration diagram for Mutating:

Algorithms

]

Mutating
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Functions

template<typename _|I, typename _OI>

constexpr _Ol std::copy (_Il __first, _Il _ last, Ol _ result)

template<typename _BI1, typename _BI2>

constexpr _BI2 std::copy_backward (_BI1 __first, _BI1 __last, _BI2 _ result)

template<typename _Inputlterator, typename _Outputlterator, typename _Predicate>

constexpr _Outputlterator std::copy_if (_Inputlterator __first, _Inputlterator __last, _Outputlterator __ result, _«
Predicate _ pred)

template<typename _Inputlterator, typename _Size, typename _Outputlterator>

constexpr _Outputlterator std::copy_n (_Inputlterator __first, _Size __n, _Outputlterator __result)
template<typename _Forwardlterator, typename _Tp>

constexpr void std:fill (_Forwardlterator __first, _Forwardlterator _ last, const _Tp &__value)

template<typename _OI, typename _Size, typename _Tp>

constexpr _Ol std::fill_n (_OIl __first, _Size _ n, const _Tp & _value)

template<typename _Forwardlterator, typename _Generator>

constexpr void std::generate (_Forwardlterator __first, _Forwardlterator __last, _Generator __gen)

template <typename _Outputlterator, typename _Size, typename _Generator>

constexpr _Outputlterator std::generate_n (_Outputlterator _ first, _Size _ n, _Generator __gen)

template <typename _Inputlterator, typename _Predicate >

constexpr bool std::is_partitioned (_Inputlterator __first, _Inputlterator __last, _Predicate __ pred)

template <typename _Forwardlterator1, typename _Forwardlterator2>

constexpr void std::iter_swap (_Forwardlterator1 __a, _Forwardlterator2 __b)

template<typename _|I, typename _OI>

constexpr _Ol std::move (_Il _ first, _Il __last, Ol __ result)

template<typename _BI1, typename _BI2>

constexpr _BI2 std::move_backward (_BI1 __first, _BI1 __last, _BI2 _ result)

template <typename _Forwardlterator, typename _Predicate>

constexpr _Forwardlterator std::partition (_Forwardlterator __first, _Forwardlterator __last, _Predicate __pred)
template<typename _Inputlterator, typename _Outputlterator1, typename _Outputlterator2, typename _Predicate >

constexpr pair< _Outputlterator1, _Outputlterator2 > std::partition_copy (_Inputlterator __first, _Inputlterator «
__last, _Outputlterator1 __out_true, _Outputlterator2 __ out_false, _Predicate _ pred)

template <typename _Forwardlterator, typename _Predicate>

constexpr _Forwardlterator std::partition_point (_Forwardlterator __first, _Forwardlterator __last, _Predicate _«
_pred)

template<typename _RandomAccesslterator>

void std::random_shuffle (_RandomAccesslterator __ first, _RandomAccesslterator __last)

template <typename _RandomAccesslterator, typename _RandomNumberGenerator>

void std::random_shuffle (_RandomAccesslterator __first, _RandomAccesslterator __ last, _RandomNumber«
Generator &&__rand)

template<typename _Forwardlterator, typename _Tp>

constexpr _Forwardlterator std::remove (_Forwardlterator __first, _Forwardlterator __last, const _Tp &__value)
template<typename _Inputlterator, typename _Outputlterator, typename _Tp>

constexpr _Outputlterator std::remove_copy (_Inputlterator __first, _Inputlterator __last, _Outputlterator __result,
const _Tp &_value)

template<typename _Inputlterator, typename _Outputlterator, typename _Predicate >

constexpr _OQutputlterator std::remove_copy_if (_Inputlterator __first, _Inputlterator __last, _Outputlterator __ «
result, _Predicate _ pred)

template <typename _Forwardlterator, typename _Predicate>

constexpr _Forwardlterator std::remove_if (_Forwardlterator __first, _Forwardlterator __last, _Predicate __ pred)
template <typename _Forwardlterator, typename _Tp>

constexpr void std::replace (_Forwardlterator __first, _Forwardlterator __last, const _Tp &__old_value, const _Tp
&__new_value)
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template <typename _Inputlterator, typename _Outputlterator, typename _Predicate, typename _Tp>
constexpr _OQutputlterator std::ireplace_copy_if (_Inputlterator __first, _Inputlterator __last, _Outputlterator __ «
result, _Predicate _ pred, const _Tp &__new_value)

template<typename _Forwardlterator, typename _ Predicate, typename _Tp>
constexpr void std::replace_if (_Forwardlterator __first, _Forwardlterator _ last, _Predicate _ pred, const _Tp
&__new_value)

template <typename _Bidirectionallterator>
constexpr void std::reverse (_Bidirectionallterator __first, _Bidirectionallterator __last)

template <typename _Bidirectionallterator, typename _Outputlterator>
constexpr _Qutputlterator std::reverse_copy (_Bidirectionallterator __first, _Bidirectionallterator __last, _Output«
Iterator __result)

template <typename _Forwardlterator>

constexpr _Forwardlterator std::rotate (_Forwardlterator __first, _Forwardlterator _ _middle, _Forwardlterator _«
_last)

template<typename _Forwardlterator, typename _Outputlterator>

constexpr _Outputlterator std::rotate_copy (_Forwardlterator __first, _Forwardlterator __middle, _Forwardlterator
__last, _Outputlterator __result)

template<typename _RandomAccesslterator, typename _UniformRandomNumberGenerator>

void std::shuffle (_RandomAccesslterator __first, _RandomAccesslterator _ last, _UniformRandomNumber«
Generator &&__ @)

template<typename _Forwardlterator, typename _Predicate>

_Forwardlterator std::stable_partition (_Forwardlterator __first, _Forwardlterator __last, _Predicate _ pred)

template <typename _Forwardlterator1, typename _Forwardlterator2>

constexpr _Forwardlterator2 std::swap_ranges (_Forwardlterator1 __ first1, _Forwardlteratori _ lastl, _«
Forwardlterator2 __first2)

template <typename _Inputlterator, typename _Outputlterator, typename _UnaryOperation>

constexpr _Outputlterator std::transform (_Inputlterator __first, _Inputlterator __last, _Outputlterator __ result, «
_UnaryOperation __unary_op)

template<typename _Inputlterator1, typename _Inputlterator2, typename _Outputlterator, typename _BinaryOperation>
constexpr _Outputlterator std::transform (_Inputlterator1 __first1, _Inputlterator1 __last1, _Inputlterator2 __first2,
_OQutputlterator __result, _BinaryOperation __binary_op)

template<typename _Forwardlterator>
constexpr _Forwardlterator std::unique (_Forwardlterator __first, _Forwardlterator __last)

template<typename _Forwardlterator, typename _BinaryPredicate>

constexpr _Forwardlterator std::unique (_Forwardlterator __ first, _Forwardlterator _ last, _BinaryPredicate _ «+
binary_pred)

template<typename _Inputlterator, typename _Outputlterator>

constexpr _Outputlterator std::unique_copy (_Inputlterator __first, _Inputlterator __last, _Outputlterator __result)
template <typename _Inputlterator, typename _Outputlterator, typename _BinaryPredicate>

constexpr _Outputlterator std::unique_copy (_Inputlterator __first, _Inputlterator __last, _Outputlterator __ result,
_BinaryPredicate __binary_pred)

3.1.3.1 Detailed Description

3.1.3.2 Function Documentation

copy()

template<typename _II, typename _OI>
_OI std::copy (

Generated by Doxygen



22

_II _ first,
_II _ last,
_0I __ result) [inline], [constexpr]

Copies the range [first,last) into result.

Parameters

__first An input iterator.

__last An input iterator.

__result | An output iterator.

Returns

result + (last - first)

This inline function will boil down to a call to memmove whenever possible. Failing that, if random access iterators
are passed, then the loop count will be known (and therefore a candidate for compiler optimizations such as unrolling).
Result may not be contained within [first,last); the copy_backward function should be used instead.

Note that the end of the output range is permitted to be contained within [first,last).

copy_backward()

template<typename _BI1l, typename _BI2>
_BI2 std::copy_backward (

_BI1 _ first,

_BI1 __ last,

_BI2 __ result) [inline], [constexpr]
Copies the range [first,last) into result.

Parameters

__first A bidirectional iterator.
__last A bidirectional iterator.
__result | A bidirectional iterator.

Returns

result - (last - first)

The function has the same effect as copy, but starts at the end of the range and works its way to the start, returning the
start of the result. This inline function will boil down to a call to memmove whenever possible. Failing that, if random
access iterators are passed, then the loop count will be known (and therefore a candidate for compiler optimizations
such as unrolling).

Result may not be in the range (first,last]. Use copy instead. Note that the start of the output range may overlap
[first,last).
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copy_if()

template<typename _Inputlterator, typename _Outputlterator, typename _Predicate>
_OutputIterator std::copy_if (

_Inputlterator __ first,

_InputlIterator ___last,

_OutputlIterator __ result,

_Predicate __pred) [constexpr]
Copy the elements of a sequence for which a predicate is true.

Parameters

__first An input iterator.
__last An input iterator.

__result | An output iterator.

__pred | A predicate.

Returns

An iterator designating the end of the resulting sequence.

Copies each element in the range [__first,__last) for which ___pred returns true to the range beginningat __result.

copy_if() is stable, so the relative order of elements that are copied is unchanged.

copy_n()

template<typename _Inputlterator, typename _Size, typename _OutputIterator>
_OutputIterator std::copy_n (

_Inputlterator __ first,

_Size __n,

_OutputIterator __result) [inline], [constexpr]
Copies the range [first,first+n) into [result,result+n).

Parameters

__first An input iterator.

n The number of elements to copy.

__result | An output iterator.

Returns

result+n.

This inline function will boil down to a call to memmove whenever possible. Failing that, if random access iterators are
passed, then the loop count will be known (and therefore a candidate for compiler optimizations such as unrolling).

References move().
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fill()

template<typename _ForwardIterator, typename _Tp>
void std::fil1l (

_ForwardIterator __ first,
_ForwardIterator __last,
const _Tp & __value) [inline], [constexpr]

Fills the range [first,last) with copies of value.

Parameters

__first A forward iterator.

__last A forward iterator.
__value | A reference-to-const of arbitrary type.

Returns

Nothing.

This function fills a range with copies of the same value. For char types filling contiguous areas of memory, this becomes
an inline call to memset or wmemset.

fill_n()

template<typename _OI, typename _Size, typename _Tp>
_0I std::fill_n (
_O0I __ first,

_Size n,

const _Tp & __value) [inline], [constexpr]
Fills the range [first,first+n) with copies of value.

Parameters

__first An output iterator.

n The count of copies to perform.

__value | A reference-to-const of arbitrary type.

Returns

The iterator at first+n.

This function fills a range with copies of the same value. For char types filling contiguous areas of memory, this becomes
an inline call to memset or wmemset.

If __n is negative, the function does nothing.

References __iterator_category().
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generate()

template<typename _ForwardIterator, typename _Generator>

void std::generate (

_ForwardIterator __ first,
_ForwardIterator _ last,
_Generator ___gen) [constexpr]

Assign the result of a function object to each value in a sequence.

Parameters

__first | A forward iterator.
__last | A forward iterator.
__gen | Afunction object callable with no arguments.

Returns

generate() returns no value.

Performs the assignmentxi = __gen () foreach i intherange [__first, __ last).

generate_n()

template<typename _OutputlIterator, typename _Size, typename _Generator>

_OutputIterator std::generate_n (
_OutputIterator __first,
_Size __n,

_Generator ___gen) [constexpr]

Assign the result of a function object to each value in a sequence.

Parameters

__first | A forward iterator.
n The length of the sequence.

__gen | Afunction object callable with no arguments.

Returns

The end of the sequence, i.e., __first + __n

Performs the assignment x1 = __gen () foreach i intherange [__first, __ first +

If ___n is negative, the function does nothing and returns __first.

is_partitioned()

template<typename _Inputlterator, typename _Predicate>
bool std::is_partitioned (
_Inputlterator __ first,

_InputIterator __last,

_Predicate ___pred) [inline], [nodiscard], [constexpr]

Checks whether the sequence is partitioned.

_ny.
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Parameters

__first | Aninput iterator.

__last | Aninput iterator.
__pred | A predicate.

Returns

True if the range [__first, last) is partioned by ___pred, i.e. if all elements that satisfy ___pred appear before
those that do not.

iter_swap()

template<typename _ForwardIteratorl, typename _ForwardIterator2>
void std::iter_swap (
_ForwardIteratorl __a,

_ForwardIterator2 __b) [inline], [constexpr]
Swaps the contents of two iterators.

Parameters

An iterator.

-
a
« | Another iterator.
b

Returns

Nothing.

This function swaps the values pointed to by two iterators, not the iterators themselves.

move()

template<typename

_OI std::move (
_II _ first,
_ITI _ last,

IT, typename _OI>

_0I __ _result) [inline], [constexpr]
Moves the range [first,last) into result.

Parameters

__first An input iterator.
__last An input iterator.

__result | An output iterator.
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Returns

result + (last - first)

This inline function will boil down to a call to memmove whenever possible. Failing that, if random access iterators
are passed, then the loop count will be known (and therefore a candidate for compiler optimizations such as unrolling).
Result may not be contained within [first,last); the move_backward function should be used instead.

Note that the end of the output range is permitted to be contained within [first,last).

move_backward()

template<typename _BIl, typename _BI2>
_BI2 std::move_backward (
_BI1 _ first,
_BI1 __ last,
BI2 __ _result) [inline], [constexpr]

Moves the range [first,last) into result.

Parameters

__first A bidirectional iterator.
__last A bidirectional iterator.
__result | A bidirectional iterator.

Returns

result - (last - first)

The function has the same effect as move, but starts at the end of the range and works its way to the start, returning
the start of the result. This inline function will boil down to a call to memmove whenever possible. Failing that, if random
access iterators are passed, then the loop count will be known (and therefore a candidate for compiler optimizations
such as unrolling).

Result may not be in the range (first,last]. Use move instead. Note that the start of the output range may overlap

[first,last).

partition()

template<typename _ForwardIterator, typename _Predicate>

ForwardIterator std::partition (

_ForwardIterator _ first,
_ForwardIterator __ last,
_Predicate __pred) [inline], [constexpr]

Move elements for which a predicate is true to the beginning of a sequence.
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Parameters

__first | A forward iterator.
__last | Aforward iterator.
__pred | A predicate functor.

Returns

An iterator middle such that __pred (i) is true for each iterator i intherange [___first,

false for each i inthe range [middle, __last).

middle) and

__pred must not modify its operand. partition () does not preserve the relative ordering of elements in each

group, use stable_partition () if thisis needed.

References __iterator_category(), and __partition().

partition_copy()

template<typename _InputIterator, typename _OutputlIteratorl, typename _OutputIterator2,

_Predicate>
pair< _OutputlIteratorl, _OutputIterator2 > std::partition_copy (
_Inputlterator __ first,
_InputlIterator ___last,
_OutputIteratorl __ out_true,
_OutputIterator2 __ out_false,

_Predicate __pred) [constexpr]

typename

Copy the elements of a sequence to separate output sequences depending on the truth value of a predicate.

Parameters
__first An input iterator.
__last An input iterator.

__out true | An output iterator.

__out false | An output iterator.
__pred A predicate.

Returns

A pair designating the ends of the resulting sequences.

Copies each element in the range [__first,_last) for which ___pred returns true to the range beginning at out_t rue

and each element for which __pred returns falseto __out_false.

partition_point()

template<typename _ForwardIterator, typename _Predicate>

_ForwardIterator std::partition_point (

_ForwardIterator __ first,
_ForwardIterator __last,
_Predicate ___pred) [nodiscard], [constexpr]

Find the partition point of a partitioned range.
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Parameters

__first | Aniterator.
__last | Another iterator.
__pred | A predicate.

Returns

An iterator mid such that all_of (__first, mid, __pred) and none_of (mid,

pred) are both true.

References advance(), and distance().

random_shuffle() 11/21]

template<typename _RandomAccessIterator>
void std::random_shuffle (
_RandomAccessIterator __ first,

_RandomAccessIterator __last) [inline]
Randomly shuffle the elements of a sequence.

Parameters

__first | A forward iterator.
__last | A forward iterator.

Returns

Nothing.

_ last,

Reorder the elementsintherange [___first, __last) usingarandom distribution, so that every possible ordering

of the sequence is equally likely.

Deprecated Since C++17, std: :random_shuffle is not part of the C++ standard. Use std: :shuffle in-

stead, which was introduced in C++11.

random_shuffle() [2/21]

template<typename _RandomAccessIterator, typename _RandomNumberGenerator>

void std::random_shuffle (

_RandomAccessIterator __ first,
_RandomAccessIterator __ last,
_RandomNumberGenerator && _  rand)

Shuffle the elements of a sequence using a random number generator.
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Parameters

__first | A forward iterator.
__last | Aforward iterator.
__rand | The RNG functor or function.

Returns

Nothing.

Reorders the elements intherange [___first, __ last) using __rand to provide a random distribution. Calling
__rand (N) for a positive integer N should return a randomly chosen integer from the range [0, N).

Deprecated Since C++17, std: :random_shuffle is not part of the C++ standard. Use std::shuffle in-
stead, which was introduced in C++11.
remove()

template<typename _ForwardIterator, typename _Tp>

_ForwardIterator std::remove (

_ForwardIterator __ first,
_ForwardIterator __ last,
const _Tp & __value) [inline], [nodiscard], [constexpr]

Remove elements from a sequence.

Parameters

__first An input iterator.
_ last An input iterator.

__value | The value to be removed.

Returns

An iterator designating the end of the resulting sequence.

All elements equal to ___value are removed from the range [__first,__last).
remove() is stable, so the relative order of elements that are not removed is unchanged.

Elements between the end of the resulting sequence and ___last are still present, but their value is unspecified.

remove_copy()

template<typename _Inputlterator, typename _Outputlterator, typename _Tp>
_OutputIterator std::remove_copy (

_InputlIterator __ first,

_InputIterator __last,

_OutputlIterator __result,

const _Tp & __value) [inline], [constexpr]

Copy a sequence, removing elements of a given value.
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Parameters

__first An input iterator.

__last An input iterator.

__result | An output iterator.

__value | The value to be removed.

Returns

An iterator designating the end of the resulting sequence.

Copies each element in the range [ first,_ last) not equal to __value to the range beginning at __result.
remove_copy() is stable, so the relative order of elements that are copied is unchanged.

remove_copy_if()

template<typename _Inputlterator, typename _Outputlterator, typename _Predicate>
_OutputIterator std::remove_copy_if (

_Inputlterator __ first,

_Inputlterator ___last,

_OutputlIterator __ result,

_Predicate ___pred) [inline], [constexpr]
Copy a sequence, removing elements for which a predicate is true.

Parameters

__first An input iterator.

__last An input iterator.

__result | An output iterator.
__pred | A predicate.

Returns

An iterator designating the end of the resulting sequence.
Copies each element in the range [__first, last) for which ___pred returns false to the range beginningat ___result.
remove_copy_if() is stable, so the relative order of elements that are copied is unchanged.
remove_if()

template<typename _ForwardIterator, typename _Predicate>

_ForwardIterator std::remove_if (

_ForwardIterator __ first,
_ForwardIterator __last,
_Predicate __pred) [inline], [nodiscard], [constexpr]

Remove elements from a sequence using a predicate.
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Parameters

__first | A forward iterator.
__last | Aforward iterator.
__pred | A predicate.

Returns

An iterator designating the end of the resulting sequence.

All elements for which __pred returns true are removed from the range [__first,__last).

remove_if() is stable, so the relative order of elements that are not removed is unchanged.

Elements between the end of the resulting sequence and ___1ast are still present, but their value is unspecified.

replace()

template<typename _ForwardIterator, typename _Tp>
void std::replace (
_ForwardIterator __ first,
_ForwardIterator __ last,

const _Tp & __old value,

const _Tp & __new_value) [constexpr]

Replace each occurrence of one value in a sequence with another value.

Parameters
__first A forward iterator.
__last A forward iterator.

__old value The value to be replaced.

__new_value | The replacement value.

Returns

replace() returns no value.

For each iterator i intherange [__first,__last) ifxi == __old_value thenthe assignment xi = __ «

new_value is performed.

replace_copy_if()

template<typename _InputIterator, typename _Outputlterator,
_OutputIterator std::replace_copy_1if (

_Inputlterator __ first,

_InputlIterator ___last,

_OutputlIterator __result,

_Predicate ___pred,

const _Tp & __new_value) [inline], [constexpr]

Copy a sequence, replacing each value for which a predicate returns true with another value.

typename _Predicate,

typename _Tp>
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Parameters
__first An input iterator.
__last An input iterator.
__result An output iterator.
__pred A predicate.
__new_value | The replacement value.

Returns

The end of the output sequence, ___result+(__last-__ first).

Copies each element in the range [__first,__last) to the range [__result,__result+(__last-__first)) replacing elements for

which ___pred returns true with __new_value.

replace_if()

template<typename _ForwardIterator, typename _Predicate, typename _Tp>
void std::replace_if (

_ForwardIterator __ first,

_ForwardIterator __ last,

_Predicate ___pred,

const _Tp & __new_value) [constexpr]

Replace each value in a sequence for which a predicate returns true with another value.

Parameters
__first A forward iterator.
__last A forward iterator.
__pred A predicate.
__new_value | The replacement value.

Returns

replace_if() returns no value.

For each iterator i intherange [__ first,_ last) if__pred(xi) is true then the assignment i

_value is performed.

reverse()

template<typename _Bidirectionallterator>
void std::reverse (
_Bidirectionallterator __ first,

_Bidirectionallterator __ last) [inline], [constexpr]

Reverse a sequence.

new«+
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Parameters

__first | A bidirectional iterator.
__last | A bidirectional iterator.

Returns

reverse() returns no value.

Reverses the order of the elements in the range [__first,__last), so that the first element becomes the last etc. For every
i such that 0<=1<=(__last-__first)/2), reverse () swaps *(__first+i) and x(__last-(i+1))

References __iterator_category(), and __reverse().

reverse_copy()

template<typename _BidirectionallIterator, typename _OutputIterator>

_OutputIterator std::reverse_copy (

_Bidirectionallterator __ first,
_BidirectionallIterator __last,
_OutputIterator ___result) [constexpr]

Copy a sequence, reversing its elements.

Parameters

__first A bidirectional iterator.
__last A bidirectional iterator.
__result | An output iterator.

Returns

An iterator designating the end of the resulting sequence.

Copies the elements in the range [__first,__last) to the range [__result,__result+(__last-__first)) such that the order of
the elements is reversed. For every i such that 0<=1<=(__last-_ first), reverse_copy () performs the assignment
*(__result+(__last-__first)-1-i) = x(__first+i). The ranges [__first,_ last) and [__result,_ result+(__last-__first)) must not
overlap.

rotate()

template<typename _ForwardIterator>

_ForwardIterator std::rotate (
_ForwardIterator __ first,
_ForwardIterator _ _middle,

_ForwardIterator __ last) [inline], [constexpr]

Rotate the elements of a sequence.
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Parameters
__first A forward iterator.
__middle | A forward iterator.
__last A forward iterator.
Returns

first + (last - middle).

Rotates the elements of the range [__first,__last) by (__middle - __first) positions so that the elementat __middle is
movedto__ first,theelementat___middle+1ismovedto__ first+1 and so on for each element in the range
[ first,__last).

This effectively swaps the ranges [__first,__middle) and [__middle,__last).
Performs x(__first+(n+(__last-__middle))%(__last-__first))=x(__first+n) for each n in the range [0,__last-__first).

References __iterator_category(), and __rotate().

rotate_copy()

template<typename _ForwardIterator, typename _OutputIterator>
_OutputIterator std::rotate_copy

Copy a sequence, rotating its elements.

_ForwardIterator __ first,
_ForwardIterator _ middle,
_ForwardIterator __ last,

_OutputlIterator __result)

[constexpr]

Parameters
__first A forward iterator.
__middle | A forward iterator.
__last A forward iterator.
__result An output iterator.
Returns

An iterator designating the end of the resulting sequence.

Copies the elements of the range [__first,__last) to the range beginning at

Returns

, rotating the copied elements by (__middle-__first) positions so that the element at __middle is moved to «
__result,theelementat _ middle+1is movedto__ result+1 and so on for each element in the range

[ first,__last).

Performs *(__result+(n+(__last-__middle))%(__last-__first))=x(__first+n) for each n in the range [0,__last-__first).
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shuffle()

template<typename _RandomAccessIterator, typename _UniformRandomNumberGenerator>
void std::shuffle (

_RandomAccessIterator __ first,
_RandomAccessIterator ___last,
_UniformRandomNumberGenerator && __g)

Shuffle the elements of a sequence using a uniform random number generator.

Parameters

__first | A forward iterator.
__last | A forward iterator.
_g A UniformRandomNumberGenerator (26.5.1.3).

Returns

Nothing.

Reorders the elements in the range [__first,__last) using ___g to provide random numbers.

References __gen_two_uniform_ints(), std::pair< _T1, _T2 >:first, and std::pair< _T1, _T2 >::second.

stable_partition()

template<typename _ForwardIterator, typename _Predicate>

_ForwardIterator std::stable_partition (

_ForwardIterator _ first,
_ForwardIterator __ last,
_Predicate __pred) [inline]

Move elements for which a predicate is true to the beginning of a sequence, preserving relative ordering.

Parameters

__first | Aforward iterator.
__last | A forward iterator.
__pred | A predicate functor.

Returns

An iterator middle such that __pred (i) is true for each iterator i in the range [first,middle) and false for each
i in the range [middle,last).

Performs the same function as partition () with the additional guarantee that the relative ordering of elements in
each group is preserved, so any two elements x and y in the range [__first,_ last) such that __pred (x)==__«
pred (y) will have the same relative ordering after calling stable_partition ().
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swap_ranges()

template<typename _ForwardIteratorl, typename _ForwardIterator2>

ForwardIterator2 std::swap_ranges (

_ForwardIteratorl _ firstl,
_ForwardIteratorl __ lastl,
_ForwardIterator2 __ first2) [constexpr]

Swap the elements of two sequences.

Parameters

__first1 | A forward iterator.
__last1 | A forward iterator.
__first2 | A forward iterator.

Returns

An iterator equal to £irst2+(last1-first1).

Swaps each element in the range [first1,last1) with the corresponding element in the range [first2,(last1-first1)). The
ranges must not overlap.

transform() [1/2]

template<typename _InputIterator, typename _Outputlterator, typename _UnaryOperation>
_OutputIterator std::transform (

_InputlIterator __ first,

_InputIterator __Ilast,

_OutputlIterator __result,

_UnaryOperation __unary_op) [constexpr]

Perform an operation on a sequence.

Parameters
__first An input iterator.
__last An input iterator.
__result An output iterator.
__unary _op | A unary operator.

Returns

An output iterator equal to ___result+(__last-__first).

Applies the operator to each element in the input range and assigns the results to successive elements of the output
sequence. Evaluates (__result+N)=unary_op(x(__first+N)) for each N in the range [0,__last-__first).

unary_op must not alter its argument.
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transform() [2/2]

template<typename _InputlIteratorl, typename _Inputlterator2,

_BinaryOperation>

_OutputIterator std::transform

(

_InputIteratorl _ firstl,

_InputIteratorl __ lastl,

_InputlIterator2 __ first2,

_OutputlIterator __result,

_BinaryOperation __binary_op) [constexpr]

Perform an operation on corresponding elements of two sequences.

Parameters
__first1 An input iterator.
__last1 An input iterator.
__ first2 An input iterator.
__result An output iterator.
__binary op | A binary operator.

Returns

An output iterator equal to result+(last-first).

typename _Outputlterator, typename <

Applies the operator to the corresponding elements in the two input ranges and assigns the results to successive
elements of the output sequence. Evaluates (___result+N)=__binary_op (x(__firstl1+N), (_ first2+N)) for
each N in the range [0,__last1-__first1).

binary_op must not alter either of its arguments.

unique() [1/2]

template<typename _ForwardIterator>

_ForwardIterator std::unique

_ForwardIterator __ first,

_ForwardIterator __ last) [inline], [nodiscard],

Remove consecutive duplicate values from a sequence.

Parameters
__first | A forward iterator.
__last | A forward iterator.
Returns

An iterator designating the end of the resulting sequence.

[constexpr]

Removes all but the first element from each group of consecutive values that compare equal. unique() is stable, so the
relative order of elements that are not removed is unchanged. Elements between the end of the resulting sequence and
___last are still present, but their value is unspecified.
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unique() [2/2]

template<typename _ForwardIterator, typename _BinaryPredicate>

ForwardIterator std::unique (

_ForwardIterator __ first,
_ForwardIterator _ last,
_BinaryPredicate __binary pred) [inline], [nodiscard], [constexpr]

Remove consecutive values from a sequence using a predicate.

Parameters
__first A forward iterator.
__last A forward iterator.

__binary pred | A binary predicate.

Returns

An iterator designating the end of the resulting sequence.

Removes all but the first element from each group of consecutive values for which __binary_pred returns true.
unique() is stable, so the relative order of elements that are not removed is unchanged. Elements between the end of

the resulting sequence and ___last are still present, but their value is unspecified.

unique_copy() [1/2]

template<typename _InputIterator, typename _Outputlterator>
_OutputIterator std::unique_copy (

_Inputlterator __ first,

_Inputlterator ___last,

_OutputIterator __ result) [inline], [constexpr]
Copy a sequence, removing consecutive duplicate values.

Parameters

__first An input iterator.

__last An input iterator.

__result | An output iterator.

Returns

An iterator designating the end of the resulting sequence.

Copies each elementintherange [__first, __ last) totherange beginningat__ result, except that only the
first element is copied from groups of consecutive elements that compare equal. unique_copy () is stable, so the

relative order of elements that are copied is unchanged.

References __iterator_category().
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unique_copy() [2/2]

template<typename _InputlIterator, typename _Outputlterator, typename _BinaryPredicate>
_OutputIterator std::unique_copy (

_Inputlterator __ first,

_Inputlterator __last,

_OutputlIterator __result,

_BinaryPredicate __binary_ pred) [inline], [constexpr]

Copy a sequence, removing consecutive values using a predicate.

Parameters
__first An input iterator.
__last An input iterator.
__result An output iterator.
__binary pred | A binary predicate.

Returns

An iterator designating the end of the resulting sequence.

Copies each elementintherange [___first, __ last) totherange beginningat__ result, except that only the
first element is copied from groups of consecutive elements for which __binary_pred returns true. unique_+«
copy () is stable, so the relative order of elements that are copied is unchanged.

References __iterator_category().

3.1.4 Non-Mutating

Collaboration diagram for Non-Mutating:

Algorithms |<¢—— Non-Mutating
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Functions

template<typename _Forwardlterator>

constexpr _Forwardlterator std::adjacent_find (_Forwardlterator __first, _Forwardlterator _ last)
template<typename _Forwardlterator, typename _BinaryPredicate >

constexpr _Forwardlterator std::adjacent_find (_Forwardlterator __first, _Forwardlterator __last, _BinaryPredicate
__binary_pred)

template <typename _Inputlterator, typename _Predicate>

constexpr bool std::all_of (_Inputlterator __first, _Inputlterator __last, _Predicate _ pred)

template <typename _Inputlterator, typename _Predicate>

constexpr bool std::any_of (_Inputlterator __first, _Inputlterator __last, _Predicate _ pred)

template <typename _ Inputlterator, typename _Tp>

constexpr iterator_traits< _Inputlterator >::difference_type std::count (_Inputlterator __first, _Inputlterator __last,
const _Tp &__value)

template <typename _Inputlterator, typename _Predicate>

constexpr iterator_traits< _Inputlterator >::difference_type std::count_if (_Inputlterator __first, _Inputlterator _«
_last, _Predicate __ pred)

template<typename _II1, typename _lI12>

constexpr bool std::equal (_I11 __first1, _[I1 __last1, 112 _ first2)

template<typename _lI1, typename _112>

constexpr bool std::equal (_II1 __first1, _II1 __last1, _l12 _ first2, _l12 __ last2)

template<typename _llter1, typename _llter2, typename _BinaryPredicate >

constexpr bool std::equal (_llter1 __first1, _llter1 __last1, _llter2 __ first2, _BinaryPredicate _ binary_pred)
template<typename _llter1, typename _llter2, typename _BinaryPredicate >

constexpr bool std::equal (_llter1 __first1, _llter1 __last1, _llter2 _ first2, _llter2 _ last2, _BinaryPredicate _ «+
binary_pred)

template <typename _Inputlterator, typename _Tp>

constexpr _Inputlterator std::find (_Inputlterator __first, _Inputlterator __last, const _Tp &__val)

template<typename _Forwardlterator1, typename _Forwardlterator2>

constexpr _Forwardlterator1 std::find_end (_Forwardlterator1 __first1, _Forwardlterator1 __last1, _Forward«
Iterator2 __first2, _Forwardlterator2 __last2)

template<typename _Forwardlterator1, typename _Forwardlterator2, typename _BinaryPredicate >

constexpr _Forwardlterator1 std::find_end (_Forwardlterator1 __first1, _Forwardlterator1 _ last1, _Forward«
Iterator2 __first2, _Forwardlterator2 __last2, _BinaryPredicate __comp)

template <typename _Inputlterator, typename _Forwardlterator>

constexpr _Inputlterator std::find_first_of (_Inputlterator __first1, _Inputlterator __last1, _Forwardlterator __first2,
_Forwardlterator __last2)

template<typename _Inputlterator, typename _Forwardlterator, typename _BinaryPredicate>

constexpr _Inputlterator std::find_first_of (_Inputlterator __first1, _Inputlterator __last1, _Forwardlterator __first2,
_Forwardlterator __last2, _BinaryPredicate __comp)

template <typename _Inputlterator, typename _Predicate>

constexpr _Inputlterator std::find_if (_Inputlterator __first, _Inputlterator __last, _Predicate __ pred)

template <typename _Inputlterator, typename _Predicate>

constexpr _Inputlterator std::find_if_not (_Inputlterator __first, _Inputlterator _ last, _Predicate _ pred)
template<typename _ Inputlterator, typename _Function>

constexpr _Function std::for_each (_Inputlterator __first, _Inputlterator __last, _Function __f)

template <typename _Inputlterator, typename _Size, typename _Function>

constexpr _Inputlterator std::for_each_n (_Inputlterator __first, _Size __n, _Function __f)

template<typename _Forwardlterator1, typename _Forwardlterator2>

constexpr bool std::is_permutation (_Forwardlterator1 __first1, _Forwardlterator1 __last1, _Forwardlterator2 _«
_first2)

template<typename _Forwardlterator1, typename _Forwardlterator2, typename _BinaryPredicate >

constexpr bool std::is_permutation (_Forwardlterator1 __first1, _Forwardlterator1 __last1, _Forwardlterator2 _«
_first2, _BinaryPredicate __ pred)
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¢ template<typename _Forwardlterator1, typename _Forwardlterator2 >

constexpr bool std::is_permutation (_Forwardlterator1 __first1, _Forwardlterator1 __last1, _Forwardlterator2 _«

_first2, _Forwardlterator2 __last2)

¢ template<typename _Forwardlterator1, typename _Forwardlterator2, typename _BinaryPredicate>

constexpr bool std::is_permutation (_Forwardlterator1 __ first1, _Forwardlterator1 _ last1, _Forwardlterator2 _«

_first2, _Forwardlterator2 __last2, _BinaryPredicate __pred)
¢ template<typename _Inputlterator1, typename _Inputlterator2>

constexpr pair< _Inputlterator1, _Inputlterator2 > std::mismatch (_Inputlterator1 __first1, _Inputlterator1 __lasti,

_Inputlterator2 __first2)
¢ template<typename _Inputlterator1, typename _Inputlterator2, typename _BinaryPredicate >

constexpr pair< _Inputlterator1, _Inputlterator2 > std::mismatch (_Inputlterator1 __first1, _Inputlterator1 __last1,

_Inputlterator2 __first2, _BinaryPredicate __ binary_pred)

¢ template<typename _Inputlterator1, typename _Inputlterator2>

constexpr pair< _Inputlterator1, _Inputlterator2 > std::mismatch (_Inputlterator1 __ first1, _Inputlterator1 __last1,

_Inputlterator2 __first2, _Inputlterator2 __last2)
¢ template<typename _lInputlterator1, typename _Inputlterator2, typename _BinaryPredicate >

constexpr pair< _Inputlterator1, _Inputlterator2 > std::mismatch (_Inputlterator1 __first1, _Inputlterator1 __lasti,

_Inputlterator2 __first2, _Inputlterator2 __last2, _BinaryPredicate _ binary_pred)

¢ template<typename _Inputlterator, typename _Predicate >

constexpr bool std::none_of (_Inputlterator __first, _Inputlterator __last, _Predicate _ pred)

¢ template<typename _Forwardlterator1, typename _Forwardlterator2>

constexpr _Forwardlterator1 std::search (_Forwardlterator1 __first1, _Forwardlterator1 __last1, _Forwardlterator2

_ first2, _Forwardlterator2 __last2)
¢ template<typename _Forwardlterator1, typename _Forwardlterator2, typename _BinaryPredicate >

constexpr _Forwardlterator1 std::search (_Forwardlterator1 __first1, _Forwardlterator1 _ last1, Forwardlterator2

__ first2, _Forwardlterator2 __last2, _BinaryPredicate __predicate)
¢ template<typename _Forwardlterator, typename _Integer, typename _Tp>

constexpr _Forwardlterator std::search_n (_Forwardlterator __first, _Forwardlterator _ last, _Integer __count,

const _Tp &__val)

¢ template<typename _Forwardlterator, typename _Integer, typename _Tp, typename _BinaryPredicate>

constexpr _Forwardlterator std::search_n (_Forwardlterator __first, _Forwardlterator __last, _Integer __ count,

const _Tp &__val, _BinaryPredicate __ binary_pred)

3.1.4.1 Detailed Description

3.1.4.2 Function Documentation

adjacent_find() [1/2]

template<typename _ForwardIterator>
_ForwardIterator std::adjacent_find (

_ForwardIterator _ first,

_ForwardIterator __ last) [inline], [nodiscard], [constexpr]
Find two adjacent values in a sequence that are equal.

Parameters

__first | A forward iterator.
__last | A forward iterator.
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Returns

The first iterator 1 such that 1 and i+1 are both valid iterators in [__first,_ last) and such that i == *(i+1), or

__last if no such iterator exists.

adjacent_find() [2/2]

template<typename _ForwardIterator, typename _BinaryPredicate>

_ForwardIterator std::adjacent_find (

_ForwardIterator __ first,
_ForwardIterator __last,
_BinaryPredicate __binary_pred) [inline], [nodiscard],

Find two adjacent values in a sequence using a predicate.

Parameters
__first A forward iterator.
__last A forward iterator.

__binary pred | A binary predicate.

Returns

[constexpr]

The first iterator 1 such that 1 and i+1 are both valid iterators in [__first, last) and such that __binary_«

pred(xix(i+1)) is true, or ___last if no such iterator exists.

all_of()

template<typename _Inputlterator, typename _Predicate>
bool std::all_of (

_InputIterator __ first,

_Inputlterator ___last,

_Predicate ___pred) [inline], [nodiscard], [constexpr]
Checks that a predicate is true for all the elements of a sequence.

Parameters

__first | Aninput iterator.
__last | Aninput iterator.
__pred | A predicate.

Returns

True if the check is true, false otherwise.

Returns true if __pred is true for each element in the range [__first,__last), and false otherwise.
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any_of()

template<typename _Inputlterator, typename _Predicate>
bool std::any_of (

_InputIterator __ first,

_InputIterator __last,

_Predicate ___pred) [inline], [nodiscard], [constexpr]
Checks that a predicate is true for at least one element of a sequence.

Parameters

__first | Aninput iterator.

__last | Aninput iterator.

__pred | A predicate.

Returns

True if the check is true, false otherwise.

Returns true if an element exists in the range [__first,_last) such that ___pred is true, and false otherwise.

count()

template<typename _Inputlterator, typename _Tp>
iterator_traits< _InputlIterator >::difference_type std::count (
_InputIterator __ first,
_Inputlterator ___last,

const _Tp & __value) [inline], [nodiscard], [constexpr]
Count the number of copies of a value in a sequence.

Parameters

__first An input iterator.

__last An input iterator.

__value | The value to be counted.

Returns

The number of iterators i in the range [ _first,_ last) for which xi == ___value

count_if()

template<typename _Inputlterator, typename _Predicate>
iterator_traits< _Inputlterator >::difference_type std::count_if (
_InputlIterator __ first,
_InputlIterator ___last,

_Predicate ___pred) [inline], [nodiscard], [constexpr]

Count the elements of a sequence for which a predicate is true.
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Parameters

__first | Aninput iterator.

__last | Aninput iterator.
__pred | A predicate.

Returns

The number of iterators i in the range [__first,_ last) for which __pred (x1) is true.

equal() [1/4]

template<typename _IIl, typename _II2>

bool std::equal (
_II1 _ _firstl,
_ITI1 _ lastl,

_II2 _ first2) [inline], [nodiscard], [constexpr]

Tests a range for element-wise equality.

Parameters

__first1 | Aninput iterator.
__last1 | Aninput iterator.
__first2 | Aninput iterator.

Returns

A boolean true or false.

This compares the elements of two ranges using == and returns true or false depending on whether all of the corre-
sponding elements of the ranges are equal.

equal() [2/4]

template<typename _IIl, typename _II2>

bool std::equal (
_ITI1 _ firstl,
_ITI1 _ lastl,
_I12 _ first2,

_II2 _ last2) [inline], [nodiscard], [constexpr]

Tests a range for element-wise equality.
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Parameters

__first1 | Aninput iterator.

__last1 | Aninput iterator.

__first2 | Aninput iterator.

__last2 | Aninput iterator.

Returns

A boolean true or false.

This compares the elements of two ranges using == and returns true or false depending on whether all of the corre-
sponding elements of the ranges are equal.

equal() [3/4]

template<typename _IIterl, typename _IIter2, typename _BinaryPredicate>
bool std::equal (

_ITterl _ firstl,

_ITterl __ _lastl,

_IIter2 _ first2,

_BinaryPredicate __binary pred) [inline], [nodiscard], [constexpr]

Tests a range for element-wise equality.

Parameters
__first1 An input iterator.
__lastt An input iterator.
__first2 An input iterator.
__binary pred | A binary predicate functor.

Returns

A boolean true or false.

This compares the elements of two ranges using the binary_pred parameter, and returns true or false depending on
whether all of the corresponding elements of the ranges are equal.

equal() [4/4]

template<typename _IIterl, typename _IIter2, typename _BinaryPredicate>
bool std::equal (

_IIterl _ firstl,

_ITterl _ lastl,

_ITter2 __ _first2,

_ITter2 __last2,

_BinaryPredicate __binary _pred) [inline], [nodiscard], [constexpr]

Tests a range for element-wise equality.
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Parameters
__first1 An input iterator.
_ last1 An input iterator.
_ first2 An input iterator.
_ last2 An input iterator.
__binary pred | A binary predicate functor.

Returns

A boolean true or false.

This compares the elements of two ranges using the binary_pred parameter, and returns true or false depending on

whether all of the corresponding elements of the ranges are equal.

find()

template<typename _Inputlterator, typename _Tp>
_InputlIterator std::find (
_Inputlterator __ first,
_Inputlterator ___last,

const _Tp & __val) [inline], [nodiscard], [constexpr]
Find the first occurrence of a value in a sequence.

Parameters

__first | Aninput iterator.

__last | Aninput iterator.

__val | The value to find.

Returns

The first iterator 1 in the range [__first,_ last) such that xi == __val, or ___last if no such iterator exists.

References to_address().

find_end() [1/2]

template<typename _ForwardIteratorl, typename _ForwardIterator2>

_ForwardIteratorl std::find_end (

_ForwardIteratorl __ firstl,
_ForwardIteratorl _ lastl,
_ForwardIterator2 _ first2,
_ForwardIterator2 _ last2) [inline], [nodiscard], [constexpr]

Find last matching subsequence in a sequence.
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Parameters

__first1 | Start of range to search.

_ last1 | End of range to search.

__first2 | Start of sequence to match.

__last2 | End of sequence to match.

Returns

The last iterator i in the range [__first1,_ last1-(__last2-__first2)) such that *(i+N) == *(__first2+N) for each N in
the range [0,__last2-__ first2), or ___last1 if no such iterator exists.

Searches the range [__first1,__last1) for a sub-sequence that compares equal value-by-value with the sequence given
by [__first2,_ last2) and returns an iterator to the __first element of the sub-sequence, or __1ast 1 if the sub-sequence
is not found. The sub-sequence will be the last such subsequence contained in [__first1,_ last1).

Because the sub-sequence must lie completely within the range [ first1,_last1) it must start at a position less than
__lastl-(_last2-_ first2) where ___last2-__first2 is the length of the sub-sequence. This means that the

returned iterator i will be in the range [__first1,_ last1-(__last2-_first2))

References __iterator_category().

find_end() [2/21

template<typename _ForwardIteratorl, typename _ForwardIterator2, typename _BinaryPredicate>
ForwardIteratorl std::find_end (

_ForwardIteratorl _ firstl,
_ForwardIteratorl _ lastl,
_ForwardIterator2 _ first2,
_ForwardIterator2 _ last2,
_BinaryPredicate __comp) [inline], [nodiscard], [constexpr]

Find last matching subsequence in a sequence using a predicate.

Parameters

__ first1 | Start of range to search.

__last1 | End of range to search.

__ first2 | Start of sequence to match.

__last2 | End of sequence to match.

__comp | The predicate to use.
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Returns

The last iterator i in the range [__first1,_ last1-(__last2-__first2)) such that predicate(x(i+N), (__first2+N)) is
true for each N in the range [0,__last2-__first2), or __1ast1 if no such iterator exists.

Searches the range [__first1,__last1) for a sub-sequence that compares equal value-by-value with the sequence given
by [ first2,_ last2) using comp as a predicate and returns an iterator to the first element of the sub-sequence, or
___last1 if the sub-sequence is not found. The sub-sequence will be the last such subsequence contained in [«
first,__last1).

Because the sub-sequence must lie completely within the range [__first1,_last1) it must start at a position less than
__lastl-(_last2-_ first2) where ___last2—-__first2 is the length of the sub-sequence. This means that the
returned iterator i will be in the range [__first1,_ last1-(__last2-_first2))

References __iterator_category().

find_first_of() [1/21]

template<typename _Inputlterator, typename _ForwardIterator>
_InputIterator std::find_first_of (

_InputIterator __ firstl,

_InputIterator __lastl,

_ForwardIterator _ first2,

_ForwardIterator __ last2) [nodiscard], [constexpr]

Find element from a set in a sequence.

Parameters

__first1 | Start of range to search.

__last1 | End of range to search.

__first2 | Start of match candidates.
__last2 | End of match candidates.

Returns

The first iterator 1 in the range [__first1,_ last1) such that xi == %(i2) such that i2 is an iterator in [__first2,__last2),
or __last1 if no such iterator exists.

Searches the range [__first1,__last1) for an element that is equal to some element in the range [ first2,_ last2). If
found, returns an iterator in the range [__first1,__last1), otherwise returns ___1ast1.

find_first_of() [2/2]

template<typename _InputIterator, typename _ForwardIterator, typename _BinaryPredicate>
_InputIterator std::find_first_of (

_Inputlterator __ firstl,

_Inputlterator __ lastl,

_ForwardIterator _ first2,
_ForwardIterator __ last2,
_BinaryPredicate ___comp) [nodiscard], [constexpr]

Find element from a set in a sequence using a predicate.
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Parameters

__first1 | Start of range to search.

_ last1 | End of range to search.

_ first2 | Start of match candidates.
_ last2 | End of match candidates.
__comp | Predicate to use.

Returns

The first iterator 1 in the range [__first1,__last1) such that comp(xi, *(i2)) is true and i2 is an iterator in [__first2,«
_ last2), or __last1 if no such iterator exists.

Searches the range [__first1,_ last1) for an element that is equal to some element in the range [__first2,_ last2). If
found, returns an iterator in the range [__first1,__last1), otherwise returns __1ast1.

find_if()

template<typename _Inputlterator, typename _Predicate>
_InputIterator std::find_1if (

_Inputlterator __ first,

_InputlIterator ___last,

_Predicate ___pred) [inline], [nodiscard], [constexpr]
Find the first element in a sequence for which a predicate is true.

Parameters

__first | Aninput iterator.
__last | Aninput iterator.
__pred | A predicate.

Returns

The first iterator i in the range [_first,_ last) such that __pred (xi) is true, or ___last if no such iterator
exists.

find_if_not()

template<typename _Inputlterator, typename _Predicate>
_InputIterator std::find_if_not (

_InputlIterator __ first,

_InputIterator __Ilast,

_Predicate __pred) [inline], [nodiscard], [constexpr]

Find the first element in a sequence for which a predicate is false.
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Parameters

__first | Aninput iterator.

__last | Aninput iterator.
__pred | A predicate.

Returns

The first iterator 1 in the range [ _first,_ last) such that __pred (x1i) is false, or __last if no such iterator
exists.

References __find_if_not().

for_each()

template<typename _Inputlterator, typename _Function>
_Function std::for_each (

_Inputlterator __ first,

_Inputlterator ___last,

_Function __f) [constexpr]

Apply a function to every element of a sequence.

Parameters

__first | Aninput iterator.

__last | Aninput iterator.

f A unary function object.

Returns

Applies the function object ___f to each element in the range [first,last). ___f must not modify the order of the sequence.
If ___f has areturn value it is ignored.

for_each_n()

template<typename _Inputlterator, typename _Size, typename _Function>

_InputIterator std::for_each_n (

_Inputlterator __ first,
_Size __n,
_Function __f) [constexpr]

Apply a function to every element of a sequence.
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Parameters
__first | Aninput iterator.
_n A value convertible to an integer.
_f A unary function object.

Returns

_ first+_n

Applies the function object ___f to each element in therange [first, first+n).__f must not modify the order
of the sequence. If ___f has a return value it is ignored.

References move().

is_permutation() [1/4]

template<typename _ForwardIteratorl, typename _ForwardIterator2>

bool std::is_permutation (

_ForwardIteratorl _ firstl,
_ForwardIteratorl _ lastl,
_ForwardIterator2 __ first2) [inline], [constexpr]

Checks whether a permutation of the second sequence is equal to the first sequence.

Parameters

__first1 | Start of first range.

_ last1 | End of first range.

__first2 | Start of second range.

Returns

true if there exists a permutation of the elements in the range [__first2, _ first2 + (__last1 - __first1)), beginning
with Forwardlterator2 begin, such that equal(__first1, __last1, begin) returns true; otherwise, returns false.

is_permutation() [2/4]

template<typename _ForwardIteratorl, typename _ForwardIterator2, typename _BinaryPredicate>

bool std::is_permutation (

_ForwardIteratorl _ firstl,
_ForwardIteratorl _ lastl,
_ForwardIterator2 _ first2,
_BinaryPredicate ___pred) [inline], [nodiscard], [constexpr]

Checks whether a permutation of the second sequence is equal to the first sequence.
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Parameters

__first1 | Start of first range.

_ last1 | End of first range.

__first2 | Start of second range.

__pred | Abinary predicate.

Returns

true if there exists a permutation of the elements in the range [__first2, _ first2 + (__last1 - __first1)), beginning
with Forwardlterator2 begin, such that equal(__first1, _ last1, _ begin, _ pred) returns true; otherwise, returns
false.

is_permutation() [3/4]

template<typename _ForwardIteratorl, typename _ForwardIterator2>

bool std::is_permutation (

_ForwardIteratorl __ firstl,
_ForwardIteratorl _ lastl,
_ForwardIterator2 _ first2,
_ForwardIterator2 _ last2) [inline], [nodiscard], [constexpr]

Checks whether a permutaion of the second sequence is equal to the first sequence.

Parameters

__first1 | Start of first range.

_ last1 | End of first range.

__first2 | Start of second range.

_ last2 | End of first range.

Returns

true if there exists a permutation of the elements in the range [__first2, _ last2), beginning with Forwardlterator2

begin, such that equal(__first1, __last1, begin) returns true; otherwise, returns false.

is_permutation() [4/4]

template<typename _ForwardIteratorl, typename _ForwardIterator2, typename _BinaryPredicate>

bool std::is_permutation (

_ForwardIteratorl _ firstl,
_ForwardIteratorl _ lastl,
_ForwardIterator2 _ first2,
_ForwardIterator2 __ last2,
_BinaryPredicate __pred) [inline], [nodiscard], [constexpr]

Checks whether a permutation of the second sequence is equal to the first sequence.
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Parameters

__first1 | Start of first range.

_ last1 | End of first range.

__first2 | Start of second range.

_ last2 | End of first range.

__pred | Abinary predicate.

Returns

true if there exists a permutation of the elements in the range [__first2, _ last2), beginning with Forwardlterator2
begin, such that equal(__first1, _ last1, _ begin, __ pred) returns true; otherwise, returns false.

mismatch() [1/4]

template<typename _InputIteratorl, typename _Inputlterator2>
pair< _InputIteratorl, _InputIterator2 > std::mismatch (
_InputIteratorl __ firstl,
_InputlIteratorl __ lastl,

_InputIterator2 __ first2) [inline], [nodiscard], [constexpr]
Finds the places in ranges which don't match.

Parameters

__first1 | Aninput iterator.
__last1 | Aninput iterator.

__first2 | Aninput iterator.

Returns

A pair of iterators pointing to the first mismatch.

This compares the elements of two ranges using == and returns a pair of iterators. The first iterator points into the first
range, the second iterator points into the second range, and the elements pointed to by the iterators are not equal.

mismatch() [2/4]

template<typename _InputIteratorl, typename _Inputlterator2, typename _BinaryPredicate>
pair< _InputIteratorl, _InputIterator2 > std::mismatch (

_InputlIteratorl __ firstl,

_InputlIteratorl __ lastl,

_InputlIterator2 _ first2,

_BinaryPredicate __binary_ pred) [inline], [nodiscard], [constexpr]

Finds the places in ranges which don't match.
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Parameters
__first1 An input iterator.
_ last1 An input iterator.
_ first2 An input iterator.
__binary pred | A binary predicate functor.

Returns

A pair of iterators pointing to the first mismatch.

This compares the elements of two ranges using the binary_pred parameter, and returns a pair of iterators. The first
iterator points into the first range, the second iterator points into the second range, and the elements pointed to by the
iterators are not equal.

mismatch() [3/4]

template<typename _InputIteratorl, typename _Inputlterator2>
pair< _InputIteratorl, _InputIterator2 > std::mismatch (
_InputIteratorl _ firstl,
_InputlIteratorl __lastl,
_InputlIterator2 __ first2,

_Inputlterator2 __last2) [inline], [nodiscard], [constexpr]
Finds the places in ranges which don't match.

Parameters

__first1 | Aninput iterator.

__last1 | Aninput iterator.

__first2 | Aninput iterator.
__last2 | Aninput iterator.

Returns

A pair of iterators pointing to the first mismatch.

This compares the elements of two ranges using == and returns a pair of iterators. The first iterator points into the first
range, the second iterator points into the second range, and the elements pointed to by the iterators are not equal.

mismatch() [4/4]

template<typename _Inputlteratorl, typename _Inputlterator2, typename _BinaryPredicate>
pair< _InputlIteratorl, _InputIterator2 > std::mismatch (

_InputlIteratorl _ firstl,

_InputIteratorl __ lastl,

_InputIterator2 _ first2,

_InputIterator2 __last2,

_BinaryPredicate __binary _pred) [inline], [nodiscard], [constexpr]

Finds the places in ranges which don't match.
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Parameters
__first1 An input iterator.
_ last1 An input iterator.
_ first2 An input iterator.
_ last2 An input iterator.
__binary pred | A binary predicate functor.

Returns

A pair of iterators pointing to the first mismatch.

This compares the elements of two ranges using the binary_pred parameter, and returns a pair of iterators. The first
iterator points into the first range, the second iterator points into the second range, and the elements pointed to by the
iterators are not equal.

none_of()

template<typename _InputlIterator, typename _Predicate>
bool std::none_of (

_Inputlterator __ first,

_Inputlterator ___last,

_Predicate __pred) [inline], [nodiscard], [constexpr]
Checks that a predicate is false for all the elements of a sequence.

Parameters

__first | Aninput iterator.

__last | Aninput iterator.
__pred | A predicate.

Returns

True if the check is true, false otherwise.

Returns true if __pred is false for each element in the range [__first,_last), and false otherwise.

search() [1/2]

template<typename _ForwardIteratorl, typename _ForwardIterator2>

_ForwardIteratorl std::search (

_ForwardIteratorl _ firstl,
_ForwardIteratorl __ lastl,
_ForwardIterator2 _ first2,
_ForwardIterator2 _ last2) [inline], [nodiscard], [constexpr]

Search a sequence for a matching sub-sequence.
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Parameters

__first1 | A forward iterator.
__last1 | A forward iterator.
__first2 | A forward iterator.
__last2 | A forward iterator.

Returns
The first iterator 1 in the range [ first1,__ last1-(__last2-_ first2)) such that *(i+N) == *(__first2+N) for each N in
the range [0,__last2-_ first2), or ___last1 if no such iterator exists.

Searches the range [__first1,__last1) for a sub-sequence that compares equal value-by-value with the sequence given
by [ first2,_ last2) and returns an iterator to the first element of the sub-sequence, or __1ast1 if the sub-sequence
is not found.

Because the sub-sequence must lie completely within the range [ first1,_ last1) it must start at a position less than
_ _lastl—(__last2-_ first2) where __last2-__ first?2 is the length of the sub-sequence.

This means that the returned iterator i will be in the range [__first1,__last1-(__last2-__first2))
search() [2/2]

template<typename _ForwardIteratorl, typename _ForwardIterator2, typename _BinaryPredicate>

_ForwardIteratorl std::search (

_ForwardIteratorl _ firstl,
_ForwardIteratorl _ lastl,
_ForwardIterator2 _ first2,
_ForwardIterator2 _ last2,
_BinaryPredicate ___predicate) [inline], [constexpr]

Search a sequence for a matching sub-sequence using a predicate.

Parameters
__first1 A forward iterator.
__lastt A forward iterator.
__first2 A forward iterator.
__last2 A forward iterator.
__predicate | A binary predicate.

Returns
The firstiterator i inthe range [__first1,_ last1-(__last2-_ first2)) suchthat ___predicate(*(i+N),*(__first2+N))
is true for each N in the range [0,__last2-_ first2), or ___1ast1 if no such iterator exists.

Searches the range [__first1,__last1) for a sub-sequence that compares equal value-by-value with the sequence given
by [ first2,_ last2), using __predicate to determine equality, and returns an iterator to the first element of the
sub-sequence, or ___last1 if no such iterator exists.

See also

search(_Forwardlter1, _Forwardlter1, _Forwardlter2, _Forwardlter2)
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search_n() [1/2]

template<typename _ForwardIterator, typename _Integer, typename _Tp>

_ForwardIterator std::search_n (

_ForwardIterator __ first,

_ForwardIterator _ last,

_Integer __ _count,

const _Tp & __val) [inline], [nodiscard], [constexpr]

Search a sequence for a number of consecutive values.

Parameters

__first A forward iterator.
__last A forward iterator.
__count | The number of consecutive values.

_ val The value to find.
Returns
The first iterator i in the range [ first,__last-__count) such that *(i+N) == __val for each N in the range [0,_«

_count), or ___last if no such iterator exists.

Searches the range [__first,__last) for count consecutive elements equalto ___val.

search_n() [2/2]

template<typename _ForwardIterator, typename _Integer, typename _Tp, typename _BinaryPredicate>

_ForwardIterator std::search_n (

_ForwardIterator __ first,
_ForwardIterator __last,
_Integer ___count,

const _Tp & __val,

_BinaryPredicate ___binary pred) [inline], [nodiscard], [constexpr]

Search a sequence for a number of consecutive values using a predicate.

Parameters
__first A forward iterator.
__last A forward iterator.
__count The number of consecutive values.
_val The value to find.
__binary pred | A binary predicate.

Returns

The first iterator i in the range [__first,__last-__count) such that __binary_pred(x(i+N),__val) is true for each
N in the range [0,__count), or ___last if no such iterator exists.

Searches the range [__first,__last) for __count consecutive elements for which the predicate returns true.
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3.1.5 Sorting

Collaboration diagram for Sorting:

Binary Search

Algorithms |-¢—— Sorting

/

¢—— Heap

Topics
+ Binary Search

* Heap
» Set Operations

Functions

* template<typename _Tp>

constexpr const _Tp & std::clamp (const _Tp & __val, const _Tp & __lo, const _Tp &__hi)

¢ template<typename _Tp, typename _Compare>

constexpr const _Tp & std::clamp (const _Tp & __val, const _Tp & __lo, const _Tp &__hi, _Compare __comp)

¢ template<typename _Bidirectionallterator>

=~

Set Operations

void std::inplace_merge (_Bidirectionallterator __first, _Bidirectionallterator __middle, _Bidirectionallterator __ «

last)
¢ template<typename _Bidirectionallterator, typename _Compare>

void std::inplace_merge (_Bidirectionallterator __first, _Bidirectionallterator __middle, _Bidirectionallterator __ «+

last, _Compare __comp)

¢ template<typename _Forwardlterator>

constexpr bool std::is_sorted (_Forwardlterator __first, _Forwardlterator __last)

¢ template<typename _Forwardlterator, typename _Compare>

constexpr bool std::is_sorted (_Forwardlterator __first, _Forwardlterator __last, _Compare __comp)

¢ template<typename _Forwardlterator>

constexpr _Forwardlterator std::is_sorted_until (_Forwardlterator __first, _Forwardlterator __last)

¢ template<typename _Forwardlterator, typename _Compare>

constexpr _Forwardlterator std::is_sorted_until (_Forwardlterator __first, _Forwardlterator __last, _Compare _«

_comp)
¢ template<typename _lI1, typename _lI2>

constexpr bool std::lexicographical_compare (_II1 _ first1, _II1 __last1, 112 _ first2, _112 _ last2)
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template<typename _lI1, typename _l12, typename _Compare >

constexpr bool std::lexicographical_compare (_II1 _ first1, _II1 _ last1, _ll12 _ first2, _lI2 _ last2, _Compare
__comp)

template<typename _Inputlter1, typename _Inputlter2, typename _Comp>

constexpr auto std::lexicographical_compare_three_way (_Inputlter1 __ first1, _Inputlter1 __last1, _Inputlter2 _«
_first2, _Inputlter2 __last2, _Comp __comp) -> decltype(__comp(x__first1, x__first2))

template<typename _Tp>

constexpr const _Tp & std::max (const _Tp & _a, const_Tp & _b)

template<typename _Tp, typename _Compare>

constexpr const _Tp & std::max (const _Tp & _a, const_Tp & b, _Compare __comp)

template<typename _Forwardlterator>

constexpr _Forwardlterator std::max_element (_Forwardlterator __first, _Forwardlterator __last)

template <typename _Forwardlterator, typename _Compare>

constexpr _Forwardlterator std::max_element (_Forwardlterator __ first, _Forwardlterator _ last, _Compare __ «
comp)

template<typename _Inputlterator1, typename _Inputlterator2, typename _Outputlterator>

constexpr _Outputlterator std::merge (_Inputlterator1 __first1, _Inputlterator1 __last1, _Inputlterator2 __first2,
_Inputlterator2 __last2, _Outputlterator __ result)

template<typename _Inputlterator1, typename _Inputlterator2, typename _Outputlterator, typename _Compare>

constexpr _Outputlterator std::merge (_Inputlterator1 __ first1, _Inputlterator1 __last1, _Inputlterator2 __first2,
_Inputlterator2 _ last2, _Outputlterator _ result, _Compare __comp)

template<typename _Tp>

constexpr const _Tp & std::min (const _Tp & _a, const _Tp &__b)

template <typename _Tp, typename _Compare>

constexpr const _Tp & std::min (const_Tp & __a, const_Tp & __b, _Compare __comp)

template<typename _Forwardlterator>

constexpr _Forwardlterator std::min_element (_Forwardlterator __first, _Forwardlterator __last)

template <typename _Forwardlterator, typename _Compare>

constexpr _Forwardlterator std::min_element (_Forwardlterator __first, _Forwardlterator _ last, _Compare _ «
comp)

template<typename _Tp>

constexpr pair< const _Tp &, const _Tp & > std::minmax (const _Tp & _a, const_Tp &__b)

template<typename _Tp, typename _Compare>

constexpr pair< const _Tp &, const _Tp & > std::minmax (const _Tp &__a, const_Tp &__b, _Compare __comp)
template<typename _Forwardlterator>

constexpr pair< _Forwardlterator, _Forwardlterator > std::minmax_element (_Forwardlterator _ first, _«
Forwardlterator __last)

template <typename _Forwardlterator, typename _Compare>

constexpr pair< _Forwardlterator, _Forwardlterator > std:minmax_element (_Forwardlterator _ first, _«
Forwardlterator __last, _Compare __comp)

template<typename _Bidirectionallterator>

constexpr bool std::next_permutation (_Bidirectionallterator __first, _Bidirectionallterator __last)

template <typename _Bidirectionallterator, typename _Compare>

constexpr bool std::next_permutation (_Bidirectionallterator __first, _Bidirectionallterator __last, _Compare __ «
comp)

template <typename _RandomAccesslterator>

constexpr void std::nth_element (_RandomAccesslterator __first, _RandomAccesslterator _ nth, _Random«
Accesslterator __last)

template <typename _RandomAccesslterator, typename _Compare >

constexpr void std::nth_element (_RandomAccesslterator __first, _RandomAccesslterator _ nth, _Random«
Accesslterator __last, _Compare __comp)
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template<typename _RandomAccesslterator>

constexpr void std::partial_sort (_RandomAccesslterator __first, _RandomAccesslterator __middle, _Random«

Accesslterator __last)

template<typename _RandomAccesslterator, typename _Compare>

constexpr void std::partial_sort (_RandomAccesslterator __first, _RandomAccesslterator __middle, _Random«

Accesslterator __last, _Compare __comp)

template<typename _Inputlterator, typename _RandomAccesslterator>

constexpr _RandomAccesslterator std::partial_sort_copy (_Inputlterator __first, _Inputlterator __last, _Random«

Accesslterator __result_first, _RandomAccesslterator __result_last)
template <typename _ Inputlterator, typename _RandomAccesslterator, typename _Compare>

constexpr _RandomAccesslterator std::partial_sort_copy (_Inputlterator __first, _Inputlterator __last, _Random«

Accesslterator __result_first, _RandomAccesslterator _ result_last, _Compare __comp)

template<typename _Bidirectionallterator>

constexpr bool std::prev_permutation (_Bidirectionallterator __first, _Bidirectionallterator __last)
template <typename _Bidirectionallterator, typename _Compare>

constexpr bool std::prev_permutation (_Bidirectionallterator __first, _Bidirectionallterator __last, _Compare __ «

comp)
template<typename _RandomAccesslterator>

constexpr void std::sort (_RandomAccesslterator __first, _RandomAccesslterator __last)
template<typename _RandomAccesslterator, typename _Compare>
constexpr void std::sort (_RandomAccesslterator __first, _RandomAccesslterator _ last, _Compare __comp)

template<typename _RandomAccesslterator>

void std::stable_sort (_RandomAccesslterator __first, _RandomAccesslterator __last)
template<typename _RandomAccesslterator, typename _Compare>
void std::stable_sort (_RandomAccesslterator __first, _RandomAccesslterator __ last, _Compare __comp)

3.1.5.1 Detailed Description
3.1.5.2 Function Documentation
clamp() [1/2]

template<typename _Tp>

const _Tp & std::clamp (
const _Tp & __val,
const _Tp & __1lo,

const _Tp & __hi) [nodiscard],
Returns the value clamped between lo and hi.

Parameters

__val | Avalue of arbitrary type.

__lo | Alower limit of arbitrary type.

hi | An upper limit of arbitrary type.

Return values

"o |if_val < __1lo
~hit|if__hi < __wval
~_val’ | otherwise.

[constexpr]
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Precondition

_Tpis LessThanComparable and (__hi < __ 1lo) isfalse.

References max(), and min().

clamp() [12/2]

template<typename _Tp, typename _Compare>
const _Tp & std::clamp (

const _Tp val,

&
const _Tp & __1o,
& __hi,

_Compare ___comp) [nodiscard], [constexpr]

const _Tp

Returns the value clamped between lo and hi.

Parameters
_val A value of arbitrary type.
_lo A lower limit of arbitrary type.
_hi An upper limit of arbitrary type.
__comp | A comparison functor.

Return values

~ o | if__comp(__val, __1lo)

hi* | if__comp(__hi, _ wval)

val® | otherwise.

Precondition

__comp(__hi, lo) is false.

References max(), and min().

inplace_merge() [1/2]

template<typename _Bidirectionallterator>

void std::inplace_merge (
_Bidirectionallterator __ first,
_Bidirectionallterator _ middle,

_Bidirectionallterator __ last) [inline]

Merges two sorted ranges in place.
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Parameters
__first An iterator.
__middle | Another iterator.
__last Another iterator.
Returns
Nothing.

Merges two sorted and consecutive ranges, [__first,_ _middle) and [__middle,__last), and puts the result in [__first, <«
last). The output will be sorted. The sort is stable, that is, for equivalent elements in the two ranges, elements from the
first range will always come before elements from the second.

If enough additional memory is available, this takes (__last-__first)-1 comparisons. Otherwise an NlogN algorithm is
used, where N is distance(__first,__last).

inplace_merge() [2/2]

template<typename _BidirectionalIlterator, typename _Compare>
void std::inplace_merge (
_Bidirectionallterator __ first,
_Bidirectionallterator __middle,
_Bidirectionallterator __ last,

_Compare ___comp) [inline]

Merges two sorted ranges in place.

Parameters
__first An iterator.
__middle | Another iterator.
__last Another iterator.
__comp | A functor to use for comparisons.

Returns

Nothing.

Merges two sorted and consecutive ranges, [__first, _middle) and [middle,last), and puts the result in [__first, last).
The output will be sorted. The sort is stable, that is, for equivalent elements in the two ranges, elements from the first
range will always come before elements from the second.

If enough additional memory is available, this takes (__last-__first)-1 comparisons. Otherwise an NlogN algorithm is
used, where N is distance(__first,__last).

The comparison function should have the same effects on ordering as the function used for the initial sort.

is_sorted() [1/2]

template<typename _ForwardIterator>
bool std::is_sorted (
_ForwardIterator __ first,

_ForwardIterator __last) [inline], [nodiscard], [constexpr]

Determines whether the elements of a sequence are sorted.
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Parameters

__first | An iterator.
__last | Another iterator.

Returns

True if the elements are sorted, false otherwise.

is_sorted() [2/2]

template<typename _ForwardIterator, typename _Compare>
bool std::is_sorted (

_ForwardIterator __ first,
_ForwardIterator _ last,
_Compare ___comp) [inline], [nodiscard], [constexpr]

Determines whether the elements of a sequence are sorted according to a comparison functor.

Parameters

__first An iterator.
__last Another iterator.

__comp | A comparison functor.

Returns

True if the elements are sorted, false otherwise.

is_sorted_until() 11/21]

template<typename _ForwardIterator>
_ForwardIterator std::is_sorted_until (
_ForwardIterator __ first,

_ForwardIterator __ last) [inline], [nodiscard], [constexpr]
Determines the end of a sorted sequence.

Parameters

__first | An iterator.
__last | Another iterator.

Returns

An iterator pointing to the last iterator i in [__first, _ last) for which the range [__first, i) is sorted.
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is_sorted_until() 12/21]

template<typename _ForwardIterator, typename _Compare>

_ForwardIterator std::is_sorted_until (

_ForwardIterator __first,
_ForwardIterator __last,
_Compare ___comp) [inline], [nodiscard], [constexpr]

Determines the end of a sorted sequence using comparison functor.

Parameters

__first An iterator.
__last Another iterator.
__comp | A comparison functor.

Returns

An iterator pointing to the last iterator i in [__first, _ last) for which the range [__first, i) is sorted.

lexicographical_compare() [1/2]

template<typename _IIl, typename _II2>
bool std::lexicographical_compare (
_IT1 _ firstl,
_IT1 __ lastl1,
_I12 _ first2,

_II2 _ _last2) [inline], [nodiscard], [constexpr]

Performs dictionary comparison on ranges.

Parameters

__first1 | Aninput iterator.

__last1 | Aninput iterator.

__first2 | Aninput iterator.

__last2 | Aninput iterator.

Returns

A boolean true or false.

Returns true if the sequence of elements defined by the range [first1,last1) is lexicographically less than the sequence
of elements defined by the range [first2,last2). Returns false otherwise. (Quoted from [25.3.8]/1.) If the iterators are all
character pointers, then this is an inline call to memcmp.
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lexicographical_compare() [2/2]

template<typename _IIl, typename _II2, typename _Compare>
bool std::lexicographical_compare (

_II1 _ firstl,

_ITI1 _ lastl,

_II2 _ first2,

_II2 _ last2z,

_Compare ___comp) [inline], [nodiscard], [constexpr]
Performs dictionary comparison on ranges.

Parameters

__first1 | Aninput iterator.

__last1 | Aninput iterator.

__first2 | Aninput iterator.

__last2 | Aninput iterator.

__comp | A comparison functor.

Returns

A boolean true or false.

The same as the four-parameter lexicographical_compare, but uses the comp parameter instead of <.

lexicographical_compare_three_way()

template<typename _InputIterl, typename _InputIter2, typename _Comp>

auto std::lexicographical_compare_three_way (
_Inputlterl __ firstl,
_InputlIterl _ lastl,
_Inputlter2 _ first2,
_InputIter2 __ last2,

_Comp __comp) -> decltype(__comp(*__firstl, *x__ first2))

Performs dictionary comparison on ranges.

Parameters

__first1 | Aninput iterator.
__last1 | Aninput iterator.

__first2 | Aninput iterator.

__last2 | Aninput iterator.

__comp | A comparison functor.

Returns

[nodiscard],

The comparison category that __comp (x___firstl, x__ first2) returns.

Referenced by operator<=>().

[constexpr]
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max() [1/2]

template<typename _Tp>
const _Tp & std::max (
const _Tp & __a,

const _Tp & __Db) [inline], [nodiscard], [constexpr]
This does what you think it does.

Parameters

A thing of arbitrary type.

—
a
+ | Another thing of arbitrary type.
b

Returns

The greater of the parameters.

This is the simple classic generic implementation. It will work on temporary expressions, since they are only evaluated
once, unlike a preprocessor macro.

Referenced by __gnu_parallel::__find_template(), __gnu_parallel::__parallel_nth_element(), _ gnu_parallel::__parallel_partial_sum_linee
__gnu_parallel::__parallel_partition(), __gnu_parallel::__parallel_random_shuffle_drs(), __gnu_parallel::__gsb_conquer(),
__gnu_parallel::__search_template(), __gnu_parallel::__sequential_random_shuffle(), std::_Deque_base< _Tp, _Alloc >::_M_initialize_r
std::deque< _Tp, _Alloc >::_M_reallocate_map(), clamp(), clamp(), generate_canonical(), __gnu_parallel::multiseq_partition(),
__gnu_parallel::multiseq_selection(), std::shuffle_order_engine< _RandomNumberEngine, _ k >::operator()(), and
std::basic_stringbuf< _CharT, _Traits, _Alloc >::overflow().

max() [2/21]

template<typename _Tp, typename _Compare>
const _Tp & std::max (

const _Tp & __a,
b,

_Compare ___comp) [inline], [nodiscard], [constexpr]

const _Tp &

This does what you think it does.

Parameters
_a A thing of arbitrary type.
_b Another thing of arbitrary type.

__comp | A comparison functor.

Returns

The greater of the parameters.

This will work on temporary expressions, since they are only evaluated once, unlike a preprocessor macro.
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max_element() [1/2]

template<typename _ForwardIterator>
_ForwardIterator std::max_element (

_ForwardIterator __ first,

_ForwardIterator __ last) [inline], [nodiscard], [constexpr]

Return the maximum element in a range.

Parameters

__first | Start of range.

__last | End of range.

Returns

Iterator referencing the first instance of the largest value.

max_element() [2/2]

template<typename _ForwardIterator, typename _Compare>

_ForwardIterator std::max_element (

_ForwardIterator __ first,
_ForwardIterator __ last,
_Compare ___comp) [inline], [nodiscard], [constexpr]

Return the maximum element in a range using comparison functor.

Parameters

__first Start of range.
__last End of range.

__comp | Comparison functor.

Returns

Iterator referencing the first instance of the largest value according to __comp.

merge() [1/2]

template<typename _InputIteratorl, typename _Inputlterator2, typename
_OutputIterator std::merge (

_InputIteratorl _ firstl,

_InputIteratorl __ lastl,

_InputIterator2 _ first2,

_InputIterator2 __ last2,

_OutputIterator __result) [inline], [constexpr]

Merges two sorted ranges.

_OutputIterator>
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Parameters

__first1 | An iterator.

__first2 | Another iterator.

__last1 | Another iterator.

__last2 | Another iterator.

__result | An iterator pointing to the end of the merged range.

Returns
An output iterator equal to __result + (__last1 - _ first1)

o (__last2 - _ first2).

Merges the ranges [ first1,_ last1) and [__first2, last2) into the sorted range [__result, _ result + (__last1-__first1)
+ (__last2-__first2)). Both input ranges must be sorted, and the output range must not overlap with either of the input
ranges. The sort is stable, that is, for equivalent elements in the two ranges, elements from the first range will always
come before elements from the second.

merge() [2/2]

template<typename _InputIteratorl, typename _Inputlterator2, typename _Outputlterator, typename <
_Compare>
_OutputIterator std::merge (

_Inputlteratorl __ firstl,

_InputlIteratorl __ lastl,

_InputlIterator2 _ first2,

_InputIterator2 __ last2,

_OutputIterator __ result,

_Compare __comp) [inline], [constexpr]
Merges two sorted ranges.

Parameters

__first1 | An iterator.

__first2 | Another iterator.

__last1 | Another iterator.

__last2 | Another iterator.

__result | An iterator pointing to the end of the merged range.

__comp | A functor to use for comparisons.

Returns
An output iterator equal to ___result + (__last1 - _ first1)
o (__last2 - _ first2).
Merges the ranges [ first1,_ last1) and [__first2, last2) into the sorted range [__result, _ result + (__last1-__first1)
+ (__last2-__first2)). Both input ranges must be sorted, and the output range must not overlap with either of the input

ranges. The sort is stable, that is, for equivalent elements in the two ranges, elements from the first range will always
come before elements from the second.

The comparison function should have the same effects on ordering as the function used for the initial sort.
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min() [1/2]

template<typename _Tp>
const _Tp & std::min (
const _Tp & __a,

const _Tp & __b) [inline], [nodiscard], [constexpr]
This does what you think it does.

Parameters

A thing of arbitrary type.

<
a
« | Another thing of arbitrary type.
b

Returns

The lesser of the parameters.

This is the simple classic generic implementation. It will work on temporary expressions, since they are only evaluated
once, unlike a preprocessor macro.

Referenced by _ gnu_parallel::__find_template(), __gnu_parallel::__find_template(), __gnu_parallel::__for_each_template_random_acce
__gnu_parallel::__parallel_partial_sum_linear(), __gnu_parallel::__parallel_random_shuffle_drs(), __gnu_parallel::__parallel_sort_gs_div
__gnu_parallel::__gsb_conquer(), __sample(), __gnu_parallel::__search_template(), __gnu_parallel::__sequential_multiway_merge(),
__gnu_parallel::__sequential_random_shuffle(), clamp(), clamp(), __gnu_cxx::__versa_string< _CharT, _Traits, _Alloc, _Base >::compal
__gnu_cxx:;__versa_string< _CharT, _Traits, _Alloc, _Base >::compare(), __gnu_cxx::__versa_string< _CharT, _Traits, _Alloc, _Base >
__gnu_cxx:;__versa_string< _CharT, _Traits, _Alloc, _Base >::compare(), __gnu_cxx::__versa_string< _CharT, _Traits, _Alloc, _Base >
__gnu_cxx:;__versa_string< char >::compare(), std::basic_string< _CharT >::compare(), std::basic_string< _CharT >::compare(),
std::basic_string< _CharT >::compare(), std::basic_string< _CharT >::compare(), std::basic_string< _CharT >::compare(),
std::basic_string< _CharT >::compare(), generate_canonical(), std::basic_string< _CharT >::max_size(), _ gnu_parallel::multiseq_part
__gnu_parallel::multiseq_selection(), std::shuffle_order_engine< _RandomNumberEngine, __k >::operator()(),
std::basic_stringbuf< _CharT, _Traits, _Alloc >::overflow(), _ gnu_parallel::parallel_multiway_merge(), _ gnu_cxx::random_sample_n(),
__gnu_cxx::random_sample_n(), std::basic_istream< _CharT, _Traits >::readsome(), __gnu_cxx::__versa_string< _CharT, _Traits, _Allc
std::basic_string< _CharT, _Traits, _Alloc >::rfind(), std::basic_streambuf< _CharT, _Traits >::xsgetn(), and std::basic_streambuf< _Chz

min() [2/2]

template<typename _Tp, typename _Compare>
const _Tp & std::min (

const _Tp & __a,
b,

_Compare __comp) [inline], [nodiscard], [constexpr]

const _Tp &

This does what you think it does.

Parameters
_a A thing of arbitrary type.
_b Another thing of arbitrary type.

__comp | A comparison functor.
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Returns

The lesser of the parameters.

This will work on temporary expressions, since they are only evaluated once, unlike a preprocessor macro.

min_element() [1/2]

template<typename _ForwardIterator>
_ForwardIterator std::min_element (
_ForwardIterator __ first,

_ForwardIterator __ last) [inline], [nodiscard], [constexpr]

Return the minimum element in a range.

Parameters

__first | Start of range.

__last | End of range.

Returns

Iterator referencing the first instance of the smallest value.

min_element() [2/2]

template<typename _ForwardIterator, typename _Compare>

_ForwardIterator std::min_element (

_ForwardIterator __ first,
_ForwardIterator __last,
_Compare ___comp) [inline], [nodiscard], [constexpr]

Return the minimum element in a range using comparison functor.

Parameters

__first Start of range.

__last End of range.

__comp | Comparison functor.

Returns

Iterator referencing the first instance of the smallest value according to __comp.

minmax() [1/2]

template<typename _Tp>
pair< const _Tp &, const _Tp & > std::minmax (
const _Tp & __a,

const _Tp & __Db) [inline], [nodiscard], [constexpr]

Determines min and max at once as an ordered pair.
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Parameters

A thing of arbitrary type.

-
a
« | Another thing of arbitrary type.
b

Returns

A pair(__b, __a)if __bissmallerthan__a, pair(__a, __b) otherwise.

minmax() [2/2]

template<typename _Tp, typename _Compare>
pair< const _Tp &, const _Tp & > std::minmax (
const _Tp & __a,
const _Tp & __b,

_Compare ___comp) [inline], [nodiscard], [constexpr]

Determines min and max at once as an ordered pair.

Parameters
_a A thing of arbitrary type.
_b Another thing of arbitrary type.
__comp | A comparison functor .

Returns

Apair(__b, __a)if__bissmallerthan __a, pair(__a, __b) otherwise.

minmax_element() [1/2]

template<typename _ForwardIterator>
pair< _ForwardIterator, _ForwardIterator > std::minmax_element (
_ForwardIterator __ first,

_ForwardIterator __ last) [inline], [nodiscard], [constexpr]
Return a pair of iterators pointing to the minimum and maximum elements in a range.

Parameters

__first | Start of range.

_ last | End of range.

Returns

make_pair(m, M), where m is the first iterator i in [__first, __last) such that no other element in the range is smaller,
and where M is the last iterator i in [__first, __last) such that no other element in the range is larger.
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minmax_element() [2/2]

template<typename _ForwardIterator, typename _Compare>

pair< _ForwardIterator, _ForwardIterator > std::minmax_element (

_ForwardIterator __ first,
_ForwardIterator __ last,
_Compare ___comp) [inline], [nodiscard], [constexpr]

Return a pair of iterators pointing to the minimum and maximum elements in a range.

Parameters

_first Start of range.

__last End of range.

__comp | Comparison functor.

Returns

make_pair(m, M), where m is the first iterator i in [__first, __last) such that no other element in the range is smaller,
and where M is the last iterator i in [__first, __last) such that no other element in the range is larger.

next_permutation() [1/2]

template<typename _BidirectionalIterator>
bool std::next_permutation (
_Bidirectionallterator __ first,

_Bidirectionallterator __last) [inline], [constexpr]

Permute range into the next dictionary ordering.

Parameters

__first | Start of range.

__last | End of range.

Returns
False if wrapped to first permutation, true otherwise.
Treats all permutations of the range as a set of dictionary sorted sequences. Permutes the current sequence into the

next one of this set. Returns true if there are more sequences to generate. If the sequence is the largest of the set, the
smallest is generated and false returned.

next_permutation() [2/2]

template<typename _Bidirectionallterator, typename _Compare>

bool std::next_permutation (

_Bidirectionallterator __ first,
_BidirectionallIterator __last,
_Compare ___comp) [inline], [constexpr]

Permute range into the next dictionary ordering using comparison functor.
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Parameters

__first Start of range.

__last End of range.

__comp | A comparison functor.

Returns
False if wrapped to first permutation, true otherwise.
Treats all permutations of the range [__first,__last) as a set of dictionary sorted sequences ordered by ___comp. Per-

mutes the current sequence into the next one of this set. Returns true if there are more sequences to generate. If the
sequence is the largest of the set, the smallest is generated and false returned.

nth_element() [1/2]

template<typename _RandomAccessIterator>

void std::nth_element (
_RandomAccessIterator __ first,
_RandomAccessIterator __nth,

_RandomAccessIterator __ last) [inline], [constexpr]
Sort a sequence just enough to find a particular position.

Parameters

__first | An iterator.
___nth | Another iterator.
__last | Another iterator.

Returns

Nothing.
Rearranges the elements intherange [___first, __last) sothat *__nth is the same element that would have
been in that position had the whole sequence been sorted. The elements either side of x__nth are not completely
sorted, but for any iterator i intherange [___first, __nth) andanyiterator jintherange [__nth, __ last)

it holds that xj < i is false.

References __Ig().

nth_element() [2/2]

template<typename _RandomAccessIterator, typename _Compare>
void std::nth_element (
_RandomAccessIterator __ first,
_RandomAccessIterator __ nth,
_RandomAccessIterator __last,

_Compare __comp) [inline], [constexpr]

Sort a sequence just enough to find a particular position using a predicate for comparison.
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Parameters

__first An iterator.

__nth Another iterator.
__last Another iterator.
__comp | A comparison functor.

Returns

Nothing.

Rearranges the elements intherange [__first, __last) sothat*__nth is the same element that would have
been in that position had the whole sequence been sorted. The elements either side of x__nth are not completely
sorted, but for any iterator i intherange [__first, __nth) andanyiterator jintherange [__nth, __ last)
it holds that ___comp (x7j, xi) is false.

References __Ig().

partial_sort() [1/2]

template<typename _RandomAccessIterator>

void std::partial_sort (
_RandomAccessIterator __ first,
_RandomAccessIterator __middle,

_RandomAccessIterator __last) [inline], [constexpr]

Sort the smallest elements of a sequence.

Parameters

__first An iterator.

__middle | Another iterator.

__last Another iterator.
Returns

Nothing.

Sorts the smallest (__middle - __ first) elements in the range [first, last) and moves them to the
range [__first, _ _middle). The order of the remaining elements in the range [__middle, __ last) is
unspecified. After the sortif 1 and j are iterators intherange [___first, __ _middle) suchthat i precedes j and
k is an iterator intherange [__middle, _ last) then*xj < xiandxk < =i are both false.

partial_sort() [2/2]

template<typename _RandomAccessIterator, typename _Compare>
void std::partial_sort (
_RandomAccessIterator __ first,
_RandomAccessIterator _ middle,
_RandomAccessIterator __ last,

_Compare ___comp) [inline], [constexpr]

Sort the smallest elements of a sequence using a predicate for comparison.
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Parameters
__first An iterator.
___middle | Another iterator.
__last Another iterator.
__comp | A comparison functor.

Returns

Nothing.
Sorts the smallest (__middle - __ first) elementsintherange [_ first, __ last) and moves them to
therange [__first, __middle). The order of the remaining elements in the range [__middle, __last)
is unspecified. After the sort if 1 and J are iterators in the range [__first, __middle) such that i precedes
Jj and k is an iterator in the range [__middle, __ last) thenx__comp(j, =*i) and __comp (xk, =*x1i) are
both false.

partial_sort_copy() [1/2]

template<typename _Inputlterator, typename _RandomAccessIterator>
_RandomAccessIterator std::partial_sort_copy (

_InputIterator __ first,

_Inputlterator ___last,

_RandomAccessIterator __ result_first,

_RandomAccessIterator _ result_last) [inline], [constexpr]

Copy the smallest elements of a sequence.

Parameters
__first An iterator.
__last Another iterator.

__result first | A random-access iterator.
__result last | Another random-access iterator.

Returns

An iterator indicating the end of the resulting sequence.

Copies and sorts the smallest N values from the range [__ first, _ last) to the range beginning at _ «
result_first, where the number of elements to be copied, N, is the smaller of (__last - __first) and
(__result_last — __result_first). After the sortif 1 and j are iterators in the range [___result«

_first,__result_first + N) such that i precedes j then xj < x1i is false. The value returned is __«
result_first + N.
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partial_sort_copy() [2/2]

template<typename _InputlIterator, typename _RandomAccesslIterator, typename _Compare>
_RandomAccessIterator std::partial_sort_copy (
_Inputlterator __ first,

_InputlIterator ___last,

_RandomAccessIterator _ result_first,
_RandomAccessIterator _ result_last,
_Compare ___comp) [inline], [constexpr]

Copy the smallest elements of a sequence using a predicate for comparison.

Parameters
__first An input iterator.
__last Another input iterator.

___result first | A random-access iterator.
__result last | Another random-access iterator.
__comp A comparison functor.

Returns

An iterator indicating the end of the resulting sequence.

Copies and sorts the smallest N values fromtherange [___first, __ last) tothe range beginning at result+«
_first, where the number of elements to be copied, N, is the smaller of (__last - __ _first) and (__«
result_last - __result_first). Afterthe sortif i and j are iteratorsintherange [__result_first,

__result_first + N) such that i precedes j then __comp (xj, 1) is false. The value returned is __«+
result_first + N.

prev_permutation() [1/2]

template<typename _BidirectionalIterator>
bool std::prev_permutation (
_Bidirectionallterator __ first,

_BidirectionallIterator __last) [inline], [constexpr]
Permute range into the previous dictionary ordering.

Parameters

__first | Start of range.

__last | End of range.

Returns

False if wrapped to last permutation, true otherwise.

Treats all permutations of the range as a set of dictionary sorted sequences. Permutes the current sequence into the
previous one of this set. Returns true if there are more sequences to generate. If the sequence is the smallest of the
set, the largest is generated and false returned.
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prev_permutation() [2/2]

template<typename _Bidirectionallterator, typename _Compare>

bool std::prev_permutation (

_Bidirectionallterator __ first,
_Bidirectionallterator __ last,
_Compare ___comp) [inline], [constexpr]

Permute range into the previous dictionary ordering using comparison functor.

Parameters

__first Start of range.

__last End of range.

__comp | A comparison functor.

Returns

False if wrapped to last permutation, true otherwise.

Treats all permutations of the range [__first,_ last) as a set of dictionary sorted sequences ordered by ___comp. Per-
mutes the current sequence into the previous one of this set. Returns true if there are more sequences to generate. If
the sequence is the smallest of the set, the largest is generated and false returned.

sort() [1/2]

template<typename _RandomAccessIterator>
void std::sort (
_RandomAccessIterator ___first,

_RandomAccessIterator __last) [inline], [constexpr]

Sort the elements of a sequence.

Parameters

__first | An iterator.
__last | Another iterator.

Returns

Nothing.
Sorts the elementsintherange [__first, ___last) inascending order, such that for each iterator i in the range
[_ first, __last — 1),x(1i+1) < =i isfalse.

The relative ordering of equivalent elements is not preserved, use stable_sort () if this is needed.

sort() [2/2]

template<typename _RandomAccessIterator, typename _Compare>

void std::sort (

_RandomAccessIterator __ first,
_RandomAccessIterator __ last,
_Compare ___comp) [inline], [constexpr]

Sort the elements of a sequence using a predicate for comparison.
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Parameters

__first An iterator.
__last Another iterator.
__comp | A comparison functor.

Returns

Nothing.
Sorts the elements in the range [___first, _ last) in ascending order, such that _ comp (x (i+1), *i) is
false for every iterator i intherange [___first, __last - 1).

The relative ordering of equivalent elements is not preserved, use stable_sort () if this is needed.

stable_sort() [1/21]

template<typename _RandomAccessIterator>
void std::stable_sort (
_RandomAccessIterator __ first,

_RandomAccessIterator __last) [inline]
Sort the elements of a sequence, preserving the relative order of equivalent elements.

Parameters

__first | An iterator.
__last | Another iterator.

Returns

Nothing.

Sorts the elements in the range [__first,__last) in ascending order, such that for each iterator i in the range [__first,_«
_last-1), x(i+1)<xi is false.

The relative ordering of equivalent elements is preserved, so any two elements x and y in the range [__first,__last) such
that x<y is false and y<x is false will have the same relative ordering after calling stable_sort ().

stable_sort() [2/21]

template<typename _RandomAccessIterator, typename _Compare>
void std::stable_sort (

_RandomAccessIterator __ first,
_RandomAccessIterator __ last,
_Compare ___comp) [inline]

Sort the elements of a sequence using a predicate for comparison, preserving the relative order of equivalent elements.
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Parameters

__first An iterator.
__last Another iterator.
__comp | A comparison functor.

Returns

Nothing.

Sorts the elements in the range [__first,__last) in ascending order, such that for each iterator 1 in the range [__first,_«
_last-1), ___comp(x(i+1),*i) is false.
The relative ordering of equivalent elements is preserved, so any two elements x and vy in the range [ first,_ «

last) such that ___comp (x, y) is false and ___comp (y, x) is false will have the same relative ordering after calling
stable_sort ().

3.1.5.3 Binary Search

Collaboration diagram for Binary Search:

Sorting |-¢—— Binary Search

Functions

¢ template<typename _Forwardlterator, typename _Tp>
constexpr bool std::binary_search (_Forwardlterator __first, _Forwardlterator __last, const _Tp &__val)
¢ template<typename _Forwardlterator, typename _Tp, typename _Compare>
constexpr bool std::binary_search (_Forwardlterator __first, Forwardlterator __last, const_Tp & __val, _Compare
__comp)
¢ template<typename _Forwardlterator, typename _Tp>
constexpr pair< _Forwardlterator, _Forwardlterator > std::equal_range (_Forwardlterator __first, _Forward«
Iterator __last, const _Tp &__val)
* template<typename _Forwardlterator, typename _Tp, typename _Compare>
constexpr pair< _Forwardlterator, _Forwardlterator > std::equal_range (_Forwardlterator __first, _Forward«
Iterator __last, const _Tp & val, _Compare __comp)
¢ template<typename _Forwardlterator, typename _Tp>
constexpr _Forwardlterator std::lower_bound (_Forwardlterator __first, _Forwardlterator __last, const _Tp &__val)
¢ template<typename _Forwardlterator, typename _Tp, typename _Compare>
constexpr _Forwardlterator std::lower_bound (_Forwardlterator __first, _Forwardlterator __last, const_Tp & __val,
_Compare __comp)
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¢ template<typename _Forwardlterator, typename _Tp>

constexpr _Forwardlterator std::upper_bound (_Forwardlterator __first, _Forwardlterator __ last, const _Tp &«

val)

¢ template<typename _Forwardlterator, typename _Tp, typename _Compare>

constexpr _Forwardlterator std::upper_bound (_Forwardlterator __first, _Forwardlterator __last, const _Tp &__«

val, _Compare __comp)

3.1.5.3.1 Detailed Description

These algorithms are variations of a classic binary search, and all assume that the sequence being searched is already

sorted.

The number of comparisons will be logarithmic (and as few as possible). The number of steps through the sequence

will be logarithmic for random-access iterators (e.g., pointers), and linear otherwise.

The LWG has passed Defect Report 270, which notes: The proposed resolution reinterprets binary search. Instead of
thinking about searching for a value in a sorted range, we view that as an important special case of a more general
algorithm: searching for the partition point in a partitioned range. We also add a guarantee that the old wording did
not: we ensure that the upper bound is no earlier than the lower bound, that the pair returned by equal_range is a valid

range, and that the first part of that pair is the lower bound.

The actual effect of the first sentence is that a comparison functor passed by the user doesn't necessarily need to induce

a strict weak ordering relation. Rather, it partitions the range.

3.1.5.3.2 Function Documentation

binary_search() [1/2]

template<typename _ForwardIterator, typename _Tp>

bool std::binary_search (

_ForwardIterator _ first,
_ForwardIterator __ last,
const _Tp & __val) [nodiscard], [constexpr]

Determines whether an element exists in a range.

Parameters

__first | An iterator.
___last | Another iterator.
__val | The search term.

Returns

True if __val (orits equivalent)isin[__first, last].

Note that this does not actually return an iterator to ___val. For that, use std::find or a container's specialized find

member functions.
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binary_search() [2/2]

template<typename _ForwardIterator, typename _Tp, typename _Compare>
bool std::binary_search (

_ForwardIterator __ first,

_ForwardIterator __ last,

const _Tp & __val,

_Compare ___comp) [nodiscard], [constexpr]
Determines whether an element exists in a range.

Parameters

__first An iterator.

__last Another iterator.

_val The search term.

__comp | A functor to use for comparisons.

Returns

True if __val (orits equivalent) is in [__first,_last].

Note that this does not actually return an iterator to ___val. For that, use std:find or a container's specialized find
member functions.

The comparison function should have the same effects on ordering as the function used for the initial sort.

equal_range() [1/2]

template<typename _ForwardIterator, typename _Tp>

pair< _ForwardIterator, _ForwardIterator > std::equal_range (

_ForwardIterator __ first,
_ForwardIterator __last,
const _Tp & __val) [inline], [nodiscard], [constexpr]

Finds the largest subrange in which ___val could be inserted at any place in it without changing the ordering.

Parameters

__first | An iterator.
__last | Another iterator.
val | The search term.

Returns

An pair of iterators defining the subrange.

This is equivalent to

std::make_pair (lower_bound(__first, __last, __val),
upper_bound(__first, __ last, __val))

but does not actually call those functions.
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equal_range() [2/2]

template<typename _ForwardIterator, typename _Tp, typename _Compare>
pair< _ForwardIterator, _ForwardIterator > std::equal_range (
_ForwardIterator __ first,
_ForwardIterator __ last,
const _Tp & __val,

_Compare ___comp) [inline], [nodiscard], [constexpr]
Finds the largest subrange in which __val could be inserted at any place in it without changing the ordering.

Parameters

__first An iterator.

__last Another iterator.

_val The search term.

__comp | A functor to use for comparisons.

Returns

An pair of iterators defining the subrange.

This is equivalent to

std::make_pair (lower_bound(__first, __ last, __val, __ comp),
upper_bound(___first, _ last, __val, __comp))

but does not actually call those functions.

lower_bound() [1/2]

template<typename _ForwardIterator, typename _Tp>

_ForwardIterator std::lower_bound (

_ForwardIterator __ first,
_ForwardIterator __last,
const _Tp & __val) [inline], [nodiscard], [constexpr]

Finds the first position in which val could be inserted without changing the ordering.

Parameters

__first | An iterator.
__last | Another iterator.
val | The search term.

Returns

An iterator pointing to the first element not less than val, or end() if every element is less than val.
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lower_bound() [2/2]

template<typename _ForwardIterator, typename _Tp, typename _Compare>
_ForwardIterator std::lower_bound (

_ForwardIterator __ first,

_ForwardIterator __last,

const _Tp & __val,

_Compare ___comp) [inline], [nodiscard], [constexpr]

Finds the first position in which __val could be inserted without changing the ordering.

Parameters

__first An iterator to the start of a sorted range.

__last A past-the-end iterator for the sorted range.

_val The search term.

__comp | A functor to use for comparisons.

Returns

An iterator pointing to the first element not less than __val, or end () if every elementis less than __val.

The comparison function should have the same effects on ordering as the function used for the initial sort.

upper_bound() [1/2]

template<typename _ForwardIterator, typename _Tp>

_ForwardIterator std::upper_bound (

_ForwardIterator _ first,
_ForwardIterator __ last,
const _Tp & __val) [inline], [nodiscard], [constexpr]

Finds the last position in which ___val could be inserted without changing the ordering.

Parameters

__first | An iterator.
__last | Another iterator.
__val | The search term.

Returns

An iterator pointing to the first element greater than ___val, or end() if no elements are greater than ___val.

upper_bound() [2/2]

template<typename _ForwardIterator, typename _Tp, typename _Compare>

_ForwardIterator std::upper_bound (
_ForwardIterator __ first,
_ForwardIterator __ last,
const _Tp & __val,

_Compare ___comp) [inline], [nodiscard], [constexpr]

Finds the last position in which __val could be inserted without changing the ordering.
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Parameters

__first An iterator.
__last Another iterator.
__val The search term.

__comp | A functor to use for comparisons.

Returns

An iterator pointing to the first element greater than ___val, or end() if no elements are greater than __val.

The comparison function should have the same effects on ordering as the function used for the initial sort.

3.1.5.4 Heap

Collaboration diagram for Heap:

Sorting («¢—— Heap

Functions

¢ template<typename _RandomAccesslterator>
constexpr bool std::is_heap (_RandomAccesslterator __first, _RandomAccesslterator __last)
¢ template<typename _RandomAccesslterator, typename _Compare>
constexpr bool std::is_heap (_RandomAccesslterator __first, _RandomAccesslterator __last, _Compare __comp)
¢ template<typename _RandomAccesslterator>
constexpr _RandomAccesslterator std::is_heap_until (_RandomAccesslterator __first, _RandomAccesslterator
__last)
¢ template<typename _RandomAccesslterator, typename _Compare>
constexpr _RandomAccesslterator std::is_heap_until (_RandomAccesslterator __first, _RandomAccesslterator
__last, _Compare __comp)
¢ template<typename _RandomAccesslterator>
constexpr void std::make_heap (_RandomAccesslterator __first, _RandomAccesslterator __last)
¢ template<typename _RandomAccesslterator, typename _Compare>
constexpr void std::make_heap (_RandomAccesslterator __first, _RandomAccesslterator __last, _Compare _«
_comp)
¢ template<typename _RandomAccesslterator>
constexpr void std::pop_heap (_RandomAccesslterator __first, _RandomAccesslterator __last)
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¢ template<typename _RandomAccesslterator, typename _Compare>
constexpr void std::;pop_heap (_RandomAccesslterator __first, _RandomAccesslterator __last, _Compare __ «
comp)

¢ template<typename _RandomAccesslterator>
constexpr void std::push_heap (_RandomAccesslterator __first, _RandomAccesslterator __last)

¢ template<typename _RandomAccesslterator, typename _Compare>
constexpr void std::push_heap (_RandomAccesslterator __first, _RandomAccesslterator __last, _Compare __ «
comp)

¢ template<typename _RandomAccesslterator>
constexpr void std::sort_heap (_RandomAccesslterator __first, _RandomAccesslterator __last)

¢ template<typename _RandomAccesslterator, typename _Compare>
constexpr void std::sort_heap (_RandomAccesslterator __ first, _RandomAccesslterator __last, _Compare _ «
comp)

3.1.5.4.1 Detailed Description

3.1.5.4.2 Function Documentation

is_heap() [1/2]

template<typename _RandomAccessIterator>
bool std::is_heap (
_RandomAccessIterator __ first,

_RandomAccessIterator __ last) [inline], [nodiscard], [constexpr]

Determines whether a range is a heap.

Parameters

__first | Start of range.

__last | End of range.

Returns

True if range is a heap, false otherwise.

is_heap() [2/2]

template<typename _RandomAccessIterator, typename _Compare>

bool std::is_heap (

_RandomAccessIterator __first,
_RandomAccessIterator __last,
_Compare ___comp) [inline], [nodiscard], [constexpr]

Determines whether a range is a heap using comparison functor.
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Parameters

__first Start of range.

__last End of range.

__comp | Comparison functor to use.

Returns

True if range is a heap, false otherwise.

References distance().

is_heap_until() [1/2]

template<typename _RandomAccessIterator>
_RandomAccessIterator std::is_heap_until (
_RandomAccessIterator __ first,

_RandomAccessIterator __last) [inline], [nodiscard], [constexpr]

Search the end of a heap.

Parameters

__first | Start of range.

__last | End of range.

Returns

An iterator pointing to the first element not in the heap.

This operation returns the last iterator i in [__first, __last) for which the range [__first, i) is a heap.

References distance().

is_heap_until() [2/2]

template<typename _RandomAccessIterator, typename _Compare>

_RandomAccessIterator std::is_heap_until (

_RandomAccessIterator __ first,
_RandomAccessIterator __ last,
_Compare ___comp) [inline], [nodiscard], [constexpr]

Search the end of a heap using comparison functor.
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Parameters

__first Start of range.

__last End of range.

__comp | Comparison functor to use.

Returns

An iterator pointing to the first element not in the heap.

This operation returns the last iterator i in [__first, __last) for which the range [__first, i) is a heap. Comparisons are
made using __comp.

References distance().

make_heap() [1/2]

template<typename _RandomAccessIterator>
void std::make_heap (
_RandomAccessIterator _ first,

_RandomAccessIterator __last) [inline], [constexpr]
Construct a heap over a range.

Parameters

__first | Start of heap.

__last | End of heap.

This operation makes the elements in [__first,__last) into a heap.

make_heap() [2/2]

template<typename _RandomAccessIterator, typename _Compare>

void std::make_heap (

_RandomAccessIterator __first,
_RandomAccessIterator __last,
_Compare ___comp) [inline], [constexpr]

Construct a heap over a range using comparison functor.

Parameters

__first Start of heap.

__last End of heap.

__comp | Comparison functor to use.

This operation makes the elements in [__first,__last) into a heap. Comparisons are made using __comp.

Generated by Doxygen



3.1 Algorithms

89

pop_heap() [1/2]

template<typename _RandomAccessIterator>
void std::pop_heap (
_RandomAccessIterator __ first,

_RandomAccessIterator __ last) [inline],
Pop an element off a heap.

Parameters

__first | Start of heap.

__last | End of heap.

Precondition

[_first, __last) is a valid, non-empty range.

[constexpr]

This operation pops the top of the heap. The elements __first and __last-1 are swapped and [__first,__last-1) is made

into a heap.

pop_heap() [2/2]

template<typename _RandomAccessIterator, typename _Compare>

void std::pop_heap (

_RandomAccessIterator _ first,
_RandomAccessIterator __last,
_Compare ___comp) [inline], [constexpr]

Pop an element off a heap using comparison functor.

Parameters

__first Start of heap.

_ last End of heap.

__comp | Comparison functor to use.

This operation pops the top of the heap. The elements __first and __last-1 are swapped and [__first,__last-1) is made

into a heap. Comparisons are made using comp.

push_heap() [1/2]

template<typename _RandomAccessIterator>
void std::push_heap (
_RandomAccessIterator ___first,

_RandomAccessIterator __last) [inline],

Push an element onto a heap.

[constexpr]
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Parameters

__first | Start of heap.

__last | End of heap + element.

This operation pushes the element at last-1 onto the valid heap over the range [ first,_ last-1). After completion,
[ first,__last) is a valid heap.

push_heap() [2/2]

template<typename _RandomAccessIterator, typename _Compare>

void std::push_heap (

_RandomAccessIterator ___first,
_RandomAccessIterator __last,
_Compare ___comp) [inline], [constexpr]

Push an element onto a heap using comparison functor.

Parameters

__first Start of heap.

__last End of heap + element.

__comp | Comparison functor.

This operation pushes the element at __last-1 onto the valid heap over the range [ first,_ last-1). After completion,
[ first,__last) is a valid heap. Compare operations are performed using comp.

sort_heap() [1/2]

template<typename _RandomAccessIterator>
void std::sort_heap (
_RandomAccessIterator __ first,

_RandomAccessIterator ___last) [inline], [constexpr]

Sort a heap.

Parameters

__first | Start of heap.

__last | End of heap.

This operation sorts the valid heap in the range [__first,_ last).

sort_heap() [2/21]

template<typename _RandomAccessIterator, typename _Compare>

void std::sort_heap (

_RandomAccessIterator ___first,
_RandomAccessIterator __last,
_Compare ___comp) [inline], [constexpr]

Sort a heap using comparison functor.
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Parameters

__first Start of heap.

__last End of heap.

__comp | Comparison functor to use.

This operation sorts the valid heap in the range [__first,__last). Comparisons are made using __comp.

3.1.5.5 Set Operations

Collaboration diagram for Set Operations:

Sorting [«¢—— Set Operations

Functions

¢ template<typename _Inputlterator1, typename _Inputlterator2>
constexpr bool std::iincludes (_Inputlterator1 __first1, _Inputlterator1 _ last1, _Inputlterator2 __first2, _Input«—
Iterator2 __last2)

¢ template<typename _Inputlterator1, typename _Inputlterator2, typename _Compare>
constexpr bool std::iincludes (_Inputlterator1 __first1, _Inputlterator1 _ last1, _Inputlterator2 __first2, _Input«
Iterator2 _ last2, _Compare __comp)

¢ template<typename _Inputlterator1, typename _Inputlterator2, typename _Outputlterator>
constexpr _Outputlterator std::set_difference (_Inputlterator1 __ first1, _Inputlterator1 __last1, _Inputlterator2 _«
_first2, _Inputlterator2 __last2, _Outputlterator __result)

* template<typename _Inputlterator1, typename _Inputlterator2, typename _Outputlterator, typename _Compare>
constexpr _Outputlterator std::set_difference (_Inputlterator1 __first1, _Inputlterator1 __last1, _Inputlterator2 _«
_first2, _Inputlterator2 __last2, _Outputlterator _ result, _Compare __comp)

¢ template<typename _Inputlterator1, typename _Inputlterator2, typename _Outputlterator>
constexpr _Outputlterator std::set_intersection (_Inputlterator1 __first1, _Inputlterator1t _ last1, _Inputlterator2
__ first2, _Inputlterator2 __last2, _Outputlterator __result)

¢ template<typename _Inputlterator1, typename _Inputlterator2, typename _Outputlterator, typename _Compare>
constexpr _Outputlterator std::set_intersection (_Inputlterator1 __first1, _Inputlterator1 __last1, _Inputlterator2
_ first2, _Inputlterator2 __last2, _Outputlterator _ result, _Compare __comp)

¢ template<typename _Inputlterator1, typename _Inputlterator2, typename _Outputlterator>
constexpr _Outputlterator std::set_symmetric_difference (_Inputlterator1 _ first1, _Inputlterator1 _ last1, _«
Inputlterator2 __first2, _Inputlterator2 __last2, _Outputlterator __result)

¢ template<typename _lInputlterator1, typename _Inputlterator2, typename _Outputlterator, typename _Compare>
constexpr _Outputlterator std::set_symmetric_difference (_Inputlterator1 __first1, _Inputlterator1 _ last1, _«
Inputlterator2 __first2, _Inputlterator2 __last2, _Outputlterator __result, _Compare __comp)
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¢ template<typename _Inputlterator1, typename _Inputlterator2, typename _Outputlterator>
constexpr _Outputlterator std::set_union (_Inputlterator1 __first1, _Inputlterator1 __last1, _Inputlterator2 __first2,
_Inputlterator2 __last2, _Outputlterator __ result)

¢ template<typename _Inputlterator1, typename _Inputlterator2, typename _Outputlterator, typename _Compare>
constexpr _Outputlterator std::set_union (_Inputlterator1 __first1, _Inputlterator1 __last1, _Inputlterator2 __first2,
_Inputlterator2 _ last2, _Outputlterator __ result, _Compare __comp)

3.1.5.5.1 Detailed Description

These algorithms are common set operations performed on sequences that are already sorted. The number of compar-
isons will be linear.

3.1.5.5.2 Function Documentation
includes() [1/2]

template<typename _InputIteratorl, typename _Inputlterator2>
bool std::includes (

_InputIteratorl __ firstl,

_InputIteratorl __ lastl,

_InputIterator2 __ first2,

_InputIterator2 __last2) [inline], [nodiscard], [constexpr]

Determines whether all elements of a sequence exists in a range.

Parameters

__first1 | Start of search range.

__last1 | End of search range.

__first2 | Start of sequence

_ last2 | End of sequence.

Returns

True if each element in [__first2,_last2) is contained in order within [__first1,_ last1). False otherwise.

This operation expects both [__first1,_ last1) and [__first2,  last2) to be sorted. Searches for the presence of each
elementin [__first2,_ last2) within [__first1,_ last1). The iterators over each range only move forward, so this is a linear
algorithm. If an elementin [__first2,_ last2) is not found before the search iterator reaches ___1ast 2, false is returned.

includes() [2/2]

template<typename _InputIteratorl, typename _Inputlterator2, typename _Compare>
bool std::includes (

_InputIteratorl _ firstl,

_InputIteratorl __ lastl,

_InputlIterator2 __ first2,

_InputlIterator2 __last2,

_Compare ___comp) [inline], [nodiscard], [constexpr]

Determines whether all elements of a sequence exists in a range using comparison.
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Parameters

__first1 | Start of search range.

_ last1 | End of search range.

__first2 | Start of sequence

__last2 | End of sequence.

__comp | Comparison function to use.

Returns

True if each element in [__first2,_ last2) is contained in order within [__first1,_ last1) according to comp. False
otherwise.

This operation expects both [__first1,_ last1) and [__first2, last2) to be sorted. Searches for the presence of each
element in [__first2,_ last2) within [__first1,_ last1), using comp to decide. The iterators over each range only move
forward, so this is a linear algorithm. If an element in [__first2, last2) is not found before the search iterator reaches
__last?2, false is returned.

set_difference() [1/2]

template<typename _InputIteratorl, typename _Inputlterator2, typename _OutputlIterator>
_OutputIterator std::set_difference (

_InputIteratorl __ firstl,

_InputlIteratorl __ lastl,

_InputlIterator2 _ first2,

_InputIterator2 __ last2,

_OutputIterator __ result) [inline], [constexpr]
Return the difference of two sorted ranges.

Parameters

__first1 | Start of first range.

_ last1 | End of first range.

__ first2 | Start of second range.

_ last2 | End of second range.

__result | Start of output range.

Returns

End of the output range.

This operation iterates over both ranges, copying elements present in the first range but not the second in order to
the output range. lterators increment for each range. When the current element of the first range is less than the
second, that element is copied and the iterator advances. If the current element of the second range is less, the iterator
advances, but no element is copied. If an element is contained in both ranges, no elements are copied and both ranges
advance. The output range may not overlap either input range.
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set_difference() [2/2]

template<typename _InputIteratorl, typename _Inputlterator2,

_Compare>

_OutputIterator std::set_difference (

_InputIteratorl _ firstl,
_InputIteratorl __ lastl,
_Inputlterator2 _ first2,
_InputlIterator2 __ last2,
_OutputlIterator __result,

_Compare ___comp) [inline], [constexpr]

Return the difference of two sorted ranges using comparison functor.

Parameters
__first1 | Start of first range.
__last1 | End of first range.
__first2 | Start of second range.
__last2 | End of second range.
__result | Start of output range.
__comp | The comparison functor.

Returns

End of the output range.

typename _Outputlterator, typename <

This operation iterates over both ranges, copying elements present in the first range but not the second in order to the
output range. lterators increment for each range. When the current element of the first range is less than the second
according to ___comp, that element is copied and the iterator advances. If the current element of the second range is
less, no element is copied and the iterator advances. If an element is contained in both ranges according to ___comp,
no elements are copied and both ranges advance. The output range may not overlap either input range.

set_intersection() [1/21]

template<typename _InputIteratorl, typename _InputlIterator2,

_OutputIterator std::set_intersection (

_InputIteratorl _ firstl,
_InputIteratorl __ lastl,
_InputIterator2 __ _first2,
_InputlIterator2 __ last2,

_OutputlIterator ___result) [inline], [constexpr]

Return the intersection of two sorted ranges.

Parameters
__first1 | Start of first range.
__last1 | End of first range.

typename _OutputlIterator>
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__first2 | Start of second range.

_ last2 | End of second range.

__result | Start of output range.

Returns

End of the output range.

This operation iterates over both ranges, copying elements present in both ranges in order to the output range. Iterators
increment for each range. When the current element of one range is less than the other, that iterator advances. If an
element is contained in both ranges, the element from the first range is copied and both ranges advance. The output
range may not overlap either input range.

set_intersection() [2/2]

template<typename _InputIteratorl, typename _InputlIterator2, typename _OutputIterator, typename <
_Compare>
_OutputIterator std::set_intersection (

_InputIteratorl __ firstl,

_InputlIteratorl __ lastl,

_InputlIterator2 _ first2,

_InputIterator2 __ last2,

_OutputlIterator __ result,

_Compare __comp) [inline], [constexpr]

Return the intersection of two sorted ranges using comparison functor.

Parameters

__first1 | Start of first range.

_ last1 | End of first range.

__first2 | Start of second range.

__last2 | End of second range.

__result | Start of output range.

__comp | The comparison functor.

Returns

End of the output range.

This operation iterates over both ranges, copying elements present in both ranges in order to the output range. Iterators
increment for each range. When the current element of one range is less than the other according to ___comp, that
iterator advances. If an element is contained in both ranges according to ___comp, the element from the first range is
copied and both ranges advance. The output range may not overlap either input range.
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set_symmetric_difference() [1/2]

template<typename _InputIteratorl, typename _Inputlterator2, typename _OutputIterator>
_OutputIterator std::set_symmetric_difference (

_InputIteratorl _ firstl,

_InputIteratorl __lastl,

_InputlIterator2 __ first2,

_InputIterator2 __last2,

_OutputIterator __ result) [inline], [constexpr]
Return the symmetric difference of two sorted ranges.

Parameters

__first1 | Start of first range.

__last1 | End of first range.

__first2 | Start of second range.

_ last2 | End of second range.

__result | Start of output range.

Returns

End of the output range.

This operation iterates over both ranges, copying elements present in one range but not the other in order to the output
range. lterators increment for each range. When the current element of one range is less than the other, that element
is copied and the iterator advances. If an element is contained in both ranges, no elements are copied and both ranges
advance. The output range may not overlap either input range.

set_symmetric_difference() [2/2]

template<typename _InputIteratorl, typename _Inputlterator2, typename _Outputlterator, typename <
_Compare>
_OutputIterator std::set_symmetric_difference (

_InputIteratorl _ firstl,

_InputIteratorl __ lastl,

_Inputlterator2 __ first2,

_InputlIterator2 __ last2,

_OutputlIterator __ result,

_Compare __comp) [inline], [constexpr]

Return the symmetric difference of two sorted ranges using comparison functor.

Parameters

__first1 | Start of first range.

__last1 | End of first range.

__first2 | Start of second range.

_ last2 | End of second range.

__result | Start of output range.

__comp | The comparison functor.
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Returns

End of the output range.

This operation iterates over both ranges, copying elements present in one range but not the other in order to the output
range. lterators increment for each range. When the current element of one range is less than the other according
to comp, that element is copied and the iterator advances. If an element is contained in both ranges according to
___comp, no elements are copied and both ranges advance. The output range may not overlap either input range.

set_union() [1/2]

template<typename _InputIteratorl, typename _InputlIterator2, typename _OutputIterator>
_OutputIterator std::set_union (

_InputIteratorl __ firstl,

_InputlIteratorl __ lastl,

_InputIterator2 _ first2,

_InputIterator2 __ last2,

_OutputIterator __result) [inline], [constexpr]
Return the union of two sorted ranges.

Parameters

__first1 | Start of first range.

_ last1 | End of first range.

__ first2 | Start of second range.

__last2 | End of second range.

__result | Start of output range.

Returns

End of the output range.

This operation iterates over both ranges, copying elements present in each range in order to the output range. Iterators
increment for each range. When the current element of one range is less than the other, that element is copied and the
iterator advanced. If an element is contained in both ranges, the element from the first range is copied and both ranges
advance. The output range may not overlap either input range.

set_union() [2/2]

template<typename _InputlIteratorl, typename _Inputlterator2, typename _Outputlterator, typename <
_Compare>
_OutputIterator std::set_union (

_InputIteratorl _ firstl,

_InputIteratorl __lastl,

_InputlIterator2 __ first2,

_InputIterator2 __last2,

_OutputIterator __result,

_Compare ___comp) [inline], [constexpr]

Return the union of two sorted ranges using a comparison functor.
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Parameters

__first1 | Start of first range.

_ last1 | End of first range.

_ first2 | Start of second range.

_ last2 | End of second range.

__result | Start of output range.

__comp | The comparison functor.

Returns

End of the output range.

This operation iterates over both ranges, copying elements present in each range in order to the output range. lterators
increment for each range. When the current element of one range is less than the other according to ___comp, that

element is copied and the iterator advanced.

If an equivalent element according to ___comp is contained in both

ranges, the element from the first range is copied and both ranges advance. The output range may not overlap either
input range.

3.2 Atomics

Classes

« struct std::atomic< _Tp >
« struct std::atomic< _Tp * >
« struct std::atomic_flag

Macros

#define ATOMIC_BOOL_LOCK_FREE
#define ATOMIC_CHAR16_T_LOCK_FREE
#define ATOMIC_CHAR32_T_LOCK_FREE
#define ATOMIC_CHAR_LOCK_FREE
#define ATOMIC_FLAG_INIT

#define ATOMIC_INT_LOCK_FREE
#define ATOMIC_LLONG_LOCK_FREE
#define ATOMIC_LONG_LOCK_FREE
#define ATOMIC_POINTER_LOCK_FREE
#define ATOMIC_SHORT_LOCK_FREE
#define ATOMIC_VAR_INIT(_VI)

#define ATOMIC_WCHAR_T_LOCK_FREE
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Typedefs

« typedef unsigned char std::__atomic_flag_data_type

« typedef atomic< bool > std::atomic_bool

« typedef atomic< char > std::atomic_char

« typedef atomic< char16_t > std::atomic_char16_t

« typedef atomic< char32_t > std::atomic_char32_t

« typedef atomic< int > std::atomic_int

* typedef atomic< int16_t > std::atomic_int16_t

« typedef atomic< int32_t > std::atomic_int32_t

« typedef atomic< int64_t > std::atomic_int64_t

* typedef atomic< int8_t > std::atomic_int8_t

* typedef atomic< int_fast16_t > std::atomic_int_fast16_t

* typedef atomic< int_fast32_t > std::atomic_int_fast32_t

* typedef atomic< int_fast64_t > std::atomic_int_fast64 _t

* typedef atomic< int_fast8_ t > std::atomic_int_fast8_t

* typedef atomic< int_least16_t > std::atomic_int_least16_t
* typedef atomic< int_least32_t > std::atomic_int_least32_t
* typedef atomic< int_least64_t > std::atomic_int_least64_t
* typedef atomic< int_least8_t > std::atomic_int_least8_t

* typedef atomic< intmax_t > std::atomic_intmax_t

* typedef atomic< intptr_t > std::atomic_intptr_t

* typedef atomic< long long > std::atomic_llong

* typedef atomic< long > std::atomic_long

* typedef atomic< ptrdiff_t > std::atomic_ptrdiff_t

+ typedef atomic< signed char > std::atomic_schar

+ typedef atomic< short > std::atomic_short

+ typedef atomic< size_t > std::atomic_size_t

« typedef atomic< unsigned char > std::atomic_uchar

« typedef atomic< unsigned int > std::atomic_uint

« typedef atomic< uint16_t > std::atomic_uint16_t

« typedef atomic< uint32_t > std::atomic_uint32_t

« typedef atomic< uint64_t > std::atomic_uint64_t

« typedef atomic< uint8_t > std::atomic_uint8_t

« typedef atomic< uint_fast16_t > std::atomic_uint_fast16_t
« typedef atomic< uint_fast32_t > std::atomic_uint_fast32_t
« typedef atomic< uint_fast64_t > std::atomic_uint_fast64_t
« typedef atomic< uint_fast8_t > std::atomic_uint_fast8_t

« typedef atomic< uint_least16_t > std::atomic_uint_least16_t
* typedef atomic< uint_least32_t > std::atomic_uint_least32_t
* typedef atomic< uint_least64_t > std::atomic_uint_least64 _t
* typedef atomic< uint_least8_t > std::atomic_uint_least8_t
* typedef atomic< uintmax_t > std::atomic_uintmax_t

* typedef atomic< uintptr_t > std::atomic_uintptr_t

« typedef atomic< unsigned long long > std::atomic_ullong
* typedef atomic< unsigned long > std::atomic_ulong

* typedef atomic< unsigned short > std::atomic_ushort

* typedef atomic< wchar_t > std::atomic_wchar_t
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Enumerations

enum class std::memory_order : int {
relaxed , consume , acquire , release
acq_rel , seq_cst }

Functions

template<typename _ITp>

bool std::atomic_compare_exchange_strong (atomic< _ITp > *__a, _ atomic_val_t< _ITp > *__il, _ «
atomic_val_t< _ITp > __i2) noexcept

template<typename _ITp>

bool std::atomic_compare_exchange_strong (volatile atomic< _ITp > x__a, _ atomic_val_t< _ITp > *__i1,
__atomic_val_t< _ITp > __i2) noexcept

template<typename _[Tp>

bool std::atomic_compare_exchange_strong_explicit (atomic< _ITp > *__a, _ atomic_val_t< _ITp > *__ i1,
__atomic_val_t< _ITp > __i2, memory_order __m1, memory_order __m2) noexcept

template<typename _ITp>

bool std::atomic_compare_exchange_strong_explicit (volatile atomic< _ITp > *__a, _ atomic_val_t< _ITp
> x__i1, __atomic_val_t< _ITp > __i2, memory_order __m1, memory_order __m2) noexcept

template<typename _ITp>

bool std::atomic_compare_exchange_weak (atomic< _ITp > x__a, _ atomic_val_t< _ITp > *_ i1, _ «
atomic_val_t< _ITp > __i2) noexcept

template<typename _ITp>

bool std::atomic_compare_exchange_weak (volatile atomic< _ITp > *__a, _ atomic_val_t< _ITp > *__ i1,
__atomic_val_t< _ITp > __i2) noexcept

template<typename _ITp>

bool std::atomic_compare_exchange_weak_explicit (atomic< _ITp > x__a, __ atomic_val_t< _ITp > *x__i1,
__atomic_val_t< _ITp > __i2, memory_order __m1, memory_order __m2) noexcept

template<typename _[Tp>

bool std::atomic_compare_exchange_weak_explicit (volatile atomic< _ITp > x__a, _ atomic_val_t< _ITp >
*__i1, __atomic_val_t< _ITp > __i2, memory_order __m1, memory_order __m2) noexcept

template<typename _ITp>

_ITp std::atomic_exchange (atomic< _ITp > *__a, __atomic_val_t< _ITp > __i) noexcept

template<typename _ITp>

_ITp std::atomic_exchange (volatile atomic< _ITp > *__a, _ atomic_val_t< _ITp > _ i) noexcept
template<typename _ITp>

_ITp std::atomic_exchange_explicit (atomic< _ITp > *__a, __atomic_val_t< _ITp > __ i, memory_order __m)
noexcept

template<typename _ITp>

_ITp std::atomic_exchange_explicit (volatile atomic< _ITp > x__a, _ atomic_val_t< _ITp > _ «
i, memory_order __m) noexcept

template<typename _[Tp>

_ITp std::atomic_fetch_add (atomic< _ITp > *__a, _ atomic_diff_t< _ITp > __i) noexcept

template<typename _ITp>

_ITp std::atomic_fetch_add (volatile atomic< _ITp > *__a, _ atomic_diff t< _ITp > _ i) noexcept
template<typename _[Tp>

_ITp std::atomic_fetch_add_explicit (atomic< _ITp > *__a, __ atomic_diff_t< _ITp > _ i, memory_order __m)
noexcept

template<typename _ITp>

_ITp std::atomic_fetch_add_explicit (volatile atomic< _ITp > x__a, _ atomic_diff t< _ITp > _ «
i, memory_order __m) noexcept
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¢ template<typename _ITp>
_ITp std::atomic_fetch_and (__atomic_base< _ITp > *__a, _ atomic_val_t< _ITp > _ i) noexcept

* template<typename _ITp>
_ITp std::atomic_fetch_and (volatile __atomic_base< _ITp > x__a, _ atomic_val_t< _ITp > __i) noexcept

¢ template<typename _ITp>
_ITp std::atomic_fetch_and_explicit (__atomic_base< _ITp > *x_a, _ atomic_val_t< _ITp > _ «
i, memory_order __m) noexcept

* template<typename _ITp>
_ITp std::atomic_fetch_and_explicit (volatile __atomic_base< _ITp > *__a, _ atomic_val_t< _ITp > _ «
i, memory_order __m) noexcept

* template<typename _ITp>
_ITp std::atomic_fetch_or (__atomic_base< _ITp > *__a, _ atomic_val_t< _ITp > __ i) noexcept

¢ template<typename _ITp>
_ITp std::atomic_fetch_or (volatile __atomic_base< _ITp > x__a, __ atomic_val_t< _ITp > _ i) noexcept

* template<typename _ITp>
_ITp std::atomic_fetch_or_explicit (__atomic_base< _ITp > *__a, _ atomic_val_t< _ITp > _ «
i, memory_order __m) noexcept

* template<typename _ITp>
_ITp std::atomic_fetch_or_explicit (volatile _ atomic_base< _ITp > *__a, _ atomic_val_t< _ITp > _ «
i, memory_order __m) noexcept

¢ template<typename _ITp>
_ITp std::atomic_fetch_sub (atomic< _ITp > x__a, __atomic_diff t< _ITp > _ i) noexcept

* template<typename _ITp>
_ITp std::atomic_fetch_sub (volatile atomic< _ITp > %__a, _ atomic_diff_t< _ITp > __i) noexcept

¢ template<typename _ITp>
_ITp std::atomic_fetch_sub_explicit (atomic< _[Tp > x__a, __atomic_diff t< _ITp > _ i, memory_order __m)
noexcept

* template<typename _ITp>
_ITp std::atomic_fetch_sub_explicit (volatile atomic< _ITp > =x__a, _ atomic_diff t< _ITp > _ «
i, memory_order __m) noexcept

* template<typename _ITp>
_ITp std::atomic_fetch_xor (__atomic_base< _ITp > *__a, _ atomic_val_t< _ITp > __i) noexcept

¢ template<typename _ITp>
_ITp std::atomic_fetch_xor (volatile __atomic_base< _ITp > *__a, _ atomic_val t< _ITp > _ i) noexcept

* template<typename _ITp>
_ITp std::atomic_fetch_xor_explicit (__atomic_base< _ITp > *_a, _ atomic_val t< _ITp > _ «
i, memory_order __m) noexcept

* template<typename _ITp>
_ITp std::atomic_fetch_xor_explicit (volatile __ atomic_base< _ITp > x__a, _ atomic_val_t< _ITp > _ «
i, memory_order __m) noexcept

« void std::atomic_flag_clear (atomic_flag *«__a) noexcept

« void std::atomic_flag_clear (volatile atomic_flag *__a) noexcept

« void std::atomic_flag_clear_explicit (atomic_flag *__a, memory_order __m) noexcept

« void std::atomic_flag_clear_explicit (volatile atomic_flag «__a, memory_order __m) noexcept

* bool std::atomic_flag_test_and_set (atomic_flag *__a) noexcept

* bool std::atomic_flag_test_and_set (volatile atomic_flag *__a) noexcept

* bool std::atomic_flag_test_and_set_explicit (atomic_flag *__a, memory_order __m) noexcept

» bool std::atomic_flag_test_and_set_explicit (volatile atomic_flag *__a, memory_order __m) noexcept

¢ template<typename _ITp>
void std::atomic_init (atomic< _ITp > x__a, __ atomic_val_t< _ITp > _ i) noexcept

¢ template<typename _ITp>
void std::atomic_init (volatile atomic< _ITp > x__a, __atomic_val_t< _ITp > _ i) noexcept
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template<typename _ITp>

bool std::atomic_is_lock_free (const atomic< _ITp > *__a) noexcept

template<typename _ITp>

bool std::atomic_is_lock_free (const volatile atomic< _ITp > *__a) noexcept

template<typename _ITp>

_ITp std::atomic_load (const atomic< _ITp > *__a) noexcept

template<typename _ITp>

_ITp std::atomic_load (const volatile atomic< _ITp > x__a) noexcept

template<typename _ITp>

_ITp std::atomic_load_explicit (const atomic< _ITp > *__a, memory_order __m) noexcept
template<typename _ITp>

_ITp std::atomic_load_explicit (const volatile atomic< _ITp > *__a, memory_order __m) noexcept

void std::atomic_signal_fence (memory_order __m) noexcept

template<typename _[Tp>

void std::atomic_store (atomic< _ITp > *__a, __ atomic_val_t< _ITp > __ i) noexcept

template<typename _ITp>

void std::atomic_store (volatile atomic< _ITp > *__a, __ atomic_val_t< _ITp > __i) noexcept
template<typename _ITp>

void std::atomic_store_explicit (atomic< _ITp > *__a, __atomic_val_t< _ITp > __i, memory_order_m) noex-
cept

template<typename _ITp>

void std::atomic_store_explicit (volatile atomic< _ITp > *__a, _ atomic_val_t< _ITp > __i, memory_order
__m) noexcept

void std::atomic_thread_fence (memory_order __m) noexcept

template<typename _Tp>

_Tp std:kill_dependency (_Tp __y) noexcept

constexpr memory_order std::operator& (memory_order __m, __memory_order_modifier __mod) noexcept
constexpr memory_order std::operator| (memory_order __m, __memory_order_modifier __mod) noexcept

Variables

3.2.1

constexpr memory_order std:
constexpr memory_order std:
constexpr memory_order std:
constexpr memory_order std:
constexpr memory_order std:
constexpr memory_order std:

Detailed Description

:memory_order_acq_rel
:memory_order_acquire
:memory_order_consume
:memory_order_relaxed
:memory_order_release
:memory_order_seq_cst

Components for performing atomic operations.

3.2.2 Macro Definition Documentation

ATOMIC_BOOL_LOCK_FREE

#define ATOMIC_BOOL_LOCK_FREE

Lock-free property.

0 indicates that the types are never lock-free. 1 indicates that the types are sometimes lock-free. 2 indicates that the
types are always lock-free.
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3.2.3 Typedef Documentation

atomic_bool

typedef atomic<bool> std::atomic_bool

atomic_bool

atomic_char

typedef atomic<char> std::atomic_char

atomic_char

atomic_char16_t

typedef atomic<charlé6_t> std::atomic_charlé6_t

atomic_char16 _t

atomic_char32_t

typedef atomic<char32_t> std::atomic_char32_t

atomic_char32_t

atomic_int

typedef atomic<int> std::atomic_int

atomic_int

atomic_int16_t

typedef atomic<intlé_t> std::atomic_intlé_t

atomic_int16_t

atomic_int32_t

typedef atomic<int32_t> std::atomic_int32_t

atomic_int32_t
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atomic_int64_t

typedef atomic<int64_t> std::atomic_int64_t

atomic_int64_t

atomic_int8_t

typedef atomic<int8_t> std::atomic_int8_t

atomic_int8_t

atomic_int_fast16_t

typedef atomic<int_fastl6_t> std::atomic_int_fastl6_t

atomic_int_fast16_t

atomic_int_fast32_t

typedef atomic<int_fast32_t> std::atomic_int_fast32_t

atomic_int_fast32 t

atomic_int_fast64 _t

typedef atomic<int_fast64_t> std::atomic_int_fast64_t

atomic_int_fast64 t

atomic_int_fast8_t

typedef atomic<int_fast8_t> std::atomic_int_fast8_t

atomic_int_fast8 t

atomic_int_least16_t

typedef atomic<int_leastl6_t> std::atomic_int_leastl6_t

atomic_int_least16 _t
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atomic_int_least32_t

typedef atomic<int_least32_t> std::atomic_int_least32_t

atomic_int_least32_t

atomic_int_least64_t

typedef atomic<int_least64_t> std::atomic_int_least64_t

atomic_int_least64 t

atomic_int_least8_t

typedef atomic<int_least8_t> std::atomic_int_least8_t

atomic_int_least8 t

atomic_intmax_t

typedef atomic<intmax_t> std::atomic_intmax_t

atomic_intmax_t

atomic_intptr_t

typedef atomic<intptr_t> std::atomic_intptr_t

atomic_intptr_t

atomic_llong

typedef atomic<long long> std::atomic_llong

atomic_llong

atomic_long

typedef atomic<long> std::atomic_long

atomic_long
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atomic_ptrdiff_t

typedef atomic<ptrdiff_t> std::atomic_ptrdiff t

atomic_ptrdiff_t

atomic_schar

typedef atomic<signed char> std::atomic_schar

atomic_schar

atomic_short

typedef atomic<short> std::atomic_short

atomic_short

atomic_size t

typedef atomic<size_t> std::atomic_size_t

atomic_size t

atomic_uchar

typedef atomic<unsigned char> std::atomic_uchar

atomic_uchar

atomic_uint

typedef atomic<unsigned int> std::atomic_uint

atomic_uint

atomic_uint16_t

typedef atomic<uintl6_t> std::atomic_uintl6_t

atomic_uint16_t
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atomic_uint32_t

typedef atomic<uint32_t> std::atomic_uint32_t

atomic_uint32_t

atomic_uint64_t

typedef atomic<uint64_t> std::atomic_uint64d_t

atomic_uint64_t

atomic_uint8_t

typedef atomic<uint8_t> std::atomic_uint8_t

atomic_uint8_t

atomic_uint_fast16_t

typedef atomic<uint_fastl6_t> std::atomic_uint_fastlé_t

atomic_uint_fast16_t

atomic_uint_fast32_t

typedef atomic<uint_fast32_t> std::atomic_uint_fast32_t

atomic_uint_fast32_t

atomic_uint_fast64 t

typedef atomic<uint_fast64_t> std::atomic_uint_fast64_t

atomic_uint_fast64 t

atomic_uint_fast8 t

typedef atomic<uint_fast8_t> std::atomic_uint_fast8_t

atomic_uint_fast8 t
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atomic_uint_least16_t

typedef atomic<uint_leastl6_t> std::atomic_uint_leastl6_t

atomic_uint_least16 _t

atomic_uint_least32_t

typedef atomic<uint_least32_t> std::atomic_uint_least32_t

atomic_uint_least32_t

atomic_uint_least64 _t

typedef atomic<uint_least64_t> std::atomic_uint_least64_t

atomic_uint_least64 t

atomic_uint_least8_t

typedef atomic<uint_least8_t> std::atomic_uint_least8_t

atomic_uint_least8 t

atomic_uintmax_t

typedef atomic<uintmax_t> std::atomic_uintmax_t

atomic_uintmax_t

atomic_uintptr_t

typedef atomic<uintptr_t> std::atomic_uintptr_t

atomic_uintptr_t

atomic_ullong

typedef atomic<unsigned long long> std::atomic_ullong

atomic_ullong
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atomic_ulong

typedef atomic<unsigned long> std::atomic_ulong

atomic_ulong

atomic_ushort

typedef atomic<unsigned short> std::atomic_ushort

atomic_ushort

atomic_wchar_t

typedef atomic<wchar_t> std::atomic_wchar_t

atomic_wchar_t

3.2.4 Enumeration Type Documentation

memory_order

enum class std::memory_order : int [strong]

Enumeration for memory_order.

3.2.5 Function Documentation

kill_dependency()

template<typename _Tp>
_Tp std::kill_dependency (

_Tp __y) [inline], [noexcept]

kill_dependency
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3.3 Concurrency

Collaboration diagram for Concurrency:

Topics

» Condition Variables
» Futures
* Mutexes
* Threads

3.3.1 Detailed Description

Components for concurrent operations, including threads, mutexes, and condition variables.

3.3.2 Condition Variables

Collaboration diagram for Condition Variables:

Condition Variables

Concurrency

Futures

Mutexes

Threads
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Classes

« class std::condition_variable
« class std::condition_variable_any

Enumerations

» enum class std::cv_status { no_timeout , timeout }

Functions

« void std::notify_all_at_thread_exit (condition_variable &, unique_lock< mutex >)

3.3.2.1 Detailed Description

Classes for condition_variable support.

3.3.2.2 Enumeration Type Documentation

cv_status

enum class std::cv_status

cv_status

3.3.3 Futures

Collaboration diagram for Futures:

[strong]

Concurrency

-

Futures

std::future_error

Exceptions
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Classes

« class std::__basic_future< Res >

* class std::future< _Res >

* class std::future< _Res & >

« class std::future< void >

« class std::future_error

« struct std::is_error_code _enum< future_errc >
« class std::;packaged_task< _Res(_ArgTypes...)>
* class std::;promise< _Res >

* class std::promise< _Res & >

* class std::promise< void >

* class std::shared_future< _Res >

* class std::shared_future< _Res & >

« class std::shared_future< void >

Enumerations

» enum class std::future_errc { future_already_retrieved , promise_already_satisfied , no_state , broken_«
promise }

» enum class std::future_status { ready , timeout , deferred }

» enum class std::launch { async , deferred }

Functions

» std::_ basic_future< _Res >::_basic_future (const shared_future< _Res > &) noexcept
» std::__basic_future< _Res >::_ basic_future (future< _Res > &&) noexcept

» std::_ basic_future< _Res >::_ basic_future (shared_future< _Res > &&) noexcept
template<typename _Fn, typename... _Args>

future< __async_result_of< _Fn, _Args... > > std::async (_Fn &&__fn, _Args &&... __args)
template<typename _Fn, typename... _Args>

future< __async_result_of< _Fn, _Args... > > std::async (launch __policy, _Fn &&_ fn, _Args &&... __args)
const error_category & std::future_category () noexcept

« error_code std::make_error_code (future_errc __errc) noexcept

+ error_condition std::make_error_condition (future_errc __errc) noexcept

constexpr launch std::operator& (launch __x, launch __y) noexcept

constexpr launch & std::operator&= (launch &__x, launch __y) noexcept

constexpr launch std::operator” (launch __x, launch __y) noexcept

constexpr launch & std::operator” = (launch & _x, launch __y) noexcept

constexpr launch std::operator| (launch __x, launch __y) noexcept

constexpr launch & std::operator|= (launch &__x, launch __y) noexcept

constexpr launch std::operator~ (launch __x) noexcept

template<typename _Fun, typename _Signature = __function_guide_t<_Fun, decltype(&_Fun::operator())>>
std::packaged_task (_Fun) -> packaged_task< _Signature >

template<typename _Res, typename... _ArgTypes>

std::packaged_task (_Res(x)(_ArgTypes...)) -> packaged_task< _Res(_ArgTypes...)>

» shared_future< _Res > std::future< _Res >::share () noexcept

» shared_future< _Res & > std::future< _Res & >::share () noexcept

shared_future< void > std::future< void >::share () noexcept

template<typename _Res, typename... _ArgTypes>

void std::swap (packaged_task< _Res(_ArgTypes...)> & X, packaged_task< _Res(_ArgTypes...)> & __y) noex-
cept

template<typename _Res>

void std::swap (promise< _Res > &__x, promise< _Res > &__y) noexcept
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3.3.3.1 Detailed Description

Futures and promises provide support for retrieving the result from an asynchronous function, e.g. one that is running
in another thread. A std: : future represents an asynchronous result that will become ready at some later time. A
consumer can wait on a future until the result is ready to be accessed.

Since

C++11

3.3.3.2 Enumeration Type Documentation

future_errc

enum class std::future_errc [strong]

Error code for futures.

future_status

enum class std::future_status [strong]

Status code for futures.

launch

enum class std::launch [strong]

Launch code for futures.

3.3.3.3 Function Documentation

async() [1/2]

template<typename _Fn, typename... _Args>
future< __async_result_of< _Fn, _Args... > > std::async (
_Fn && __ fn,

_Args &&... __args) [inline], [nodiscard]
async, potential overload

References async(), and forward().
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async() [2/2]

template<typename _Fn, typename... _Args>

future< __async_result_of< _Fn, _Args... > > std::async (
launch __policy,
_Fn && ___fn,
_Args &&... __args) [nodiscard]

async

References async(), forward(), and move().

Referenced by async(), and async().

future_category()

const error_category & std::future_category () [noexcept]
Points to a statically-allocated object derived from error_category.

Referenced by make_error_code(), and make_error_condition().

make_error_code()

error_code std::make_error_code (

future_errc __errc) [inline], [noexcept]
Overload of make_error_code for future_errc.
References future_category(), and make_error_code().

Referenced by make_error_code(), system_category(), and std::filesystem::filesystem_error::what().

make_error_condition()

error_condition std::make_error_condition (

future_errc __errc) [inline], [noexcept]
Overload of make_error_condition for future_errc.
References future_category().

Referenced by system_category().

Generated by Doxygen



3.3 Concurrency

115

swap()
template<typename _Res, typename... _ArgTypes>
void std::swap (
packaged_task< _Res(_ArgTypes...)> & __X,
packaged_task< _Res(_ArgTypes...)> & __V) [inline], [noexcept]
swap
3.3.4 Mutexes

Collaboration diagram for Mutexes:

Concurrency |¢—— Mutexes

Classes

struct std::adopt_lock_t

struct std::defer_lock_t

class std::lock_guard< _Mutex >
class std::mutex

struct std::once_flag

class std::recursive_mutex

class std::recursive_timed_mutex
class std::shared lock< Mutex >
class std::shared_timed_mutex
class std::timed_mutex

struct std::try_to_lock_t

class std::unique_lock< _Mutex >

Functions

void std::__once_proxy (void)
template<typename _Callable, typename... _Args>

void std::call_once (once_flag & once, _Callable &&__f, _Args &&...

template<typename _L1, typename _L2, typename... _L3>

void std::lock (L1 & 11, 12& 12, L3&..._ 13)
template<typename _L1, typename _L2, typename... _L3>

int std::try_lock (_L1 & 11, 2& 12, 13 &... __13)

__args)
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Variables

» constexpr adopt_lock_t std::adopt_lock
« constexpr defer_lock_t std::defer_lock
+ constexpr try_to_lock_t std::try_to_lock

3.3.4.1 Detailed Description

Classes for mutex support.

3.3.4.2 Function Documentation

call_once()
template<typename _Callable, typename... _Args>
void std::call_once (

once_flag & ___once,

_Callable && __f,

_Args &&... __args)

Invoke a callable and synchronize with other calls using the same flag.

lock()
template<typename _L1, typename _L2, typename... _L3>
void std::lock (
L1 & __11,
12 & __12,
13 &... __13)
Generic lock.
Parameters
_+ | Meets Lockable requirements (try_lock() may throw).
I
_+ | Meets Lockable requirements (try_lock() may throw).
2
_+ | Meets Lockable requirements (try_lock() may throw).
_13
Exceptions

‘ An ‘ exception thrown by an argument's lock() or try_lock() member.

Postcondition

All arguments are locked.
All arguments are locked via a sequence of calls to lock(), try_lock() and unlock(). If this function exits via an exception
any locks that were obtained will be released.

References defer_lock, and try_lock().
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try_lock()
template<typename _L1, typename _L2, typename... _L3>
int std::try_lock (

Ll & __ 11,

12 & __12,

I3 &... __13) [inline], [nodiscard]

Generic try_lock.

Parameters
_+ | Meets Lockable requirements (try_lock() may throw).
I
_+ | Meets Lockable requirements (try_lock() may throw).
2
_+ | Meets Lockable requirements (iry_lock() may throw).
_13

Returns

Returns -1 if all try_lock() calls return true. Otherwise returns a 0-based index corresponding to the argument that
returned false.

Postcondition

Either all arguments are locked, or none will be.

Sequentially calls try_lock() on each argument.

Referenced by lock().

3.3.4.3 Variable Documentation

adopt_lock

adopt_lock_t std::adopt_lock [inline], [constexpr]

Tag used to make a scoped lock take ownership of a locked mutex.

defer_lock

defer_lock_t std::defer_lock [inline], [constexpr]
Tag used to prevent a scoped lock from acquiring ownership of a mutex.

Referenced by lock().
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try_to_lock

try_to_lock_t std::try_to_lock [inline], [constexpr]

Tag used to prevent a scoped lock from blocking if a mutex is locked.

3.3.5 Threads

Collaboration diagram for Threads:

Concurrency |-¢—— Threads

Namespaces

* namespace std::this_thread

Classes

« struct std::hash< thread::id >
« class std::thread

Functions

* bool operator== (thread::id __ x, thread::id __y) noexcept
+ void swap (thread &__x, thread &__y) noexcept

« strong_ordering operator<=> (thread::id __x, thread::id __y) noexcept
¢ template<class _CharT, class _Traits>
basic_ostream< _CharT, _Traits > & operator< < (basic_ostream< _CharT, _Traits > &__out, thread::id __id)

3.3.5.1 Detailed Description

Since

C++11

Classes for thread support.
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3.4 Containers

Collaboration diagram for Containers:

Associative

Containers «¢—— Sequences

Unordered Associative

Topics
» Associative

» Sequences
» Unordered Associative

3.4.1 Detailed Description

Containers are collections of objects.

A container may hold any type which meets certain requirements, but the type of contained object is chosen at compile
time, and all objects in a given container must be of the same type. (Polymorphism is possible by declaring a container
of pointers to a base class and then populating it with pointers to instances of derived classes. Variant value types such
as the any class from Boost can also be used.

All contained types must be Assignable and CopyConstructible. Specific containers may place additional
requirements on the types of their contained objects.

Containers manage memory allocation and deallocation themselves when storing your objects. The objects are de-
stroyed when the container is itself destroyed. Note that if you are storing pointers in a container, delete is not
automatically called on the pointers before destroying them.

All containers must meet certain requirements, summarized in tables.

The standard containers are further refined into Sequences and Associative Containers. Unordered Associative Containers.
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3.4.2 Associative

Collaboration diagram for Associative:

Containers 4—-

Classes
+ class std:map< _Key, _Tp, _Compare, _Alloc >
* class std::multimap< _Key, _Tp, _Compare, _Alloc >

* class std::multiset< _Key, _Compare, _Alloc >
* class std::set< _Key, _Compare, _Alloc >

3.4.2.1 Detailed Description

Associative containers allow fast retrieval of data based on keys.
Each container type is parameterized on a Key type, and an ordering relation used to sort the elements of the container.

All associative containers must meet certain requirements, summarized in tables.

3.4.3 Sequences

Collaboration diagram for Sequences:

std::experimental::
fundamentals_v1::basic

_string_view Library Fundamentals TS

std::basic_string

std::experimental::

fundamentals_v1::basic

_string_view R
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Files

« file inplace_vector

Classes

« struct std::array< _Tp, _Nm >

« class std::basic_string< _CharT, _Traits, _Alloc >

* class std::basic_string_view< _CharT, _Traits >

« class std::experimental::fundamentals_v1::basic_string_view< _CharT, _Traits >
* class std::deque< _Tp, _Alloc >

* class std::forward_list< _Tp, _Alloc >

* class std:list< _Tp, _Alloc >

« class std::priority_queue< _Tp, _Sequence, _Compare >
* class std::queue< _Tp, _Sequence >

* class std::stack< _Tp, _Sequence >

« class std::vector< _Tp, _Alloc >

« class std::vector< bool, _Alloc >

3.4.3.1 Detailed Description

Sequences arrange a collection of objects into a strictly linear order.

The differences between sequences are usually due to one or both of the following:

* memory management

« algorithmic complexity

As an example of the first case, vector is required to use a contiguous memory layout, while other sequences such
as deque are not.

The prime reason for choosing one sequence over another should be based on the second category of differences,
algorithmic complexity. For example, if you need to perform many inserts and removals from the middle of a sequence,
1ist would be ideal. But if you need to perform constant-time access to random elements of the sequence, then 1ist
should not be used.

All sequences must meet certain requirements, summarized in tables.

3.4.4 Unordered Associative

Collaboration diagram for Unordered Associative:

Containers |-¢—— Unordered Associative
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Classes
« class std::unordered_map< _Key, _Tp, _Hash, _Pred, _Alloc >
« class std::unordered_multimap< _Key, _Tp, _Hash, _Pred, _Alloc >

« class std::unordered_multiset< Value, Hash, Pred, Alloc >
« class std::unordered_set< Value, Hash, Pred, Alloc >

3.4.4.1 Detailed Description

Unordered associative containers allow fast retrieval of data based on keys.

Each container type is parameterized on a Key type, a Hash type providing a hashing functor, and an ordering relation
used to sort the elements of the container.

All unordered associative containers must meet certain requirements, summarized in tables.

3.5 Diagnostics

Collaboration diagram for Diagnostics:

Diagnostics |-¢—— Exceptions

Topics

» Exceptions

Classes

+ class std::error_category

« class std::error_code

* class std::error_condition

« struct std::is_error_code_enum< _Tp >

« struct std::is_error_condition_enum< _Tp >
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Functions

 const error_category & std::generic_category () noexcept
 error_code make_error_code (errc __e) noexcept

« error_condition make_error_condition (errc __e) noexcept
¢ template<typename _CharT, typename _Traits>

basic_ostream< _CharT, _Traits > & operator<< (basic_ostream< _CharT, _Traits > &__0s, const error_code

& e)
+ strong_ordering operator<=> (const error_code & _lhs, const error_code & __rhs) noexcept
« strong_ordering operator<=> (const error_condition &__lhs, const error_condition &__rhs) noexcept
» bool operator== (const error_code & _lhs, const error_code &__rhs) noexcept
* bool operator== (const error_code & _lhs, const error_condition &__rhs) noexcept
* bool operator== (const error_condition &__lhs, const error_condition & __rhs) noexcept
« const error_category & std::system_category () noexcept

Variables

* template<typename _Tp>
constexpr bool std::is_error_code_enum_v
* template<typename _Tp>
constexpr bool std::is_error_condition_enum_v

3.5.1 Detailed Description

Components for error handling, reporting, and diagnostic operations.

3.5.2 Function Documentation
generic_category()

const error_category & std::generic_category () [noexcept]

Error category for errno error codes.

Referenced by std::error_condition::error_condition(), std::error_condition::clear(), std::error_code::make_error_code(),

and std::error_condition::make_error_condition().

make_error_code()
error_code make_error_code (
errc __e) [related]
Create an error_code representing a standard errc condition.

The std: :errc constants correspond to errno macros and so use the generic category.

Since

C++11

References std::generic_category().

Referenced by error_code().
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make_error_condition()

error_condition make_error_condition (

errc __e) [related]
Create an error_condition representing a standard errc condition.

The std: :errc constants correspond to errno macros and so use the generic category.

Since

C++11

References error_condition(), and std::generic_category().

Referenced by error_condition().

operator<<()

template<typename _CharT, typename _Traits>
basic_ostream< _CharT, _Traits > & operator<< (

basic_ostream< _CharT, _Traits > & __os,
const error_code & __e) [related]

Write a std::error_code to an ostream.

Since

C++11

References operator<=>().

operator<=>() [1/2]

strong_ordering operator<=> (
const error_code & ___lhs,
const error_code & __rhs) [related]

Ordered comparison for std::error_code.

This defines a total order by comparing the categories, and then if they are equal comparing the values.

Since

C++11

Referenced by operator<<().
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operator<=>() [2/2]

strong_ordering operator<=> (
const error_condition & __ 1lhs,
const error_condition & __ rhs) [related]
Ordered comparison for std::error_condition.
This defines a total order by comparing the categories, and then if they are equal comparing the values.

Since

C++11

References error_condition(), and operator<=>().

Referenced by operator<=>().

operator==() [1/3]

bool operator== (
const error_code & __1lhs,
const error_code & __rhs) [related]
Equality comparison for std::error_code.
Returns true only if they have the same category and the same value.

Since

C++11

operator==() [2/3]

bool operator== (
const error_code & __ 1lhs,
const error_condition & __ rhs) [related]

Equality comparison for std::error_code and std::error_condition.

Uses each category's equivalent member function to check whether the values correspond to an equivalent error
in that category.

Since

C++11

References error_condition().
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operator==() [3/3]

bool operator== (

const error_condition & __ lhs,

const error_condition & __rhs) [related]
Equality comparison for std::error_condition.
Returns true only if they have the same category and the same value.

Since

C++11

References error_condition().

system_category()

const error_category & std::system_category () [noexcept]

Error category for other error codes defined by the OS.

References make_error_code(), make_error_condition(), and system_category().

Referenced by system_category().

3.5.3 Exceptions

Collaboration diagram for Exceptions:

std::experimental::
fundamentals_v1::bad
_any_cast

std::future_error

Diagnostics }<_| Exceptions std::experimental::
fundamentals_v1::bad

_optional_access

std::regex_error

Type-safe container
of any type

Optional values

Regular Expressions ‘
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Classes

» class __cxxabivi::__forced_unwind

« class std::bad_alloc

* class std::experimental::fundamentals_v1::bad_any_cast
* class std::bad_cast

* class std::bad_exception

* class std::bad_function_call

« class std::experimental::fundamentals_v1::bad_optional_access
* class std::bad_typeid

* class std::bad_weak_ptr

« class std::domain_error

* class std::exception

« class std::__unspecified__::exception_ptr
« struct __gnu_cxx::forced_error

« class std::future_error

« class std::invalid_argument

* class std::length_error

+ class std::logic_error

+ class std::nested_exception

« class std::out_of _range

« class std::overflow_error

« class std::range_error

 class __gnu_cxx:recursive_init_error

* class std::regex_error

* class std::runtime_error

* class std::system_error

« class std::underflow_error

Typedefs

« typedef void(x std::iterminate_handler) ()
* typedef void(x std::unexpected_handler) ()

Functions

» void __gnu_cxx::__verbose_terminate_handler ()
» exception_ptr std::current_exception () noexcept
 terminate_handler std::get_terminate () noexcept
» unexpected_handler std::get_unexpected () noexcept
* template<typename _Ex>
exception_ptr std::make_exception_ptr (_Ex __ex) noexcept
+ void std::rethrow_exception (exception_ptr)
* template<typename _Ex>
void std::rethrow_if_nested (const _Ex & _ex)
« terminate_handler std::set_terminate (terminate_handler) noexcept
» unexpected_handler std::set_unexpected (unexpected_handler) noexcept
+ void std::terminate () noexcept
¢ template<typename _Tp>
void std::throw_with_nested (_Tp &&__t)
 bool std::uncaught_exception () noexcept
« void std::unexpected ()
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Variables

» class __ attribute((__abi_tag_ ("cxx11"))) failure typedef _los_Fmtflags std::ios_base::fmtflags

3.5.3.1 Detailed Description

Since

C++98

Classes and functions for reporting errors via exceptions.

3.5.3.2 Typedef Documentation

terminate_handler

typedef void(* std::terminate_handler) ()

If you write a replacement terminate handler, it must be of this type.

unexpected_handler

typedef void(x std::unexpected_handler) ()

If you write a replacement unexpected handler, it must be of this type.

3.5.3.3 Function Documentation

__verbose_terminate_handler()

void __gnu_cxx::__verbose_terminate_handler ()

A replacement for the standard terminate_handler which prints more information about the terminating exception (if any)
on stderr.

Call

std::set_terminate (__gnu_cxx::__verbose_terminate_handler)

to use. Formoreinfo,see http://gcc.gnu.org/onlinedocs/libstdc++/manual /bk01pt02ch06s02 .«
html

In 3.4 and later, this is on by default.
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current_exception()

exception_ptr std::current_exception () [noexcept]
Obtain an exception_ptr to the currently handled exception.
If there is none, or the currently handled exception is foreign, return the null value.

Since

C++11

References make_exception_pitr().

Referenced by std::nested_exception::nested_exception(), and make_exception_ptr().

get_terminate()

terminate_handler std::get_terminate () [noexcept]

Return the current terminate handler.

get_unexpected()

unexpected_handler std::get_unexpected () [noexcept]

Return the current unexpected handler.

Since

C++11

Deprecated Removed from the C++ standard in C++17

make_exception_ptr()

template<typename _Ex>

exception_ptr std::make_exception_ptr (

_Ex __ex) [noexcept]
Obtain an exception_ptr pointing to a copy of the supplied object.
References current_exception().

Referenced by current_exception().
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rethrow_exception()

void std::rethrow_exception (

exception_ptr )
Throw the object pointed to by the exception_ptr.
References rethrow_exception().

Referenced by std::__basic_future< _Res & >::_M_get_result(), rethrow_exception(), and std::nested_exception::rethrow_nested().

rethrow_if _nested()

template<typename _Ex>
void std::rethrow_if nested (
const _Ex & __ex) [inline]

Rethrow a nested exception

If __excontainsastd: :nested_exception object, callits rethrow_nested () member to rethrow the stored
exception.

After catching an exception thrown by a call to std: :throw_with_nested this function can be used to rethrow
the exception that was active when std: :throw_with_nested was called.

Since

C++11

set_terminate()

terminate_handler std::set_terminate (

terminate_handler ) [noexcept]

Takes a new handler function as an argument, returns the old function.

set_unexpected()

unexpected_handler std::set_unexpected (

unexpected_handler ) [noexcept]

Takes a new handler function as an argument, returns the old function.

Deprecated Removed from the C++ standard in C++17
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terminate()

void std::terminate () [noexcept]

The runtime will call this function if exception handling must be abandoned for any reason. It can also be called by the
user.

Referenced by std::nested_exception::rethrow_nested().

throw_with_nested()

template<typename _Tp>
void std::throw_with_nested (

_Tp && t) [inline]

Throw an exception that also stores the currently active exception.

If _Tp is derived from std: :nested_exception oris not usable as a base-class, throws a copy of __t. Other-
wise, throws an object of an implementation-defined type derived from both _Tp and std: :nested_exception,
containing a copy of __t and the result of std: : current_exception ().

In other words, throws the argument as a new exception that contains the currently active exception nested within it.
This is intended for use in a catch handler to replace the caught exception with a different type, while still preserving
the original exception. When the new exception is caught, the nested exception can be rethrown by using std«

::rethrow_if_ nested

This can be used at APl boundaries, for example to catch a library's internal exception type and rethrow it nested with a
std: :runtime_error, or vice versa.

Since

C++11

References forward().

uncaught_exception()

bool std::uncaught_exception () [noexcept]

[18.6.4)/1: 'Returns true after completing evaluation of a throw-expression until either completing initialization of
the exception-declaration in the matching handler or entering unexpected () due to the throw; or after entering
terminate () for any reason other than an explicit call to terminate (). [Note: This includes stack unwinding
[15.2]. end note]'

2:'When uncaught_exception () is true, throwing an exception can result in a call of 1terminate()* (15.5.1).

References uncaught_exception().

Referenced by std::basic_ostream< _CharT, _Traits >::sentry::~sentry(), and uncaught_exception().
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unexpected()

void std::unexpected ()

The runtime will call this function if an exception is thrown which violates the function's exception specification.

Deprecated Removed from the C++ standard in C++17

3.5.3.4 Variable Documentation

fmtflags

class __attribute ((__abi_tag__ ("cxx1l1l"))) failure typedef _Ios_Fmtflags std::ios_base::fmtflags
These are thrown to indicate problems with io.

27.4.2.1.1 Class ios_base::failure

This is a bitmask type.

_Tos_Fmtflags is implementation-defined, butitis valid to perform bitwise operations on these values and expect
the Right Thing to happen. Defined objects of type fmtflags are:

boolalpha
* dec

« fixed

* hex

« internal

o left

+ oct

* right

scientific

» showbase

showpoint
» showpos
* skipws
* unitbuf

* uppercase

adjustfield

basefield

floatfield

Referenced by std::num_get< _CharT, _Inlter >::do_get(), std::num_put< _CharT, _Outlter >::do_put(), std::num_put< _CharT, _Outlte
flags(), std::__detail::operator>>(), register_callback(), std::resetiosflags(), setf(), setf(), std::setiosflags(), and unsetf().
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3.6 Extensions

Collaboration diagram for Extensions:

Topics
» Dynamic Bitset.

* Policy-Based Data Structures
+ SGI

Namespaces

* namespace __gnu_Ccxx
* namespace std::tr2

Classes

SGI

Dynamic Bitset.

Policy-Based Data Structures

 class __gnu_cxx:__versa_string< _CharT, _Traits, _Alloc, _Base >

3.6.1 Detailed Description

Components generally useful that are not part of any standard.
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3.6.2 Dynamic Bitset.

Collaboration diagram for Dynamic Bitset.:

Extensions |«¢—— Dynamic Bitset.

Classes

« struct std::tr2::___dynamic_bitset_base< _WordT, _Alloc >
+ class std::tr2::dynamic_bitset< _WordT, _Alloc >

Functions

¢ template<typename _CharT, typename _Traits, typename _Alloc1 >
void std::tr2::dynamic_bitset< _WordT, _Alloc >::_M_copy_to_string (std::basic_string< _CharT, _Traits, «
_Alloc1 > &__str, _CharT __zero=_CharT('0"), _CharT __one=_CharT('1")) const

¢ template<typename _CharT, typename _Traits, typename _WordT, typename _Alloc>
std::basic_ostream< _CharT, _Traits > & std::tr2::operator< < (std::basic_ostream< _CharT, _Traits > &__os,
const dynamic_bitset< _WordT, _Alloc > & x)

¢ template<typename _CharT, typename _Traits, typename _WordT, typename _Alloc>
std::basic_istream< _CharT, _Traits > & std::tr2::operator>> (std::basic_istream< _CharT, _Traits > &_ «
is, dynamic_bitset< _WordT, _Alloc > &_ X)

¢ template<typename _WordT, typename _Alloc>
bool std::tr2::operator!= (const dynamic_bitset< _WordT, _Alloc > &__lhs, const dynamic_bitset< _WordT, _Alloc
> &__rhs)

¢ template<typename _WordT, typename _Alloc>
bool std::tr2::operator<= (const dynamic_bitset< _WordT, _Alloc > &__lhs, const dynamic_bitset< _WordT, _«
Alloc > &__rhs)

¢ template<typename _WordT, typename _Alloc>
bool std::tr2::operator> (const dynamic_bitset< _WordT, _Alloc > &__lhs, const dynamic_bitset< _WordT, _Alloc
> &__rhs)

¢ template<typename _WordT, typename _Alloc>
bool std::tr2::operator>= (const dynamic_bitset< _WordT, _Alloc > & __lhs, const dynamic_bitset< _WordT, _«
Alloc > &__rhs)

¢ template<typename _WordT, typename _Alloc>
dynamic_bitset< _WordT, _Alloc > std::tr2::operator& (const dynamic_bitset< _WordT, _Alloc > &_ X, const
dynamic_bitset< _WordT, _Alloc > &__ )
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¢ template<typename _WordT, typename _Alloc>

dynamic_bitset< _WordT, _Alloc > std::tr2::operator| (const dynamic_bitset< _WordT, _Alloc > & _x, const

dynamic_bitset< _WordT, _Alloc > &__y)
¢ template<typename _WordT, typename _Alloc>

dynamic_bitset< _WordT, _Alloc > std::tr2::operator” (const dynamic_bitset< _WordT, _Alloc > &__ x, const

dynamic_bitset< _WordT, _Alloc > &__y)
¢ template<typename _WordT, typename _Alloc>

dynamic_bitset< _WordT, _Alloc > std::tr2::operator- (const dynamic_bitset< _WordT, _Alloc > &__ x, const

dynamic_bitset< _WordT, _Alloc > &__ )

3.6.2.1 Detailed Description
3.6.2.2 Function Documentation
operator"!=()

template<typename _WordT, typename _Alloc>
bool std::tr2::operator!= (

const dynamic_bitset< _WordT, _Alloc > & __lhs,
const dynamic_bitset< _WordT, _Alloc > & __rhs)

These comparisons for equality/inequality are, well, bitwise.

operator&()

template<typename _WordT, typename _Alloc>

dynamic_bitset< _WordT, _Alloc > std::tr2::operator& (
const dynamic_bitset< _WordT, _Alloc > & __x,
const dynamic_bitset< _WordT, _Alloc > & __y)

Global bitwise operations on bitsets.

Parameters
_+ | Abitset.
X
_« | Abitset of the same size as __ x.
_y

Returns

A new bitset.

These should be self-explanatory.

operator-()

template<typename _WordT, typename _Alloc>

dynamic_bitset< _WordT, _Alloc > std::tr2::operator- (
const dynamic_bitset< _WordT, _Alloc > & __Xx,
const dynamic_bitset< _WordT, _Alloc > & __y)

Global bitwise operations on bitsets.

[inline]

[inline]

[inline]
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Parameters

A bitset.

o
X
«— | Abitset of the same size as __ x.
y

Returns

A new bitset.

These should be self-explanatory.

operator<<()

template<typename _CharT, typename _Traits,
std::basic_ostream< _CharT, _Traits > & std::tr2::operator<<
std::basic_ostream< _CharT,

const dynamic_bitset< _WordT,

Stream output operator for dynamic_bitset.

operator<=()

template<typename _WordT, typename _Alloc>

bool std::tr2::operator<= (

const dynamic_bitset< _WordT,

const dynamic_bitset< _WordT,

typename _WordT,

_Traits > & __os,

_Alloc > & __X)

_Alloc > & ___1hs,
_Alloc > & __rhs)

These comparisons for equality/inequality are, well, bitwise.

operator>()

template<typename _WordT, typename _Alloc>

bool std::tr2::operator> (

const dynamic_bitset< _WordT, _Alloc > & __1lhs,

const dynamic_bitset< _WordT,

_Alloc > & __rhs)

These comparisons for equality/inequality are, well, bitwise.

operator>=()

template<typename _WordT, typename _Alloc>

bool std::tr2::operator>= (

const dynamic_bitset< _WordT,

const dynamic_bitset< _WordT,

_Alloc > & ___1lhs,
_Alloc > & ___rhs)

These comparisons for equality/inequality are, well, bitwise.

typename _Alloc>

(

[inline]

[inline]

[inline]

[inline]
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operator>>()

template<typename _CharT, typename _Traits, typename _WordT, typename _Alloc>
std::basic_istream< _CharT, _Traits > & std::tr2::operator>> (
std::basic_istream< _CharT, _Traits > & _ _1is,
dynamic_bitset< _WordT, _Alloc > & __Xx)

Stream input operator for dynamic_bitset.

Input will skip whitespace and only accept '0' and '1' characters. The dynamic_bitset will grow as necessary to hold the
string of bits.

References std::basic_string< _CharT, _Traits, _Alloc >::empty(), std::basic_string< _CharT, _Traits, _Alloc >::push_back(),
std::basic_ios< _CharT, _Traits >::rdbuf(), std::basic_string< _CharT, _Traits, _Alloc >::reserve(), std::tr2::dynamic_bitset< _WordT, _Al
std::basic_ios< _CharT, _Traits >::setstate(), std::basic_string< _CharT, _Traits, _Alloc >::size(), std::tr2::dynamic_bitset< _WordT, _All
and std::basic_ios< _CharT, _Traits >::widen().

operator”()

template<typename _WordT, typename _Alloc>
dynamic_bitset< _WordT, _Alloc > std::t]:Z::operatorA (
const dynamic_bitset< _WordT, _Alloc > & __x,
const dynamic_bitset< _WordT, _Alloc > & __y) [inline]

Global bitwise operations on bitsets.

Parameters
_« | Abitset.
X
_+ | Abitset of the same size as __ x.
_y

Returns

A new bitset.

These should be self-explanatory.

operator" | ()

template<typename _WordT, typename _Alloc>
dynamic_bitset< _WordT, _Alloc > std::trZ::operator\ (
const dynamic_bitset< _WordT, _Alloc > & __Xx,
const dynamic_bitset< _WordT, _Alloc > & __y) [inline]

Global bitwise operations on bitsets.
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Parameters
_« | Abitset.
X
_« | Abitset of the same size as __ x.
_y

Returns

A new bitset.

These should be self-explanatory.

3.6.3 Policy-Based Data Structures

Collaboration diagram for Policy-Based Data Structures:

Extensions

Topics

» Containers
» Exceptions
» Tags
* Traits

Classes

Containers

Exceptions

Tags

Traits

« struct __gnu_pbds::detail::container_base_dispatch< _VTp, Cmp_Fn, _Alloc, pairing_heap_tag, null_type >
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3.6.3.1 Detailed Description

This is a library of policy-based elementary data structures: associative containers and priority queues. It is designed for
high-performance, flexibility, semantic safety, and conformance to the corresponding containers in std (except for some
points where it differs by design).

For details, see: http://gcc.gnu.org/onlinedocs/libstdc++/ext/pb_ds/index.html

3.6.3.2 Containers

Collaboration diagram for Containers:

Topics

» Branch-Based
» Hash-Based
» Heap-Based
List-Based

Policy-Based Data Structures

3.6.3.2.1 Detailed Description

3.6.3.2.2 Branch-Based

Collaboration diagram for Branch-Based:

Branch-Based

Hash-Based

Heap-Based

List-Based

Base and Policy Classes
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Topics

» Base and Policy Classes

Classes

+ class __gnu_pbds::basic_branch< Key, Mapped, Tag, Node_Update, Policy_TI, _Alloc >

* class __gnu_pbds::tree< Key, Mapped, Cmp_Fn, Tag, Node_Update, _Alloc >
* class __gnu_pbds::trie< Key, Mapped, _ATraits, Tag, Node_Update, _Alloc >

Macros

+ #define PB_DS_BRANCH_BASE
+ #define PB_DS_TREE_BASE

« #define PB_DS_TREE_NODE_AND_IT_TRAITS

« #define PB_DS_TRIE_BASE

+ #define PB_DS_TRIE_NODE_AND_IT_TRAITS

Detailed Description

Base and Policy Classes

Collaboration diagram for Base and Policy Classes:

Branch-Based

-

Base and Policy Classes

*Classes

 class __gnu_pbds::detail::ov_tree_map< Key, Mapped, Cmp_Fn, Node_And_It_Traits, _Alloc >

» class __gnu_pbds::detail::pat_trie_map< Key, Mapped, Node_And_lIt_Traits, _Alloc >

« class __gnu_pbds::detail::rb_tree_map< Key, Mapped, Cmp_Fn, Node_And_It_Traits, _Alloc >
* class __gnu_pbds::detail::splay_tree_map< Key, Mapped, Cmp_Fn, Node_And_lIt_Traits, _Alloc >
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Detailed Description
3.6.3.2.3 Hash-Based

Collaboration diagram for Hash-Based:

Containers I Base and Policy Classes

Topics

» Base and Policy Classes

Classes

 class __gnu_pbds::basic_hash_table< Key, Mapped, Hash_Fn, Eq_Fn, Resize_Policy, Store_Hash, Tag, Policy_TI, _Alloc >
 class__gnu_pbds::cc_hash_table< Key, Mapped, Hash_Fn, Eq_Fn, Comb_Hash_Fn, Resize_Policy, Store_Hash, _Alloc >
» class__gnu_pbds::gp_hash_table< Key, Mapped, Hash_Fn, Eq_Fn, Comb_Probe_Fn, Probe_Fn, Resize_Policy, Store_Hash, _A

Macros

- #define PB_DS_CC_HASH_BASE
- #define PB_DS_GP_HASH_BASE
- #define PB_DS_HASH_BASE

Detailed Description
Base and Policy Classes

Collaboration diagram for Base and Policy Classes:

*Classes

« class __gnu_pbds::detail::cc_ht_map< Key, Mapped, Hash_Fn, Eq_Fn, _Alloc, Store_Hash, Comb_Hash_Fn, Resize_Policy >
 class __gnu_pbds::detail::gp_ht_map< Key, Mapped, Hash_Fn, Eq_Fn, _Alloc, Store_Hash, Comb_Probe_Fn, Probe_Fn, Resize_
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Detailed Description

3.6.3.2.4 Heap-Based

Collaboration diagram for Heap-Based:

Containers I Base and Policy Classes

Topics

» Base and Policy Classes

Classes

* class __gnu_pbds::priority_queue< _Tv, Cmp_Fn, Tag, _Alloc >

Detailed Description

Base and Policy Classes

Collaboration diagram for Base and Policy Classes:

*Classes

» class __ gnu_pbds::detail::binary_heap< Value_Type, Cmp_Fn, _Alloc >

* class __gnu_pbds::detail::binomial_heap< Value_Type, Cmp_Fn, _Alloc >

* class __gnu_pbds::detail::pairing_heap< Value_Type, Cmp_Fn, _Alloc >

+ class __gnu_pbds::detail::rc_binomial_heap< Value_Type, Cmp_Fn, _Alloc >
* class __gnu_pbds::detail::ithin_heap< Value_Type, Cmp_Fn, _Alloc >
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Detailed Description

3.6.3.2.5 List-Based

Collaboration diagram for List-Based:

Containers 4—-

Classes

* class __gnu_pbds::list_update< Key, Mapped, Eq_Fn, Update_Policy, _Alloc >

Macros

+ #define PB_DS_LU_BASE

Detailed Description

3.6.3.3 Exceptions

Collaboration diagram for Exceptions:

Policy-Based Data Structures 4—-

Classes

« struct __gnu_pbds::container_error
« struct __gnu_pbds::insert_error

« struct __gnu_pbds::join_error

« struct __gnu_pbds::resize_error
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Functions

» void __gnu_pbds::__throw_container_error ()
» void __gnu_pbds::__throw_insert_error ()

» void __gnu_pbds::__throw_join_error ()

» void __gnu_pbds::__throw_resize_error ()

3.6.3.3.1 Detailed Description

3.6.3.4 Tags

Collaboration diagram for Tags:

’AJ c : ‘
olicy: ed r re agS ‘\

} Invalidation Guarantees ‘

Topics

+ Data Structure Type
* Invalidation Guarantees

Classes

« struct __gnu_pbds::trivial_iterator_tag

Typedefs

« typedef void __gnu_pbds::trivial_iterator_difference_type

3.6.3.4.1 Detailed Description

3.6.3.4.2 Typedef Documentation

trivial_iterator_difference_type

typedef void __gnu_pbds::trivial_iterator_difference_type

Prohibit moving trivial iterators.
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3.6.3.4.3 Data Structure Type

Collaboration diagram for Data Structure Type:

Classes

+ struct __gnu_pbds::
 struct __gnu_pbds::
« struct __gnu_pbds::
* struct __gnu_pbds::
« struct __gnu_pbds::
« struct __gnu_pbds::
« struct __gnu_pbds::
 struct __gnu_pbds::
 struct __gnu_pbds::
 struct __gnu_pbds::
 struct __gnu_pbds::
 struct __gnu_pbds::
 struct __gnu_pbds::
» struct __gnu_pbds::
» struct __gnu_pbds::
* struct __gnu_pbds::
* struct __gnu_pbds::
« struct __gnu_pbds::
« struct __gnu_pbds::
 struct __gnu_pbds::
 struct __gnu_pbds::

Detailed Description

associative_tag
basic_branch_tag
basic_hash_tag
binary_heap_tag
binomial_heap_tag
cc_hash_tag
container_tag
gp_hash_tag
list_update_tag
ov_tree_tag
pairing_heap_tag
pat_trie_tag
priority_queue_tag
rb_tree_tag
rc_binomial_heap_tag
sequence_tag
splay_tree_tag
string_tag
thin_heap_tag
tree_tag

trie_tag

3.6.3.4.4 Invalidation Guarantees

Collaboration diagram for Invalidation Guarantees:
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Classes

« struct __gnu_pbds::basic_invalidation_guarantee
 struct __gnu_pbds::point_invalidation_guarantee
» struct __gnu_pbds::range_invalidation_guarantee

Detailed Description

3.6.3.5 Traits

Collaboration diagram for Traits:

Policy-Based Data Structures («¢—— Traits

Classes

« struct __gnu_pbds::detail::bin_search_tree_traits< Key, Mapped, Cmp_Fn, Node_Update, Node, _Alloc >
 struct __gnu_pbds::detail::bin_search_tree_traits< Key, null_type, Cmp_Fn, Node_Update, Node, _Alloc >
 struct __gnu_pbds::container_traits< Cntnr >

 struct __gnu_pbds::container_traits_base< _Tag >

« struct __gnu_pbds::container_traits_base< binary_heap_tag >

« struct __gnu_pbds::container_traits_base< binomial_heap_tag >

 struct __gnu_pbds::container_traits_base< cc_hash_tag >

 struct __gnu_pbds::container_traits_base< gp_hash_tag >

 struct __gnu_pbds::container_traits_base< list_update_tag >

« struct __gnu_pbds::container_traits_base< ov_tree_tag >

« struct __gnu_pbds::container_traits_base< pairing_heap_tag >

+ struct __gnu_pbds::container_traits_base< pat_trie_tag >

» struct __gnu_pbds::container_traits_base< rb_tree_tag >

 struct __gnu_pbds::container_traits_base< rc_binomial_heap_tag >

« struct __gnu_pbds::container_traits_base< splay_tree_tag >

« struct __gnu_pbds::container_traits_base< thin_heap_tag >

» struct __gnu_pbds::detail::maybe_null_type< Key, Mapped, _Alloc, Store_Hash >
« struct __gnu_pbds::detail::maybe_null_type< Key, null_type, _Alloc, Store_Hash >
« struct __gnu_pbds::detail::no_throw_copies< Key, Mapped >

« struct __gnu_pbds::detail::no_throw_copies< Key, null_type >

» struct __gnu_pbds::null_node_update< _Tp1, _Tp2, _Tp3, _Tp4 >

 struct __gnu_pbds::null_type

« struct __gnu_pbds::detail::rebind_traits< _Alloc, T >

« struct __gnu_pbds::detail::select_value_type< Key, Mapped >
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* struct __gnu_pbds:
* struct __gnu_pbds:
« struct __gnu_pbds:
« struct __gnu_pbds:
* struct __gnu_pbds:
* struct __gnu_pbds:
 struct __gnu_pbds:
 struct __gnu_pbds:
 struct __gnu_pbds:
 struct __gnu_pbds:
 struct __gnu_pbds:
 struct __gnu_pbds:
 struct __gnu_pbds:
 struct __gnu_pbds:
 struct __gnu_pbds:
 struct __gnu_pbds:
 struct __gnu_pbds:
 struct __gnu_pbds:
 struct __gnu_pbds:
 struct __gnu_pbds:
 struct __gnu_pbds:
« struct __gnu_pbds:

Variables

:detail::
:detail::
:detail::
:detail::
detail::
:detail:
:detail:
:detail:
:detail:
:detail:
:detail:
:detail:
:detail:
:detail:
:detail:
:detail:
:detail:
:detail:
:detail:
:detail:
:detail:
:detail:

select_value_type< Key, null_type >
stored_data< _Tv, Th, Store_Hash >
stored_data< _Tv, Th, false >
stored_hash< Th >

stored_value< _Tv >

‘tree_metadata_helper< Node_Update, _BTp >

:tree_metadata_helper< Node_Update, false >

‘tree_metadata_helper< Node_Update, true >
:tree_node_metadata_dispatch< Key, Data, Cmp_Fn, Node_Update, _Alloc >
‘tree_traits< Key, Mapped, Cmp_Fn, Node_Update, ov_tree_tag, _Alloc >
itree_traits< Key, Mapped, Cmp_Fn, Node_Update, rb_tree_tag, _Alloc >

itree_traits< Key, Mapped, Cmp_Fn, Node_Update, splay_tree_tag, _Alloc >
‘tree_traits< Key, null_type, Cmp_Fn, Node_Update, ov_tree_tag, _Alloc >

itree_traits< Key, null_type, Cmp_Fn, Node_Update, rb_tree_tag, _Alloc >

‘tree_traits< Key, null_type, Cmp_Fn, Node_Update, splay_tree_tag, _Alloc >
‘trie_metadata_helper< Node_Update, _BTp >

:trie_metadata_helper< Node_Update, false >

‘trie_metadata_helper< Node_Update, true >
‘trie_node_metadata_dispatch< Key, Data, Cmp_Fn, Node_Update, _Alloc >
‘trie_traits< Key, Mapped, _ATraits, Node_Update, pat_trie_tag, _Alloc >

‘trie_traits< Key, null_type, _ATraits, Node_Update, pat_trie_tag, _Alloc >
‘types_traits< Key, Mapped, _Alloc, Store_Hash >

¢ template<typename Key, typename _Alloc, bool Store_Hash>

null_type __gnu_pbds::detail::maybe_null_type< Key, null_type, _Alloc, Store_Hash >::s_null_type

3.6.3.5.1

3.6.4 SGI

Collaboration diagram for SGl:

Detailed Description

Extensions SGI

]
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Classes

» class __gnu_cxx:binary_compose< _Operation1, _Operation2, _Operation3 >
» struct __gnu_cxx::constant_binary_fun< _Result, _Arg1, _Arg2 >

 struct __gnu_cxx::constant_unary_fun< _Result, _Argument >

» struct __gnu_cxx::constant_void_fun< _Result >

» class __gnu_cxx::hash_map< _Key, _Tp, _HashFn, _EqualKey, _Alloc >

» class __gnu_cxx::hash_multimap< _Key, _Tp, _HashFn, _EqualKey, _Alloc >
» class __gnu_cxx::hash_multiset< _Value, _HashFcn, _EqualKey, _Alloc >

» class __gnu_cxx::hash_set< _Value, _HashFcn, _EqualKey, _Alloc >

« struct __gnu_cxx::projectist< _Argl, _Arg2 >

« struct __gnu_cxx::project2nd< _Arg1, _Arg2 >

« struct __gnu_cxx:rb_tree< _Key, _Value, _KeyOfValue, _Compare, _Alloc >
* class __gnu_cxx:rope< _CharT, _Alloc >

« struct __gnu_cxx::select1st< _Pair >

« struct __gnu_cxx::select2nd< _Pair >

 class __gnu_cxx:slist< _Tp, _Alloc >

« class __gnu_cxx::subtractive_rng

« struct __gnu_cxx::itemporary_buffer< _Forwardlterator, _Tp >

« class __gnu_cxx::unary_compose< _Operation1, _Operation2 >

Functions

template<typename _Tp>

const _Tp & __gnu_cxx::__median (const _Tp &__a,const_Tp &__ b, const_Tp & c)

template<typename _Tp, typename _Compare>

const _Tp & __gnu_cxx::__median (const _Tp & __a, const_Tp &__b, const_Tp & ¢, _Compare __comp)
 constexpr size_t std::bitset< _Nb >::_Find_first () const noexcept

+ constexpr size_t std::bitset< _Nb >::_Find_next (size_t __prev) const noexcept

template<class _Operation1, class _Operation2>

unary_compose< _Operation1, _Operation2 > _ gnu_cxx::composel (const _Operation1 & fn1, const _«
Operation2 &__fn2)

template<class _Operation1, class _Operation2, class _Operation3>

binary_compose< _Operation1, _Operation2, _Operation3 > __gnu_cxx::compose2 (const _Operation1 &__fn1,
const _Operation2 &__fn2, const _Operation3 &__fn3)

template<class _Result>

constant_void_fun< _Result > __ gnu_cxx::constant0 (const _Result &__val)

template<class _Result>

constant_unary_fun< _Result, _Result > __gnu_cxx::constant1 (const _Result & __val)

template<class _Result>

constant_binary_fun< _Result, _Result, _Result > __ gnu_cxx::constant2 (const _Result & val)
template<typename _Inputlterator, typename _Size, typename _Outputlterator>

std::pair< _Inputlterator, _Outputlterator > __ gnu_cxx::copy_n (_Inputlterator __first, _Size __ count, _Output«
Iterator __result)

template<typename _Inputlterator, typename _Distance>

void __gnu_cxx::distance (_Inputlterator __first, _Inputlterator __last, _Distance & _n)
template<class _Tp>

_Tp __gnu_cxx:identity_element (std:multiplies< _Tp >)

template<class _Tp>

_Tp __gnu_cxx:identity_element (std::plus< _Tp >)
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¢ template<typename _Inputlterator1, typename _Inputlterator2>
int __gnu_cxx::lexicographical_compare_3way (_Inputlterator1 __first1, _Inputlterator1 _ last1, _Inputlterator2
_ first2, _Inputlterator2 __last2)

¢ template<typename _Tp, typename _Integer>
_Tp__gnu_cxx:power (_Tp __x, _Integer __n)

¢ template<typename _Tp, typename _Integer, typename _MonoidOperation>
_Tp__gnu_cxx::power (_Tp __x, _Integer __n, _MonoidOperation __monoid_op)

¢ template<typename _Inputlterator, typename _RandomAccesslterator>
_RandomAccesslterator __gnu_cxx::random_sample (_Inputlterator __ first, _Inputlterator _ last, _Random«
Accesslterator __ out_first, _RandomAccesslterator __ out_last)

¢ template<typename _Inputlterator, typename _RandomAccesslterator, typename _RandomNumberGenerator >
_RandomAccesslterator __gnu_cxx::random_sample (_Inputlterator __first, _Inputlterator _ last, _Random«
Accesslterator __out_first, _RandomAccesslterator _ out_last, _RandomNumberGenerator &__rand)

¢ template<typename _Forwardlterator, typename _Outputlterator, typename _Distance>
_OQutputlterator __gnu_cxx::random_sample_n (_Forwardlterator __first, _Forwardlterator __last, _Outputlterator
__out, const _Distance __n)

¢ template<typename _Forwardlterator, typename _Outputlterator, typename _Distance, typename _RandomNumberGenerator>
_Outputlterator __gnu_cxx::random_sample_n (_Forwardlterator __first, _Forwardlterator __last, _Outputlterator
__out, const _Distance __n, _RandomNumberGenerator &__rand)

¢ template<typename _lInputlter, typename _Size, typename _Forwardlter>
std::pair< _lInputlter, _Forwardlter > _ gnu_cxx::uninitialized_copy_n (_Inputlter __first, _Size _ count, _«
Forwardlter __result)

« constexpr bitset< _Nb > & std::bitset< _Nb >::_Unchecked_set (size_t __pos) noexcept

+ constexpr bitset< _Nb > & std::bitset< _Nb >::_Unchecked_set (size_t _ pos, int __val) noexcept
» constexpr bitset< _Nb > & std::bitset< _Nb >::_Unchecked_reset (size_t __pos) noexcept

» constexpr bitset< _Nb > & std::bitset< _Nb >::_Unchecked_flip (size_t __pos) noexcept

» constexpr bool std::bitset< _Nb >::_Unchecked_test (size_t _ pos) const noexcept

3.6.4.1 Detailed Description

Because libstdc++ based its implementation of the STL subsections of the library on the SGI 3.3 implementation, we
inherited their extensions as well.

They are additionally documented in the on1ine documentation, acopy of which is also shipped with the library
source code (in .../docs/html/documentation.html). You can also read the documentation on SGI's site, which is
still running even though the code is not maintained.

NB that the following notes are pulled from various comments all over the place, so they may seem stilted.
The identity_element functions are not part of the C++ standard; SGI provided them as an extension. [ts ar-

gument is an operation, and its return value is the identity element for that operation. It is overloaded for addition and
multiplication, and you can overload it for your own nefarious operations.

As an extension to the binders, SGI provided composition functors and wrapper functions to aid in their creation. The
unary_compose functor is constructed from two functions/functors, £ and g. Calling operator () with a single
argument x returns £ (g (x) ). The function composel takes the two functions and constructs a unary_compose
variable for you.

binary_compose is constructed from three functors, £, g1, and g2. lts operator () returns £(g1(x),g2(x)). The
function compose?2 takes f, g1, and g2, and constructs the binary_compose instance for you. For example, if £
returns an int, then

int answer = (compose2(f,gl,g2)) (x);

is equivalent to
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int templ = gl (x);
int temp2 = g2 (x);
int answer = f (templ, temp2);

But the first form is more compact, and can be passed around as a functor to other algorithms.

As an extension, SGI provided a functor called identity. When a functor is required but no operations are desired,
this can be used as a pass-through. Its operator () returns its argument unchanged.

selectlst and select2nd are extensions provided by SGI. Their operator () s take a std: :pair as an
argument, and return either the first member or the second member, respectively. They can be used (especially with the
composition functors) to strip data from a sequence before performing the remainder of an algorithm.

The operator () of the projectlst functor takes two arbitrary arguments and returns the first one, while
project2nd returns the second one. They are extensions provided by SGI.

These three functors are each constructed from a single arbitrary variable/value. Later, their operator () s completely
ignore any arguments passed, and return the stored value.

* constant_void_fun's operator () takes no arguments
* constant_unary_fun's operator () takes one argument (ignored)
* constant_binary_fun's operator () takes two arguments (ignored)
The helper creator functions constant0, constantl, and constant?2 each take a result argument and construct
variables of the appropriate functor type.
3.6.4.2 Function Documentation
__median() [1/2]

template<typename _Tp>

const _Tp & __gnu_cxx::__median (
const _Tp & __a,

b,
const _Tp & __c)

Find the median of three values.

const _Tp &

Parameters

A value.

A value.

A value.

Returns

One of a, b or c.

If {1,m,n} is some convolution of {a,b,c} such that 1<=m<=n then the value returned will be m. This is an SGI
extension.

__median() [2/21]

template<typename _Tp, typename _Compare>

const _Tp & __gnu_cxx::__median (
const _Tp & __a,
const _Tp & __b,
const _Tp & __c,
_Compare ___comp)
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Find the median of three values using a predicate for comparison.
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Parameters
_a A value.
b A value.
_C A value.
__comp | A binary predicate.

Returns

One of a, b or c.

If {1,m,n}is some convolution of { a,b,c} such that comp (1, m) and comp (m, n) are both true then the value returned
will be m. This is an SGI extension.

_Find_first()

template<size_t _Nb>
size_t std::bitset< _Nb >::_Find_first () const [inline], [constexpr], [noexcept]
Finds the index of the first "on" bit.

Returns

The index of the first bit set, or size() if not found.

See also

_Find_next

_Find_next()

template<size_t _Nb>
size_t std::bitset< _Nb >::_Find_next (

size_t __prev) const [inline], [constexpr], [noexcept]
Finds the index of the next "on" bit after prev.

Returns

The index of the next bit set, or size() if not found.

Parameters

‘ __prev ‘ Where to start searching. ‘

See also

_Find_first

_Unchecked_flip()

template<size_t _Nb>
bitset< _Nb > & std::bitset< _Nb >::_Unchecked_flip (
size_t __pos) [inline], [constexpr], [noexcept]
These versions of single-bit set, reset, flip, and test are extensions from the SGI version. They do no range checking.
Referenced by flip().
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_Unchecked_reset()

template<size_t _Nb>
bitset< _Nb > & std::bitset< _Nb >::_Unchecked_reset (
size_t ___pos) [inline], [constexpr], [noexcept]
These versions of single-bit set, reset, flip, and test are extensions from the SGI version. They do no range checking.
Referenced by reset().

_Unchecked_set() [1/2]

template<size_t _Nb>
bitset< _Nb > & std::bitset< _Nb >::_Unchecked_set (
size_t __pos) [inline], [constexpr], [noexcept]
These versions of single-bit set, reset, flip, and test are extensions from the SGI version. They do no range checking.
Referenced by set().

_Unchecked_set() [2/2]

template<size_t _Nb>
bitset< _Nb > & std::bitset< _Nb >::_Unchecked_set (
size_t __pos,
int _ val) [inline], [constexpr], [noexcept]
These versions of single-bit set, reset, flip, and test are extensions from the SGI version. They do no range checking.

_Unchecked_test()

template<size_t _Nb>
bool std::bitset< _Nb >::_Unchecked_test (
size_t __pos) const [inline], [constexpr], [noexcept]
These versions of single-bit set, reset, flip, and test are extensions from the SGI version. They do no range checking.
Referenced by operator[](), and test().

composei()

template<class _Operationl, class _Operation2>

unary_compose< _Operationl, _Operation2 > __ gnu_cxx::composel (
const _Operationl & __ fnlI,
const _Operation2 & __fn2) [inline]

An SGI extension .

compose2()

template<class _Operationl, class _Operation2, class _Operation3>

binary_compose< _Operationl, _Operation2, _Operation3 > __gnu_cxx::compose2 (
const _Operationl & __ fnlI,
const _Operation2 & __fn2,
const _Operation3 & __ fn3) [inline]

An SGl extension .

constant0()

template<class _Result>

constant_void_fun< _Result > __ gnu_cxx::constant0 (
const _Result & __ val) [inline]

An SGI extension .
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constant1()

template<class _Result>

constant_unary_fun< _Result, _Result > __ _gnu_cxx::constantl (
const _Result & __ val) [inline]

An SGI extension .

constant2()

template<class _Result>

constant_binary_fun< _Result, _Result, _Result > _ gnu_cxx::constant2 (
const _Result & __val) [inline]

An SGI extension .

copy_n()

template<typename _Inputlterator, typename _Size, typename _OutputIterator>
std::pair< _InputlIterator, _OutputlIterator > _ gnu_cxx::copy_n (

_InputlIterator __ first,
_Size __ count,
_OutputlIterator ___result) [inline]

Copies the range [first,first+count) into [result,result+count).

Parameters

__first An input iterator.

__count | The number of elements to copy.

__result | An output iterator.

Returns

A std::pair composed of first+count and result+count.

This is an SGI extension. This inline function will boil down to a call to memmove whenever possible. Failing that, if ran-
dom access iterators are passed, then the loop count will be known (and therefore a candidate for compiler optimizations
such as unrolling).

References std::__iterator_category().

distance()

template<typename _InputlIterator, typename _Distance>
void __gnu_cxx::distance (

_Inputlterator __ first,

_InputlIterator ___last,

_Distance & __n) [inline]
This is an SGI extension.

Todo Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual /documentation«
_style.html

References std::__iterator_category(), and distance().
Referenced by __gnu_cxx::itemporary_buffer< _Forwardlterator, _Tp >::temporary_buffer(), and distance().
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identity_element() [1/2]

template<class _Tp>

_Tp __gnu_cxx::identity_element (
std::multiplies< _Tp > ) [inline]

An SGI extension .

identity_element() [2/2]

template<class _Tp>

_Tp __gnu_cxx::identity_element (
std::plus< _Tp > ) [inline]

An SGI extension .

lexicographical_compare_3way()

template<typename _InputIteratorl, typename _Inputlterator2>
int __gnu_cxx::lexicographical_compare_3way (
_InputIteratorl __ firstl,
_InputIteratorl __ lastl,
_InputlIterator2 __ first2,
_InputIterator2 __last2)
memcmp on steroids.

Parameters

__first1 | Aninput iterator.

__last1 | Aninput iterator.

__first2 | Aninput iterator.
__last2 | Aninput iterator.

Returns

An int, as with memcmp.

The return value will be less than zero if the first range is lexigraphically less than the second, greater than zero if the
second range is lexigraphically less than the first, and zero otherwise. This is an SGI extension.

power() [1/2]

template<typename _Tp, typename _Integer>

_Tp __gnu_cxx::power (
_Tp __x,
_Integer n) [inline]

This is an SGI extension.

Todo Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual /documentation«
_style.html

power() [2/2]

template<typename _Tp, typename _Integer, typename _MonoidOperation>
_Tp __gnu_cxx::power (

_Tp X,
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_Integer __n,
_MonoidOperation ___monoid_op) [inline]
This is an SGI extension.

Todo Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual /documentation«
_style.html

random_sample() [1/2]

template<typename _Inputlterator, typename _RandomAccessIterator>
_RandomAccessIterator __gnu_cxx::random_sample (
_InputlIterator __ first,
_Inputlterator ___last,
_RandomAccessIterator __ out_first,
_RandomAccessIterator __ out_last) [inline]
This is an SGI extension.

Todo Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual/documentation«
_style.html

random_sample() [2/2]

template<typename _InputlIterator, typename _RandomAccesslIterator, typename _RandomNumberGenerator>
_RandomAccessIterator __gnu_cxx::random_sample (
_InputlIterator __ first,

_Inputlterator ___last,

_RandomAccessIterator __ out_first,
_RandomAccessIterator __ out_last,
_RandomNumberGenerator & ___rand) [inline]

This is an SGI extension.

Todo Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual /documentation«
_style.html

random_sample_n() [1/2]

template<typename _ForwardIterator, typename _OutputIterator, typename _Distance>
_OutputIterator __gnu_cxx::random_sample_n (

_ForwardIterator __ first,

_ForwardIterator _ last,

_OutputIterator __ out,

const _Distance __n)
This is an SGI extension.

Todo Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual /documentation«
_style.html

References std::distance(), std::min(), and random_sample_n().
Referenced by random_sample_n().
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random_sample_n() [2/2]

template<typename _ForwardIterator, typename _OutputIterator,

RandomNumberGenerator>

_OutputIterator __gnu_cxx::random_sample_n (
_ForwardIterator _ first,
_ForwardIterator __ last,
_OutputlIterator __ out,
const _Distance __n,
_RandomNumberGenerator & __ rand)

This is an SGI extension.

typename _Distance, typename _<+

Todo Needs documentation! See http://gcc.gnu.org/onlinedocs/libstdc++/manual /documentation«

_style.html

References std::distance(), and std::min().

uninitialized_copy_n()

template<typename _InputlIter, typename _Size,

typename _ForwardIter>

std::pair< _InputIter, _ForwardIter > _ gnu_cxx::uninitialized_copy_n (

_Inputlter __first,

_Size __ count,

_ForwardIter __ result) [inline]
Copies the range [first,last) into result.

Parameters

__first An input iterator.

__count | Length

__result | An output iterator.

Returns

_result + (__first + __count)

Like copy(), but does not require an initialized output range.

References std::__iterator_category().

3.7 Filesystem
Files

« file filesystem

Classes

« class std::filesystem::directory_entry

« class std::filesystem::directory_iterator

« class std::filesystem::file_status

« class std::filesystem::filesystem_error

« class std::filesystem::path::iterator

+ class std::filesystem::path

« class std::filesystem::recursive_directory_iterator
« struct std::filesystem::space_info
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Typedefs

« using std::filesystem::file_time_type

Enumerations

enum class std::filesystem::copy_options : unsigned short {

none , skip_existing , overwrite_existing , update_existing ,

recursive , copy_symlinks , skip_symlinks , directories_only ,

create_symlinks , create_hard_links }

enum class std::filesystem::directory_options : unsigned char { none , follow_directory_symlink , skip_«

permission_denied }

enum class std::filesystem::file_type : signed char {
none , not_found , regular , directory ,

symlink , block , character , fifo ,

socket , unknown }
enum class std::filesystem::perm_options : unsigned { replace , add , remove , nofollow }
enum class std::filesystem::;perms : unsigned {

none , owner_read , owner_write , owner_exec ,

owner_all , group_read , group_write , group_exec ,

group_all , others_read , others_write , others_exec

others_all , all , set_uid , set_gid,

sticky_bit , mask , unknown }

Functions

path std::filesystem::absolute (const path &__p)

path std::filesystem::absolute (const path & __p, error_code & _ec)

path & std::filesystem::path::assign (string_type &&__source)

iterator std::filesystem::path::begin () const noexcept

path std::filesystem::canonical (const path & __p)

path std::filesystem::canonical (const path & _p, error_code & __ec)

int std::filesystem::path::compare (const string_type & _s) const noexcept
int std::filesystem::path::compare (const value_type *__s) const noexcept

void std:
void std:
void std:
void std:
bool std:
bool std:
bool std:
bool std:
void std:
void std:

filesystem:
filesystem:
filesystem:
filesystem:
filesystem:
filesystem:
filesystem:
filesystem:
filesystem:
filesystem:

&__ec) noexcept

bool std:
bool std:
bool std:
bool std:
bool std:
bool std:
void std:

filesystem:
filesystem:
filesystem:
filesystem:
filesystem:
filesystem:
filesystem:

:copy (const path & _from, const path & __to)

:copy (const path & _from, const path & __to, copy_options __options)

:copy (const path & _from, const path & __to, copy_options __options, error_code &)
:copy (const path & __from, const path &__to, error_code &__ec)

:copy_file (const path & _from, const path & _to)

:copy_file (const path & _from, const path & _to, copy_options __option)

:copy_file (const path & _from, const path & __to, copy_options __option, error_code &)
:copy_file (const path &__from, const path &__to, error_code &__ec)

:copy_symlink (const path & _existing_symlink, const path & _new_symlink)
:copy_symlink (const path & _existing_symlink, const path & _new_symlink, error_code

:create_directories (const path & _p)

:create_directories (const path & __p, error_code &__ec)

:create_directory (const path &__p)

:create_directory (const path &__p, const path &__attributes)

:create_directory (const path & __p, const path & _ attributes, error_code & __ec) noexcept
:create_directory (const path & __p, error_code & __ec) noexcept
:create_directory_symlink (const path &__to, const path & __new_symlink)
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void std::filesystem::create_directory_symlink (const path &__to, const path & _new_symlink, error_code
&__ec) noexcept

void std::filesystem::create_hard_link (const path &__to, const path & __new_hard_link)

void std::filesystem::create_hard_link (const path & to, const path & new_hard_link, error_code &__ec)
noexcept

void std::filesystem::create_symlink (const path & to, const path & _new_symlink)

void std::filesystem::create_symlink (const path &__to, const path & __new_symlink, error_code &__ec) noex-
cept

path std::filesystem::current_path ()

void std::filesystem::current_path (const path & _p)

void std::filesystem::current_path (const path & _p, error_code & _ec) noexcept

path std::filesystem::current_path (error_code &__ec)

iterator std::filesystem::path::end () const noexcept

* bool std::filesystem::equivalent (const path & _p1, const path &__p2)

* bool std::filesystem::equivalent (const path & p1, const path &__p2, error_code & _ec) noexcept
* bool std::filesystem::exists (const path & __p)

* bool std::filesystem::exists (const path & _p, error_code & _ec) noexcept

* bool std::filesystem::exists (file_status) noexcept

+ path std::filesystem::path::extension () const

» uintmax_t std::filesystem::file_size (const path &)

« uintmax_t std::filesystem::file_size (const path &, error_code &) noexcept

path std::filesystem::path::filename () const

std::string std::filesystem::path::generic_string () const

template<typename _CharT, typename _Traits = std::char_traits<_CharT>, typename _Allocator = std::allocator<_CharT>>
std::basic_string<< _CharT, _Traits, _Allocator > std::filesystem::path::generic_string (const _Allocator &__ «+
a=_Allocator()) const

std::u16string std::filesystem::path::generic_u16string () const

std::u32string std::filesystem::path::generic_u32string () const

std::string std::filesystem::path::generic_u8string () const

« std::wstring std::filesystem::path::generic_wstring () const

uintmax_t std::filesystem::hard_link_count (const path &)

+ uintmax_t std::filesystem::hard_link_count (const path &, error_code &) noexcept

bool std::filesystem::path::has_extension () const noexcept

bool std::filesystem::path::has_stem () const noexcept

size_t std::filesystem::hash_value (const path & p) noexcept

* bool std::filesystem::path::is_absolute () const noexcept

+ bool std::filesystem::is_block_file (const path &__p)

* bool std::filesystem::is_block_file (const path & p, error_code & _ec) noexcept

* bool std::filesystem::is_block_file (file_status __s) noexcept

* bool std::filesystem::is_character_file (const path & _p)

» bool std::filesystem::is_character_file (const path &__p, error_code & _ec) noexcept

* bool std::filesystem::is_character_file (file_status __s) noexcept

* bool std::filesystem::is_directory (const path &__p)

* bool std::filesystem::is_directory (const path &__p, error_code &__ec) noexcept

* bool std::filesystem::is_directory (file_status __s) noexcept

* bool std::filesystem::is_empty (const path &__p)

* bool std::filesystem::is_empty (const path & __p, error_code & _ec)

* bool std::filesystem::is_fifo (const path &__ p)

* bool std::filesystem::is_fifo (const path & _p, error_code & _ec) noexcept

* bool std::filesystem::is_fifo (file_status __s) noexcept

* bool std::filesystem::is_other (const path &__p)
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* bool std::filesystem::is_other (const path & __p, error_code &__ec) noexcept

+ bool std::filesystem::is_other (file_status) noexcept

 bool std::filesystem::is_regular_file (const path &__p)

* bool std::filesystem::is_regular_file (const path & __p, error_code &__ec) noexcept

* bool std::filesystem::is_regular_file (file_status) noexcept

* bool std::filesystem::is_socket (const path & _p)

* bool std::filesystem::is_socket (const path & p, error_code & _ec) noexcept

* bool std::filesystem::is_socket (file_status __s) noexcept

* bool std::filesystem::is_symlink (const path &__ p)

* bool std::filesystem::is_symlink (const path & _p, error_code & _ec) noexcept

* bool std::filesystem::is_symlink (file_status) noexcept

« file_time_type std::filesystem::last_write_time (const path &)

file_time_type std::filesystem::last_write_time (const path &, error_code &) noexcept

void std::filesystem::last_write_time (const path &__p, file_time_type __new_time)

void std::filesystem::last_write_time (const path & p, file_time_type _ new_time, error_code & _ec) noex-
cept

+ path & std::filesystem::path::make_preferred ()

» copy_options & std::filesystem::operator&= (copy_options & X, copy_options __y) noexcept
reference std::filesystem::path::iterator::operatorx () const noexcept

iterator & std::filesystem::path::iterator::operator++ () noexcept

template<typename _CharT>

__detail::_Path2< _CharT * > & std::filesystem::path::operator+= (_CharT __ x)

» path & std::filesystem::path::operator+= (basic_string_view< value_type > _ x)

path & std::filesystem::path::operator+= (const string_type &__ x)

» path & std::filesystem::path::operator+= (const value_type *__ x)

» path & std::filesystem::path::operator+= (value_type _ x)

* iterator & std::filesystem::path::iterator::operator-- () noexcept

» path & std::filesystem::path::operator= (path &&) noexcept

 path & std::filesystem::path::operator= (string_type &&__source)

« constexpr copy_options std::filesystem::operator” (copy options _ x, copy_options __y) noexcept
+ copy_options & std::filesystem::operator” = (copy_options & _x, copy_options __y) noexcept

« constexpr copy_options std::filesystem::operator| (copy_options __x, copy_options __y) noexcept
- copy_options & std::filesystem::operator|= (copy_options & __x, copy_options __y) noexcept
constexpr copy_options std::filesystem::operator~ (copy_options __x) noexcept

void std::filesystem::permissions (const path &, perms, perm_options, error_code &) noexcept
void std::filesystem::permissions (const path & _p, perms __prms, error_code &__ec) noexcept
void std::filesystem::permissions (const path &_p, perms _ prms, perm_options __ opts=perm_options«
replace)

+ path std::filesystem::proximate (const path &__p, const path &__base, error_code & __ec)

+ path std::filesystem::proximate (const path &__p, const path & __base=current_path())

+ path std::filesystem::proximate (const path &__p, error_code &__ec)

+ path std::filesystem::read_symlink (const path &__p)

» path std::filesystem::read_symlink (const path & p, error_code &__ec)

+ path std::filesystem::relative (const path & __p, const path &__base, error_code &__ec)

+ path std::filesystem::relative (const path & p, const path &__base=current_path())

+ path std::filesystem::relative (const path &__p, error_code &__ec)

+ bool std::filesystem::remove (const path &, error_code &) noexcept

* bool std::filesystem::remove (const path &__p)

+ uintmax_t std::filesystem::remove_all (const path &)

» uintmax_t std::filesystem::remove_all (const path &, error_code &)

void std::filesystem::rename (const path & _from, const path & __ to)
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« void std::filesystem::rename (const path & _from, const path & _to, error_code & _ec) noexcept

+ void std::filesystem::resize_file (const path & _p, uintmax_t __size)

+ void std::filesystem::resize_file (const path & _ p, uintmax_t __size, error_code & _ec) noexcept

+ space_info std::filesystem::space (const path & _p)

» space_info std::filesystem::space (const path & p, error_code &__ec) noexcept

« file_status std::filesystem::status (const path &)

« file_status std::filesystem::status (const path &, error_code &) noexcept

* bool std::filesystem::status_known (file_status) noexcept

 path std::filesystem::path::stem () const

+ std::string std::filesystem::path::string () const

¢ template<typename _CharT, typename _Traits, typename _Allocator>
basic_string< _CharT, _Traits, _Allocator > std::filesystem::path::string (const _Allocator & _a) const

+ void swap (path &__|hs, path &__rhs) noexcept

+ void std::filesystem::path::swap (path & _rhs) noexcept

« file_status std::filesystem::symlink_status (const path &)

- file_status std::filesystem::symlink_status (const path &, error_code &) noexcept

 path std::filesystem::temp_directory_path ()

+ path std::filesystem::temp_directory path (error_code &__ec)

+ std::u16string std::filesystem::path::u16string () const

« std::u32string std::filesystem::path::u32string () const

¢ template<typename _Inputlterator, typename _Require = __detail::_Path2<_Inputlterator>, typename _CharT = __detail::__value_type_<—
is_char_or_char8_t<_lInputlterator>>
path u8path (_Inputlterator __first, _Inputlterator __last)

* template<typename _Source, typename _Require = __detail::_Path<_Source>, typename _CharT = __detail::__value_type_is_char_or«
_char8_t<_Source>>
path u8path (const _Source &__source)

« std::string std::filesystem::path::u8string () const

 path std::filesystem::weakly_canonical (const path & _p)

» path std::filesystem::weakly_canonical (const path & _p, error_code &__ec)

« std::wstring std::filesystem::path::wstring () const

» constexpr perms std::filesystem::operator| (perms __x, perms __y) noexcept
+ constexpr perms std::filesystem::operator” (perms __ x, perms __y) noexcept
 constexpr perms std::filesystem::operator~ (perms __ x) noexcept

» perms & std::filesystem::operator&= (perms & __x, perms __y) noexcept

* perms & std::filesystem::operator|= (perms &__x, perms __y) noexcept

+ perms & std::filesystem::operator" = (perms & _x, perms __y) noexcept

- constexpr perm_options std::filesystem::operator| (perm_options __x, perm_options __y) noexcept
« constexpr perm_options std::filesystem::operator” (perm_options __x, perm_options __y) noexcept
» constexpr perm_options std::filesystem::operator~ (perm_options __x) noexcept

» perm_options & std::filesystem::operator&= (perm_options &__x, perm_options __y) noexcept

» perm_options & std::filesystem::operator|= (perm_options & _x, perm_options __y) noexcept

+ perm_options & std::filesystem::operator” = (perm_options & _x, perm_options __y) noexcept

- constexpr directory_options std::filesystem::operator| (directory_options __x, directory_options __y) noexcept
« constexpr directory _options std::filesystem::operator” (directory_options __x, directory_options __y) noexcept
» constexpr directory_options std::filesystem::operator~ (directory_options __ x) noexcept

+ directory_options & std::filesystem::operator&= (directory_options &__x, directory_options __y) noexcept

- directory_options & std::filesystem::operator|= (directory_options &__x, directory_options __y) noexcept

« directory_options & std::filesystem::operator” = (directory_options &__x, directory_options __y) noexcept

« directory_iterator begin (directory_iterator __iter) noexcept
« directory_iterator end (directory_iterator) noexcept

* recursive_directory_iterator begin (recursive_directory_iterator __iter) noexcept
* recursive_directory_iterator end (recursive_directory_iterator) noexcept
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3.7.1 Detailed Description

3.7.2 Typedef Documentation

file_time_type

using std::filesystem::file_time_type

The type used for file timestamps.

3.7.3 Enumeration Type Documentation

copy_options

enum class std::filesystem::copy_options : unsigned short [strong]
Bitmask type controlling effects of filesystem: : copy
directory_options

enum class std::filesystem::directory_options : wunsigned char [strong]
Bitmask type controlling directory iteration.

file_type

enum class std::filesystem::file_type : signed char [strong]
Enumerated type representing the type of a file.

perm_options

enum class std::filesystem::perm_options : unsigned [strong]
Bitmask type controlling changes to permissions.

perms

enum class std::filesystem::perms : unsigned [strong]
Bitmask type representing file access permissions.

3.7.4 Function Documentation

begin() [1/21]

directory_iterator begin (
directory_iterator __iter) [related]
Enable range-based for using directory_iterator.

Since

C++17

eg. for (auto& entry : std::filesystem::directory_iterator(".

begin() [2/2]

recursive_directory_iterator begin (
recursive_directory_iterator __iter) [related]
Enable range-based for using recursive_directory_iterator.

Since

C++17

e.g. for (auto& entry : recursive_directory_iterator("."))
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end() [1/2]

directory_iterator end (
directory_iterator ) [related]
Return a past-the-end directory_iterator.

end() [2/2]

recursive_directory_iterator end (
recursive_directory_iterator ) [related]
Return a past-the-end recursive_directory_iterator.

u8path() [1/2]

template<typename _Inputlterator, typename _Require = __ _detail::_Path2<_InputlIterator>, typename
_CharT = __detail::__value_type_is_char_or_char8_t<_TInputIterator>>
path u8path (

_InputIterator __ first,

_InputIterator __last) [related]

Create a path from a UTF-8-encoded sequence of char
Since

C++17

References u8path().
Referenced by u8path(), and u8path().

u8path() [2/2]

template<typename _Source, typename _Require = __ detail::_Path<_Source>, typename _CharT = _ <+
detail::___value_type_is_char_or_char8_t<_Source>>
path u8path (
const _Source & ___source) [related]
Create a path from a UTF-8-encoded sequence of char

Since

C++17

References u8path().

3.8 10

Collaboration diagram for 1/O:

std::istreambuf _iterator

std::ostreambuf _iterator
1/0 K Iterators
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Classes

« class std::basic_filebuf< _CharT, _Traits >

« class std::basic_fstream< _CharT, _Traits >

« class std::basic_ifstream< _CharT, Traits >

« class std::basic_ios< CharT, Traits >

« class std::basic_iostream< _CharT, Traits >

« class std::basic_istream< _CharT, Traits >

« class std::basic_istringstream< _CharT, _Traits, _Alloc >
« class std::basic_ofstream< _CharT, _Traits >

« class std::basic_ostream< _CharT, _Traits >

* class std::basic_ostringstream< _CharT, _Traits, _Alloc >
* class std::basic_streambuf< _CharT, _Traits >

« class std::basic_stringbuf< _CharT, _Traits, _Alloc >

* class std::basic_stringstream< _CharT, _Traits, _Alloc >
« class std::iios_base

« class std::istreambuf_iterator< CharT, _Traits >

« class std::ostreambuf_iterator< CharT, _Traits >

+ class __gnu_cxx::stdio_filebuf< _CharT, _Traits >

» class _ gnu_cxx::stdio_sync_filebuf< _CharT, _Traits >

Typedefs

« typedef basic_filebuf< char > std::filebuf

* typedef basic_fstream< char > std::fstream

* typedef basic_ifstream< char > std::ifstream

* typedef basic_ios< char > std::ios

* typedef basic_iostream< char > std::iostream

« typedef basic_istream< char > std::istream

* typedef basic_istringstream< char > std::istringstream

« typedef basic_ofstream< char > std::ofstream

* typedef basic_ostream< char > std::ostream

* typedef basic_ostringstream< char > std::ostringstream

« typedef basic_streambuf< char > std::streambuf

+ typedef basic_stringbuf< char > std::stringbuf

* typedef basic_stringstream< char > std::stringstream

« typedef basic_filebuf< wchar_t > std::wfilebuf

« typedef basic_fstream< wchar_t > std::wfstream

« typedef basic_ifstream< wchar_t > std::wifstream

« typedef basic_ios< wchar_t > std::wios

« typedef basic_iostream< wchar_t > std::wiostream

« typedef basic_istream< wchar_t > std::wistream

« typedef basic_istringstream< wchar_t > std::wistringstream
« typedef basic_ofstream< wchar_t > std::wofstream

« typedef basic_ostream< wchar_t > std::wostream

« typedef basic_ostringstream< wchar_t > std::wostringstream
« typedef basic_streambuf< wchar_t > std::wstreambuf

* typedef basic_stringbuf< wchar_t > std::wstringbuf

* typedef basic_stringstream< wchar_t > std::wstringstream
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3.8.1 Detailed Description

Nearly all of the I/O classes are parameterized on the type of characters they read and write. (The major exception is
ios_base at the top of the hierarchy.) This is a change from pre-Standard streams, which were not templates.

For ease of use and compatibility, all of the basic_x I/O-related classes are given typedef names for both of the builtin
character widths (wide and narrow). The typedefs are the same as the pre-Standard names, for example:

typedef basic_ifstream<char> ifstream;

Because properly forward-declaring these classes can be difficult, you should not do it yourself. Instead, include the
<iosfwd> header, which contains only declarations of all the 1/O classes as well as the typedefs. Trying to forward-
declare the typedefs themselves (e.g., class ostream; ) is not valid ISO C++.

For more specific declarations, see https://gcc.gnu.org/onlinedocs/libstdc++/manual/io.«
html#std.io.objects

3.8.2 Typedef Documentation

filebuf

typedef basic_filebuf<char> std::filebuf
Class for char file buffers.

fstream

typedef basic_fstream<char> std::fstream
Class for char mixed input and output file streams.
ifstream

typedef basic_ifstream<char> std::ifstream
Class for char input file streams.

ios

typedef basic_ios<char> std::ios

Base class for char streams.

iostream

typedef basic_iostream<char> std::iostream
Base class for char mixed input and output streams.
istream

typedef basic_istream<char> std::istream
Base class for char input streams.

istringstream

typedef basic_istringstream<char> std::istringstream
Class for char input memory streams.

ofstream

typedef basic_ofstream<char> std::ofstream
Class for char output file streams.
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ostream

typedef basic_ostream<char> std::ostream

Base class for char output streams.

ostringstream

typedef basic_ostringstream<char> std::ostringstream

Class for char output memory streams.

streambuf

typedef basic_streambuf<char> std::streambuf
Base class for char buffers.

stringbuf

typedef basic_stringbuf<char> std::stringbuf
Class for char memory buffers.

stringstream

typedef basic_stringstream<char> std::stringstream

Class for char mixed input and output memory streams.

wfilebuf

typedef basic_filebuf<wchar_t> std::wfilebuf
Class for wchar_t file buffers.

wfstream

typedef basic_fstream<wchar_t> std::wfstream
Class for wchar_t mixed input and output file streams.
wifstream

typedef basic_ifstream<wchar_t> std::wifstream
Class for wchar_t input file streams.

wios

typedef basic_ios<wchar_t> std::wios

Base class for wchar_t streams.

wiostream

typedef basic_iostream<wchar_t> std::wiostream
Base class for wchar_t mixed input and output streams.
wistream

typedef basic_istream<wchar_t> std::wistream
Base class for wchar_ t input streams.
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wistringstream

typedef basic_istringstream<wchar_t> std::wistringstream
Class for wchar_t input memory streams.

wofstream

typedef basic_ofstream<wchar_t> std::wofstream
Class for wchaxr_t output file streams.

wostream

typedef basic_ostream<wchar_t> std::wostream
Base class for wchar_t output streams.

wostringstream

typedef basic_ostringstream<wchar_t> std::wostringstream
Class for wchar_t output memory streams.

wstreambuf

typedef basic_streambuf<wchar_t> std::wstreambuf
Base class for wchar_t buffers.

wstringbuf

typedef basic_stringbuf<wchar_t> std::wstringbuf
Class for wchar_t memory buffers.

wstringstream

typedef basic_stringstream<wchar_t> std::wstringstream
Class for wchar_t mixed input and output memory streams.

3.9 Ilterators

Collaboration diagram for Iterators:

std::istreambuf_iterator
std::ostreambuf _iterator

Iterators %

std::input_iterator_tag

170

Iterator Tags
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Topics

* lterator Tags

Classes

« class std::back_insert_iterator< _Container >

« class std::common_iterator< It, Sent >

« class std::counted_iterator< It >

« class std::front_insert_iterator< Container >

« struct std::input_iterator_tag

« class std::insert_iterator< _Container >

* class std:istream_iterator< _Tp, _CharT, _Traits, _Dist >
« class std::istreambuf_iterator< CharT, _Traits >

« struct std::iterator< _Category, _Tp, _Distance, _Pointer, _Reference >
« struct std::iterator_traits< _lterator >

« struct std::iterator_traits< _Tp * >

« class std::move_iterator< _lterator >

« class std::move_sentinel< _Sent >

* class std::ostream_iterator< _Tp, _CharT, _Traits >

« class std::ostreambuf_iterator< CharT, _Traits >

« class std::reverse_iterator< _lterator >

Macros

+ #define _GLIBCXX_MAKE_MOVE_IF_NOEXCEPT_ITERATOR(_lter)
+ #define _GLIBCXX_MAKE_MOVE_ITERATOR(_lter)

Functions

¢ template<bool _IsMove, typename _CharT>
__gnu_cxx:;__enable_if< __is_char< _CharT >::_ value, ostreambuf_iterator< _CharT > >::_ type std::__
copy_move_a2 (_CharT x__first, _CharT *__last, ostreambuf_iterator< _CharT > __result)

template<bool _IsMove, typename _CharT>
__gnu_cxx::__enable_if< __is_char< _CharT >::_ value, ostreambuf_iterator< _CharT > >::_ type std::__
copy_move_a2 (const _CharT *__first, const _CharT *__last, ostreambuf_iterator< _CharT > __result)

template<bool _IsMove, typename _CharT>

__gnu_cxx:;__enable_if< __is_char< _CharT >:: value, _CharT *x >:_ type std::__copy_move_a2
(istreambuf_iterator< _CharT > __first, istreambuf_iterator< _CharT > _ last, _CharT x__result)
template<typename _CharT, typename _Size>

__gnu_cxx::__enable_if< __is_char<_CharT >::_ value, _CharT % >::_ type std::__copy_n_a (istreambuf_iterator<
_CharT > __it,_Size __n, _CharT *__result, bool __strict)

template<typename _lter>

constexpr iterator_traits< _Iter >::iterator_category std::__iterator_category (const _lter &)

template<typename _lterator, typename _ReturnType = __ conditional_t<__move_if_noexcept_cond <typename iterator_traits<_<—
Iterator>::value_type>::value, _lterator, move_iterator<_Iterator>>>

constexpr _ReturnType std::__make_move_if noexcept_iterator (_lterator _ i)

template<typename _Tp, typename _ReturnType = __ conditional_t<__move_if noexcept_cond<_Tp>::wvalue, const _Tp*, move_ <
iterator<_Tp*>>>

constexpr _ReturnType std::__make_move_if_noexcept_iterator (_Tp x_ i)

template<typename _|terator>

constexpr reverse_iterator< _lterator > std::__make_reverse_iterator (_lterator __ i)
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template<typename _CharT, typename _Distance>

__gnu_cxx:;__enable_if< __is_char< _CharT >:_ value, void >:;_ type std::advance (istreambuf_iterator<
_CharT > & i, _Distance _ n)

template<typename _Container>

constexpr back_insert_iterator< _Container > std::back_inserter (_Container &__ x)

template<typename _CharT>

__gnu_cxx:;__enable_if< __is_char< _CharT >::_ value, ostreambuf_iterator< _CharT > >::_ type std::copy
(istreambuf_iterator< _CharT > __first, istreambuf_iterator< _CharT > __last, ostreambuf_iterator< _CharT >
__result)

template<typename _CharT>

__gnu_cxx::__enable_if< __is_char< _CharT >::_ value, istreambuf_iterator< _CharT > >::_ type std::find
(istreambuf_iterator< _CharT > __first, istreambuf_iterator< _CharT > __last, const _CharT &__val)

template <typename _Container>

constexpr front_insert_iterator< _Container > std::front_inserter (_Container &__x)

template <typename _Container>

constexpr insert_iterator< _Container > std:inserter (_Container & x, std:__detail::__range_iter t< _«
Container > __ i)

template<typename _Iterator>

constexpr move_iterator< _lterator > std::make_move_iterator (_lterator _ i)

template<typename _lterator>

constexpr reverse_iterator< _lterator > std::make_reverse_iterator (_lterator __ i)

template<typename _lteratorL, typename _IlteratorR>

requires requires { { __x.base() = __y.base() } -> convertible_to<<bool>;}

constexpr bool std::operator!= (const reverse_iterator< _lteratorL > & X, const reverse_iterator< _lteratorR
> &_y)

template <typename _lterator>

requires requires { { __x.base() + __n}-> same_as<_lterator>; }

constexpr move_iterator< _lterator > std::operator+ (typename move_iterator< _lterator >::difference_type «—
__n, const move_iterator< _lterator > & x)

template<typename _Iterator>

constexpr reverse_iterator< _lterator > std::operator+ (typename reverse_iterator< _lterator >::difference_«
type __n, const reverse_iterator< _lterator > &__ x)

template<typename _lteratorL, typename _ lteratorR>

constexpr auto std::operator- (const move_iterator< _lteratorL > & X, const move_iterator< _lteratorR > &+«
__y) -> decltype(__x.base() - __y.base())

template<typename _lteratorL, typename _ IteratorR>

constexpr auto std::operator- (const reverse_iterator< _lteratorL > &__x, const reverse_iterator< _lteratorR >
&__y) -> decltype(__y.base() - __ x.base())

template<typename _lteratorL, typename _ IteratorR>

requires requires { { __x.base() < __y.base() } -> convertible_to<bool>; }

constexpr bool std::operator< (const move_iterator< _lteratorL > &__x, const move_iterator< _lteratorR >
&_y)

template<typename _ lteratorL, typename _ IteratorR>

requires requires { { __x.base() > __y.base() } -> convertible_to<bool>;}

constexpr bool std::operator< (const reverse_iterator< _lteratorL > &__x, const reverse_iterator< _lteratorR
>&_Y)

template<typename _lteratorL, typename _ IteratorR>

requires requires { { __y.base() < __ x.base() } -> convertible_to<bool>; }

constexpr bool std::operator<= (const move_iterator< _lteratorL > & X, const move_iterator< _lteratorR >
&_y)

template<typename _lteratorL, typename _ IteratorR>

requires requires { { __ x.base() >=__y.base() } -> convertible_to<bool>;}

constexpr bool std::operator<= (const reverse_iterator< _lteratorL > &__x, const reverse_iterator< _lteratorR
> & y)
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¢ template<three_way_ comparable _lterator>
constexpr compare_three_way_result_t< _Iterator > std::operator<=> (const move_iterator< _lterator > &+«
__X, const move_iterator< _lterator > &__y)

¢ template<typename _lteratorL, three_way_comparable_with< _lteratorL > _IteratorR>
constexpr compare_three_way_result_t< _IteratorL, _IteratorR > std::operator<=> (const move_iterator< _«
IteratorL > & __x, const move_iterator< _lteratorR > &__vy)

¢ template<three_way_comparable _lterator>
constexpr compare_three_way_result_t< _lterator, _lterator > std::operator<=> (const reverse_iterator< _«
Iterator > &__ X, const reverse_iterator< _lterator > &__y)

¢ template<typename _lteratorl, three_way_comparable_with< _lteratorL > _lteratorR>
constexpr compare_three_way_result_t< _lteratorL, _lteratorR > std::operator<=> (const reverse_iterator<
_lteratorL > &__x, const reverse_iterator< _lteratorR > &__y)

¢ template<typename _CharT, typename _Traits>
bool std::operator== (const istreambuf_iterator< _CharT, _Traits > &__a, const istreambuf_iterator< _CharT,
_Traits > &__b)

¢ template<typename _lterator>
constexpr bool std::operator== (const move_iterator< _Iterator > &__x, const move_iterator< _lterator > &__y)

¢ template<typename _lteratorL, typename _lteratorR>

requires requires { { __x.base() == __y.base() } -> convertible_to<bool>;}
constexpr bool std::operator== (const move_iterator< _lteratorL > & X, const move_iterator< _lteratorR >
&_y)

¢ template<typename _lterator>
requires requires { { __x.base() == __y.base() } -> convertible_to<bool>;}
constexpr bool std::operator== (const reverse_iterator< _lterator > & __x, const reverse_iterator< _lterator >
&_y)

¢ template<typename _lteratorL, typename _lteratorR>
requires requires { { __x.base() == __y.base() } -> convertible_to<bool>;}
constexpr bool std::operator== (const reverse_iterator< _lteratorL > & __ x, const reverse_iterator< _lteratorR >
&_y)

¢ template<typename _lteratorL, typename _lteratorR>
requires requires { { __y.base() < __ x.base() } -> convertible_to<bool>;}
constexpr bool std::operator> (const move_iterator< _lteratorL > &__x, const move_iterator< _lteratorR >
&_y)

¢ template<typename _lteratorL, typename _lteratorR>
requires requires { { __ x.base() < __y.base() } -> convertible_to<bool>;}
constexpr bool std::operator> (const reverse_iterator< _lteratorL > &__x, const reverse_iterator< _lteratorR
>8&_y)

¢ template<typename _lteratorL, typename _lteratorR>
requires requires { { __x.base() < __y.base() } -> convertible_to<bool>;}
constexpr bool std::operator>= (const move_iterator< _lteratorL > & X, const move_iterator< _lteratorR >
&_y)

¢ template<typename _lteratorL, typename _lteratorR>
requires requires { { __ x.base() <=__y.base() } -> convertible_to<bool>;}
constexpr bool std::operator>= (const reverse_iterator< _lteratorL > &__x, const reverse_iterator< _lteratorR
>8&_y)

Variables

¢ template<typename _lterator1, typename _Iterator2>
constexpr bool std::disable_sized_sentinel_for< move_iterator< _lterator1 >, move_iterator< _lterator2
> >

¢ template<typename _lterator1, typename _lterator2>
constexpr bool std::disable_sized_sentinel_for< reverse_iterator< _lterator1 >, reverse_iterator< _«
Iterator2 > >
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3.9.1 Detailed Description

Abstractions for uniform iterating through various underlying types.

3.9.2 Function Documentation
__iterator_category()

template<typename _Iter>
iterator_traits< _Iter >::iterator_category std::__iterator_category (
const _Iter & ) [inline], [constexpr]
This function is not a part of the C++ standard but is syntactic sugar for internal library use only.
Referenced by std::basic_string< _CharT >::basic_string(), std::deque< _Tp, polymorphic_allocator< _Tp > >::deque(),
std::vector< _Tp, polymorphic_allocator< _Tp > >::vector(), __gnu_debug::_ valid_range_aux(), advance(), std::deque< _Tp, polymory
std::vector< _Tp, polymorphic_allocator< _Tp > >::assign(), __gnu_cxx::copy_n(), __gnu_cxx::distance(), distance(),
fill_n(), find_end(), find_end(), std::deque< _Tp, polymorphic_allocator< _Tp > >:insert(), std::vector< _Tp, polymorphic_allocator< _T
partition(), reverse(), rotate(), __ gnu_cxx:uninitialized_copy_n(), uninitialized_copy_n(), unique_copy(), and
unique_copy().

back_inserter()

template<typename _Container>
back_insert_iterator< _Container > std::back_inserter (

_Container & X) [inline], [nodiscard], [constexpr]

Parameters

« | A container of arbitrary type.
X

Returns

An instance of back_insert_iterator working on __ x.

This wrapper function helps in creating back_insert_iterator instances. Typing the name of the iterator requires knowing

the precise full type of the container, which can be tedious and impedes generic programming. Using this function lets

you take advantage of automatic template parameter deduction, making the compiler match the correct types for you.

Referenced by std::match_results< _Bidirectionallterator, polymorphic_allocator< sub_match< _Bidirectionallterator > > >< const cha
std::match_results< _Bidirectionallterator, polymorphic_allocator< sub_match< _Bidirectionallterator > > >< const char *x >::format()
regex_replace(), regex_replace(), regex_replace(), and regex_replace().

front_inserter()

template<typename _Container>
front_insert_iterator< _Container > std::front_inserter (

_Container & __ x) [inline], [nodiscard], [constexpr]

Parameters

< | A container of arbitrary type.

x
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Returns
An instance of front_insert_iterator working on x.

This wrapper function helps in creating front_insert_iterator instances. Typing the name of the iterator requires knowing
the precise full type of the container, which can be tedious and impedes generic programming. Using this function lets
you take advantage of automatic template parameter deduction, making the compiler match the correct types for you.

inserter()

template<typename _Container>

insert_iterator< _Container > std::inserter (

_Container & __x,
std::__detail::__range_iter_t< _Container > __ 1) [nodiscard], [constexpr]
Parameters
_« | A container of arbitrary type.
X
_+ | Aniterator into the container.
i

Returns
An instance of insert_iterator working on __x.

This wrapper function helps in creating insert_iterator instances. Typing the name of the iterator requires knowing the
precise full type of the container, which can be tedious and impedes generic programming. Using this function lets you
take advantage of automatic template parameter deduction, making the compiler match the correct types for you.

make_reverse_iterator()

template<typename _Iterator>

reverse_iterator< _Iterator > std::make_reverse_iterator (
_Iterator __ 1) [inline], [constexpr]

Generator function for reverse_iterator.

operator==()

template<typename _IteratorL, typename _IteratorR>
requires requires { { __x.base() == __y.base() } —-> convertible_to<bool>; }
bool std::operator== (

const reverse_iterator< _IteratorlL > & __Xx,

const reverse_iterator< _IteratorR > & __y) [nodiscard], [constexpr]

Parameters

A reverse_iterator.

s
X
< | Areverse._iterator.
y

Returns
A simple bool.

Reverse iterators forward comparisons to their underlying base() iterators.
References std::reverse_iterator< _lterator >::base().
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3.9.3 Iterator Tags

Collaboration diagram for lterator Tags:

Classes

* struct std:
* struct std:
* struct std:
* struct std:
* struct std:
* struct std:

Iterator Tags

std::input_iterator_tag

:bidirectional_iterator_tag
:contiguous_iterator_tag
:forward_iterator_tag
;input_iterator_tag
:output_iterator_tag
:random_access_iterator_tag

3.9.3.1 Detailed Description

Iterators

These are empty types, used to distinguish different iterators. The distinction is not made by what they contain, but
simply by what they are. Different underlying algorithms can then be used based on the different operations supported
by different iterator types.

3.10 Locales

Namespaces

* namespace std::__detail

Classes

* class std:
* class std:
* class std:
* class std:
* class std::
* class std::
* class std::
* class std::
* struct std:
* class std::
* class std::
* class std::
* class std::
* class std::
* class std::
* class std:

:codecvt< _InternT, ExternT, StateT >
:«ctype< _CharT >
:ctype< char >

:ctype< wchar_t >

locale::facet

locale::id

locale

messages< _CharT >
:messages_base

money_base

money_get< _CharT, _Inlter >
money_put< _CharT, _Outlter >
moneypunct< _CharT, _Intl >
num_get< _CharT, _Inlter >
num_put< _CharT, _QOutlter >
numpunct< _CharT >
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class std::time_base

class std::time_get< _CharT, _Inlter >

class std::time_put< _CharT, _Outlter >

class std::wbuffer_convert< _Codecvt, _Elem, _Tr >

class std::wstring_convert< _Codecvt, _Elem, _Wide_alloc, _Byte alloc >

Functions

3.10.1

template <typename _OutStr, typename _InChar, typename _Codecvt, typename _State, typename _Fn>

bool std::__do_str_codecvt (const _InChar *__first, const _InChar *__last, _OutStr & _outstr, const _Codecvt
& _cvt, _State & _state, size_t & _count, _Fn__fn)

template<typename _CharT, typename _Traits, typename _Alloc, typename _State >

bool std::__str_codecvt_in (const char x__first, const char x__last, basic_string< _CharT, _Traits, _Alloc >
&__outstr, const codecvt< _CharT, char, _State > & _cvt)

template<typename _CharT, typename _Traits, typename _Alloc, typename _State>

bool std::__str_codecvt_in (const char «__first, const char x__last, basic_string< _CharT, _Traits, _Alloc >
&__outstr, const codecvt< _CharT, char, _State > &__cvt, _State &__state, size_t &__count)

template<typename _CharT, typename _Traits, typename _Alloc, typename _State>

bool std::__str_codecvt_in_all (const char *__first, const char x__last, basic_string< _CharT, _Traits, _Alloc >
&__outstr, const codecvt< _CharT, char, _State > & _ cvt)

template<typename _CharT, typename _Traits, typename _Alloc, typename _State>

bool std::__str_codecvt_out (const _CharT *__first, const _CharT *__last, basic_string< char, _Traits, _Alloc
> &__outstr, const codecvt< _CharT, char, _State > &__cvt)

template<typename _CharT, typename _Traits, typename _Alloc, typename _State>

bool std::__str_codecvt_out (const _CharT *__first, const _CharT *__last, basic_string< char, _Traits, _Alloc
> &__outstr, const codecvt< _CharT, char, _State > &__cvt, _State & _state, size_t & count)
template<typename _CharT, typename _Traits, typename _Alloc, typename _State>

bool std::__str_codecvt_out_all (const _CharT *__first, const _CharT *__last, basic_string< char, _Traits, _«
Alloc > &__outstr, const codecvt< _CharT, char, _State > &__cvt)

template<typename _Facet>

bool std::has_facet (const locale & loc)

template<typename _Facet>

const _Facet & std::use_facet (const locale &__loc)

Detailed Description

Classes and functions for internationalization and localization.

3.10.2 Function Documentation

has_facet()

templ
bool

ate<typename _Facet>
std::has_facet (

const locale & __loc) [inline], [nodiscard], [noexcept]

Test for the presence of a facet.
has_facet tests the locale argument for the presence of the facet type provided as the template parameter. Facets
derived from the facet parameter will also return true.

Template Parameters

‘ _Facet ‘ The facet type to test the presence of.
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Parameters

‘ __loc ‘ The locale to test.

Returns

true if ___1oc contains a facet of type _Facet, else false.

use_facet()

template<typename _Facet>
const _Facet & std::use_facet (

const locale & ___loc) [inline], [nodiscard]
Return a facet.
use_facet looks for and returns a reference to a facet of type Facet where Facet is the template parameter. If has_«
facet(locale) is true, there is a suitable facet to return. It throws std::bad_cast if the locale doesn't contain a facet of type
Facet.

Template Parameters

‘ _Facet ‘ The facet type to access.

Parameters

‘ __loc ‘ The locale to use.

Returns

Reference to facet of type Facet.

Exceptions

std::bad _cast | if __1loc doesn't contain a facet of type _Facet. ‘

Referenced by std::money_get< _CharT, _Inlter >::do_get(), std::time_get< _CharT, _Inlter >::do_get(), std::time_get< _CharT, _Inlter
std::time_get< _CharT, _Inlter >::do_get_monthname(), std::time_get< _CharT, _Inlter >::do_get_time(), std:itime_get< _CharT, _Inlte
std::time_get< _CharT, _Inlter >::do_get_year(), std::money_put< _CharT, _Outlter >::do_put(), std::time_put< _CharT, _Outlter >::do
std::time_get< _CharT, _Inlter >::get(), isalnum(), isalpha(), isblank(), iscntrl(), std::regex_traits< _Ch_type >::isctype(),

isdigit(), isgraph(), islower(), isprint(), ispunct(), isspace(), isupper(), isxdigit(), std::regex_traits< _Ch_type >::lookup_classname(),
std::regex_traits< _Ch_type >::lookup_collatename(), std::basic_ostream< _CharT, _Traits >::operator< <(), std::basic_istream< _Cha
std::basic_istream< _CharT, _Traits >::operator>>(), operator>>(), operator>>(), std::time_put< _CharT, _Outlter >::put(),

tolower(), toupper(), std:rregex_traits< _CharT >:transform(), std::rregex_traits< _CharT >::transform_primary(),
std::regex_traits< _CharT >::translate_nocase(), std::regex_traits< _Ch_type >::value(), and ws().
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3.11 Numerics

Collaboration diagram for Numerics:

Bit manipulation

Complex Numbers

Decimal Floating-Point
Arithmetic

Mathematical Special
Functions

Numeric Arrays

Random Number Generation

N

TR1 Mathematical Special
Functions

Topics

+ Bit manipulation

» Complex Numbers

» Decimal Floating-Point Arithmetic

» Mathematical Special Functions

* Numeric Arrays

* Random Number Generation

» TR1 Mathematical Special Functions

3.11.1 Detailed Description

Components for performing numeric operations. Includes support for complex number types, random number genera-
tion, numeric (n-at-a-time) arrays, generalized numeric algorithms, and mathematical special functions.
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3.11.2 Bit manipulation

Collaboration diagram for Bit manipulation:

Utilities for examining and manipulating individual bits.

3.11.3 Complex Numbers

Collaboration diagram for Complex Numbers:

Classes

* class std::complex< _Tp >

« class std::complex< double >

* class std::complex< float >

* class std::complex< long double >

Functions

» constexpr std::complex< double >::complex (const complex< long double > &)
constexpr std::complex< float >::complex (const complex< double > &)
constexpr std::complex< float >::complex (const complex< long double > &)

template<typename _Tp>

_Tp std::__complex_abs (const complex< _Tp > &__7)
template<typename _Tp>

_Tp std::__complex_arg (const complex< _Tp > &__z)
template<typename _Tp>

complex< _Tp > std::__complex_cos (const complex< _Tp > &__z)
template <typename _Tp>

complex< _Tp > std::__complex_cosh (const complex< _Tp > &__ 2)
template<typename _Tp>

complex< _Tp > std::__complex_exp (const complex< _Tp > &__2)
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template<typename _Tp>

complex< _Tp > std::__complex_log (const complex< _Tp > &__z)

template<typename _Tp>

complex< _Tp > std::__complex_pow (const complex< _Tp > &__x, const complex< _Tp > &__y)
template<typename _Tp>

complex< _Tp > std::__complex_pow_unsigned (complex< _Tp > __x, unsigned __n)
template<typename _Tp>

complex< _Tp > std::__complex_sin (const complex< _Tp > & 2)

template<typename _Tp>

complex< _Tp > std::__complex_sinh (const complex< _Tp > & z)

template<typename _Tp>

complex< _Tp > std::__complex_sqrt (const complex< _Tp > &__z)

template<typename _Tp>

complex< _Tp > std::__complex_tan (const complex< _Tp > & 2)

template<typename _Tp>

complex< _Tp > std::__complex_tanh (const complex< _Tp > &__ 2)

template<typename _Tp>

_Tp std::abs (const complex< _Tp > &)

template<typename _Tp>

_Tp std::arg (const complex< _Tp > &)

template<typename _Tp>

constexpr complex< _Tp > std::conj (const complex< _Tp > &)

template<typename _Tp>

std::complex< typename __gnu_cxx::__promote< _Tp >::_ type > std::tr1::conj (_Tp _ x)
template<typename _Tp>

std::complex< _Tp > std::tr1::conj (const std::complex< _Tp > & 2)

template<typename _Tp>

complex< _Tp > std::cos (const complex< _Tp > &)

template<typename _Tp>

complex< _Tp > std::cosh (const complex< _Tp > &)

template<typename _Tp>

complex< _Tp > std::exp (const complex< _Tp > &)

template<typename _Tp>

std::complex< _Tp > std::tr1::fabs (const std::complex< _Tp > & 2)

template<typename _Tp>

constexpr _Tp std::imag (const complex< _Tp > & 2)

template<typename _Tp>

complex< _Tp > std::log (const complex< _Tp > &)

template<typename _Tp>

complex< _Tp > std::log10 (const complex< _Tp > &)

template<typename _Tp>

_Tp constexpr std::norm (const complex< _Tp > &)

constexpr complex< _Tp > & std::complex< _Tp >::operatork= (const _Tp &)
template<typename _Up>

constexpr complex< _Tp > & std::complex< _Tp >::operatorx= (const complex< _Up > &)
template<typename _Tp>

constexpr complex< _Tp > std::operator+ (const complex< _Tp > & X)
template<typename _Up>

constexpr complex< _Tp > & std::complex< _Tp >::operator+= (const complex< _Up > &)
template<typename _Tp>

constexpr complex< _Tp > std::operator- (const complex< _Tp > &__ x)

template <typename _Up>

constexpr complex< _Tp > & std::complex< _Tp >::operator-= (const complex< _Up > &)
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constexpr complex< _Tp > & std::complex< _Tp >::operator/= (const _Tp &)

template<typename _Up>

constexpr complex< _Tp > & std::complex< _Tp >::operator/= (const complex< _Up > &)

template<typename _Tp, typename _CharT, class _Traits>

basic_ostream< _CharT, _Traits > & std::operator<< (basic_ostream< _CharT, _Traits > & o0s, const
complex< _Tp > &__ X)

template ostream & std::operator< < (ostream &, const complex< double > &)

template ostream & std::operator< < (ostream &, const complex< float > &)

template ostream & std::operator< < (ostream &, const complex< long double > &)

template wostream & std::operator<< (wostream &, const complex< double > &)

template wostream & std::operator<< (wostream &, const complex< float > &)

template wostream & std::operator< < (wostream &, const complex< long double > &)

constexpr complex< _Tp > & std::complex< _Tp >::operator= (const _Tp &)

template<typename _Up>

constexpr complex< _Tp > & std::complex< _Tp >::0perator= (const complex< _Up > &)

template<typename _Tp, typename _CharT, class _Traits>

basic_istream< _CharT, _Traits > & std::operator>> (basic_istream< _CharT, _Traits > &__is, complex< _Tp
> & X)

template istream & std::operator>> (istream &, complex< double > &)

template istream & std::operator>> (istream &, complex< float > &)

template istream & std::operator>> (istream &, complex< long double > &)

template wistream & std::operator>> (wistream &, complex< double > &)

template wistream & std::operator>> (wistream &, complex< float > &)

template wistream & std::operator>> (wistream &, complex< long double > &)

template<typename _Tp>

complex< _Tp > std::polar (const _Tp &, const _Tp &=_Tp(0))

template<typename _Tp, typename _Up>

std::complex< typename __gnu_cxx::__promote_2< _Tp, _Up >::_ type > std::tr1::polar (const _Tp &__rho,
const _Up &__theta)

template<typename _Tp>

complex< _Tp > std::pow (const _Tp &, const complex< _Tp > &)

template<typename _Tp>

complex< _Tp > std::pow (const complex< _Tp > &, const _Tp &)

template<typename _Tp>

complex< _Tp > std::pow (const complex< _Tp > &, const complex< _Tp > &)

template<typename _Tp>

complex< _Tp > std::;pow (const complex< _Tp > &, int)

template<typename _Tp>

std::complex< _Tp > std::tr1::pow (const _Tp &__x, const std::complex< _Tp > &__y)

template<typename _Tp, typename _Up>

std::complex< typename __gnu_cxx::__promote_2< _Tp, _Up >::_ type > std::tri::pow (const _Tp & «
X, const std::complex< _Up > &__y)

template<typename _Tp>

std::complex< _Tp > std::tr1::pow (const std::complex< _Tp > &__x, const _Tp &__y)

template<typename _Tp, typename _Up>

std::complex< typename __gnu_cxx::__promote_2< _Tp, _Up >::_ type > std::ir1:pow (const std::complex<
_Tp>&_ x,const_Up& )

template<typename _Tp>

std::complex< _Tp > std::tr1::pow (const std::complex< _Tp > &__ X, const std::complex< _Tp > &__y)
template<typename _Tp, typename _Up>

std::complex< typename __gnu_cxx::__promote_2< _Tp, _Up >::_ type > std::tr1::pow (const std::complex<
_Tp > &__x, const std::complex< _Up > &__y)
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template<typename _Tp>

constexpr _Tp std::real (const complex< _Tp > &_ z)
template<typename _Tp>

complex< _Tp > std::sin (const complex< _Tp > &)
template<typename _Tp>

complex< _Tp > std::sinh (const complex< _Tp > &)
template<typename _Tp>

complex< _Tp > std::sqrt (const complex< _Tp > &)
template<typename _Tp>

complex< _Tp > std::tan (const complex< _Tp > &)
template<typename _Tp>

complex< _Tp > std::tanh (const complex< _Tp > &)

template<typename _Tp>

constexpr complex< _Tp > std::operator+ (const complex< _Tp > &__x, const complex< _Tp > &__y)

template<typename _Tp>

constexpr complex< _Tp > std::operator+ (const complex< _Tp > &__x, const _Tp & __y)

template<typename _Tp>

constexpr complex< _Tp > std::operator+ (const _Tp &__x, const complex< _Tp > &__y)

template<typename _Tp>

constexpr complex< _Tp > std::operator- (const complex< _Tp > & X, const complex< _Tp > &__y)

template<typename _Tp>

constexpr complex< _Tp > std::operator- (const complex< _Tp > &__ x,const _Tp &__y)

template<typename _Tp>

constexpr complex< _Tp > std::operator- (const _Tp & X, const complex< _Tp > &__y)

template<typename _Tp>

constexpr complex< _Tp > std::operatorx (const complex< _Tp > &__x, const complex< _Tp > &__y)

template<typename _Tp>

constexpr complex< _Tp > std::operatork (const complex< _Tp > &__ x, const _Tp &__y)

template<typename _Tp>

constexpr complex< _Tp > std::operatork (const _Tp &__x, const complex< _Tp > &__y)

template<typename _Tp>

constexpr complex< _Tp > std::operator/ (const complex< _Tp > &__x, const complex< _Tp > &__y)

template<typename _Tp>

constexpr complex< _Tp > std::operator/ (const complex< _Tp > &__x, const _Tp &__y)

template<typename _Tp>

constexpr complex< _Tp > std::operator/ (const _Tp & _ x, const complex< _Tp > &__y)

template<typename _Tp>

constexpr bool std::operator== (const complex< _Tp > &__x, const complex< _Tp > &__y)

template<typename _Tp>

constexpr bool std::operator== (const complex< _Tp > &__ x,const_Tp &__y)

3.11.3.1 Detailed Description

Classes and functions for complex numbers.
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3.11.3.2 Function Documentation
abs()

template<typename _Tp>
_Tp std::abs (
const complex< _Tp > & __2z) [inline]
Return magnitude of z.
Referenced by fabs(), std::tr1::fabs(), frexp(), std::binomial_distribution<< _IntType >::operator()(), and std::poisson_distribution< _IntType

arg()

template<typename _Tp>
_Tp std::arg (

const complex< _Tp > & __z) [inline]
Return phase angle of z

conj()

template<typename _Tp>
complex< _Tp > std::conj (

const complex< _Tp > & __z) [inline], [constexpr]
Return complex conjugate of z.

cos()

template<typename _Tp>
complex< _Tp > std::cos (
const complex< _Tp > & __z) [inline]
Return complex cosine of z.
Referenced by polar().

cosh()

template<typename _Tp>
complex< _Tp > std::cosh (

const complex< _Tp > & __2z) [inline]
Return complex hyperbolic cosine of z.

exp()

template<typename _Tp>
complex< _Tp > std::exp (
const complex< _Tp > & __2z) [inline]
Return complex base e exponential of z
Referenced by pow().

fabs()

template<typename _Tp>
std::complex< _Tp > std::trl::fabs (
const std::complex< _Tp > & __ z) [inline]
fabs(__z) [8.1.8].
References std::abs().
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log()

template<typename _Tp>
complex< _Tp > std::log (

const complex< _Tp > &
Return complex natural logarithm of z.
Referenced by generate_canonical(), log10(), std::binomial_distribution< _IntType >::operator()(), std::gamma_distribution< _RealType :
std::normal_distribution< _RealType >::operator()(), std::poisson_distribution< _IntType >::operator()(), operator< <(),
operator< <(), operator< <(), operator< <(), pow(), and pow().

z) [inline]

log10()

template<typename _Tp>
complex< _Tp > std::1logl0 (

const complex< _Tp > & z) [inline]
Return complex base 10 logarithm of z.

References log().

norm()

template<typename _Tp>
_Tp constexpr std::norm (
const complex< _Tp > &
Return z magnitude squared.
Referenced by std::complex< _Tp >::operator/=().

Z) [inline], [constexpr]

operatorx() [1/3]

template<typename _Tp>
complex< _Tp > std::operatorx*x (
const _Tp & __x,

const complex< _Tp > & __y) [inline], [constexpr]
Return new complex value x times y.

operatorx() [2/3]

template<typename _Tp>
complex< _Tp > std::operatorx*x (
const complex< _Tp > & __x,

const _Tp & __y) [inline], [constexpr]
Return new complex value x times y.

operatorx() [3/3]

template<typename _Tp>
complex< _Tp > std::operatorx*x (

const complex< _Tp > & __Xx,

const complex< _Tp > & __y) [inline], [constexpr]
Return new complex value x times y.

operatorx=() [1/2]

template<typename _Tp>

complex< _Tp > & std::complex< _Tp >::operator*= (
const _Tp & __t) [constexpr]

Multiply this complex number by a scalar.
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operatorx=() [2/2]

template<typename _Tp>

template<typename _Up>

complex< _Tp > & std::complex< _Tp >::operator*x= (
const complex< _Up > & __z) [constexpr]

Multiply this complex number by another.

References complex().

operator+() [1/4]

template<typename _Tp>
complex< _Tp > std::operator+ (

const _Tp & __x,

const complex< _Tp > & __y) [inline], [constexpr]
Return new complex value x plus y.

operator+() [2/4]

template<typename _Tp>
complex< _Tp > std::operator+ (

const complex< _Tp > & __x) [inline], [constexpr]
Return x.

operator+() [3/4]

template<typename _Tp>
complex< _Tp > std::operator+ (

const complex< _Tp > & __Xx,

const _Tp & __y) [inline], [constexpr]
Return new complex value x plus y.

operator+() [4/4]

template<typename _Tp>
complex< _Tp > std::operator+ (

const complex< _Tp > & __Xx,

const complex< _Tp > & __y) [inline], [constexpr]
Return new complex value x plus y.

operator+=()

template<typename _Tp>

template<typename _Up>

complex< _Tp > & std::complex< _Tp >::operator+= (
const complex< _Up > & __z) [constexpr]

Add another complex number to this one.

References complex().

operator-() [1/4]

template<typename _Tp>
complex< _Tp > std::operator- (

const _Tp & __x,

const complex< _Tp > & __y) [inline], [constexpr]
Return new complex value x minus y.
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operator-() [2/4]

template<typename _Tp>

complex< _Tp > std::operator— (
const complex< _Tp > &

Return complex negation of x.

x) [inline],

operator-() [3/4]

template<typename _Tp>
complex< _Tp > std::operator— (
const complex< _Tp > & __Xx,

const _Tp & __y) [inline], [constexpr]

Return new complex value x minus y.

operator-() [4/4]

template<typename _Tp>
complex< _Tp > std::operator- (

const complex< _Tp > & __x,

const complex< _Tp > & __y) [inline],
Return new complex value x minus y.

operator-=()

template<typename _Tp>
template<typename _Up>

complex< _Tp > & std::complex< _Tp >::operator—-= (

[constexpr]

[constexpr]

const complex< _Up > & __z) [constexpr]

Subtract another complex number from this one.
References complex().

operator/() [1/3]

template<typename _Tp>
complex< _Tp > std::operator/ (

const _Tp & __x,

const complex< _Tp > & __y) [inline],
Return new complex value x divided by y.

operator/() [2/3]

template<typename _Tp>
complex< _Tp > std::operator/ (
const complex< _Tp > & __Xx,

const _Tp & __y) [inline], [constexpr]

Return new complex value x divided by .

operator/() [3/3]

template<typename _Tp>
complex< _Tp > std::operator/ (

const complex< _Tp > & __Xx,

const complex< _Tp > & __y) [inline],
Return new complex value x divided by y.

[constexpr]

[constexpr]
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operator/=() [1/2]

template<typename _Tp>

complex< _Tp > & std::complex< _Tp >::operator/= (
const _Tp & __t) [constexpr]

Divide this complex number by a scalar.

operator/=() [2/2]

template<typename _Tp>

template<typename _Up>

complex< _Tp > & std::complex< _Tp >::operator/= (
const complex< _Up > & __ z) [constexpr]

Divide this complex number by another.

References complex(), and std::norm().

operator<<()

template<typename _Tp, typename _CharT, class _Traits>
basic_ostream< _CharT, _Traits > & std::operator<< (
basic_ostream< _CharT, _Traits > & __os,
const complex< _Tp > & __x)
Insertion operator for complex values.
References std::ios_base::failbit, std::basic_istream< _CharT, _Traits >::putback(), std::basic_ios< _CharT, _Traits >::setstate(),
and std::basic_ios< _CharT, _Traits >::widen().

operator=() [1/2]

template<typename _Tp>

complex< _Tp > & std::complex< _Tp >::operator= (
const _Tp & __t) [constexpr]

Assign a scalar to this complex number.

operator=() [2/2]

template<typename _Tp>

template<typename _Up>

complex< _Tp > & std::complex< _Tp >::operator= (
const complex< _Up > & __z) [constexpr]

Assign another complex number to this one.

References complex().

operator==() [1/2]

template<typename _Tp>
bool std::operator== (
const complex< _Tp > & __Xx,

const _Tp & __y) [inline], [constexpr]
Return true if x is equal to y.

operator==() [2/2]

template<typename _Tp>
bool std::operator== (
const complex< _Tp > & __Xx,

const complex< _Tp > & __y) [inline], [constexpr]
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Return true if x is equal to y.

operator>>()

template<typename _Tp, typename _CharT, class _Traits>
basic_istream< _CharT, _Traits > & std::operator>>

(

basic_istream< _CharT, _Traits > & __1is,

complex< _Tp > & ___
Extraction operator for complex values.

X)

polar()

template<typename _Tp>
complex< _Tp > std::polar (
const _Tp & __rho,
const _Tp & ___theta = _Tp(0))

[inline]

Return complex with magnitude rho and angle theta.

References cos(), and sin().
Referenced by pow(), and pow().

pow() [1/5]

template<typename _Tp>
complex< _Tp > std::pow (

Xy

const _Tp &
const complex< _Tp > & __y)
Return x to the y'th power.
References log(), polar(), and pow().

pow() [2/5]

template<typename _Tp>

complex< _Tp > std::pow (
const complex< _Tp > & __Xx,
const _Tp & __y)

Return x to the y'th power.

References exp(), log(), polar(), and pow().

pow() [3/51

template<typename _Tp>
complex< _Tp > std::pow (
const complex< _Tp > & __x,
const complex< _Tp > & __y)
Return x to the y'th power.

pow() [4/5]

template<typename _Tp>

complex< _Tp > std::pow (
const complex< _Tp > & __z,
int _ n) [inline]

Return x to the y'th power.

[inline]

[inline]

Referenced by std::gamma_distribution< _RealType >::operator()(), operator< < (), pow(), pow(), and std::tr1::pow().
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pow() [5/5]

template<typename _Tp, typename _Up>

std::complex< typename __ gnu_cxx::__promote_2< _Tp, _Up >::__type > std::trl::pow (
const std::complex< _Tp > & __ X,
const _Up & __y) [inline]

Additional overloads [8.1.9].

References std::pow().

sin()

template<typename _Tp>
complex< _Tp > std::sin (
const complex< _Tp > & __z) [inline]
Return complex sine of z.
Referenced by polar().

sinh()

template<typename _Tp>
complex< _Tp > std::sinh (

const complex< _Tp > & __2z) [inline]
Return complex hyperbolic sine of z.

sqrt()

template<typename _Tp>
complex< _Tp > std::sqrt (
const complex< _Tp > & __z) [inline]
Return complex square root of z.
Referenced by std::normal_distribution< _RealType >::operator()(), and std::student_t_distribution< _RealType >::operator()().

tan()

template<typename _Tp>
complex< _Tp > std::tan (
const complex< _Tp > & __z) [inline]
Return complex tangent of z.
Referenced by operator<<().

tanh()

template<typename _Tp>
complex< _Tp > std::tanh (

const complex< _Tp > & __z) [inline]
Return complex hyperbolic tangent of z.
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3.11.4 Decimal Floating-Point Arithmetic

Collaboration diagram for Decimal Floating-Point Arithmetic:

Numerics

Namespaces

* namespace std::decimal

3.11.4.1 Detailed Description

Classes and functions for decimal floating-point arithmetic.

3.11.5 Mathematical Special Functions

Collaboration diagram for Mathematical Special Functions:

Numerics

Functions

* template<typename _Tp>

__gnu_cxx::__promote< _Tp >::_ type _ gnu_cxx::airy_ai (_Tp _ x)
« float __gnu_cxx::airy_aif (float _ x)
long double __gnu_cxx::airy_ail (long double __ x)

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::_ type _ gnu_cxx:airy_bi (_Tp _ x)
« float __gnu_cxx::airy_bif (float _ x)

long double ___gnu_cxx::airy_bil (long double __x)

template<typename _Tp>

__gnu_cxx:;__promote< _Tp >::_ type std::assoc_laguerre (unsigned int __n, unsigned int_ m, _Tp _ Xx)
« float std::assoc_laguerref (unsigned int __n, unsigned int __m, float __ x)

long double std::assoc_laguerrel (unsigned int __n, unsigned int __m, long double __x)
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template<typename _Tp>

__gnu_cxx::__promote< _Tp >::_ type std::assoc_legendre (unsigned int __|, unsigned int__m, _Tp _ x)
« float std::assoc_legendref (unsigned int __|, unsigned int __m, float __ x)

long double std::assoc_legendrel (unsigned int __|, unsigned int __m, long double __ x)
template<typename _Tpa, typename _Tpb>

__gnu_cxx:;__promote_2< _Tpa, _Tpb >::_ type std::beta (_ Tpa__a, _Tpb__b)

float std::betaf (float __a, float __b)

long double std::betal (long double __a, long double __b)

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::_ type std::comp_ellint_1 (_Tp __k)

« float std::comp_ellint_1f (float __ k)

long double std::comp_ellint_11 (long double __ k)

template<typename _Tp>

__gnu_cxx:;__promote< _Tp >::_ type std::comp_ellint_2 (_Tp __ k)

« float std::comp_ellint_2f (float __ k)

long double std::comp_ellint_2I (long double __k)

template<typename _Tp, typename _Tpn>

__gnu_cxx:;__promote_2< _Tp, _Tpn >::__type std::comp_ellint_3 (_Tp __k, _Tpn __nu)
+ float std::comp_ellint_3f (float __k, float __nu)

long double std::comp_ellint_3I (long double __k, long double __nu)

template<typename _Tpa, typename _Tpc, typename _Tp>

__gnu_cxx::__promote_3< _Tpa, _Tpc, _Tp > type _ gnu_cxx::conf_hyperg (Tpa_a, _Tpc_c,_Tp_ X)
« float __gnu_cxx::conf_hypergf (float __a, float __c, float _ x)

long double __gnu_cxx::conf_hypergl (long double __a, long double __c, long double __ x)
template<typename _Tpnu, typename _Tp>

__gnu_cxx::__promote_2< _Tpnu, _Tp >::_ type std::cyl_bessel_i (_Tpnu __nu, _Tp__ Xx)
float std::cyl_bessel_if (float __nu, float _ x)

long double std::cyl_bessel_il (long double __nu, long double __ x)

template<typename _Tpnu, typename _Tp>

__gnu_cxx::__promote_2< _Tpnu, _Tp >::_ type std::icyl_bessel_j (_Tpnu __nu, _Tp _ x)
float std::cyl_bessel_jf (float __nu, float _ x)

long double std::cyl_bessel_jl (long double __nu, long double __ x)

template<typename _Tpnu, typename _Tp>

__gnu_cxx::__promote_2< _Tpnu, _Tp >::_ type std::cyl_bessel_k (_Tpnu__nu, _Tp_ Xx)
float std::cyl_bessel_kf (float __nu, float _ x)

long double std::cyl_bessel_kl (long double __nu, long double _ x)

template<typename _Tpnu, typename _Tp>

__gnu_cxx::__promote_2< _Tpnu, _Tp >::_ type std::cyl_neumann (_Tpnu __nu, _Tp _ x)
float std::cyl_neumannf (float __nu, float __ x)

long double std::cyl_neumannl (long double __nu, long double __ x)

template<typename _Tp, typename _Tpp>

__gnu_cxx::__promote_2< _Tp, _Tpp >::_ type std::ellint_1 (_Tp __k, _Tpp __phi)

float std::ellint_1f (float __k, float __phi)

long double std::ellint_1I (long double __k, long double __phi)

template<typename _Tp, typename _Tpp>

__gnu_cxx::__promote_2< _Tp, _Tpp >::_ type std:ellint_2 (_Tp __k, _Tpp __phi)

float std::ellint_2f (float __k, float __phi)

long double std::ellint_2I (long double __k, long double __phi)

template<typename _Tp, typename _Tpn, typename _Tpp>

__gnu_cxx::__promote_3< _Tp, _Tpn, _Tpp >::__type std::ellint_3 (_Tp_k, _Tpn__nu, _Tpp __phi)
float std::ellint_3f (float __k, float __nu, float __phi)
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long double std::ellint_3I (long double __k, long double __nu, long double __phi)

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::__ type std::expint (_Tp __x)

float std::expintf (float __ x)

long double std::expintl (long double _ x)

template<typename _Tp>

__gnu_cxx:;__promote< _Tp >::__ type std::hermite (unsigned int _ n, _Tp _ Xx)

float std::hermitef (unsigned int __n, float __ x)

long double std::hermitel (unsigned int __n, long double __ x)

template<typename _Tpa, typename _Tpb, typename _Tpc, typename _Tp>

__gnu_cxx::__promote_4< _Tpa, _Tpb, _Tpc, _Tp >::__type _ gnu_cxx:hyperg (_Tpa __a, _Tpb __ b, _Tpc
_¢_Tp_Xx

« float __gnu_cxx:hypergf (float __a, float __b, float __c, float __ x)

long double ___gnu_cxx::hypergl (long double __a, long double __b, long double __c, long double __ x)
template<typename _Tp>

__gnu_cxx::__promote< _Tp >::_ type std::laguerre (unsignedint __ n, _Tp _ x)

float std::laguerref (unsigned int __n, float _ x)

long double std::laguerrel (unsigned int __n, long double __x)

template<typename _Tp>

__gnu_cxx:;__promote< _Tp >::__ type std::legendre (unsignedint __|, _Tp _ x)
« float std::legendref (unsigned int __|, float __ x)
* long double std::legendrel (unsigned int __|, long double __ x)

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::_ type std::riemann_zeta (_Tp __s)

« float std::riemann_zetaf (float __s)

long double std::riemann_zetal (long double __s)

template<typename _Tp>

__gnu_cxx:;__promote< _Tp >::__type std::sph_bessel (unsignedint__n, _Tp_ x)
float std::sph_besself (unsigned int __n, float __ x)

long double std::sph_bessell (unsigned int __n, long double __ x)

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::_ type std::sph_legendre (unsigned int __|, unsignedint __m, Tp __ theta)
float std::sph_legendref (unsigned int __|, unsigned int __m, float __theta)

long double std::sph_legendrel (unsigned int __|, unsigned int __m, long double __theta)
template<typename _Tp>

__gnu_cxx:;__promote< _Tp >::__type std::sph_neumann (unsigned int __n, _Tp _ x)
float std::sph_neumannf (unsigned int __n, float _ x)

long double std::sph_neumannl (unsigned int __n, long double __ x)

3.11.5.1 Detailed Description
3.11.5.2 Mathematical Special Functions

A collection of advanced mathematical special functions, defined by ISO/IEC IS 29124 and then added to ISO C++
2017.

3.11.5.2.1 Introduction and History

The first significant library upgrade on the road to C++2011, TR1, included a set of 23 mathematical functions that
significantly extended the standard transcendental functions inherited from C and declared in <cmath>.

Although most components from TR1 were eventually adopted for C++11 these math functions were left behind out of
concern for implementability. The math functions were published as a separate international standard IS 29124 -
Extensions to the C++ Library to Support Mathematical Special Functions.

For C++17 these functions were incorporated into the main standard.
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3.11.5.2.2 Contents
The following functions are implemented in namespace std:
» assoc_laguerre - Associated Laguerre functions
» assoc_legendre - Associated Legendre functions
* beta - Beta functions
» comp_ellint_1 - Complete elliptic functions of the first kind
» comp_ellint_2 - Complete elliptic functions of the second kind
» comp_ellint_3 - Complete elliptic functions of the third kind
» cyl_bessel_i - Regular modified cylindrical Bessel functions
« cyl_bessel_j - Cylindrical Bessel functions of the first kind
» cyl_bessel_k - Irregular modified cylindrical Bessel functions
+ cyl_neumann - Cylindrical Neumann functions or Cylindrical Bessel functions of the second kind
« ellint_1 - Incomplete elliptic functions of the first kind
« ellint_2 - Incomplete elliptic functions of the second kind
« ellint_3 - Incomplete elliptic functions of the third kind
» expint - The exponential integral
* hermite - Hermite polynomials
« laguerre - Laguerre functions
* legendre - Legendre polynomials
» riemann_zeta - The Riemann zeta function
» sph_bessel - Spherical Bessel functions
» sph_legendre - Spherical Legendre functions
* sph_neumann - Spherical Neumann functions

The hypergeometric functions were stricken from the TR29124 and C++17 versions of this math library because of
implementation concerns. However, since they were in the TR1 version and since they are popular we kept them as an
extension in namespace ___gnu_cxx:

« conf_hyperg - Confluent hypergeometric functions

* hyperg - Hypergeometric functions

3.11.5.2.3 Argument Promotion
The arguments suppled to the non-suffixed functions will be promoted according to the following rules:
1. If any argument intended to be floating point is given an integral value That integral value is promoted to double.

2. All floating point arguments are promoted up to the largest floating point precision among them.
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3.11.5.2.4 NaN Arguments

If any of the floating point arguments supplied to these functions is invalid or NaN (std::numeric_limits<Tp>::quiet_<-
NaN), the value NaN is returned.

3.11.5.2.5 Implementation

We strive to implement the underlying math with type generic algorithms to the greatest extent possible. In practice, the
functions are thin wrappers that dispatch to function templates. Type dependence is controlled with std::numeric_limits
and functions thereof.

We don't promote float to double or double to long double reflexively. The goal is for f1oat functions
to operate more quickly, at the cost of £1oat accuracy and possibly a smaller domain of validity. Similaryly, 1ong
double should give you more dynamic range and slightly more pecision than double on many systems.

3.11.5.2.6 Testing

These functions have been tested against equivalent implementations fromthe Gnu Scientific Library, GSL
and Boost and the ratio
|f - ftest|

|ftest|

is generally found to be within 10-'® for 64-bit double on linux-x86_64 systems over most of the ranges of validity.

Todo Provide accuracy comparisons on a per-function basis for a small number of targets.

3.11.5.2.7 General Bibliography

See also
Abramowitz and Stegun: Handbook of Mathematical Functions, with Formulas, Graphs, and Mathematical Tables
Edited by Milton Abramowitz and Irene A. Stegun, National Bureau of Standards Applied Mathematics Series - 55

Issued June 1964, Tenth Printing, December 1972, with corrections Electronic versions of A&S abound including
both pdf and navigable html.

for example http://people.math.sfu.ca/~cbm/aands/

The old A&S has been redone as the NIST Digital Library of Mathematical Functions: http://dlmf.nist .«
gov/ This version is far more navigable and includes more recent work.

An Atlas of Functions: with Equator, the Atlas Function Calculator 2nd Edition, by Oldham, Keith B., Myland, Jan,
Spanier, Jerome

Asymptotics and Special Functions by Frank W. J. Olver, Academic Press, 1974

Numerical Recipes in C, The Art of Scientific Computing, by William H. Press, Second Ed., Saul A. Teukolsky,
William T. Vetterling, and Brian P. Flannery, Cambridge University Press, 1992

The Special Functions and Their Approximations: Volumes 1 and 2, by Yudell L. Luke, Academic Press, 1969

3.11.5.3 Function Documentation

airy_ai()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::__type __gnu_cxx::airy_ai (
_Tp __x) [inline]

Return the Airy function Ai(x) of real argument x.
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airy_aif()

float __gnu_cxx::airy_aif (
float __ x) [inline]
Return the Airy function Ai(x) of £1oat argument x.

airy_ail()

long double __gnu_cxx::airy_ail (
long double __ x) [inline]
Return the Airy function Ai(x) of Long double argument x.

airy_bi()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::__type __gnu_cxx::airy_bi (
_Tp __x) [inline]

Return the Airy function Bi(z) of real argument x.

airy_bif()

float __gnu_cxx::airy_bif (
float X) [inline]

Return the Airy function Bi(x) of £1oat argument x.

airy_bil()

long double __gnu_cxx::airy_bil (
long double __ x) [inline]
Return the Airy function Bi(z) of long double argument x.

assoc_laguerre()

template<typename _Tp>
__gnu_cxx::__promote< _Tp >::__type std::assoc_laguerre (
unsigned int __n,
unsigned int __m,
_Tp __x) [inline]
Return the associated Laguerre polynomial of nonnegative order n, nonnegative degree m and real argument x«
: L (x).
The associated Laguerre function of real degree «, L% (z), is defined by

a+1
@) = T B e+ 1)
where (), is the Pochhammer symbol and ; F (a; ¢; ) is the confluent hypergeometric function.
The associated Laguerre polynomial is defined for integral degree o« = m by:

dm
L (z) = (*l)mdmianer(z)
where the Laguerre polynomial is defined by:
_ e{)ﬁ d'rl no—
Ln@) =y gan e

and x >= 0.
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See also

laguerre for details of the Laguerre function of degree n

Template Parameters

‘ Tp ‘ The floating-point type of the argument __x.

Parameters

_« | The order of the Laguerre function, __n >= 0.
_n

_« | The degree of the Laguerre function, __m >= 0.
_m

_< | The argument of the Laguerre function, __x >= 0.
X

Exceptions

std::domain_error ‘ if __x < 0.

assoc_laguerref()

float std::assoc_laguerref (

unsigned int __n,
unsigned int __m,
float __ x) [inline]

Return the associated Laguerre polynomial of order n, degree m: L (x) for £ loat argument.

See also

assoc_laguerre for more details.

assoc_laguerrel()

long double std::assoc_laguerrel (
unsigned int __n,
unsigned int __m,

long double __ x) [inline]

Return the associated Laguerre polynomial of order n, degree m: L!"(x).

See also

assoc_laguerre for more details.

assoc_legendre()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::_ type std::assoc_legendre

unsigned int __ 1,

(
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unsigned int __m,
_Tp __Xx) [inline]
Return the associated Legendre function of degree 1 and order m.
The associated Legendre function is derived from the Legendre function P;(x) by the Rodrigues formula:

m m dm
Py (x):(l—l’z) /2%

Bi(x)

See also

legendre for details of the Legendre function of degree 1

Template Parameters

‘ _Tp ‘ The floating-point type of the argument ___x.

Parameters

— Thedegree __ 1 >= 0.
/

Theorder_ m <= 1.

_<_) —

-m

_< | The argument, abs (__x) <= 1.
_X

Exceptions

std::domain_error ‘ ifabs (__x) > 1.

assoc_legendref()

float std::assoc_legendref (

unsigned int __ 1,
unsigned int __m,
float X) [inline]

Return the associated Legendre function of degree 1 and order m for f1oat argument.
See also

assoc_legendre for more details.

assoc_legendrel()

long double std::assoc_legendrel (
unsigned int __ 1,
unsigned int __m,

long double x) [inline]

Return the associated Legendre function of degree 1 and order m.
See also

assoc_legendre for more details.
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beta()

template<typename _Tpa, typename _Tpb>

__gnu_cxx::__promote_2< _Tpa, _Tpb >::__ _type std::beta (
_Tpa a,

_Tpb __b) [inline]
Return the beta function, B(a, b), for real parameters a, b.
The beta function is defined by

1
B(a,b) :/ t27 (1 —t) dt =
0
wherea > 0and b > 0

Template Parameters

_Tpa | The floating-point type of the parameter __a.

_Tpb | The floating-point type of the parameter __b.

Parameters

The first argument of the beta function, __a > 0 .

-
a
« | The second argument of the beta function, _b > 0 .
b

Exceptions

‘ std::domain_error | if__a < 0 or_b < 0 .

betaf()
float std::betaf (
float __a,
float __b) [inline]

Return the beta function, B(a, b), for f Loat parameters a, b.

See also

beta for more details.

betal()

long double std::betal (
long double __a,
long double __b) [inline]
Return the beta function, B(a, b), for long double parameters a, b.

See also

beta for more details.

[(a)I'(b)
I'(a+0)
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comp_ellint_1()

template<typename _Tp>
__gnu_cxx::__promote< _Tp >::__type std::comp_ellint_1 (
_Tp __k) [inline]
Return the complete elliptic integral of the first kind K (k) for real modulus k.
The complete elliptic integral of the first kind is defined as

do

1 — k2sin20

/2
K (k) = F(k, 7/2) :/0

where F(k, ¢) is the incomplete elliptic integral of the first kind and the modulus |k| <= 1.
See also

ellint_1 for details of the incomplete elliptic function of the first kind.

Template Parameters

‘ _Tp ‘ The floating-point type of the modulus __ k.

Parameters

The modulus, abs (__k) <=1

_
k

Exceptions

std::domain_error ‘ ifabs(_k) > 1 .

comp_ellint_1f()

float std::comp_ellint_1f (
float k) [inline]

Return the complete elliptic integral of the first kind E (k) for £1oat modulus k.

See also

comp_ellint_1 for details.

comp_ellint_11()

long double std::comp_ellint_11 (
long double ___
Return the complete elliptic integral of the first kind E'(k) for long double modulus k.

k) [inline]

See also

comp_ellint_1 for details.
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comp_ellint_2()

template<typename _Tp>
__gnu_cxx::__promote< _Tp >::__type std::comp_ellint_2 (
_Tp __k) [inline]
Return the complete elliptic integral of the second kind E (k) for real modulus k.
The complete elliptic integral of the second kind is defined as

E(k) = E(k,7/2) = /Oﬂ/2 V1 —k2sin20

where E(k, ¢) is the incomplete elliptic integral of the second kind and the modulus |k| <= 1.

See also

ellint_2 for details of the incomplete elliptic function of the second kind.

Template Parameters

‘ _Tp ‘ The floating-point type of the modulus __ k.

Parameters

The modulus, abs (__k) <=1

_
k

Exceptions

std::domain_error \ if abs (__k) > 1.

comp_ellint_21()

float std::comp_ellint_2f (
float __k) [inline]
Return the complete elliptic integral of the second kind E (k) for £1oat modulus k.

See also

comp_ellint_2 for details.

comp_ellint_2I()

long double std::comp_ellint_21 (
long double __k) [inline]

Return the complete elliptic integral of the second kind E(k) for long double modulus k.

See also

comp_ellint_2 for details.

Generated by Doxygen



3.11 Numerics

199

comp_ellint_3()

template<typename _Tp, typename _Tpn>

__gnu_cxx::__promote_2< _Tp, _Tpn >::__type std::comp_ellint_3 (
_Tp k,
_Tpn __nu) [inline]

Return the complete elliptic integral of the third kind I1(k, v) = I1(k, v, 7/2) for real modulus k.
The complete elliptic integral of the third kind is defined as

de
1 —vsin? )1 — k2sin? 6

where T1(k, v, ¢) is the incomplete elliptic integral of the second kind and the modulus |k| <= 1.

w/2
M(k,v) =(k,v,7/2) = /o (

See also

ellint_3 for details of the incomplete elliptic function of the third kind.

Template Parameters

Tp | The floating-point type of the modulus ___ k.

_Tpn | The floating-point type of the argument __nu.

Parameters

_k The modulus, abs (__k) <=1
nu | The argument

Exceptions

std::domain_error \ if abs (__k) > 1.

comp_ellint_3f()

float std::comp_ellint_3f (
float __k,
float ___nu) [inline]

Return the complete elliptic integral of the third kind II(k, v/) for £ loat modulus k.
See also

comp_ellint_3 for details.

comp_ellint_3I()

long double std::comp_ellint_31 (
K,
long double __ nu) [inline]

Return the complete elliptic integral of the third kind II(k, v) for long double modulus k.

long double

See also

comp_ellint_3 for details.
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conf_hyperg()

template<typename _Tpa, typename _Tpc, typename _Tp>

__gnu_cxx::__promote_3< _Tpa, _Tpc, _Tp >::__type __gnu_cxx::conf_hyperg (
_Tpa a,
_Tpc __c,
_Tp __x) [inline]

Return the confluent hypergeometric function 1 F (a; ¢; ) of real numeratorial parameter a, denominatorial parameter
c, and argument x.
The confluent hypergeometric function is defined by

1Fi(a;cx) = Z m

n=0

where the Pochhammer symbol is (z);, = (z)(z + 1)...(x + k — 1), (z)p =1

Parameters

The numeratorial parameter

—
a
« | The denominatorial parameter
c
+— | The argument

X

conf_hypergf()

float __gnu_cxx::conf_hypergf (

float __a,
float __c,
float ___x) [inline]

Return the confluent hypergeometric function | F} (a; ¢; x) of £1oat numeratorial parameter a, denominatorial param-
eter c, and argument x.

See also

conf_hyperg for details.

conf_hypergl()

long double __gnu_cxx::conf_hypergl (

long double __a,

long double __c,

long double __ x) [inline]
Return the confluent hypergeometric function 1 F1 (a; ¢; ) of Long double numeratorial parameter a, denominatorial
parameter c, and argument x.

See also

conf_hyperg for details.
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cyl_bessel_i()

template<typename _Tpnu, typename _Tp>

__gnu_cxx::__promote_2< _Tpnu, _Tp >::__type std::cyl_bessel_ i (
_Tpnu __ nu,
_Tp __x) [inline]

Return the regular modified Bessel function I,,(x) for real order v and argument z >= 0.
The regular modified cylindrical Bessel function is:

s ' B [e's) (.%‘/Q)V+2k
L(w) = i~"J,(iz) = 24 WD (v+ k+ 1)

Template Parameters

_Tpnu | The floating-point type of the order ___nu.

_Tp | The floating-point type of the argument __ x.

Parameters

nu | The order
X The argument, __x >= 0

Exceptions

std::domain_error ‘ if__ x <0

cyl_bessel_if()

float std::cyl_bessel if (
float __nu,

float X) [inline]

Return the regular modified Bessel function I,,(x) for £1oat order v and argument z >= 0.

See also

cyl_bessel_i for setails.

cyl_bessel_il()

long double std::cyl_bessel_il (
long double __ nu,
long double __ x) [inline]
Return the regular modified Bessel function I,,(x) for Llong double order v and argument z >= 0.

See also

cyl_bessel_i for setails.
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cyl_bessel_j()

template<typename _Tpnu, typename _Tp>

__gnu_cxx::__promote_2< _Tpnu, _Tp >::__type std::cyl_bessel_3j (
_Tpnu __ nu,
_Tp __x) [inline]

Return the Bessel function J,,(x) of real order v and argument = >= 0.
The cylindrical Bessel function is:

o (DF(/2) ek
Tul) = kZ:O KT(v+k+1)

Template Parameters

_Tpnu | The floating-point type of the order __nu.

_Tp | The floating-point type of the argument __ x.

Parameters

nu | The order
X The argument, __x >= 0

Exceptions

std::domain_error ‘ if__x <0

cyl_bessel_jf()

float std::cyl_bessel_ jf (
float __ nu,
float __x) [inline]
Return the Bessel function of the first kind J,, (x) for £ loat order v and argument = >= 0.

See also

cyl_bessel_j for setails.

cyl_bessel_jl()

long double std::cyl_bessel_jl (
long double __ nu,
long double __ x) [inline]
Return the Bessel function of the first kind J,, (x) for Long double order v and argument x >= 0.

See also

cyl_bessel_j for setails.
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cyl_bessel_k()

template<typename _Tpnu, typename _Tp>

__gnu_cxx::__promote_2< _Tpnu, _Tp >::__type std::cyl_bessel_k (
_Tpnu __ nu,
_Tp __x) [inline]

Return the irregular modified Bessel function K, (x) of real order v and argument x.
The irregular modified Bessel function is defined by:

ml_,(z) - I(2)

KV == N
(2) 2 sinvmw

where for integral v = n a limit is taken: lim,,_,,,. For negative argument we have simply:

K_,(z)=K,(x)

Template Parameters

_Tpnu | The floating-point type of the order __nu.

_Tp | The floating-point type of the argument __x.

Parameters

nu | The order
X The argument, __x >= 0

Exceptions

std::domain_error ‘ if__x < O

cyl_bessel_kf()

float std::cyl_bessel kf (
float ___nu,

float X) [inline]

Return the irregular modified Bessel function K, (z) for £loat order v and argument z >= 0.
See also

cyl_bessel_k for setails.

cyl_bessel_ki()

long double std::cyl_bessel_kl (
long double __ nu,
long double __ x) [inline]
Return the irregular modified Bessel function K, () for Long double order v and argument z >= 0.

See also

cyl_bessel_k for setails.
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cyl_neumann()

template<typename _Tpnu, typename _Tp>

__gnu_cxx::__promote_2< _Tpnu, _Tp >::__type std::cyl_neumann (
_Tpnu __ nu,
_Tp __x) [inline]

Return the Neumann function N, (x) of real order v and argument x >= 0.

The Neumann function is defined by:

N, (z) = Jy(x)cosvm — J_,(x)

sinvm
where x >= 0 and for integral order v = n a limit is taken: lim, _, .

Template Parameters

_Tpnu | The floating-point type of the order __nu.

_Tp | The floating-point type of the argument __x.

Parameters

nu | The order
X The argument, __x >= 0

Exceptions

std::domain_error ‘ if__ x <0

cyl_neumannf()

float std::cyl_neumannf (
float __nu,
float __ x) [inline]
Return the Neumann function N, (x) of £1oat order v and argument .

See also

cyl_neumann for setails.

cyl_neumannl()

long double std::cyl_neumannl (
long double __nu,

long double __ x) [inline]

Return the Neumann function N, (x) of long double order v and argument .

See also

cyl_neumann for setails.
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ellint_1()
template<typename _Tp, typename _Tpp>
__gnu_cxx::__promote_2< _Tp, _Tpp >::__type std::ellint_1 (
_Tp __k,
_Tpp __phi) [inline]

Return the incomplete elliptic integral of the first kind F'(k, ¢) for real modulus k and angle ¢.
The incomplete elliptic integral of the first kind is defined as

¢ do
Flk,¢)= | —
(k. @) /0 1 — k2sin20

For ¢ = 7 /2 this becomes the complete elliptic integral of the first kind, K (k).
See also

comp_ellint_1.

Template Parameters

Tp | The floating-point type of the modulus ___k.

_Tpp | The floating-point type of the angle __phi.

Parameters

k The modulus, abs (__k) <=1
__phi | The integral limit argument in radians

Exceptions

‘ std::domain_error | ifabs (__k) > 1 .

ellint_1f()
float std::ellint_1f (
float k,
float ___phi) [inline]

Return the incomplete elliptic integral of the first kind E(k, ¢) for £1oat modulus k and angle ¢.
See also

ellint_1 for details.

ellint_11()

long double std::ellint_11 (
long double __k,
long double ___phi) [inline]
Return the incomplete elliptic integral of the first kind E(k, ¢) for Long double modulus k and angle ¢.

See also

ellint_1 for details.
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ellint_2()
template<typename _Tp, typename _Tpp>
__gnu_cxx::__promote_2< _Tp, _Tpp >::__type std::ellint_2 (
_Tp __k,
_Tpp __phi) [inline]

Return the incomplete elliptic integral of the second kind E(k, ¢).
The incomplete elliptic integral of the second kind is defined as

2
Ek,¢) = /0 V1 —k2sin26

For ¢ = 7/2 this becomes the complete elliptic integral of the second kind, E(k).

See also

comp_ellint_2.

Template Parameters

_Tp | The floating-point type of the modulus ___k.

_Tpp | The floating-point type of the angle ___phi.

Parameters

_k The modulus, abs (__k) <= 1
__phi | The integral limit argument in radians

Returns

The elliptic function of the second kind.

Exceptions

‘ std::domain_error | ifabs (__k) > 1 .

ellint_2f()
float std::ellint_2f (
float __k,
float ___phi) [inline]

Return the incomplete elliptic integral of the second kind E(k, ¢) for float argument.

See also

ellint_2 for details.
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ellint_21()

long double std::ellint_21 (
long double __k,
long double ___phi) [inline]
Return the incomplete elliptic integral of the second kind E(k, ¢).

See also

ellint_2 for details.

ellint_3()

template<typename _Tp, typename _Tpn, typename _Tpp>

__gnu_cxx::__promote_3< _Tp, _Tpn, _Tpp >::__type std::ellint_3 (
_Tp __k,

_Tpn __nu,

_Tpp __phi) [inline]
Return the incomplete elliptic integral of the third kind II(k, v, ¢).
The incomplete elliptic integral of the third kind is defined by:

¢ df
(k) = [ — -
0 (1—vsin®0)yv/1—k2Zsin“0

For ¢ = /2 this becomes the complete elliptic integral of the third kind, TI(k, v/).

See also

comp_ellint_3.

Template Parameters

Tp | The floating-point type of the modulus ___k.

Tpn | The floating-point type of the argument __nu.

_Tpp | The floating-point type of the angle __phi.

Parameters

k The modulus, abs (__k) <=1
nu | The second argument

__phi | The integral limit argument in radians

Returns

The elliptic function of the third kind.

Exceptions

std::domain_error | ifabs (__k) > 1 .
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ellint_3f()
float std::ellint_3f (
float _ k,
float __ nu,
float ___phi) [inline]

Return the incomplete elliptic integral of the third kind TI(k, v, ¢) for £1oat argument.

See also

ellint_3 for details.

ellint_3I()

long double std::ellint_31 (
long double __k,
long double __nu,
long double ___phi) [inline]
Return the incomplete elliptic integral of the third kind II(k, v, ¢).

See also

ellint_3 for details.

expint()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::__type std::expint (
_Tp __x) [inline]

Return the exponential integral Ei(x) for real argument x.
The exponential integral is given by

Template Parameters

‘ _Tp ‘ The floating-point type of the argument __x. ‘

Parameters

« | The argument of the exponential integral function.

x

expintf()

float std::expintf (

float X) [inline]

Return the exponential integral Ei(x) for £ 1loat argument x.
See also

expint for details.
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expintl()

long double std::expintl (
long double __ x) [inline]
Return the exponential integral Fi(x) for Long double argument x.

See also

expint for details.

hermite()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::__type std::hermite (
unsigned int __n,
_Tp __x) [inline]

Return the Hermite polynomial H,L(m) of order n and real argument x.
The Hermite polynomial is defined by:
2 dV 2
H,(x)=(-1)"e" dx—ne z

The Hermite polynomial obeys a reflection formula:

Hp(—x) = (=1)"Hy(z)

Template Parameters

‘ _Tp ‘ The floating-point type of the argument ___x. ‘

Parameters

The order

-
n
+ | The argument
X

hermitef()

float std::hermitef (
unsigned int __n,
float __ x) [inline]

Return the Hermite polynomial H,,(x) of nonnegative order n and float argument x.
See also

hermite for details.

hermitel()

long double std::hermitel (

unsigned int n,

long double __ x) [inline]
Return the Hermite polynomial H,,(x) of nonnegative order n and 1ong double argument x.
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See also

hermite for details.

hyperg()
template<typename _Tpa, typename _Tpb, typename _Tpc, typename _Tp>
__gnu_cxx::__promote_4< _Tpa, _Tpb, _Tpc, _Tp >::__type __gnu_cxx::hyperg (
_Tpa __a,
_Tpb __b,
_Tpc __c,
_Tp __Xx) [inline]

Return the hypergeometric function o F} (a, b; ¢; ) of real numeratorial parameters a and b, denominatorial parameter
c, and argument x.
The hypergeometric function is defined by

o0 n

oF1(a;cx) = E "7
= (c)nn!
+ k-

1), (z)o =1

where the Pochhammer symbol is (z); = (z)(z + 1)...(x +

Parameters
_+« | The first numeratorial parameter
_a
_+ | The second numeratorial parameter
_b
_+ | The denominatorial parameter
_C
_<+ | The argument
X

hypergf()
float __gnu_cxx::hypergf (
float __a,
float __b,
float _ ¢,
float __ x) [inline]

Return the hypergeometric function 2 F (a, b; ¢; ) of @ float numeratorial parameters a and b, denominatorial param-
eter c, and argument x.

See also

hyperg for details.

hypergl()

long double __ _gnu_cxx::hypergl (

long double __a,

long double __b,

long double __c,

long double __x) [inline]
Return the hypergeometric function o F (a, b; ¢; ) of Long double numeratorial parameters a and b, denominatorial
parameter c, and argument x.
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See also

hyperg for details.

laguerre()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::__type std::laguerre (
unsigned int __n,
_Tp __Xx) [inline]

Returns the Laguerre polynomial L,,(x) of nonnegative degree n and real argument  >= 0.
The Laguerre polynomial is defined by:
e’ d"

n! dx™

L,(x) = (z"e™™)

Template Parameters

‘ _Tp ‘ The floating-point type of the argument __x. ‘

Parameters

The nonnegative order

—
n
<~ | Theargument_x >= 0
X

Exceptions

‘ std::domain_error ‘ if__x < 0

laguerref()

float std::laguerref (
unsigned int __n,

float X) [inline]

Returns the Laguerre polynomial L,,(z) of nonnegative degree n and £1oat argument z >= 0.
See also

laguerre for more details.

laguerrel()

long double std::laguerrel (
unsigned int __n,
long double __x) [inline]
Returns the Laguerre polynomial L,,(x) of nonnegative degree n and long double argument x >= 0.

See also

laguerre for more details.
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legendre()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::__type std::legendre (
unsigned int 1,
_Tp __x) [inline]

Return the Legendre polynomial P;(x) of nonnegative degree [ and real argument |x| <= 0.
The Legendre function of order [ and argument x, P;(x), is defined by:

1 d

Pl(.fL') = ﬁ@(:ﬂ — 1)l

Template Parameters

‘ _Tp ‘ The floating-point type of the argument __x.

Parameters
_« | Thedegreel >=0
_
_<+ | Theargument abs (__x) <=1
X
Exceptions

std::domain_error ‘ if abs (__x) > 1

legendref()

float std::legendref (
unsigned int __ 1,
float X) [inline]

Return the Legendre polynomial P;(x) of nonnegative degree [ and £1oat argument |z| <= 0.

See also

legendre for more details.

legendrel()

long double std::legendrel (
unsigned int __ 1,
long double __x) [inline]
Return the Legendre polynomial P;(x) of nonnegative degree [ and long double argument |z| <= 0.

See also

legendre for more details.
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riemann_zeta()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::__type std::riemann_zeta (
_Tp __5s) [inline]

Return the Riemann zeta function ¢(s) for real argument s.

The Riemann zeta function is defined by:

C(s) = Zk’s fors > 1
k=1

and

o0

—— ) (DR Hor 0 <=s <=1
k=1
For s < 1 use the reflection formula:

C(s) = 2875 sin(%s)l"(l —§)C(1—s)

Template Parameters

‘ Tp ‘ The floating-point type of the argument __s.

Parameters
_<« | Thearguments != 1
_S

riemann_zetaf()

float std::riemann_zetaf (
float __s) [inline]
Return the Riemann zeta function ¢(s) for £1loat argument s.

See also

riemann_zeta for more details.

riemann_zetal()

long double std::riemann_zetal (
long double __s) [inline]
Return the Riemann zeta function ¢(s) for long double argument s.

See also

riemann_zeta for more details.
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sph_bessel()

template<typename _Tp>
__gnu_cxx::__promote< _Tp >::__type std::sph_bessel (

unsigned int n,

_Tp __x) [inline]
Return the spherical Bessel function j,,(z) of nonnegative order n and real argument 2z >= 0.
The spherical Bessel function is defined by:

inte) = () ol

2

Template Parameters

‘ _Tp ‘ The floating-point type of the argument ___x. ‘

Parameters

The integral ordern >= 0

-
n
«— | Therealargumentx >= 0
X

Exceptions

std::domain_error ‘ if__x < 0

sph_besself()

float std::sph_besself (
unsigned int __n,

float X) [inline]

Return the spherical Bessel function j,,(z) of nonnegative order n and £1loat argument z >= 0.
See also

sph_bessel for more details.

sph_bessell()

long double std::sph_bessell (
unsigned int __n,
long double __ x) [inline]
Return the spherical Bessel function j,,(z) of nonnegative order n and 1ong double argument z >= 0.

See also

sph_bessel for more details.
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sph_legendre()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::___type std::sph_legendre (
unsigned int __ 1,
unsigned int __m,
_Tp __theta) [inline]

Return the spherical Legendre function of nonnegative integral degree 1 and order m and real angle 6 in radians.
The spherical Legendre function is defined by

20+1) (I —m)!

I it (cost) exp!™?

V™0, 6) = (=1)"

Template Parameters

‘ _Tp ‘ The floating-point type of the angle ___theta. ‘

Parameters
| Theorder__1 >= 0
_m Thedegree __ m >= 0 and_m <=

1

__theta | The radian polar angle argument

sph_legendref()

float std::sph_legendref (
unsigned int __ 1,
unsigned int __m,
float __ theta) [inline]
Return the spherical Legendre function of nonnegative integral degree 1 and order m and float angle 6 in radians.

See also

sph_legendre for details.

sph_legendrel()

long double std::sph_legendrel (

unsigned int __ 1,
unsigned int __m,
long double __ theta) [inline]

Return the spherical Legendre function of nonnegative integral degree 1 and order m and 1ong double angle 6 in
radians.

See also

sph_legendre for details.
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sph_neumann()

template<typename _Tp>
__gnu_cxx::__promote< _Tp >::__type std::sph_neumann (

unsigned int n,

_Tp __x) [inline]
Return the spherical Neumann function of integral order n >= 0 and real argument x >= 0.
The spherical Neumann function is defined by

(@) = ()" N jafa)

Template Parameters

‘ _Tp ‘ The floating-point type of the argument ___x. ‘

Parameters

The integral ordern >= 0

-
n
«— | Therealargument_x >= 0
X

Exceptions

std::domain_error ‘ if__x < 0

sph_neumannf()

float std::sph_neumannf (
unsigned int __n,
float X) [inline]

Return the spherical Neumann function of integral order n >= 0 and f1oat argument x >= 0.
See also

sph_neumann for details.

sph_neumannil()

long double std::sph_neumannl (
unsigned int __n,
long double x) [inline]

Return the spherical Neumann function of integral order n >= 0 and 1ong double x >= 0.
See also

sph_neumann for details.
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3.11.6 Numeric Arrays

Collaboration diagram for Numeric Arrays:

Numerics («¢—— NumericArrays

Classes

* class std::gslice

* class std::gslice_array< _Tp >

+ class std:indirect_array< _Tp >
* class std::mask_array< _Tp >

* class std::slice

* class std::slice_array< _Tp >

* class std::valarray< _Tp >

Functions

« std::gslice::gslice ()

« std::gslice::gslice (const gslice &)

« std::gslice::gslice (size_t __ o, const valarray< size_t > & |, const valarray< size_t > &__s)
« std::gslice_array< _Tp >:gslice_array (const gslice_array &)

« std:indirect_array< _Tp >:indirect_array (const indirect_array &)

« std::mask_array< _Tp >::mask_array (const mask_array &)

« std::slice::slice ()

» std:slice::slice (size_t __o, size_t__d, size_t__s)

« std::slice_array< _Tp >:slice_array (const slice_array &)

« std::valarray< _Tp >::valarray () noexcept

template<class _Dom>

std::valarray< _Tp >::valarray (const _Expr< _Dom, _Tp > & e)

std::valarray< _Tp >::valarray (const _Tp &, size_t)

template<typename _Tp>

std::valarray< _Tp >::valarray (const _Tp x__restrict___ p, size_t__n)

« std:valarray< _Tp >::valarray (const gslice_array< _Tp > &)

« std:valarray< _Tp >::valarray (const indirect_array< _Tp > &)

« std:valarray< _Tp >::valarray (const mask_array< _Tp > &)

« std:valarray< _Tp >::valarray (const slice_array< _Tp > &)

« std:valarray< _Tp >::valarray (const valarray &)
(
(
(

« std::valarray< _Tp >:valarray (initializer_list< _Tp >)

« std::valarray< _Tp >::valarray (size_t)

« std::valarray< _Tp >:valarray (valarray &&) noexcept

« std::gslice::~gslice ()

» _Expr< _ValFunClos< _ValArray, _Tp >, _Tp > std::valarray< _Tp >::apply (_Tp __func(_Tp)) const

» _Expr< _RefFunClos< _ValArray, _Tp >, _Tp > std:valarray< _Tp >::apply (_Tp __func(const _Tp &)) const
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template<class _Tp>

const _Tp * std::begin (const valarray< _Tp > &__va) noexcept

template<class _Tp>

_Tp * std::begin (valarray< _Tp > & _va) noexcept

valarray< _Tp > std::valarray< _Tp >::cshift (int __n) const

template<class _Tp>

const _Tp * std::end (const valarray< _Tp > &__va) noexcept

template<class _Tp>

_Tp = std::end (valarray< _Tp > &__va) noexcept

_Tp std::valarray< _Tp >::max () const

_Tp std::valarray< _Tp >::min () const

gslice & std::gslice::operator= (const gslice &)

template<class _Dom>

void std::gslice_array< _Tp >::operator= (const _Expr< _Dom, _Tp > &) const

void std::gslice_array< _Tp >::operator= (const _Tp &) const

gslice_array & std::gslice_array< _Tp >::operator= (const gslice_array &)

void std::gslice_array< _Tp >::operator= (const valarray< _Tp > &) const

template<class _Dom>

void std::indirect_array< _Tp >::operator= (const _Expr< _Dom, _Tp > &) const
void std::indirect_array< _Tp >::operator= (const _Tp &) const

indirect_array & std::indirect_array< _Tp >::operator= (const indirect_array &)

void std::indirect_array< _Tp >::operator= (const valarray< _Tp > &) const
template<class _Ex>

void std::mask_array< _Tp >::operator= (const _Expr< _Ex, _Tp > &__e) const
void std::mask_array< _Tp >::operator= (const _Tp &) const

mask_array & std::mask_array< _Tp >::operator= (const mask_array &)

void std::mask_array< _Tp >::operator= (const valarray< _Tp > &) const
template<class _Dom>

void std::slice_array< _Tp >::operator= (const _Expr< _Dom, _Tp > &) const

void std::slice_array< _Tp >::operator= (const _Tp &) const

slice_array & std::slice_array< _Tp >::operator= (const slice_array &)

void std::slice_array< _Tp >::operator= (const valarray< _Tp > &) const

template<class _Dom>

valarray< _Tp > & std::valarray< _Tp >::operator= (const _Expr< _Dom, _Tp > &)
valarray< _Tp > & std::valarray< _Tp >::operator= (const _Tp &__1)

valarray< _Tp > & std::valarray< _Tp >::operator= (const gslice_array< _Tp > &__ga)
valarray< _Tp > & std::valarray< _Tp >::operator= (const indirect_array< _Tp > &__ia)
valarray< _Tp > & std::valarray< _Tp >::operator= (const mask_array< _Tp > &__ma)
valarray< _Tp > & std::valarray< _Tp >::operator= (const slice_array< _Tp > &__sa)
valarray< _Tp > & std::valarray< _Tp >::operator= (const valarray< _Tp > &__ V)
valarray & std::valarray< _Tp >::operator= (initializer_list< _Tp > _ 1)

valarray< _Tp > & std::valarray< _Tp >::operator= (valarray< _Tp > &&__Vv) noexcept
gslice_array< _Tp > std::valarray< _Tp >::operator[] (const gslice & __s)

_Expr< _GClos< _ValArray, _Tp >, _Tp > std:valarray< _Tp >::operator[] (const gslice & __s) const
mask_array< _Tp > std::valarray< _Tp >::operator[] (const valarray< bool > & _m)
valarray< _Tp > std::valarray< _Tp >::operator[] (const valarray< bool > & _m) const
indirect_array< _Tp > std::valarray< _Tp >::operator[] (const valarray< size_t > &__i)
_Expr< _IClos< _ValArray, _Tp >, _Tp > std::valarray< _Tp >::operator[] (const valarray< size_t > & i) const
_Tp & std::valarray< _Tp >::operator[] (size_t __i) noexcept

const _Tp & std::valarray< _Tp >::operator[] (size_t) const noexcept

slice_array< _Tp > std::valarray< _Tp >::operator[] (slice __s)

Py
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» _Expr< _SClos< _ValArray, _Tp >, _Tp > std::valarray< _Tp >::operator[] (slice __s) const

+ void std::valarray< _Tp >:resize (size_t __size, _Tp __c=_Tp())
* valarray< _Tp > std::valarray< _Tp >::shift (int __n) const
 valarray< size_t > std::gslice::size () const
* size_t std::slice::size () const
* size_t std::valarray< _Tp >::size () const
* size_t std::gslice::start () const
* size_t std::slice::start () const
 valarray< size_t > std::gslice::stride () const
* size_t std::slice::stride () const
+ _Tpstd::valarray< _Tp >::sum () const
+ void std::valarray< _Tp >::swap (valarray< _Tp > &__v) noexcept
¢ template<typename _Tp, size_t _Nm>
std::valarray (const _Tp(&)[_Nm], size_t) -> valarray< _Tp >

3.11.6.1 Detailed Description

Classes and functions for representing and manipulating arrays of elements.

3.11.6.2 Function Documentation
gslice() [1/31]

std::gslice::gslice () [inline]

Construct an empty slice.

References gslice().

Referenced by gslice(), gslice(), gslice(), and operator=().

gslice() [2/31

std::gslice::gslice (

const gslice & __qg) [inline]
Copy constructor.
References gslice().

gslice() [3/3]

std::gslice::gslice (

size_t _ o,
const valarray< size_t > & __1I,
const valarray< size_t > & __s) [inline]

Construct a slice.
Constructs a slice with as many dimensions as the length of the /and s arrays.

Parameters

Offset in array of first element.

Array of dimension lengths.

« | Array of dimension strides between array elements.
5

References gslice().

Generated by Doxygen



220

gslice_array()

template<typename _Tp>
std::gslice_array< _Tp >::gslice_array (

const gslice_array< _Tp > & __a) [inline]

Copy constructor. Both slices refer to the same underlying array.
References gslice_array().
Referenced by gslice_array(), and operator=().

indirect_array()

template<typename _Tp>

std::indirect_array< _Tp >::indirect_array (
const indirect_array< _Tp > & ___

Copy constructor. Both slices refer to the same underlying array.

References indirect_array().

Referenced by indirect_array(), and operator=().

mask_array()

template<typename _Tp>
std::mask_array< _Tp >::mask_array (

const mask_array< _Tp > & __a) [inline]
Copy constructor. Both slices refer to the same underlying array.
References mask_array().
Referenced by mask_array(), and operator=().

slice() [1/2]

std::slice::slice () [inline]
Construct an empty slice.
Referenced by operator==.

slice() 12/2]

std::slice::slice (

size_t _ o,
size_t _ _d,
size_t __s) [inline]

Construct a slice.

Parameters
_+« | Offsetin array of first element.
_o
_+ | Number of elements in slice.
_d
_+« | Stride between array elements.
S

slice_array()

template<typename _Tp>
std::slice_array< _Tp >::slice_array (

const slice_array< _Tp > & __a) [inline]

a) [inline]
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Copy constructor. Both slices refer to the same underlying array.
References slice_array().
Referenced by slice_array(), and operator=().

valarray() [1/10]

template<typename _Tp>

std::valarray< _Tp >::valarray () [inline], [noexcept]

Construct an empty array.

Referenced by valarray(), valarray(), valarray(), cshift(), operator%=(), operator%=(), operator&=(), operator&=(),
operatorx=(), operatorx=(), operator+=(), operator+=(), operator-=(), operator-=(), operator/=(), operator/=(),
operator<<=(), operator=(), operator=(), operator>>=(), operator>>=(), operator[](), operator[](), operator[](),
operator[](), operator”=(), operator” =(), operator|=(), shift(), and swap().

valarray() [2/10]

template<typename _Tp>

std::valarray< _Tp >::valarray (
const _Tp & __¢t,
size_t __n) [inline]

Construct an array with n elements initialized to t.

valarray() [3/10]

template<typename _Tp>
std::valarray< _Tp >::valarray (
const gslice_array< _Tp > & __ga) [inline]
Construct an array with the same size and values in ga.
References size().

valarray() [4/10]

template<typename _Tp>
std::valarray< _Tp >::valarray (

const indirect_array< _Tp > & __1ia) [inline]
Construct an array with the same size and values in ia.

valarray() [5/10]

template<typename _Tp>
std::valarray< _Tp >::valarray (

const mask_array< _Tp > & __ma) [inline]
Construct an array with the same size and values in ma.

valarray() [6/10]

template<typename _Tp>
std::valarray< _Tp >::valarray (

const slice_array< _Tp > & __sa) [inline]
Construct an array with the same size and values in sa.

valarray() [7/10]

template<typename _Tp>
std::valarray< _Tp >::valarray (

const valarray< _Tp > & __V) [inline]
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Copy constructor.
References valarray().

valarray() [8/10]

template<typename _Tp>
std::valarray< _Tp >::valarray (

initializer_list< _Tp > __ 1) [inline]
Construct an array with an initializer_list of values.
References size().

valarray() [9/10]

template<typename _Tp>
std::valarray< _Tp >::valarray (

size_t __n) [inline], [explicit]
Construct an array with n elements.

valarray() [10/10]

template<typename _Tp>
std::valarray< _Tp >::valarray (
valarray< _Tp > && __ V) [inline], [noexcept]
Move constructor.
References valarray().

~gslice()

std::gslice::~gslice () [inline]
Destructor.

apply() [1/2]

template<class _Tp>
_Expr< _ValFunClos< _ValArray, _Tp >, _Tp > std::valarray< _Tp >::apply (
_Tp __func_Tp) const [inline]
Apply a function to the array.
Returns a new valarray with elements assigned to the result of applying __func to the corresponding element of this
array. The new array has the same size as this one.

Parameters

‘ __func ‘ Function of Tp returning Tp to apply.

Returns

New valarray with transformed elements.

apply() [2/2]

template<class _Tp>
_Expr< _RefFunClos< _ValArray, _Tp >, _Tp > std::valarray< _Tp >::apply (
_Tp __funcconst _Tp &) const [inline]

Apply a function to the array.
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Returns a new valarray with elements assigned to the result of applying __func to the corresponding element of this
array. The new array has the same size as this one.
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Parameters

‘ __func ‘ Function of const Tp& returning Tp to apply.

Returns

New valarray with transformed elements.

begin() [1/2]

template<class _Tp>
const _Tp * std::begin (

const valarray< _Tp > & __va) [inline], [noexcept]
Return an iterator pointing to the first element of the const valarray.

Parameters

‘ __va ‘ valarray. ‘

References __addressof().

begin() [2/2]

template<class _Tp>
_Tp * std::begin (

valarray< _Tp > & __va) [inline], [noexcept]
Return an iterator pointing to the first element of the valarray.

Parameters

‘ __va ‘ valarray. ‘

References __addressof().
Referenced by cbegin(), std::vector< _Tp, _Alloc >:insert(), std::list< _Tp, _Alloc >::merge(), std::list< _Tp, _Alloc >::merge(),

std::list< _Tp, _Alloc >::remove(), std::list< _Tp, _Alloc >::remove_if(), std::vector< _State< _TraitsT::char_type > >:reserve(),
std::list< _Tp, _Alloc >::sort(), std::list< _Tp, _Alloc >::sort(), std::list< _Tp, _Alloc >::unique(), and std::list< _Tp, _Alloc >::unique().

cshift()

template<class _Tp>
valarray< _Tp > std::valarray< _Tp >::cshift (

int __n) const [inline]
Return a rotated array.
A new valarray is constructed as a copy of this array with elements in shifted positions. For an element with index i, the
new position is (i - n) % size(). The new valarray has the same size as the current one. Elements that are shifted beyond
the array bounds are shifted into the other end of the array. No elements are lost.
Positive arguments shift toward index 0, wrapping around the top. Negative arguments shift towards the top, wrapping
around to 0.

Parameters

+ | Number of element positions to rotate.
n
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Returns

New valarray with elements in shifted positions.

References valarray().

end() [1/2]

template<class _Tp>
const _Tp * std::end (

const valarray< _Tp > & __va) [inline], [noexcept]
Return an iterator pointing to one past the last element of the const valarray.

Parameters

‘ _va ‘ valarray. ‘

References __addressof().

end() [2/2]

template<class _Tp>
_Tp * std::end (

valarray< _Tp > & __va) [inline], [noexcept]
Return an iterator pointing to one past the last element of the valarray.

Parameters

‘ __va ‘ valarray. ‘

References __addressof().
Referenced by cend(), std::vector< _Tp, _Alloc >::insert(), std::list< _Tp, _Alloc >::merge(), std::list< _Tp, _Alloc >::merge(),
std::ivector< _Tp, Alloc >::operator=(),  std:list< Tp, Alloc >:remove(), std:list< Tp, Alloc >::remove_if(),

std::vector< _State< _TraitsT::.char_type > >:rreserve(), std::list< _Tp, _Alloc >::resize(), std::list< _Tp, _Alloc >:resize(),
std::list< _Tp, _Alloc >::sort(), std::list< _Tp, _Alloc >::sort(), std::list< _Tp, _Alloc >::unique(), and std::list< _Tp, _Alloc >::unique().

max()

template<typename _Tp>
_Tp std::valarray< _Tp >::max () const [inline]
Return the maximum element using operator<().

min()

template<typename _Tp>
_Tp std::valarray< _Tp >::min () const [inline]
Return the minimum element using operator<().

operator=() [1/20]

gslice & std::gslice::operator= (

const gslice & __ Q) [inline]
Assignment operator.
References gslice().
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operator=() [2/20]

template<typename _Tp>

void std::gslice_array< _Tp >::operator= (
const _Tp & __t) const [inline]

Assign all slice elements to t.

operator=() [3/20]

template<typename _Tp>

gslice_array< _Tp > & std::gslice_array< _Tp >::operator= (
const gslice_array< _Tp > & __a) [inline]

Assignment operator. Assigns slice elements to corresponding elements of a.

References gslice_array().

operator=() [4/20]

template<typename _Tp>
void std::gslice_array< _Tp >::operator= (
const valarray< _Tp > & __v) const [inline]
Assign slice elements to corresponding elements of v.
References std::valarray< _Tp >::size().

operator=() [5/20]

template<typename _Tp>

void std::indirect_array< _Tp >::operator= (
const _Tp & __t) const [inline]

Assign all slice elements to t.

operator=() [6/20]

template<typename _Tp>

indirect_array< _Tp > & std::indirect_array< _Tp >::operator= (
const indirect_array< _Tp > & __a) [inline]

Assignment operator. Assigns elements to corresponding elements of a.

References indirect_array().

operator=() [7/20]

template<typename _Tp>
void std::indirect_array< _Tp >::operator= (

const valarray< _Tp > & __v) const [inline]
Assign slice elements to corresponding elements of v.

operator=() [8/201]

template<typename _Tp>

void std::mask_array< _Tp >::operator= (
const _Tp & __t) const [inline]

Assign all slice elements to &.
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operator=() [9/20]

template<typename _Tp>
mask_array< _Tp > & std::mask_array< _Tp >::operator= (

const mask_array< _Tp > & __a) [inline]

Assignment operator. Assigns elements to corresponding elements of a.

References mask_array().

operator=() [10/20]

template<typename _Tp>

void std::slice_array< _Tp >::operator= (
const _Tp & __t) const [inline]

Assign all slice elements to t.

operator=() [11/20]

template<typename _Tp>
slice_array< _Tp > & std::slice_array< _Tp >::operator= (

const slice_array< _Tp > & __a) [inline]

Assignment operator. Assigns slice elements to corresponding elements of a.

References slice_array().

operator=() [12/20]

template<typename _Tp>
void std::slice_array< _Tp >::operator= (
const valarray< _Tp > & __v) const [inline]

Assign slice elements to corresponding elements of v.

operator=() [13/20]

template<typename _Tp>

valarray< _Tp > & std::valarray< _Tp >::operator= (
const _Tp & __t) [inline]

Assign elements to a value.

Assign all elements of array to .

Parameters

— Value for elements.

operator=() [14/20]

template<typename _Tp>

valarray< _Tp > & std::valarray< _Tp >::operator= (
const gslice_array< _Tp > & __ga) [inline]

Assign elements to an array subset.

Assign elements of array to values in ga. Results are undefined if ga does not have the same size as this array.
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Parameters

‘ __ga ‘ Array slice to get values from.

References size().

operator=() [15/20]

template<typename _Tp>
valarray< _Tp > & std::valarray< _Tp >::operator= (
const indirect_array< _Tp > & __1ia) [inline]
Assign elements to an array subset.
Assign elements of array to values in ia. Results are undefined if ia does not have the same size as this array.

Parameters

_+ | Array slice to get values from.
_ia

operator=() [16/20]

template<typename _Tp>
valarray< _Tp > & std::valarray< _Tp >::operator= (
const mask_array< _Tp > & __ma) [inline]
Assign elements to an array subset.
Assign elements of array to values in ma. Results are undefined if ma does not have the same size as this array.

Parameters

‘ __ma ‘ Array slice to get values from.

operator=() [17/20]

template<typename _Tp>
valarray< _Tp > & std::valarray< _Tp >::operator= (
const slice_array< _Tp > & __sa) [inline]
Assign elements to an array subset.
Assign elements of array to values in sa. Results are undefined if sa does not have the same size as this array.

Parameters

‘ __sa ‘ Array slice to get values from.

operator=() [18/20]

template<typename _Tp>

valarray< _Tp > & std::valarray< _Tp >::operator= (
const valarray< _Tp > & V) [inline]

Assign elements to an array.

Assign elements of array to values in v.
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Parameters

+ | Valarray to get values from.

<

References valarray().

operator=() [19/20]

template<typename _Tp>

valarray< _Tp > & std::valarray< _Tp >::operator= (
initializer_list< _Tp > __1I) [inline]

Assign elements to an initializer_list.

Assign elements of array to values in __ /. Results are undefined if __/ does not have the same size as this array.

Parameters

« | initializer_list to get values from.

T

1

operator=() [20/20]

template<typename _Tp>

valarray< _Tp > & std::valarray< _Tp >::operator= (
valarray< _Tp > && __V) [inline], [noexcept]

Move assign elements to an array.

Move assign elements of array to values in v.

Parameters

« | Valarray to get values from.
v

References valarray().

operator[]() [1/9]

template<typename _Tp>

gslice_array< _Tp > std::valarray< _Tp >::operator[] (
const gslice & __s) [inline]

Return a reference to an array subset.

Returns a new valarray containing the elements of the array indicated by the gslice argument. The new valarray has the

same size as the input gslice.
See also

gslice.
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Parameters

« | The source gslice.

n

Returns

New valarray containing elements in __s.

operator[]() [2/91]

template<typename _Tp>

_Expr< _GClos< _ValArray, _Tp >, _Tp > std::valarray< _Tp >::operator[] (
const gslice &

Return an array subset.

Returns a slice_array referencing the elements of the array indicated by the slice argument.

s) const [inline]

See also

gslice.

Parameters

« | The source slice.

n

Returns

Slice_array referencing elements indicated by __s.

operator[]() [3/9]

template<typename _Tp>
mask_array< _Tp > std::valarray< _Tp >::operator[] (

const valarray< bool > & __m) [inline]
Return a reference to an array subset.
Returns a new mask_array referencing the elements of the array indicated by the argument. The input is a valarray of
bool which represents a bitmask indicating which elements are part of the subset. Elements of the array are part of the
subset if the corresponding element of the argument is true.

Parameters

The valarray bitmask.

—
m

Returns

New valarray containing elements indicated by __m.

References valarray(), and size().
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operator[]() [4/91]

template<typename _Tp>

valarray< _Tp > std::valarray< _Tp >::operator[] (
const valarray< bool > &

Return an array subset.

Returns a new valarray containing the elements of the array indicated by the argument. The input is a valarray of bool

which represents a bitmask indicating which elements should be copied into the new valarray. Each element of the array

is added to the return valarray if the corresponding element of the argument is true.

m) const [inline]

Parameters

« | The valarray bitmask.
m

Returns

New valarray containing elements indicated by __m.

References valarray(), and size().

operator[]() [5/91]

template<typename _Tp>
indirect_array< _Tp > std::valarray< _Tp >::operator[] (

const valarray< size_t > & __ 1) [inline]
Return a reference to an array subset.
Returns an indirect_array referencing the elements of the array indicated by the argument. The elements in the argument
are interpreted as the indices of elements of this valarray to include in the subset. The returned indirect_array refers to
these elements.

Parameters

+ | The valarray element index list.

_—

o
o

-

Returns

Indirect_array referencing elements in __i.

References valarray(), and size().

operator[]() [6/91]

template<typename _Tp>
_Expr< _IClos< _ValArray, _Tp >, _Tp > std::valarray< _Tp >::operator[] (
const valarray< size_t > & __1) const [inline]
Return an array subset.
Returns a new valarray containing the elements of the array indicated by the argument. The elements in the argument
are interpreted as the indices of elements of this valarray to copy to the return valarray.
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Parameters

« | The valarray element index list.

T

T

-

Returns

New valarray containing elements in __s.

References valarray().

operator[]() [7/91]

template<typename _Tp>
_Tp & std::valarray< _Tp >::operator[] (

size_t 1) [inline], [noexcept]

Return a reference to the i'th array element.

Parameters

— Index of element to return.

T

1

-

Returns

Reference to the i'th element.

operator[]() [8/91]

template<typename _Tp>
slice_array< _Tp > std::valarray< _Tp >::operator[] (
slice __s) [inline]
Return a reference to an array subset.
Returns a new valarray containing the elements of the array indicated by the slice argument. The new valarray has the
same size as the input slice.

See also

slice.

Parameters

« | The source slice.

n

Returns

New valarray containing elements in __s.
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operator[]() [9/91]

template<typename _Tp>
_Expr< _SClos< _ValArray, _Tp >, _Tp > std::valarray< _Tp >::operator[] (
slice __s) const [inline]
Return an array subset.
Returns a new valarray containing the elements of the array indicated by the slice argument. The new valarray has the

same size as the input slice.
See also

slice.

Parameters

« | The source slice.

n

Returns

New valarray containing elements in __s.

resize()

template<class _Tp>
void std::valarray< _Tp >::resize (
size_t _ _size,
_Tp __c = _Tp()) [inline]
Resize array.
Resize this array to size and set all elements to c. All references and iterators are invalidated.

Parameters

__size | New array size.

c New value for all elements.

shift()

template<class _Tp>
valarray< _Tp > std::valarray< _Tp >::shift (

int __n) const [inline]
Return a shifted array.
A new valarray is constructed as a copy of this array with elements in shifted positions. For an element with index i, the
new position is i - n. The new valarray has the same size as the current one. New elements without a value are set to 0.
Elements whose new position is outside the bounds of the array are discarded.
Positive arguments shift toward index 0, discarding elements [0, n). Negative arguments discard elements from the top
of the array.

Parameters

+ | Number of element positions to shift.
n
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Returns

New valarray with elements in shifted positions.

References valarray().

size() [1/31]

valarray< size_t > std::gslice::size () const [inline]
Return array of sizes of slice dimensions.

size() [2/3]

size_t std::slice::size () const [inline]

Return size of slice.

size() [3/3]

template<class _Tp>

size_t std::valarray< _Tp >::size () const [inline]

Return the number of elements in array.

Referenced by valarray(), valarray(), std::gslice_array< _Tp >::operator=(), operator=(), operator[](), operator[](), and
operator[]()-

start() 11/2]

size_t std::gslice::start () const [inline]
Return array offset of first slice element.

start() [2/2]

size_t std::slice::start () const [inline]
Return array offset of first slice element.

stride() [1/2]

valarray< size_t > std::gslice::stride () const [inline]
Return array of array strides for each dimension.
stride() [2/2]

size_t std::slice::stride () const [inline]
Return array stride of slice.

sum()

template<class _Tp>

_Tp std::valarray< _Tp >::sum () const [inline]

Return the sum of all elements in the array.

Accumulates the sum of all elements into a Tp using +=. The order of adding the elements is unspecified.

swap!()

template<class _Tp>
void std::valarray< _Tp >::swap (

valarray< _Tp > & __V) [inline], [noexcept]
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Swap.
References valarray().

3.11.7 Random Number Generation

Collaboration diagram for Random Number Generation:

I Random Number Distributions I

I Numerics }4—' Random NumberGeneratiﬂndom Number Generators I

\

I Random Number Utilities I

Topics

« Random Number Distributions
« Random Number Generators
« Random Number Utilities

Functions

¢ template<typename _RealType, size_t __bits, typename _UniformRandomNumberGenerator>
_RealType std::generate_canonical (_UniformRandomNumberGenerator & Q)

3.11.7.1 Detailed Description

A facility for generating random numbers on selected distributions.

3.11.7.2 Function Documentation
generate_canonical()

template<typename _RealType, size_t _ bits, typename _UniformRandomNumberGenerator>
_RealType std::generate_canonical (
_UniformRandomNumberGenerator & __g)
A function template for converting the output of a (integral) uniform random number generator to a floatng point result in
the range [0-1).
References std::__numeric_limits_base::digits, std::numeric_limits< _Tp >::iepsilon(), generate_canonical(), log(),
max(), and min().
Referenced by generate_canonical().
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3.11.7.3 Random Number Distributions

Collaboration diagram for Random Number Distributions:

Random Number Generation

Topics

» Bernoulli Distributions
* Normal Distributions
 Poisson Distributions
» Sampling Distributions
» Uniform Distributions

3.11.7.3.1 Detailed Description
3.11.7.3.2 Bernoulli Distributions

Collaboration diagram for Bernoulli Distributions:

Random Number Distributions _

Classes

« class std::bernoulli_distribution

« class std::binomial_distribution< _IntType >

« class std::geometric_distribution< _IntType >

« class std::negative_binomial_distribution< _IntType >

Functions

¢ template<typename _CharT, typename _Traits>
std::basic_ostream< _CharT, _Traits > & std::operator<< (std::basic_ostream< _CharT, _Traits > & _o0s, const
std::bernoulli_distribution &__x)
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¢ template<typename _IntType, typename _CharT, typename _Traits>
std::basic_ostream< _CharT, _Traits > & std::operator<< (std::basic_ostream< _CharT, _Traits > & _o0s, const
std::geometric_distribution< _IntType > & _ x)

¢ template<typename _CharT, typename _Traits>
std::basic_istream< _CharT, _Traits > & std::operator>> (std::basic_istream< _CharT, _Traits > & is,
std::bernoulli_distribution &__x)

¢ template<typename _IntType, typename _CharT, typename _Traits >
std::basic_istream< _CharT, _Traits > & std::operator>> (std::basic_istream< _CharT, _Traits > &_ is,
std::geometric_distribution< _IntType > & x)

Detailed Description
Function Documentation
operator<<() [1/2]

template<typename _CharT, typename _Traits>
std::basic_ostream< _CharT, _Traits > & std::operator<< (

std::basic_ostream< _CharT, _Traits > & os,

const std::bernoulli_distribution & __ x)
Inserts a bernoulli_distribution random number distribution ___x into the output stream __os.

Parameters

os | An output stream.

X A bernoulli_distribution random number distribution.

Returns

The output stream with the state of ___x inserted or in an error state.

operator<<() [2/2]

template<typename _IntType, typename _CharT, typename _Traits>
std::basic_ostream< _CharT, _Traits > & std::operator<< (
std::basic_ostream< _CharT, _Traits > & __ os,

const std::geometric_distribution< _IntType > & Xx)

Inserts a geometric_distribution random number distribution ___x into the output stream __os.

Parameters

os | An output stream.

x | A geometric_distribution random number distribution.

Returns

The output stream with the state of ___x inserted or in an error state.

References std::numeric_limits< _Tp >::epsilon(), log(), and std::numeric_limits< _Tp >::max().
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operator>>() [1/2]

template<typename _CharT, typename _Traits>

std::basic_istream< _CharT, _Traits > & std::operator>> (
std::basic_istream< _CharT, _Traits > & __1is,
std::bernoulli_distribution & __x) [inline]

Extracts a bernoulli_distribution random number distribution ___x from the input stream __is.
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Parameters

+ | Aninput stream.

+ | A bernoulli_distribution random number generator engine.

Returns
The input stream with ___x extracted or in an error state.

References std::bernoulli_distribution::param().

operator>>() [2/2]

template<typename _IntType, typename _CharT, typename _Traits>
std::basic_istream< _CharT, _Traits > & std::operator>> (
std::basic_istream< _CharT, _Traits > & __1is,

std::geometric_distribution< _IntType > & __x)

Extracts a geometric_distribution random number distribution ___x from the input stream __is.

Parameters

+ | Aninput stream.

«— | A geometric_distribution random number generator engine.

Returns
The input stream with ___x extracted or in an error state.

References std::ios_base::flags(), and std::geometric_distribution< _IntType >::param().

3.11.7.3.3 Normal Distributions

Collaboration diagram for Normal Distributions:

Random Number Distributions Normal Distribution

Classes

« class std::cauchy_distribution< _RealType >

« class std::chi_squared_distribution< _RealType >
« class std::fisher_f_distribution< _RealType >

« class std::lognormal_distribution< _RealType >

« class std::normal_distribution< _RealType >

« class std::student_t_distribution< _RealType >
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Functions

¢ template<typename _RealType, typename _CharT, typename _Traits >
std::basic_ostream< _CharT, _Traits > & std::operator<< (std::basic_ostream< _CharT, _Traits > & _o0s, const
std::cauchy_distribution< _RealType > &__ x)

¢ template<typename _RealType, typename _CharT, typename _Traits >
std::basic_istream< _CharT, _Traits > & std::operator>> (std::basic_istream< _CharT, _Traits > &_is,
std::cauchy_distribution< _RealType > &__ x)

Detailed Description
Function Documentation
operator<<()

template<typename _RealType, typename _CharT, typename _Traits>
std::basic_ostream< _CharT, _Traits > & std::operator<< (
std::basic_ostream< _CharT, _Traits > & __ os,

const std::cauchy_distribution< _RealType > & x)

Inserts a cauchy_distribution random number distribution ___x into the output stream ___os.

Parameters

os | An output stream.
x | A cauchy_distribution random number distribution.

Returns

The output stream with the state of ___x inserted or in an error state.

References tan().

operator>>()

template<typename _RealType, typename _CharT, typename _Traits>

std::basic_istream< _CharT, _Traits > & std::operator>> (
std::basic_istream< _CharT, _Traits > & __1is,
std::cauchy_distribution< _RealType > & __X)

Extracts a cauchy_distribution random number distribution ___x from the input stream __is.

Parameters

« | Aninput stream.

+ | A cauchy_distribution random number generator engine.

Returns

The input stream with ___x extracted or in an error state.

References std::ios_base::flags(), and std::cauchy_distribution< _RealType >::param().
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3.11.7.3.4 Poisson Distributions

Collaboration diagram for Poisson Distributions:

Random Number Distributions |«¢—— Poisson Distributions

Classes

class std::exponential_distribution< _RealType >
class std::extreme_value_distribution< _RealType >
class std::gamma_distribution< _RealType >

class std::poisson_distribution< _IntType >

class std::weibull_distribution< _RealType >

Functions

template<typename _RealType, typename _CharT, typename _Traits >

std::basic_ostream< _CharT, _Traits > & std::operator<< (std::basic_ostream< _CharT, _Traits > & _0s, const
std::exponential_distribution< _RealType > &__ x)

template<typename _RealType, typename _CharT, typename _Traits>

std::basic_ostream< _CharT, _Traits > & std::operator<< (std::basic_ostream< _CharT, _Traits > & _o0s, const
std::extreme_value_distribution< _RealType > &__ x)

template<typename _RealType, typename _CharT, typename _Traits >

std::basic_ostream< _CharT, _Traits > & std::operator<< (std::basic_ostream< _CharT, _Traits > & _o0s, const
std::weibull_distribution< _RealType > &_ x)

template<typename _RealType, typename _CharT, typename _Traits>

std::basic_istream< _CharT, _Traits > & std::operator>> (std::basic_istream< _CharT, _Traits > &_is,
std::exponential_distribution< _RealType > &__ x)

template<typename _RealType, typename _CharT, typename _Traits >

std::basic_istream< _CharT, _Traits > & std::operator>> (std::basic_istream< _CharT, _Traits > &_is,
std::extreme_value_distribution< _RealType > &__ x)

template<typename _RealType, typename _CharT, typename _Traits >

std::basic_istream< _CharT, _Traits > & std::operator>> (std::basic_istream< _CharT, _Traits > & is,
std::weibull_distribution< _RealType > & x)

Detailed Description

Function Documentation

operator<<() [1/3]

template<typename _RealType, typename _CharT, typename _Traits>

std::basic_ostream< _CharT, _Traits > & std::operator<< (

std::basic_ostream< _CharT, _Traits > & __os,

const std::exponential distribution< _RealType > & __Xx)

Inserts a exponential_distribution random number distribution ___x into the output stream __os.
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Parameters

os | An output stream.

x | A exponential_distribution random number distribution.

Returns
The output stream with the state of ___x inserted or in an error state.

References log().

operator<<() [2/3]

template<typename _RealType, typename _CharT, typename _Traits>
std::basic_ostream< _CharT, _Traits > & std::operator<< (

std::basic_ostream< _CharT, _Traits > & __os,

const std::extreme_value_distribution< _RealType > & __Xx)
Inserts a extreme_value_distribution random number distribution __x into the output stream __os.

Parameters

os | An output stream.

x | A extreme_value_distribution random number distribution.

Returns
The output stream with the state of ___x inserted or in an error state.

References log().

operator<<() [3/3]

template<typename _RealType, typename _CharT, typename _Traits>

std::basic_ostream< _CharT, _Traits > & std::operator<< (
std::basic_ostream< _CharT, _Traits > & __os,
const std::weibull_distribution< _RealType > & ___

Inserts a weibull_distribution random number distribution ___x into the output stream __os.

X)

Parameters

__0s | An output stream.

x | A weibull_distribution random number distribution.

Returns
The output stream with the state of ___x inserted or in an error state.

References log(), and pow().

operator>>() [1/3]

template<typename _RealType, typename _CharT, typename _Traits>
std::basic_istream< _CharT, _Traits > & std::operator>> (
std::basic_istream< _CharT, _Traits > & __1is,
std::exponential_distribution< _RealType > & __ Xx)
Extracts a exponential_distribution random number distribution ___x from the input stream ___is.
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Parameters

+ | Aninput stream.

« | A exponential_distribution random number generator engine.

Returns

The input stream with ___x extracted or in an error state.

References std::ios_base::flags(), and std::exponential_distribution< _RealType >::param().

operator>>() [2/3]

template<typename _RealType, typename _CharT, typename _Traits>
std::basic_istream< _CharT, _Traits > & std::operator>> (
std::basic_istream< _CharT, _Traits > & __1is,

std::extreme_value_distribution< _RealType > & __ Xx)

Extracts a extreme_value_distribution random number distribution ___x from the input stream __is.

Parameters

_< | Aninput stream.
_is
+— | A extreme_value_distribution random number generator engine.

x

Returns

The input stream with ___x extracted or in an error state.

References std::ios_base::flags(), and std::extreme_value_distribution< _RealType >::param().

operator>>() [3/3]

template<typename _RealType, typename _CharT, typename _Traits>

std::basic_istream< _CharT, _Traits > & std::operator>> (
std::basic_istream< _CharT, _Traits > & __1is,
std::weibull_distribution< _RealType > & __X)

Extracts a weibull_distribution random number distribution __x from the input stream _is.

Parameters

+ | Aninput stream.

« | A weibull_distribution random number generator engine.

Returns

The input stream with ___x extracted or in an error state.

References std::ios_base::flags(), and std::weibull_distribution< _RealType >::param().
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3.11.7.3.5 Sampling Distributions

Collaboration diagram for Sampling Distributions:

Random Number Distributions _

Classes

« class std::discrete_distribution< _IntType >
« class std::piecewise_constant_distribution< _RealType >
« class std::piecewise_linear_distribution< _RealType >

Detailed Description
3.11.7.3.6 Uniform Distributions

Collaboration diagram for Uniform Distributions:

Random Number Distributions _

Classes

« class std::uniform_int_distribution< _IntType >
« class std::uniform_real_distribution< _RealType >

Functions

¢ template<typename _IntType, typename _CharT, typename _Traits >
std::basic_ostream< _CharT, _Traits > & std::operator<< (std::basic_ostream< _CharT, _Traits > &, const
std::uniform_int_distribution< _IntType > &)

* template<typename _RealType, typename _CharT, typename _Traits >
std::basic_ostream< _CharT, _Traits > & std::operator<< (std::basic_ostream< _CharT, _Traits > &, const
std::uniform_real_distribution< _RealType > &)

¢ template<typename _IntType, typename _CharT, typename _Traits >
std::basic_istream< _CharT, _Traits > & std::.operator>> (std::basic_istream< _CharT, _Traits > &,
std::uniform_int_distribution< _IntType > &)

¢ template<typename _RealType, typename _CharT, typename _Traits >
std::basic_istream< _CharT, _Traits > & std::operator>> (std::basic_istream< _CharT, _Traits > &,
std::uniform_real_distribution< _RealType > &)
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Detailed Description
Function Documentation
operator<<() [1/2]

template<typename _IntType, typename _CharT, typename _Traits>
std::basic_ostream< _CharT, _Traits > & std::operator<< (
std::basic_ostream< _CharT, _Traits > & __os,
const std::uniform_int_distribution< _IntType > & __ Xx)
Inserts a uniform_int_distribution random number distribution ___x into the output stream os.

Parameters

os | An output stream.

Xx | A uniform_int_distribution random number distribution.

Returns

The output stream with the state of ___x inserted or in an error state.

References std::ios_base::flags().

operator<<() [2/2]

template<typename _RealType, typename _CharT, typename _Traits>
std::basic_ostream< _CharT, _Traits > & std::operator<< (

std::basic_ostream< _CharT, _Traits > & __ os,

const std::uniform_real_distribution< _RealType > & __ X)
Inserts a uniform_real_distribution random number distribution ___x into the output stream __os.

Parameters

os | An output stream.

X | A uniform_real_distribution random number distribution.

Returns

The output stream with the state of ___x inserted or in an error state.

operator>>() [1/2]

template<typename _IntType, typename _CharT, typename _Traits>
std::basic_istream< _CharT, _Traits > & std::operator>> (
std::basic_istream< _CharT, _Traits > & __1is,

std::uniform _int_distribution< _IntType > & x)

Extracts a uniform_int_distribution random number distribution ___x from the input stream ___is.

Parameters

< | Aninput stream.

« | Auniform_int_distribution random number generator engine.
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Returns

The input stream with ___x extracted or in an error state.

References std::ios_base::flags(), and std::uniform_int_distribution< _IntType >::param().

operator>>() [2/2]

template<typename _RealType, typename _CharT, typename _Traits>
std::basic_istream< _CharT, _Traits > & std::operator>> (
std::basic_istream< _CharT, _Traits > & __1is,

std::uniform_real_distribution< _RealType > & X)

Extracts a uniform_real_distribution random number distribution ___x from the input stream ___is.

Parameters

+ | Aninput stream.

« | A uniform_real_distribution random number generator engine.

Returns

The input stream with ___x extracted or in an error state.

References std::ios_base::flags(), and std::uniform_real_distribution< _RealType >::param().

3.11.7.4 Random Number Generators

Collaboration diagram for Random Number Generators:

Random Number Generation |<¢—— Random Number Generators

Classes

« class std::discard_block_engine< _RandomNumberEngine, _ p, _r>

« class std::iindependent_bits_engine< _RandomNumberEngine, __ w, _UlIntType >
« class std::linear_congruential_engine< _UlIntType, _a,__¢c,_ m >
« class std::mersenne_twister_engine< _UlIntType, __w, _ n,__ m,_ r,
« class std::random_device

* class std::shuffle_order_engine< _RandomNumberEngine, _ k >

« class std::subtract_with_carry_engine< _UlntType, _ w, s, r>

Typedefs

* typedef minstd_rand0 std::default_random_engine
« typedef shuffle_order_engine< minstd_rand0, 256 > std::knuth_b

« typedef linear_congruential_engine< uint_fast32_t, 48271UL, 0UL, 2147483647UL > std::minstd_rand
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« typedef linear_congruential_engine< uint_fast32_t, 16807UL, 0UL, 2147483647UL > std::minstd_rand0

» typedef mersenne_twister_engine< uint_fast32_t, 32, 624, 397, 31, 0x9908b0dfUL, 11, OxffffffffUL, 7,
0x9d2c5680UL, 15, 0xefc60000UL, 18, 1812433253UL > std::mt19937

» typedef mersenne_twister_engine< uint_fasté4_t, 64, 312, 156, 31, 0xb5026f52a96619e9ULL, 29,

0x5555555555555555ULL, 17, 0x71d67fffeda60000ULL, 37, 0xfff7eee000000000ULL, 43, 6364136223846793005ULL

> std::mt19937 64
« typedef discard_block_engine< ranlux24_base, 223, 23 > std::ranlux24
« typedef subtract_with_carry_engine< uint_fast32_t, 24, 10, 24 > std::ranlux24_base
« typedef discard_block_engine< ranlux48_base, 389, 11 > std::ranlux48
« typedef subtract_with_carry_engine< uint_fast64_t, 48, 5, 12 > std::ranlux48_base

Functions

¢ template<typename _RandomNumberEngine, size_t __w, typename _UIntType, typename _CharT, typename _Traits>
std::basic_ostream< _CharT, _Traits > & std::operator<< (std::basic_ostream< _CharT, _Traits > & _o0s, const
std::independent_bits_engine< _RandomNumberEngine, __ w, _UlntType > &_ x)

3.11.7.4.1 Detailed Description

These classes define objects which provide random or pseudorandom numbers, either from a discrete or a continuous
interval. The random number generator supplied as a part of this library are all uniform random number generators
which provide a sequence of random number uniformly distributed over their range.

A number generator is a function object with an operator() that takes zero arguments and returns a number.

A compliant random number generator must satisfy the following requirements.

Table 291 Random Number Generator Requirements

To be documented.

3.11.7.4.2 Typedef Documentation

minstd_rand

typedef linear_congruential_engine<uint_fast32_t, 48271UL, OUL, 2147483647UL> std::minstd_rand
An alternative LCR (Lehmer Generator function).

minstd_rand0

typedef linear_congruential_engine<uint_fast32_t, 16807UL, OUL, 2147483647UL> std::minstd_rand0
The classic Minimum Standard rand0O of Lewis, Goodman, and Miller.

mt19937

typedef mersenne_twister_engine< uint_fast32_t, 32, 624, 397, 31, 0x9908b0dfuUL, 11, OxffffffffulL,
7, 0x9d2c5680UL, 15, 0xefc60000UL, 18, 1812433253UL> std::mt19937

The classic Mersenne Twister.

Reference: M. Matsumoto and T. Nishimura, Mersenne Twister: A 623-Dimensionally Equidistributed Uniform Pseudo-
Random Number Generator, ACM Transactions on Modeling and Computer Simulation, Vol. 8, No. 1, January 1998, pp
3-30.

mt19937_64

typedef mersenne_twister_engine< uint_fasté64_t, 64, 312, 156, 31, 0xb5026f5aa96619e9ULL, 29,

0x5555555555555555ULL, 17, 0x71d67fffeda60000ULL, 37, Oxfff7eee000000000ULL, 43, 6364136223846793005ULL>

std::mt19937_64
An alternative Mersenne Twister.
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3.11.7.4.3 Function Documentation
operator<<()

template<typename _RandomNumberEngine, size_t __w, typename _UIntType, typename _CharT, typename
_Traits>
std::basic_ostream< _CharT, _Traits > & std::operator<< (
std::basic_ostream< _CharT, _Traits > & __os,
const std::independent_bits_engine< _RandomNumberEngine, __w, _UIntType > & __ Xx)
Inserts the current state of a independent_bits_engine random number generator engine ___x into the output stream
Os.

Parameters

os | An output stream.

x | Aindependent_bits_engine random number generator engine.

Returns
The output stream with the state of ___x inserted or in an error state.

References std::__numeric_limits_base::digits.

3.11.7.5 Random Number Utilities

Collaboration diagram for Random Number Utilities:

Random Number Generation _

Classes

+ class std::seed_seq

3.11.7.5.1 Detailed Description
3.11.8 TR1 Mathematical Special Functions

Collaboration diagram for TR1 Mathematical Special Functions:

Numerics
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Functions

template<typename _Tp>

__gnu_cxx:;__promote< _Tp >::__ type std::tr1::assoc_laguerre (unsigned int _ n, unsignedint__m, _Tp _ x)

float std::tr1::assoc_laguerref (unsigned int __n, unsigned int __m, float __ x)
long double std::tr1::assoc_laguerrel (unsigned int __n, unsigned int __m, long double __x)
template<typename _Tp>

__gnu_cxx:;__promote< _Tp >::__ type std::tr1::assoc_legendre (unsigned int __|, unsignedint __m, _Tp _ x)

float std::tr1::assoc_legendref (unsigned int __|, unsigned int _ m, float __ x)

long double std::tr1::assoc_legendrel (unsigned int __|, unsigned int __m, long double __ x)
template<typename _Tpx, typename _Tpy>

__gnu_cxx::__promote_2< _Tpx, _Tpy >::_ type std::tri::beta (_Tpx _x, _Tpy __Yy)

float std::tr1::betaf (float _ x, float __y)

long double std::tr1::betal (long double __ x, long double __y)

template<typename _Tp>

__gnu_cxx:;__promote< _Tp >::_ type std::tr1::comp_ellint_1 (_Tp __k)

float std::tr1::comp_ellint_1f (float _ k)

long double std::tr1::comp_ellint_1I (long double __ k)

template<typename _Tp>

__gnu_cxx:;__promote< _Tp >::_ type std::tr1::comp_ellint_2 (_Tp __k)

float std::tr1::comp_ellint_2f (float __ k)

long double std::tr1::comp_ellint_2I (long double __ k)

template<typename _Tp, typename _Tpn>

__gnu_cxx:;.__promote_2< _Tp, _Tpn >::__type std::tr1::comp_ellint_3 (_Tp __k, _Tpn __nu)
float std::tr1::comp_ellint_3f (float __k, float __ nu)

long double std::tr1::comp_ellint_3I (long double __k, long double __nu)

template<typename _Tpnu, typename _Tp>

__gnu_cxx::__promote_2< _Tpnu, _Tp >::_ type std::tr1::cyl_bessel_i (_Tpnu __nu, _Tp_ Xx)
float std::tr1::cyl_bessel_if (float _ nu, float _ x)

long double std::tr1::cyl_bessel_il (long double _ nu, long double __ x)

template<typename _Tpnu, typename _Tp>

__gnu_cxx::__promote_2< _Tpnu, _Tp >::_ type std::tr1::cyl_bessel_j (_Tpnu __nu, _Tp__ Xx)
float std::tr1::cyl_bessel_jf (float _ nu, float _ x)

long double std::tr1::cyl_bessel_jl (long double __nu, long double __ x)

template<typename _Tpnu, typename _Tp>

__gnu_cxx:;__promote_2< _Tpnu, _Tp >::_ type std::tr1::cyl_bessel_k (_Tpnu__nu, _Tp_ Xx)
float std::tr1::cyl_bessel_kf (float _ nu, float _ x)

long double std::tr1::cyl_bessel_kl (long double _ nu, long double _ x)

template<typename _Tpnu, typename _Tp>

__gnu_cxx::__promote_2< _Tpnu, _Tp >::_ type std::tr1::cyl_neumann (_Tpnu__nu, _Tp __ Xx)
float std::tr1::cyl_neumannf (float _ nu, float _ x)

long double std::tr1::cyl_neumannl (long double __ nu, long double __ x)

template<typename _Tp, typename _Tpp>

__gnu_cxx::__promote_2< _Tp, _Tpp >::_ type std::tri:ellint_1 (_Tp __k, _Tpp __phi)

float std::tr1::ellint_1f (float __k, float __phi)

long double std::tr1::ellint_11 (long double __k, long double __phi)

template<typename _Tp, typename _Tpp>

__gnu_cxx::__promote_2< _Tp, _Tpp >::_ type std::tri:ellint_2 (_Tp __k, _Tpp __phi)

float std::tr1::ellint_2f (float __k, float __phi)

long double std::tr1::ellint_2I (long double __k, long double __phi)

template<typename _Tp, typename _Tpn, typename _Tpp>

__gnu_cxx:;__promote_3< _Tp, _Tpn, _Tpp >::_ type std::tr1:ellint_ 3 (Tp __k, _Tpn __nu, _Tpp __phi)
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float std::tr1::ellint_3f (float __k, float __nu, float __phi)

long double std::tr1::ellint_3I (long double __k, long double __nu, long double __phi)
template<typename _Tp>

__gnu_cxx:.__promote< _Tp >::_ type std::tr1::expint (_Tp _ x)

float std::tr1::expintf (float _ x)

long double std::tr1::expintl (long double _ x)

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::_ type std::tr1::hermite (unsignedint _ n, _Tp_ x)
float std::tr1::hermitef (unsigned int __n, float _ x)

long double std::tr1::hermitel (unsigned int __n, long double __ x)

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::__ type std::tr1:laguerre (unsigned int _ n, _Tp _ X)
float std::tr1::laguerref (unsigned int __n, float _ x)

long double std::tr1::laguerrel (unsigned int __n, long double __x)

template<typename _Tp>

__gnu_cxx:;__promote< _Tp >::_ type std::tr1::legendre (unsigned int __n, _Tp _ x)
float std::tr1::legendref (unsigned int __n, float _ x)

long double std::tr1::legendrel (unsigned int __n, long double __ x)

template<typename _Tp>

__gnu_cxx:;__promote< _Tp >::__ type std::tr1:riemann_zeta (_Tp __ X)

float std::tr1::riemann_zetaf (float _ x)

long double std::tr1::riemann_zetal (long double __ x)

template<typename _Tp>

__gnu_cxx:__promote< _Tp >::_ type std::tr1::sph_bessel (unsignedint _ n, _Tp_ x)
float std::tr1::sph_besself (unsigned int __n, float __ x)

long double std::tr1::sph_bessell (unsigned int __n, long double __x)

template<typename _Tp>

__gnu_cxx:;__promote< _Tp >::__ type std::tr1::sph_legendre (unsigned int __|, unsigned int __m, _Tp __ theta)
float std::tr1::sph_legendref (unsigned int __|, unsigned int __m, float __theta)

long double std::tr1::sph_legendrel (unsigned int __|, unsigned int __m, long double __theta)

template<typename _Tp>

__gnu_cxx:;__promote< _Tp >::__ type std::tr1::sph_neumann (unsigned int _ n, _Tp _ Xx)

float std::tr1::sph_neumannf (unsigned int __n, float _ x)

long double std::tr1::sph_neumannl (unsigned int __n, long double __ x)

3.11.8.1 Detailed Description

A collection of advanced mathematical special functions.

3.11.8.2 Function Documentation
assoc_laguerre()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::___type std::trl::assoc_laguerre (
unsigned int __n,
unsigned int __m,
_Tp __Xx) [inline]

5.2.1.1 Associated Laguerre polynomials.
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assoc_legendre()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::___type std::trl::assoc_legendre (
unsigned int __ 1,
unsigned int __m,
_Tp __x) [inline]

5.2.1.2 Associated Legendre functions.

beta()

template<typename _Tpx, typename _Tpy>

__gnu_cxx::__promote_2< _Tpx, _Tpy >::__type std::trl::beta (
_Tpx _XI

_Tpy __y) [inline]
5.2.1.3 Beta functions.

comp_ellint_1()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::__type std::trl::comp_ellint_1 (
_Tp __k) [inline]

5.2.1.4 Complete elliptic integrals of the first kind.

comp_ellint_2()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::__type std::trl::comp_ellint_2 (
_Tp __k) [inline]

5.2.1.5 Complete elliptic integrals of the second kind.

comp_ellint_3()

template<typename _Tp, typename _Tpn>

__gnu_cxx::__promote_2< _Tp, _Tpn >::__type std::trl::comp_ellint_3 (
_Tp k,
_Tpn __nu) [inline]

5.2.1.6 Complete elliptic integrals of the third kind.

cyl_bessel_i()

template<typename _Tpnu, typename _Tp>

__gnu_cxx::__promote_2< _Tpnu, _Tp >::__type std::trl::cyl_bessel_i (
_Tpnu __ nu,
_Tp __x) [inline]

5.2.1.8 Regular modified cylindrical Bessel functions.

cyl_bessel_j()

template<typename _Tpnu, typename _Tp>

__gnu_cxx::__promote_2< _Tpnu, _Tp >::__type std::trl::cyl _bessel_j (
_Tpnu __ nu,
_Tp __Xx) [inline]

5.2.1.9 Cylindrical Bessel functions (of the first kind).
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cyl_bessel_k()

template<typename _Tpnu, typename _Tp>

__gnu_cxx::__promote_2< _Tpnu, _Tp >::__type std::trl::cyl_bessel_k

_Tpnu __ nu,
_Tp __x) [inline]
5.2.1.10 Irregular modified cylindrical Bessel functions.

cyl_neumann()

template<typename _Tpnu, typename _Tp>

__gnu_cxx::__promote_2< _Tpnu, _Tp >::__type std::trl::cyl_neumann (

_Tpnu __ nu,
_Tp __x) [inline]
5.2.1.11 Cylindrical Neumann functions.

ellint_1()

template<typename _Tp, typename _Tpp>

__gnu_cxx::__promote_2< _Tp, _Tpp >::__type std::trl::ellint_1 (
_Tp __k,
_Tpp __phi) [inline]

5.2.1.12 Incomplete elliptic integrals of the first kind.

ellint_2()

template<typename _Tp, typename _Tpp>

__gnu_cxx::__promote_2< _Tp, _Tpp >::__type std::trl::ellint_2 (
_Tp k,
_Tpp __phi) [inline]

5.2.1.13 Incomplete elliptic integrals of the second kind.

ellint_3()

template<typename _Tp, typename _Tpn, typename _Tpp>

__gnu_cxx::__promote_3< _Tp, _Tpn, _Tpp >::__type std::trl
_Tp —kl

_Tpn __nu,
_Tpp __phi) [inline]
5.2.1.14 Incomplete elliptic integrals of the third kind.

expint()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::__ type std::trl::expint (
_Tp __x) [inline]

5.2.1.15 Exponential integrals.

hermite()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::__type std::trl::hermite (
unsigned int __n,
_Tp __x) [inline]

5.2.1.16 Hermite polynomials.

::ellint_3

(
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laguerre()

template<typename _Tp>
__gnu_cxx::__promote< _Tp >::___type std::trl::laguerre (

unsigned int n,

_Tp __x) [inline]
5.2.1.18 Laguerre polynomials.

legendre()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::__type std::trl::legendre (
unsigned int __n,
_Tp __x) [inline]

5.2.1.19 Legendre polynomials.

riemann_zeta()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::__type std::trl::riemann_zeta (
_Tp __Xx) [inline]

5.2.1.20 Riemann zeta function.

sph_bessel()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::__ _type std::trl::sph_bessel (
unsigned int __n,
_Tp __Xx) [inline]

5.2.1.21 Spherical Bessel functions.

sph_legendre()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::___type std::trl::sph_legendre (
unsigned int __ 1,
unsigned int __m,
_Tp __theta) [inline]

5.2.1.22 Spherical associated Legendre functions.

sph_neumann()

template<typename _Tp>

__gnu_cxx::__promote< _Tp >::__type std::trl::sph_neumann (
unsigned int __n,
_Tp __x) [inline]

5.2.1.23 Spherical Neumann functions.
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3.12 Regular Expressions

Collaboration diagram for Regular Expressions:

std::regex_error Exceptions

Regular Expressions

Classes

\ Base and Implementation

Topics

Base and Implementation Classes

Namespaces

namespace std::regex_constants

Classes

class std::basic_regex< _Ch_type, Rx_traits >

class std::match_results< _Bi_iter, _Alloc >

class std::regex_error

class std::regex_iterator< _Bi_iter, _Ch_type, _Rx_traits >

class std::regex_token_iterator< _Bi_iter, _Ch_type, _Rx_traits >
class std::regex_traits< _Ch_type >

class std::sub_match< _Bilter >

Typedefs

typedef match_results< const char x > std::cmatch

typedef regex_iterator< const char x > std::cregex_iterator

typedef regex_token_iterator< const char x > std::cregex_token_iterator
typedef sub_match< const char % > std::csub_match

typedef basic_regex< char > std::regex

typedef match_results< string::const_iterator > std::smatch

typedef regex_iterator< string::const_iterator > std::sregex_iterator

typedef regex_token_iterator< string::const_iterator > std::sregex_token_iterator
typedef sub_match< string::const_iterator > std::ssub_match

typedef match_results< const wchar_t x > std::wematch

typedef regex_iterator< const wchar_t * > std::wcregex_iterator

typedef regex_token_iterator< const wchar_t x > std::wcregex_token_iterator
typedef sub_match< const wchar_t x > std::wcsub_match

typedef basic_regex< wchar_t > std::wregex

typedef match_results< wstring::const_iterator > std::wsmatch

typedef regex_iterator< wstring::const_iterator > std::wsregex_iterator
typedef regex_token_iterator< wstring::const_iterator > std::wsregex_token_iterator
typedef sub_match< wstring::const_iterator > std::wssub_match
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Functions

template <typename _Forwardlterator>

std::basic_regex (_Forwardlterator, _Forwardlterator, regex_constants::syntax_option_type={}) -> basic_«
regex< typename iterator_traits< _Forwardlterator >::value_type >

template<typename _Bi_iter, typename _Alloc>

bool operator== (const match_results< _Bi_iter, _Alloc > &__m1, const match_results< _Bi_iter, _Alloc > & «
m2)

template<typename _Ch_type, typename _Rx_traits>

void swap (basic_regex< _Ch_type, _Rx_traits > & |hs, basic_regex< _Ch_type, _Rx_traits > & _rhs) noex-
cept

template<typename _Bi_iter, typename _Alloc>

void swap (match_results< _Bi_iter, _Alloc > &__lhs, match_results< _Bi_iter, _Alloc > &__rhs) noexcept

Matching, Searching, and Replacing

template<typename _Bi_iter, typename _Alloc, typename _Ch_type, typename _Rx_traits>

bool std::regex_match (_Bi_iter __s, _Bi_iter __e, match_results< _Bi_iter, _Alloc > &__m, const basic_regex<
_Ch_type, _Rx_traits > &__re, regex_constants::match_flag_type _ flags=regex_constants::match_default)
template<typename _Bi_iter, typename _Ch_type, typename _Rx_traits>

bool std::regex_match (_Bi_iter _ first, _Bi_iter _ last, const basic_regex< _Ch_type, _Rx_traits > &_ re,
regex_constants::match_flag_type _ flags=regex_constants::match_default)

template<typename _Ch_type, typename _Alloc, typename _Rx_traits>

bool std::regex_match (const _Ch_type *__s, match_results< const _Ch_type *, _Alloc > & m, const
basic_regex< _Ch_type, _Rx_traits > &__re, regex_constants::match_flag_type __ f=regex_constants::match_default)
template<typename _Ch_traits, typename _Ch_alloc, typename _Alloc, typename _Ch_type, typename _Rx_traits>

bool std::regex_match (const basic_string<< _Ch_type, _Ch_traits, _Ch_alloc > &__s, match_results< typename
basic_string< _Ch_type, _Ch_traits, _Ch_alloc >::const_iterator, _Alloc > & _m, const basic_regex< _Ch_type,
_Rx_traits > &__re, regex_constants::match_flag_type __ flags=regex_constants::match_default)
template<typename _Ch_traits, typename _Ch_alloc, typename _Alloc, typename _Ch_type, typename _Rx_traits>

bool std::regex_match (const basic_string< _Ch_type, _Ch_traits, _Ch_alloc > &&, match_results< typename
basic_string< _Ch_type, _Ch_traits, _Ch_alloc >::const_iterator, _Alloc > &, const basic_regex< _Ch_type,
_Rx_traits > &, regex_constants::match_flag_type=regex_constants::match_default)=delete

template<typename _Ch_type, class _Rx_traits>

bool std::regex_match (const _Ch_type #*__s, const basic_regex< _Ch_type, _Rx_traits > &  re,
regex_constants::match_flag_type __ f=regex_constants::match_default)

template<typename _Ch_traits, typename _Str_allocator, typename _Ch_type, typename _Rx_traits>

bool std::regex_match (const basic_string< _Ch_type, _Ch_traits, _Str_allocator > &__s, const basic_regex<
_Ch_type, _Rx_traits > &__re, regex_constants::match_flag_type __ flags=regex_constants::match_default)
template<typename _Bi_iter, typename _Alloc, typename _Ch_type, typename _Rx_traits>

bool std::regex_search (_Bi_iter __s, _Bi_iter __e, match_results< _Bi_iter, _Alloc > & __m, const basic_regex<
_Ch_type, _Rx_traits > &__re, regex_constants::match_flag_type _ flags=regex_constants::match_default)
template<typename _Bi_iter, typename _Ch_type, typename _Rx_traits>

bool std::regex_search (_Bi_iter __ first, _Bi_iter __ last, const basic_regex< _Ch_type, _Rx_traits > &_ re,
regex_constants::match_flag_type _ flags=regex_constants::match_default)

template<typename _Ch_type, class _Alloc, class _Rx_traits>

bool std::regex_search (const _Ch_type *__s, match_results< const _Ch_type *, _Alloc > & m, const
basic_regex< _Ch_type, _Rx_traits > &__e, regex_constants::match_flag_type __ f=regex_constants::match_default)
template<typename _Ch_type, typename _Rx_traits>

bool std::rregex_search (const _Ch_type *__s, const basic_regex< _Ch_type, _Rx_ traits > &_  «
e, regex_constants::match_flag_type _ f=regex_constants::match_default)

template<typename _Ch_traits, typename _String_allocator, typename _Ch_type, typename _Rx_traits>

bool std::rregex_search (const basic_string< _Ch_type, _Ch_traits, _String_allocator > & s, const
basic_regex< _Ch_type, _Rx_traits > &__e, regex_constants::match_flag_type _ flags=regex_constants::match_default)
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template<typename _Ch_traits, typename _Ch_alloc, typename _Alloc, typename _Ch_type, typename _Rx_traits >

bool std::regex_search (const basic_string< _Ch_type, _Ch_traits, _Ch_alloc > & s, match_results< typename
basic_string< _Ch_type, _Ch_traits, _Ch_alloc >::const_iterator, _Alloc > & _m, const basic_regex< _Ch_type,
_Rx_traits > & e, regex_constants::match_flag_type _ f=regex_constants::match_default)

template<typename _Ch_traits, typename _Ch_alloc, typename _Alloc, typename _Ch_type, typename _Rx_traits>

bool std::regex_search (const basic_string< _Ch_type, _Ch_traits, _Ch_alloc > &&, match_results< typename
basic_string< _Ch_type, _Ch_traits, _Ch_alloc >::const_iterator, _Alloc > &, const basic_regex< _Ch_type,
_Rx_traits > &, regex_constants::match_flag_type=regex_constants::match_default)=delete

template<typename _Out_iter, typename _Bi_iter, typename _Rx_traits, typename _Ch_type, typename _St, typename _Sa>

_Out_iter std::regex_replace (_Out_iter __out, _Bi_iter __ first, _Bi_iter __last, const basic_regex< _Ch_type,
_Rx_traits > & e, const basic_string< _Ch_type, _St, _Sa > &__fmt, regex_constants::match_flag_type _ «
flags=regex_constants::match_default)

template<typename _Out_iter, typename _Bi_iter, typename _Rx_traits, typename _Ch_type>

_Out_iter std::regex_replace (_Out_iter __out, _Bi_iter __ first, _Bi_iter __last, const basic_regex< _Ch_type, _«
Rx_traits > & e, const_Ch_type *__fmt, regex_constants::match_flag_type _ flags=regex_constants::match_default)
template<typename _Rx_traits, typename _Ch_type, typename _St, typename _Sa, typename _Fst, typename _Fsa>

basic_string< _Ch_type, _St, _Sa > std:iregex_replace (const basic_string< _Ch_type, _St, _Sa > &«
s, const basic_regex< _Ch_type, _Rx_traits > &_ e, const basic_string< _Ch_type, _Fst, _Fsa > &_fmt,
regex_constants::match_flag_type _ flags=regex_constants::match_default)

template<typename _Rx_traits, typename _Ch_type, typename _St, typename _Sa>

basic_string< _Ch_type, _St, _Sa > std::regex_replace (const basic_string< _Ch_type, _St, _Sa > &__s, const
basic_regex< _Ch_type, _Rx_traits > & e, const _Ch_type *__fmt, regex_constants::match_flag_type _ «+
flags=regex_constants::match_default)

template<typename _Rx_traits, typename _Ch_type, typename _St, typename _Sa>

basic_string< _Ch_type > std::regex_replace (const _Ch_type *__s, const basic_regex< _Ch_type, _Rx«
_traits > & e, const basic_string< _Ch_type, _St, _Sa > &__fmt, regex_constants::match_flag_type __ «
flags=regex_constants::match_default)

template <typename _Rx_traits, typename _Ch_type>

basic_string< _Ch_type > std::regex_replace (const _Ch_type *__s, const basic_regex< _Ch_type, _Rx_traits
> &__ e, const _Ch_type *__fmt, regex_constants::match_flag_type _ flags=regex_constants::match_default)

template<typename _Bilter>

bool operator== (const sub_match< _Bilter > & _lhs, const sub_match< _Bilter > &__rhs)

template<typename _Bilter>

auto operator<=> (const sub_match< _Bilter > & _lhs, const sub_match< _Bilter > &__rhs) noexcept(__«+
detail::__is_contiguous_iter< _Bilter >::value)

template<typename _Bi_iter, typename _Ch_traits, typename _Ch_alloc>

bool operator== (const sub_match< _Bi_iter > &__lhs, const __sub_match_string< _Bi_iter, _Ch_traits, _Ch«
_alloc > &__rhs)

template<typename _Bi_iter, typename _Ch_traits, typename _Alloc>

auto operator<=> (const sub_match< _Bi_iter > & |hs, const __sub_match_string< _Bi_iter, _Ch_traits, _«
Alloc > &__rhs) noexcept(__detail::__is_contiguous_iter< _Bi_iter >::value)

template<typename _Bi_iter>

bool operator== (const sub_match< _Bi_iter > & l|hs, typename iterator_traits< _Bi_iter >::value_type const
x__rhs)

template<typename _Bi_iter>

auto operator<=> (const sub_match< _Bi_iter > & _|hs, typename iterator_traits< _Bi_iter >::value_type const
*__rhs) noexcept(__detail::__is_contiguous_iter< _Bi_iter >::value)

template<typename _Bi_iter>

bool operator== (const sub_match< _Bi_iter > & l|hs, typename iterator_traits< _Bi_iter >::value_type const
&__rhs)

template<typename _Bi_iter>

auto operator<=> (const sub_match< _Bi_iter > & _|hs, typename iterator_traits< _Bi_iter >::value_type const
&__rhs) noexcept(__detail::__is_contiguous_iter< _Bi_iter >::value)
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¢ template<typename _Ch_type, typename _Ch_traits, typename _Bi_iter>
basic_ostream< _Ch_type, _Ch_traits > & operator< < (basic_ostream< _Ch_type, _Ch_traits > & _o0s, const
sub_match< _Bi_iter > & m)
3.12.1 Detailed Description
A facility for performing regular expression pattern matching.
Since

C++11

3.12.2 Typedef Documentation

cregex_token_iterator

typedef regex_token_iterator<const char*> std::cregex_token_iterator
Token iterator for C-style NULL-terminated strings.

csub_match

typedef sub_match<const char*> std::csub_match

Standard regex submatch over a C-style null-terminated string.

regex

typedef basic_regex<char> std::regex

Standard regular expressions.

sregex_token_iterator

typedef regex_token_iterator<string::const_iterator> std::sregex_token_iterator
Token iterator for standard strings.

ssub_match

typedef sub_match<string::const_iterator> std::ssub_match

Standard regex submatch over a standard string.

wcregex_token_iterator

typedef regex_token_iterator<const wchar_tx> std::wcregex_token_iterator
Token iterator for C-style NULL-terminated wide strings.

wcsub_match

typedef sub_match<const wchar_t*> std::wcsub_match

Regex submatch over a C-style null-terminated wide string.

wregex

typedef basic_regex<wchar_t> std::wregex
Standard wide-character regular expressions.
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wsregex_token_iterator

typedef regex_token_iterator<wstring::const_iterator> std::wsregex_token_iterator

Token iterator for standard wide-character strings.

wssub_match

typedef sub_match<wstring::const_iterator> std::wssub_match
Regex submatch over a standard wide string.

3.12.3 Function Documentation

operator<<()

template<typename _Ch_type, typename _Ch_traits, typename _Bi_iter>
basic_ostream< _Ch_type, _Ch_traits > & operator<< (
basic_ostream< _Ch_type, _Ch_traits > & __os,
const sub_match< _Bi_iter > & __m) [related]
Inserts a matched string into an output stream.

Parameters

os | The output stream.

m | A submatch string.

Returns

the output stream with the submatch string inserted.

operator<=>() [1/4]

template<typename _Bi_iter, typename _Ch_traits, typename _Alloc>
auto operator<=> (

const sub_match< _Bi_iter > & __1lhs,

const __sub_match_string< _Bi_iter, _Ch_traits, _Alloc > & __rhs)
Three-way comparison of a regular expression submatch and a string.

Parameters

__Ihs | Aregular expression submatch.

__rhs | Astring.

Returns

[related]

A value indicating whether ___1hs is less than, equal to, greater than, or incomparable with __rhs.

operator<=>() [2/4]

template<typename _Bi_iter>
auto operator<=> (

const sub_match< _Bi_iter > & __1lhs,

typename iterator_traits< _Bi_iter >::value_type const & __rhs)
Three-way comparison of a regular expression submatch and a character.

[related]
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Parameters

__Ihs | Aregular expression submatch.

__rhs | A character.

Returns

A value indicating whether ___1hs is less than, equal to, greater than, or incomparable with __rhs.

operator<=>() [3/4]

template<typename _Bi_iter>
auto operator<=> (

const sub_match< _Bi_iter > & __ 1lhs,

typename iterator_traits< _Bi_iter >::value_type const * __rhs) [related]
Three-way comparison of a regular expression submatch and a C string.

Parameters

__Ihs | Aregular expression submatch.
__rhs | A null-terminated string.

Returns

A value indicating whether ___1hs is less than, equal to, greater than, or incomparable with __rhs.

operator<=>() [4/4]

template<typename _Bilter>
auto operator<=> (

const sub_match< _Bilter > & __ lhs,

const sub_match< _Bilter > & __rhs) [related]
Three-way comparison of two regular expression submatches.

Parameters

__Ihs | First regular expression submatch.

__rhs | Second regular expression submatch.

Returns

A value indicating whether ___1hs is less than, equal to, greater than, or incomparable with __rhs.

operator==() [1/5]

template<typename _Bi_iter, typename _Alloc>
bool operator== (

const match_results< _Bi_iter, _Alloc > & _ ml,

const match_results< _Bi_iter, _Alloc > & _ _m2) [related]
Compares two match_results for equality.

Returns

true if the two objects refer to the same match, false otherwise.
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operator==() [2/5]

template<typename _Bi_iter, typename _Ch_traits, typename _Ch_alloc>
bool operator== (

const sub_match< _Bi_iter > & __1lhs,

const __sub_match_string< _Bi_iter, _Ch_traits, _Ch_alloc > & __rhs) [related]
Tests the equivalence of a regular expression submatch and a string.
Parameters
__Ihs | Aregular expression submatch.
__rhs | Astring.
Returns
true if __lhsis equivalent to __rhs, false otherwise.
operator==() [3/5]
template<typename _Bi_iter>
bool operator== (
const sub_match< _Bi_iter > & __1lhs,
typename iterator_traits< _Bi_iter >::value_type const & __rhs) [related]
Tests the equivalence of a regular expression submatch and a character.
Parameters
__Ihs | Aregular expression submatch.
__rhs | A character.
Returns
true if __Ihs is equivalent to __rhs, false otherwise.
operator==() [4/5]
template<typename _Bi_iter>
bool operator== (
const sub_match< _Bi_iter > & __ 1lhs,
typename iterator_traits< _Bi_iter >::value_type const * __rhs) [related]

Tests the equivalence of a regular expression submatch and a C string.

Parameters

__Ihs | Aregular expression submatch.

__rhs | A null-terminated string.

Returns

true if __lhs is equivalent to __rhs, false otherwise.
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operator==() [5/5]
template<typename _Bilter>
bool operator== (
const sub_match< _Bilter > & __1lhs,
const sub_match< _Bilter > & __rhs) [related]
Tests the equivalence of two regular expression submatches.
Parameters
__Ihs | First regular expression submatch.
__rhs | Second regular expression submatch.
Returns
true if __lhsis equivalent to __rhs, false otherwise.
regex_match() [1/7]
template<typename _Bi_iter, typename _Ch_type, typename _Rx_traits>
bool std::regex_match (
_Bi_iter __ first,
_Bi_iter __ last,
const basic_regex< _Ch_type, _Rx_traits > & __re,
regex_constants::match_flag_type __ flags = regex_constants::match_default) [inline]

Indicates if there is a match between the regular expression e and all of the character sequence [first, last).

Parameters
__first | Beginning of the character sequence to match.
__last | One-past-the-end of the character sequence to match.
_re The regular expression.
__flags | Controls how the regular expression is matched.

Return values

true | A match exists.
false | Otherwise.
Exceptions

‘ an ‘ exception of type regex_error.

References std::regex_constants::match_default, and regex_match().

regex_match() [2/7]

template<typename _Bi_iter, typename _Alloc, typename _Ch_type, typename _Rx_traits>

bool std::regex_match (

_Bi_iter __s,
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_Bi_iter _ e,

match_results< _Bi_iter, _Alloc > & m,

const basic_regex< _Ch_type, _Rx_traits > & __re,

regex_constants::match_flag_type __flags = regex_constants::match_default) [inline]
Determines if there is a match between the regular expression e and all of the character sequence [first, last).

Parameters
o Start of the character sequence to match.
_e One-past-the-end of the character sequence to match.
o The match results.
_re The regular expression.
__flags | Controls how the regular expression is matched.

Return values

true | A match exists.
false | Otherwise.

Exceptions

‘ an ‘ exception of type regex_error. ‘

References std::regex_constants::match_default.
Referenced by regex_match(), regex_match(), regex_match(), regex_match(), and regex_match().

regex_match() [3/7]

template<typename _Ch_type, class _Rx_traits>
bool std::regex_match (
const _Ch_type * __s,
const basic_regex< _Ch_type, _Rx_traits > & __re,
regex_constants::match_flag_type __f = regex_constants::match_default)
Indicates if there is a match between the regular expression e and a C-style null-terminated string.

Parameters
e The C-style null-terminated string to match.
_Ss
e The regular expression.

« | Controls how the regular expression is matched.
f

Return values

true | A match exists.
false | Otherwise.

[inline]
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Exceptions

‘ an ‘ exception of type regex_error.

References std::regex_constants::match_default, and regex_match().

regex_match() [4/71]

template<typename _Ch_type, typename _Alloc, typename _Rx_traits>
bool std::regex_match (
const _Ch_type * __s,
match_results< const _Ch_type *, _Alloc > & __m,
const basic_regex< _Ch_type, _Rx_traits > & __re,

regex_constants::match_flag_type f = regex_constants::match_default) [inline]

Determines if there is a match between the regular expression e and a C-style null-terminated string.

Parameters
_< | The C-style null-terminated string to match.
_Ss
e The match results.
_m
e The regular expression.
_re
e Controls how the regular expression is matched.
f

Return values

true | A match exists.
false | Otherwise.

Exceptions

‘ an ‘ exception of type regex_error.

References std::regex_constants::match_default, and regex_match().

regex_match() [5/7]

template<typename _Ch_traits, typename _Ch_alloc, typename _Alloc, typename _Ch_type, typename _<+
Rx_traits>
bool std::regex_match (

const basic_string< _Ch_type, _Ch_traits, _Ch_alloc > && ,

match_results< typename basic_string< _Ch_type, _Ch_traits, _Ch_alloc >::const_<
iterator, _Alloc > & ,

const basic_regex< _Ch_type, _Rx_traits > & ,

regex_constants::match_flag_type = regex_constants::match_default) [delete]
Prevent unsafe attempts to get match_results from a temporary string.
References std::regex_constants::match_default.
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regex_match() [6/7]

template<typename _Ch_traits, typename _Ch_alloc, typename _Alloc, typename _Ch_type, typename _<>
Rx_traits>
bool std::regex_match (

const basic_string< _Ch_type, _Ch_traits, _Ch_alloc > & __s,

match_results< typename basic_string< _Ch_type, _Ch_traits, _Ch_alloc >::const_<
iterator, _Alloc > & __m,

const basic_regex< _Ch_type, _Rx_traits > & __re,

regex_constants:::match_flag _type __ flags = regex_constants::match_default) [inline]
Determines if there is a match between the regular expression e and a string.

Parameters
_s The string to match.
-m The match results.
_re The regular expression.
__flags | Controls how the regular expression is matched.

Return values

true | A match exists.
false | Otherwise.

Exceptions

‘ an ‘ exception of type regex_error.

References std::basic_string< _CharT, _Traits, _Alloc >::begin(), std::basic_string< _CharT, _Traits, _Alloc >::end(),
std::regex_constants::match_default, and regex_match().

regex_match() [7/7]

template<typename _Ch_traits, typename _Str_allocator, typename _Ch_type, typename _Rx_traits>
bool std::regex_match (

const basic_string< _Ch_type, _Ch_traits, _Str_allocator > & __s,

const basic_regex< _Ch_type, _Rx_traits > & __re,

regex_constants::match_flag_type __ _flags = regex_constants::match_default) [inline]
Indicates if there is a match between the regular expression e and a string.

Parameters
_ S [IN] The string to match.
_re [IN] The regular expression.

_ flags | [IN] Controls how the regular expression is matched.

Return values

true | A match exists.
false | Otherwise.
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Exceptions

‘ an ‘ exception of type regex_error.

References std::basic_string<< _CharT, _Traits, _Alloc >::begin(), std::basic_string< _CharT, _Traits, _Alloc >::end(),
std::regex_constants::match_default, and regex_match().
regex_replace() [1/6]

template<typename _Out_iter, typename _Bi_iter, typename _Rx_traits, typename _Ch_type>

_Out_iter std::regex_replace (

_Out_iter __ out,
_Bi_iter _ first,
_Bi_iter __ last,

const basic_regex< _Ch_type, _Rx_traits > & __e,

const _Ch_type * __ fmt,

regex_constants::match_flag_type __ _flags = regex_constants::match_default)
Search for a regular expression within a range for multiple times, and replace the matched parts through filling a format
C-string.

Parameters

__out [OUT] The output iterator.
__first | [IN] The start of the string to search.

__last | [IN] One-past-the-end of the string to search.

_e [IN] The regular expression to search for.
__fmt [IN] The format C-string.
__flags | [IN] Search and replace policy flags.

Returns

__out

Exceptions

‘ an ‘ exception of type regex_error.

References std::regex_constants::match_default.

regex_replace() [2/6]

template<typename _Out_iter, typename _Bi_iter, typename _Rx_traits, typename _Ch_type, typename
_St, typename _Sa>

_Out_iter std::regex_replace (

_Out_iter __ out,
_Bi_iter _ first,
_Bi_iter __last,

const basic_regex< _Ch_type, _Rx_traits > & __e,

const basic_string< _Ch_type, _St, _Sa > & __ fmt,

regex_constants::match_flag_type _ flags = regex_constants::match_default) [inline]
Search for a regular expression within a range for multiple times, and replace the matched parts through filling a format
string.
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Parameters

__out [OUT] The output iterator.
__first | [IN] The start of the string to search.

__last | [IN] One-past-the-end of the string to search.

e [IN] The regular expression to search for.

_ fmt [IN] The format string.

__flags | [IN] Search and replace policy flags.

Returns

out

Exceptions

‘ an ‘ exception of type regex_error.

References std::basic_string< _CharT, _Traits, _Alloc >::c_str(), std::basic_string< _CharT, _Traits, _Alloc >::length(),
and std::regex_constants::match_default.
Referenced by regex_replace(), regex_replace(), regex_replace(), and regex_replace().

regex_replace() [3/6]

template<typename _Rx_traits, typename _Ch_type>
basic_string< _Ch_type > std::regex_replace (
const _Ch_type * __s,

const basic_regex< _Ch_type, _Rx_traits > & e,

const _Ch_type * __ fmt,

regex_constants::match_flag_type ___flags = regex_constants::match_default) [inline]
Search for a regular expression within a C-string for multiple times, and replace the matched parts through filling a
format C-string.

Parameters
_ S [IN] The C-string to search and replace.
_e [IN] The regular expression to search for.

_ fmt [IN] The format C-string.
__flags | [IN] Search and replace policy flags.

Returns

The string after replacing.

Exceptions

‘ an ‘ exception of type regex_error.

References back_inserter(), std::regex_constants::match_default, and regex_replace().
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regex_replace() [4/6]

template<typename _Rx_traits, typename _Ch_type, typename _St, typename _Sa>
basic_string< _Ch_type > std::regex_replace (

Sy

const _Ch_type x*

const basic_regex< _Ch_type, _Rx_traits > & __e,

const basic_string< _Ch_type, _St, _Sa > & __ fmt,

regex_constants::match_flag_type __ flags = regex_constants::match_default) [inline]
Search for a regular expression within a C-string for multiple times, and replace the matched parts through filling a
format string.

Parameters
_ s [IN] The C-string to search and replace.
_e [IN] The regular expression to search for.

__fmt [IN] The format string.

__flags | [IN] Search and replace policy flags.

Returns

The string after replacing.

Exceptions

‘ an ‘ exception of type regex_error.

References back_inserter(), std::regex_constants::match_default, and regex_replace().

regex_replace() [5/6]

template<typename _Rx_traits, typename _Ch_type, typename _St, typename _Sa>
basic_string< _Ch_type, _St, _Sa > std::regex_replace (

st, _Sa > & __s,

const basic_regex< _Ch_type, _Rx_traits > & __e,

const basic_string< _Ch_type, _
const _Ch_type x __ fmt,
regex_constants::match_flag_type __ flags = regex_constants::match_default) [inline]
Search for a regular expression within a string for multiple times, and replace the matched parts through filling a format
C-string.

Parameters
_ s [IN] The string to search and replace.
_e [IN] The regular expression to search for.

_ fmt [IN] The format C-string.
__flags | [IN] Search and replace policy flags.

Returns

The string after replacing.
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Exceptions

‘ an ‘ exception of type regex_error.

References back_inserter(), std::basic_string< _CharT, _Traits, _Alloc >::begin(), std::basic_string< _CharT, _Traits, _Alloc >::end(),
std::regex_constants::match_default, and regex_replace().

regex_replace() [6/6]

template<typename _Rx_traits, typename _Ch_type, typename
_Fsa>

St, typename _Sa, typename _Fst, typename

basic_string< _Ch_type, _St, _Sa > std::regex_replace (

const basic_string< _Ch_type, _St, _Sa > & __s,

const basic_regex< _Ch_type, _Rx_traits > & __e,

const basic_string< _Ch_type, _Fst, _Fsa > & __ fmt,

regex_constants::match_flag_type _ flags = regex_constants::match_default) [inline]
Search for a regular expression within a string for multiple times, and replace the matched parts through filling a format
string.

Parameters
_ s [IN] The string to search and replace.
_e [IN] The regular expression to search for.

_ fmt [IN] The format string.

__flags | [IN] Search and replace policy flags.

Returns

The string after replacing.

Exceptions

‘ an ‘ exception of type regex_error.

References back_inserter(), std::basic_string< _CharT, _Traits, _Alloc >::begin(), std::basic_string< _CharT, _Traits, _Alloc >::end(),
std::regex_constants::match_default, and regex_replace().

regex_search() [1/7]

template<typename _Bi_iter, typename _Ch_type, typename _Rx_traits>
bool std::regex_search (

_Bi_iter __ first,

_Bi_iter __ last,

const basic_regex< _Ch_type, _Rx_traits > & __re,

regex_constants::match_flag_type __ _flags = regex_constants::match_default) [inline]
Searches for a regular expression within a range.

Parameters

__first | [IN] The start of the string to search.

__last | [IN] One-past-the-end of the string to search.

re [IN] The regular expression to search for.
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’ _ flags ‘ [IN] Search policy flags.
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Return values

true | A match was found within the string.

false | No match was found within the string.

Exceptions

‘ an ‘ exception of type regex_error.

References std::regex_constants::match_default, and regex_search().

regex_search() [2/7]

template<typename _Bi_iter, typename _Alloc, typename _Ch_type, typename _Rx_traits>
bool std::regex_search (

_Bi_iter __ s,

_Bi_iter __ e,

match_results< _Bi_iter, _Alloc > & _ m,

const basic_regex< _Ch_type, _Rx_traits > & __re,

regex_constants::match_flag_type __ flags = regex_constants::match_default) [inline]
Searches for a regular expression within a range.

Parameters
- [IN] The start of the string to search.
_e [IN] One-past-the-end of the string to search.
_m [OUT] The match results.
_re [IN] The regular expression to search for.
__flags | [IN] Search policy flags.

Return values

true | A match was found within the string.

false | No match was found within the string, the content of m is undefined.

Exceptions

‘ an ‘ exception of type regex_error.

References std::regex_constants::match_default.
Referenced by std::regex_iterator< const char * >::regex_iterator(), std::regex_iterator< _Bi_iter, _Ch_type, _Rx_traits >::operator++(),
regex_search(), regex_search(), regex_search(), regex_search(), and regex_search().

regex_search() [3/7]

template<typename _Ch_type, typename _Rx_traits>

bool std::regex_search (
const _Ch_type * __s,

const basic_regex< _Ch_type, _Rx_traits > & __e,

regex_constants::match_flag_type f = regex_constants::match_default) [inline]

Searches for a regular expression within a C-string.
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Parameters

[IN] The C-string to search.

[IN] The regular expression to search for.

[IN] Search policy flags.

Return values

true | A match was found within the string.
false | No match was found within the string.
Exceptions

‘ an ‘ exception of type regex_error.

References std::regex_constants::match_default, and regex_search().

regex_search() [4/7]

template<typename _Ch_type, class _Alloc, class _Rx_traits>

bool std::regex_search (

Y

const _Ch_type x
match_results< const _Ch_type %, _Alloc > & __m,

const basic_regex< _Ch_type, _Rx_traits > & e,

regex_constants::match_flag_type __f = regex_constants::match_default)

Searches for a regular expression within a C-string.

Parameters
_<+ | [IN] A C-string to search for the regex.
_S
_<+ | [OUT] The set of regex matches.
-m
e [IN] The regex to search for in s.
_e
e [IN] The search flags.
f

Return values

true

A match was found within the string.

false

No match was found within the string, the content of m is undefined.

[inline]
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Exceptions

‘ an ‘ exception of type regex_error.

References std::regex_constants::match_default, and regex_search().

regex_search() [5/7]

template<typename _Ch_traits, typename _Ch_alloc, typename _Alloc, typename _Ch_type, typename _+
Rx_traits>
bool std::regex_search (

const basic_string< _Ch_type, _Ch_traits, _Ch_alloc > && ,

match_results< typename basic_string< _Ch_type, _Ch_traits, _Ch_alloc >::const_<
iterator, _Alloc > & ,

const basic_regex< _Ch_type, _Rx_traits > & ,

regex_constants::match_flag_type = regex_constants::match_default) [delete]
Prevent unsafe attempts to get match_results from a temporary string.
References std::regex_constants::match_default.

regex_search() [6/7]

template<typename _Ch_traits, typename _Ch_alloc, typename _Alloc, typename _Ch_type, typename _<+
Rx_traits>
bool std::regex_search (

const basic_string< _Ch_type, _Ch_traits, _Ch_alloc > & __s,

match_results< typename basic_string< _Ch_type, _Ch_traits, _Ch_alloc >::const_<
iterator, _Alloc > & _ m,

const basic_regex< _Ch_type, _Rx_traits > & __e,

regex_constants::match_flag_type __f = regex_constants::match_default) [inline]
Searches for a regular expression within a string.

Parameters
_<+ | [IN] A C++ string to search for the regex.
_Ss
_<+ | [OUT] The set of regex matches.
_m
_<+ | [IN] The regex to search for in s.
_e
_<+ | [IN] The search flags.
f

Return values

true | A match was found within the string.

false | No match was found within the string, the content of m is undefined.

Exceptions

‘ an ‘ exception of type regex_error.

References std::basic_string< _CharT, _Traits, _Alloc >::begin(), std::basic_string< _CharT, _Traits, _Alloc >::end(),
std::regex_constants::match_default, and regex_search().
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regex_search() [7/7]

template<typename _Ch_traits, typename _String_allocator, typename _Ch_type, typename _Rx_traits>
bool std::regex_search (

const basic_string< _Ch_type, _Ch_traits, _String_allocator > & __s,

const basic_regex< _Ch_type, _Rx_traits > & __e,

regex_constants::match_flag_type __flags = regex_constants::match_default) [inline]
Searches for a regular expression within a string.

Parameters
_ S [IN] The string to search.
_e [IN] The regular expression to search for.

__flags | [IN] Search policy flags.

Return values

true | A match was found within the string.

false | No match was found within the string.

Exceptions

‘ an ‘ exception of type regex_error.

References std::regex_constants::match_default, and regex_search().

swap() [1/2]

template<typename _Ch_type, typename _Rx_traits>
void swap (
basic_regex< _Ch_type, _Rx_traits > & __1lhs,
basic_regex< _Ch_type, _Rx_traits > & __rhs) [related]
Swaps the contents of two regular expression objects.

Parameters

__Ihs | First regular expression.

__rhs | Second regular expression.

swap() [2/2]

template<typename _Bi_iter, typename _Alloc>
void swap (
match_results< _Bi_iter, _Alloc > & __1lhs,
match_results< _Bi_iter, _Alloc > & __rhs) [related]
Swaps two match results.

Parameters

__Ihs | A match result.
__rhs | A match result.

The contents of the two match_results objects are swapped.
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3.12.4 Base and Implementation Classes

Collaboration diagram for Base and Implementation Classes:

Regular Expressions

<+

Classes

Base and Implementation
Classes

« struct std::_ detail:: BracketMatcher< TraitsT, icase,  collate >

* class std::__detail::_Compiler< _TraitsT >

» class std:: detail:: Executor< _Bilter, Alloc, TraitsT, dfs_mode >

 class std:: detail::_Scanner< CharT >
 class std::__detail::_StateSeq< _TraitsT >

Typedefs

¢ template<typename _CharT>
using std::__detail::_Matcher

+ typedef long std::__detail::_StateldT

Enumerations

« enum std::__detail::_Opcode : int {
_S _opcode_unknown , _S_opcode_alternative ,_S_opcode_repeat , _S_opcode_backref ,
_S _opcode_line_begin_assertion , _S_opcode_line_end_assertion , _S_opcode_word_boundary , _S_«

opcode_subexpr_lookahead ,

_S opcode_subexpr_begin, _S opcode_subexpr_end, S opcode_dummy, S opcode_match,

_S _opcode_accept }

Variables

+ constexpr _StateldT std::__detail::_S_invalid_state_id

3.12.4.1 Detailed Description

3.12.4.2 Enumeration Type Documentation

_Opcode

enum std::__detail::_Opcode :

int

Operation codes that define the type of transitions within the base NFA that represents the regular expression.
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3.13 Strings

Collaboration diagram for Strings:

std::experimental:
fundamentals_v1::basic
_string_view

std::basic_string
std::basic_string_view
std::experimental:
fundamentals_v1::basic
_string_view

Strings

Classes

* class std::basic_string< _CharT, _Traits, _Alloc >
* class std::basic_string_view< _CharT, _Traits >

Library Fundamentals TS

Sequences

+ class std::experimental::fundamentals_v1::basic_string_view< _CharT, _Traits >

« struct std::char_traits< _CharT >

Typedefs

« typedef basic_string< char > std::string

« typedef basic_string< char16_t > std::u16string
* typedef basic_string< char32_t > std::u32string
« typedef basic_string< wchar_t > std::wstring

3.13.1 Detailed Description

3.13.2 Typedef Documentation

string

typedef basic_string<char> std::string

A string of char.

ui6string

typedef basic_string<charl6_t> std::uléstring
A string of charl6_t.

u32string

typedef basic_string<char32_t> std::u32string
A string of char32_t.
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wstring

typedef basic_string<wchar_t> std::wstring
A string of wchar_t.

3.14 Technical Specifications

Collaboration diagram for Technical Specifications:

Filesystem TS

Library Fundamentals TS

Parallelism TS

Topics

* Filesystem TS
+ Library Fundamentals TS
* Parallelism TS

3.14.1 Detailed Description

Components specified by various Technical Specifications.

As indicated by the std::experimental namespace and the header paths, the contents of these Technical Specifications
are experimental and not part of the C++ standard. As such the interfaces and implementations may change in the
future, and there is no guarantee of compatibility between different GCC releases for these features.

3.14.2 Filesystem TS

Collaboration diagram for Filesystem TS:

Technical Specifications 4—_

Files

« file filesystem
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Classes

« class std::experimental::filesystem::v1:filesystem_error
« class std::experimental::filesystem::v1::path::iterator

« class std::experimental::filesystem::vi::path

« struct std::experimental::filesystem::vi::space_info

Typedefs

+ using std::experimental::filesystem::file_time_type

Enumerations

+ enum class std::experimental::filesystem::copy_options : unsigned short {
none , skip_existing , overwrite_existing , update_existing ,
recursive , copy_symlinks , skip_symlinks , directories_only ,
create_symlinks , create_hard_links }

» enum class std::experimental::filesystem::directory_options : unsigned char { none , follow_directory_symlink
, skip_permission_denied }

» enum class std::experimental::filesystem::file_type : signed char {
none , not_found , regular , directory ,
symlink , block , character , fifo ,
socket , unknown }

» enum class std::experimental::filesystem::perms : unsigned {
none , owner_read , owner_write , owner_exec ,
owner_all , group_read , group_write , group_exec ,
group_all , others_read , others_write , others_exec,
others_all , all, set_uid , set_gid,
sticky_bit , mask , unknown , add_perms ,
remove_perms , symlink_nofollow }

Functions

 std::experimental::filesystem::v1::path::path (const path & p)

+ std::experimental::filesystem::v1::path::path (path &&__p) noexcept

+ std::experimental::filesystem::v1::path::path (string_type &&__source)

+ path std::experimental::filesystem::absolute (const path &__p, const path & __base=current_path())

» path & std::experimental::filesystem::v1::path::assign (string_type &&__source)

« directory_iterator std::experimental::filesystem::begin (directory_iterator __iter) noexcept

* recursive_directory_iterator std::experimental::filesystem::begin (recursive_directory_iterator __iter) noexcept

* iterator std::experimental::filesystem::v1::path::begin () const noexcept

+ path std::experimental::filesystem::canonical (const path &__p, const path &__base, error_code &__ec)

» path std::experimental::filesystem::canonical (const path &__p, const path & __base=current_path())

» path std::experimental::filesystem::canonical (const path &__p, error_code &__ec)

« int std::experimental::filesystem::v1::path::compare (const basic_string_view< value_type > __s) const

« int std::experimental::filesystem::v1::path::compare (const string_type & __s) const

« int std::experimental::filesystem::v1::path::compare (const value_type x__s) const

+ void std::experimental::filesystem::copy (const path & _from, const path & _ to)

+ void std::experimental::filesystem::copy (const path & _from, const path & _to, copy_options __options)

» void std::experimental::filesystem::copy (const path &_from, const path & to, copy_options __ options,
error_code &) noexcept

« void std::experimental::filesystem::copy (const path & __from, const path & __to, error_code &__ec) noexcept

* bool std::experimental::filesystem::copy_file (const path & _from, const path & _to)
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bool std::experimental::filesystem:
bool std::experimental::filesystem:

error_code &)

bool std::experimental::filesystem::
void std::experimental::filesystem::

symlink)

void std::experimental::filesystem:

:copy_file (const path & __from, const path &__to, copy_options __option)
:copy_file (const path & _from, const path & _to, copy_options __option,

copy_file (const path &__from, const path &__to, error_code &__ec)
copy_symlink (const path &__existing_symlink, const path & new_«

:copy_symlink (const path &__existing_symlink, const path & new_«

symlink, error_code &__ec) noexcept

bool std::experimental::filesystem:
bool std::experimental::filesystem:
bool std::experimental::filesystem:
bool std::experimental::filesystem:
bool std::experimental::filesystem:

&__ec) noexcept

bool std::experimental::filesystem:
void std::experimental::filesystem:
void std::experimental::filesystem:

error_code &__ec) noexcept

void std::experimental::filesystem:

:create_directories (const path & p)

:create_directories (const path &__p, error_code &__ec)
:create_directory (const path & __p)

:create_directory (const path & _p, const path & __attributes)
:create_directory (const path &__p, const path & __attributes, error_code

:create_directory (const path &__p, error_code & __ec) noexcept
:create_directory_symlink (const path &__to, const path & __new_symlink)

:create_directory_symlink (const path & _to, const path &___new_symlink,

:create_hard_link (const path &__to, const path & _new_hard_link)

void std::experimental::filesystem::create_hard_link (const path &_ to, const path &_ new_hard_link,

error_code & __ec) noexcept

void std::experimental::filesystem:
void std::experimental::filesystem::create_symlink

error_code & __ec) noexcept

path std::experimental::filesystem
void std::experimental::filesystem
void std::experimental::filesystem
path std::experimental::filesystem
directory_iterator std::experimental

:zcurrent_path
:rcurrent_path

:create_symlink (const path & _to, const path & new_symlink)
(const path & to, const path & new_symlink,

:zeurrent_path ()

(const path &__p)

(const path & __p, error_code & __ec) noexcept
:zcurrent_path (error_code & __ec)

::filesystem::end (directory_iterator) noexcept

recursive_directory_iterator std::experimental::filesystem::end (recursive_directory_iterator) noexcept
iterator std::experimental::filesystem::v1::path::end () const noexcept

bool std::experimental:
bool std::experimental:
cept

bool std::experimental:
bool std::experimental:
bool std::experimental:
path std::experimental:

filesystem
:filesystem

filesystem:
filesystem:
filesystem:
filesystem:

:zequivalent (const path & __p1, const path &__p2)
:requivalent (const path & __p1, const path & _p2, error_code &__ec) noex-

:exists (const path & _p)

:exists (const path & _p, error_code &__ec) noexcept
:exists (file_status __s) noexcept
:v1::path::extension () const

uintmax_t std::experimental::filesystem::file_size (const path &__p)
uintmax_t std::experimental::filesystem::file_size (const path &__p, error_code &__ec) noexcept

path std::experimental::filesystem

:zvi:z:path::filename () const

std::string std::experimental::filesystem::v1::path::generic_string () const
template<typename _CharT, typename _Traits = std::char_traits<<_CharT >, typename _Allocator = std::allocator<_CharT>>

std::basic_string< _CharT, _Traits,
(const _Allocator & __a=_Allocator())

_Allocator > std::experimental::filesystem::v1::path::generic_string
const

std::u16string std::experimental::filesystem::v1::path::generic_u16string () const

std::u32string std::experimental::filesystem::v1::path::generic_u32string () const

std::string std::experimental::filesystem::v1::path::generic_u8string () const

std::wstring std::experimental::filesystem::v1::path::generic_wstring () const

uintmax_t std::experimental::filesystem::hard_link_count (const path & p)

uintmax_t std::experimental::filesystem::hard_link_count (const path & p, error_code &__ec) noexcept
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bool std::experimental::filesystem::v1::path::has_extension () const

bool std::experimental::filesystem::v1::path::has_stem () const

bool std::experimental::filesystem::v1::path::is_absolute () const

bool std::experimental::filesystem::is_block_file (const path &__p)

bool std::experimental::filesystem::is_block_file (const path & __p, error_code & __ec) noexcept

bool std::experimental::filesystem::is_block_file (file_status __s) noexcept

bool std::experimental::filesystem::is_character_file (const path & __p)

bool std::experimental::filesystem::is_character_file (const path & __p, error_code &__ec) noexcept

bool std::experimental::filesystem::is_character_file (file_status __s) noexcept

bool std::experimental::filesystem::is_directory (const path &__p)

bool std::experimental::filesystem::is_directory (const path &__p, error_code & __ec) noexcept

bool std::experimental::filesystem::is_directory (file_status __s) noexcept

bool std::experimental::filesystem::is_empty (const path & _p)

bool std::experimental::filesystem::is_empty (const path & p, error_code &__ec) noexcept

bool std::experimental::filesystem::is_fifo (const path &_ p)

bool std::experimental::filesystem::is_fifo (const path &__p, error_code &__ec) noexcept

bool std::experimental::filesystem::is_fifo (file_status __s) noexcept

bool std::experimental::filesystem::is_other (const path & _p)

bool std::experimental::filesystem::is_other (const path &__p, error_code &__ec) noexcept

bool std::experimental::filesystem::is_other (file_status __s) noexcept

bool std::experimental::filesystem::is_regular_file (const path &__p)

bool std::experimental::filesystem::is_regular_file (const path & _p, error_code & _ec) noexcept

bool std::experimental::filesystem::is_regular_file (file_status) noexcept

bool std::experimental::filesystem::is_socket (const path &_p)

bool std::experimental::filesystem::is_socket (const path & _p, error_code & _ec) noexcept

bool std::experimental::filesystem::is_socket (file_status __s) noexcept

bool std::experimental::filesystem::is_symlink (const path & _p)

bool std::experimental::filesystem::is_symlink (const path & p, error_code &__ec) noexcept

bool std::experimental::filesystem::is_symlink (file_status) noexcept

file_time_type std::experimental::filesystem::last_write_time (const path & p)

file_time_type std::experimental::filesystem::last_write_time (const path &__p, error_code & __ec) noexcept
void std::experimental::filesystem::last_write_time (const path & __p, file_time_type _ new_time)

void std::experimental::filesystem::last_write_time (const path &__p, file_time_type _ new_time, error_code
&__ec) noexcept

path & std::experimental::filesystem::v1::path::make_preferred ()

bool std::experimental::filesystem::operator!= (const directory_iterator &__lhs, const directory_iterator &«
rhs)

bool std::experimental::filesystem::operator!= (const recursive_directory_iterator & _Ihs, const recursive_«
directory_iterator &__rhs)

copy_options & std::experimental::filesystem::operator&= (copy_options & X, copy_options __y) noexcept
reference std::experimental::filesystem::v1::path::iterator::operatorx () const noexcept

iterator & std::experimental::filesystem::v1::path::iterator::operator++ () noexcept

template<typename _CharT>

__detail::_Path< _CharT *, _CharT * > & std::experimental::filesystem::v1::path::operator+= (_CharT __ x)
path & std::experimental::filesystem::v1::path::operator+= (basic_string_view< value_type > _ x)

path & std::experimental::filesystem::v1::path::operator+= (const path &_ x)

path & std::experimental::filesystem::v1::path::operator+= (const string_type &__ x)

path & std::experimental::filesystem::v1::path::operator+= (const value_type *__x)

path & std::experimental::filesystem::v1::path::operator+= (value_type _ Xx)

iterator & std::experimental::filesystem::v1::path::iterator::operator-- () noexcept

bool std::experimental::filesystem::operator< (const path & _|hs, const path &__rhs) noexcept

Py

Generated by Doxygen



280

path & std::experimental::filesystem::v1::path::operator= (const path &__p)

path & std::experimental::filesystem::v1::path::operator= (path &&__p) noexcept

path & std::experimental::filesystem::v1::path::operator= (string_type &&__source)

bool std::experimental::filesystem::operator== (const directory_iterator & _lhs, const directory_iterator & «
_rhs)

bool std::experimental::filesystem::operator== (const path & _|hs, const path &__rhs) noexcept

bool std::experimental::filesystem::operator== (const recursive_directory_iterator & |hs, const recursive_«
directory_iterator & __rhs)

constexpr copy_options std::experimental::filesystem::operator” (copy options _ x, copy_options __y) noex-
cept

copy_options & std::experimental::filesystem::operator” = (copy_options & _x, copy_options __y) noexcept
constexpr copy_options std::experimental::filesystem::operator| (copy_options __x, copy_options __y) noex-
cept

copy_options & std::experimental::filesystem::operator|= (copy_options & _x, copy_options __y) noexcept
constexpr copy_options std::experimental::filesystem::operator~ (copy_options __ x) noexcept

void std::experimental::filesystem::permissions (const path & _p, perms __prms)

void std::experimental::filesystem::permissions (const path & p, perms __prms, error_code &__ec) noex-
cept

path std::experimental::filesystem::read_symlink (const path &__ p)

path std::experimental::filesystem::read_symlink (const path &__p, error_code &__ec)

bool std::experimental::filesystem::remove (const path &__p)

bool std::experimental::filesystem::remove (const path & __p, error_code & __ec) noexcept

uintmax_t std::experimental::filesystem::remove_all (const path & p)

uintmax_t std::experimental::filesystem::remove_all (const path & p, error_code & _ec)

void std::experimental::filesystem::rename (const path & _from, const path & __ to)

void std::experimental::filesystem::rename (const path & from, const path & _to, error_code &__ec) noex-
cept

void std::experimental::filesystem::resize_file (const path & _p, uintmax_t __size)

void std::experimental::filesystem::resize_file (const path & _p, uintmax_t __size, error_code &__ec) noex-
cept

space_info std::experimental::filesystem::space (const path &__p)

space_info std::experimental::filesystem::space (const path & _p, error_code &__ec) noexcept

file_status std::experimental::filesystem::status (const path &)

file_status std::experimental::filesystem::status (const path &, error_code &) noexcept

bool std::experimental::filesystem::status_known (file_status) noexcept

path std::experimental::filesystem::v1::path::stem () const

std::string std::experimental::filesystem::v1::path::string () const

template<typename _CharT, typename _Traits = std::char_traits<<_CharT>, typename _Allocator = std::allocator<_CharT>>
std::basic_string< _CharT, _Traits, _Allocator > std::experimental::filesystem::v1::path::string (const _«
Allocator & __a=_Allocator()) const

void std::experimental::filesystem::v1::path::swap (path & rhs) noexcept

file_status std::experimental::filesystem::symlink_status (const path &)

file_status std::experimental::filesystem::symlink_status (const path &, error_code &) noexcept

path std::experimental::filesystem::system_complete (const path &__p)

path std::experimental::filesystem::system_complete (const path & __p, error_code &__ec)

path std::experimental::filesystem::temp_directory_path ()

path std::experimental::filesystem::temp_directory_path (error_code &__ec)

std::u16string std::experimental::filesystem::v1::path::u16string () const

std::u32string std::experimental::filesystem::v1::path::u32string () const

std::string std::experimental::filesystem::v1::path::u8string () const

std::wstring std::experimental::filesystem::v1::path::wstring () const

Generated by Doxygen



3.14

Technical Specifications 281

constexpr perms std::experimental::filesystem::operator| (perms __x, perms __y) noexcept
constexpr perms std::experimental::filesystem::operator” (perms __ x, perms __y) noexcept
constexpr perms std::experimental::filesystem::operator~ (perms __x) noexcept

perms & std::experimental::filesystem::operator&= (perms & _x, perms __y) noexcept
perms & std::experimental::filesystem::operator|= (perms &__x, perms __y) noexcept
perms & std::experimental::filesystem::operator” = (perms & _x, perms __y) noexcept

constexpr directory_options std::experimental::filesystem::operator| (directory_options __x, directory_options
__Y) noexcept

constexpr directory_options std::experimental::filesystem::operator” (directory_options _ x, directory_«
options __y) noexcept

constexpr directory_options std::experimental::filesystem::operator~ (directory_options __ x) noexcept
directory_options & std::experimental::filesystem::operator&= (directory_options &__x, directory_options _«
_y) noexcept

directory_options & std::experimental::filesystem::operator|= (directory_options & _x, directory_options __y)
noexcept

directory_options & std::experimental::filesystem::operator” = (directory_options & _x, directory_options <+
_Y) noexcept

3.14.2.1 Detailed Description

Utilities for performing operations on file systems and their components, such as paths, regular files, and directories.
ISO/IEC TS 18822:2015 C++ File System Technical Specification

Since

C++11

Remarks

Link using —1stdc++£s to use these types and functions.

3.14.2.2 Typedef Documentation

file_time_type

using std::experimental::filesystem::vl::file_time_type
The type used for file timestamps.

3.14.2.3 Enumeration Type Documentation

copy_options

enum

class std::experimental::filesystem::vl::copy_options : unsigned short [strong]

Bitmask type controlling effects of filesystem: : copy

directory_options

enum

class std::experimental::filesystem::vl::directory_options : wunsigned char [strong]

Bitmask type controlling directory iteration.

file_type

enum

class std::experimental::filesystem::vl::file_type : signed char [strong]

Enumerated type representing the type of a file.
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perms

enum class std::experimental::filesystem::vl::perms : unsigned [strong]
Bitmask type representing file access permissions.

3.14.3 Library Fundamentals TS

Collaboration diagram for Library Fundamentals TS:

Type-safe container
of any type

Detection idiom
Logical operator traits

Variable template for
type traits

Array creation functions
Optional values

| Const-propagating wrapper |

Sequences

Technical Specifications

std::experimental::
fundamentals_v1::basic
_string_view

std::experimental::
fundamentals_v1::basic
_string_view

Topics

Array creation functions
Const-propagating wrapper
Detection idiom

Logical operator traits

Optional values

 Type-safe container of any type
Variable template for type traits

Files

file algorithm

« file any

file array

file chrono

file deque

file forward_list
file functional
file iterator

« file list
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« file map

« file memory

« file memory_resource
« file numeric

« file optional

« file propagate_const
« file random

« file ratio

* file regex

« file set

« file string

« file string_view

« file system_error

« file tuple

« file type_traits

« file unordered_map
« file unordered_set

« file utility

« file vector

Classes

* class std::experimental::fundamentals_v1::basic_string_view< _CharT, _Traits >

3.14.3.1 Detailed Description
Components defined by the C++ Extensions for Library Fundamentals Technical Specification, versions 1 and 2.
» ISO/IEC TS 19568:2015 C++ Extensions for Library Fundamentals

+ ISO/IEC TS 19568:2017 C++ Extensions for Library Fundamentals, Version 2

3.14.3.2 Array creation functions

Collaboration diagram for Array creation functions:

Library Fundamentals TS («¢—— Array creation functions

Functions

¢ template<typename _Tp, size_t _Nm, size_t... _ldx>
constexpr array< remove_cv_t< _Tp >, _Nm > std::experimental::_ to_array ( Tp(&__a)[ Nm],
index_sequence< _ldx... >)

¢ template<typename _Dest = void, typename... _Types>
constexpr array < typename __make_array_elem< _Dest, _Types... >:type, sizeof...(_Types)> std::experimental::make_array
(_Types &&... __1)
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¢ template<typename _Tp, size_t _Nm>
constexpr array < remove_cv_t< _Tp >, _Nm > std::experimental::to_array (_Tp(&__a)[_Nm]) noexcept(is_nothrow_constructible<
remove_cv_t< _Tp >, _Tp & >::value)

3.14.3.2.1 Detailed Description

Array creation functions as described in N4529, Working Draft, C++ Extensions for Library Fundamentals, Version 2

3.14.3.2.2 Function Documentation
make_array()

template<typename _Dest = void, typename... _Types>
array< typename _ make_array_elem< _Dest, _Types... >::type, sizeof...(_Types)> std::experimental«
::fundamentals_v2::make_array (
_Types &&... __t) [constexpr]
Create a std::array from a variable-length list of arguments.
References std::forward().

to_array()

template<typename _Tp, size_t _Nm>

array< remove_cv_t< _Tp >, _Nm > std::experimental::fundamentals_v2::to_array (
_Tp(&) __al_Nm]) [constexpr], [noexcept]

Create a std::array from an array.

3.14.3.3 Const-propagating wrapper

Collaboration diagram for Const-propagating wrapper:

Library Fundamentals TS («¢—— Const-propagating wrapper

Classes

« class std::experimental::fundamentals_v2::propagate_const< _Tp >

Functions

¢ template<typename _Tp>
constexpr const _Tp & std::experimental::get_underlying (const propagate_const< _Tp > & __pt) noexcept

* template<typename _Tp>
constexpr _Tp & std::experimental::get_underlying (propagate_const< _Tp > &__pt) noexcept

» constexpr std::experimental::fundamentals_v2::_ propagate_const_conversion_nc< _Tp, _Elem, true
>::operator _Elem x ()

« constexpr std::experimental::fundamentals_v2:: propagate_const_conversions< _Tp * >::operator _Tp
* () noexcept

» constexpr std::experimental::fundamentals_v2::_propagate_const_conversion_c< _Tp, _Elem, true >«
::operator const _Elem x () const
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constexpr std::experimental::fun
const _Tp * () const noexcept
template<typename _Tp, typename _Up>
constexpr bool std::experimental:
template<typename _Tp, typename _Up>
constexpr bool std::experimental:
template<typename _Tp, typename _Up>
constexpr bool std::experimental:
_Up>&_ pu)

template<typename _Tp>

constexpr bool std::experimental::

template<typename _Tp>

constexpr bool std::experimental:
template<typename _Tp, typename _Up>
constexpr bool std::experimental:
template<typename _Tp, typename _Up>
constexpr bool std::experimental:
template<typename _Tp, typename _Up>
constexpr bool std::experimental:
_Up>&_pu)

template<typename _Tp, typename _Up>
constexpr bool std::experimental:
template<typename _Tp, typename _Up>
constexpr bool std::experimental:
template<typename _Tp, typename _Up>
constexpr bool std::experimental:
_Up>&_pu)

template<typename _Tp, typename _Up>
constexpr bool std::experimental:
template<typename _Tp, typename _Up>
constexpr bool std::experimental:
template<typename _Tp, typename _Up>
constexpr bool std::experimental:
_Up >&_ pu)

template<typename _Tp>

constexpr bool std::experimental:
template<typename _Tp>

constexpr bool std::experimental:
template<typename _Tp, typename _Up>
constexpr bool std::experimental:
template<typename _Tp, typename _Up>
constexpr bool std::experimental:
template<typename _Tp, typename _Up>
constexpr bool std::experimental:
_Up > &_ pu)

template<typename _Tp, typename _Up>
constexpr bool std::experimental:
template<typename _Tp, typename _Up>
constexpr bool std::experimental:
template<typename _Tp, typename _Up>
constexpr bool std::experimental::
_Up > &_ pu)

damentals_v2::_propagate_const_conversions< _Tp x >::operator

:operator!= (const _Tp &__t, const propagate_const< _Up > &__pu)
:operator!= (const propagate_const< _Tp > &__pt, const _Up &__u)

:operator!= (const propagate_const< _Tp > & _pt, const propagate_const<

operator!= (const propagate_const< _Tp > &__pt, nullptr_t)

:operator!= (nullptr_t, const propagate_const< _Tp > &__pu)
:operator< (const _Tp &_t, const propagate_const< _Up > &__ pu)
:operator< (const propagate_const< _Tp > &__pt, const _Up &__u)

:operator< (const propagate_const< _Tp > & __pt, const propagate_const<

:operator<= (const _Tp & _t, const propagate_const< _Up > &__pu)
:operator<= (const propagate_const< _Tp > &__pt, const _Up &__u)

:operator< = (const propagate_const< _Tp > & __pt, const propagate_const<

:operator== (const _Tp &__t, const propagate_const< _Up > &__ pu)
:operator== (const propagate_const< _Tp > &__pt, const _Up &__u)

:operator== (const propagate_const< _Tp > & _pt, const propagate_const<

:operator== (const propagate_const< _Tp > &__pt, nullptr_t)
:operator== (nullptr_t, const propagate_const< _Tp > & _pu)
:operator> (const _Tp &_t, const propagate_const< _Up > &__ pu)
:operator> (const propagate_const< _Tp > &__pt, const _Up &__u)

:operator> (const propagate_const< _Tp > & __pt, const propagate_const<

:operator>= (const _Tp & _t, const propagate_const< _Up > &__pu)

:operator>= (const propagate_const< _Tp > &__pt, const _Up &__u)

operator>= (const propagate_const< _Tp > &__pt, const propagate_const<
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* template<typename _Tp>
constexpr enable_if t< _ is_swappable< _Tp >:value, void > std::experimental::swap (propagate_const<
_Tp > &__pt, propagate_const< _Tp > &__pt2) noexcept(__is_nothrow_swappable< _Tp >::value)
3.14.3.3.1 Detailed Description
A const-propagating wrapper that propagates const to pointer-like members, as described in n4388 "A Proposal to Add
a Const-Propagating Wrapper to the Standard Library".
3.14.3.4 Detection idiom

Collaboration diagram for Detection idiom:

Library Fundamentals TS |«¢—— Detection idiom

« #define __cpp_lib_experimental_detect

* template<typename...>
using std::experimental::void_t

¢ template<typename _Default, template< typename... > class _Op, typename... _Args>
using std::experimental::detected_or

¢ template<typename _Default, template< typename... > class _Op, typename... _Args>
using std::experimental::detected_or_t

¢ template<template< typename... > class _Op, typename... _Args>
using std::experimental::detected_t

¢ template<template< typename... > class _Op, typename... _Args>
using std::experimental::is_detected

* template<typename _Expected, template< typename... > class _Op, typename... _Args>
using std::experimental::is_detected_exact

¢ template<typename _To, template< typename... > class _Op, typename... _Args>
using std::experimental::is_detected_convertible

¢ template<template< typename... > class _Op, typename... _Args>
constexpr bool std::experimental::is_detected_v

* template<typename _Expected, template< typename... > class _Op, typename... _Args>
constexpr bool std::experimental::is_detected_exact_v

¢ template<typename _To, template< typename... > class _Op, typename... _Args>
constexpr bool std::experimental::is_detected_convertible_v

3.14.3.4.1 Detailed Description

Since

Library Fundamentals TS v2. C++14.
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3.14.3.4.2 Macro Definition Documentation
__cpp_lib_experimental_detect

#define __cpp_lib_experimental_detect

A metafunction that always yields void, used for detecting valid types.
3.14.3.4.3 Typedef Documentation

detected _or

template<typename _Default, template< typename... > class _Op, typename... _Args>
using std::experimental::fundamentals_v2::detected_or
A metafunction that always yields void, used for detecting valid types.

detected or t

template<typename _Default, template< typename... > class _Op, typename... _Args>
using std::experimental::fundamentals_v2::detected_or_t
A metafunction that always yields void, used for detecting valid types.

detected _t

template<template< typename... > class _Op, typename... _Args>
using std::experimental::fundamentals_v2::detected_t
A metafunction that always yields void, used for detecting valid types.

is_detected

template<template< typename... > class _Op, typename... _Args>
using std::experimental::fundamentals_v2::is_detected
A metafunction that always yields void, used for detecting valid types.

is_detected_convertible

template<typename _To, template< typename... > class _Op, typename... _Args>
using std::experimental::fundamentals_v2::is_detected_convertible
A metafunction that always yields void, used for detecting valid types.

is_detected_exact

template<typename _Expected, template< typename... > class _Op, typename... _Args>
using std::experimental::fundamentals_v2::is_detected_exact

A metafunction that always yields void, used for detecting valid types.

void_t

template<typename...>

using std::experimental::fundamentals_v2::void_t

A metafunction that always yields void, used for detecting valid types.

3.14.3.4.4 Variable Documentation

is_detected_convertible_v

template<typename _To, template< typename... > class _Op, typename... _Args>

bool std::experimental::fundamentals_v2::is_detected_convertible_v [constexpr]
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A metafunction that always yields void, used for detecting valid types.

is_detected_exact_v

template<typename _Expected, template< typename... > class _Op, typename...

bool std::experimental::fundamentals_v2::is_detected_exact_v [constexpr]
A metafunction that always yields void, used for detecting valid types.
is_detected_v

template<template< typename... > class _Op, typename... _Args>
bool std::experimental::fundamentals_v2::is_detected_v [constexpr]
A metafunction that always yields void, used for detecting valid types.

3.14.3.5 Logical operator traits

Collaboration diagram for Logical operator traits:

Library Fundamentals TS f«¢—— Logical operator traits

 #define __cpp_lib_experimental_logical_traits
template<typename... _Bn>

constexpr bool std::experimental::conjunction_v
template<typename... _Bn>

constexpr bool std::experimental::disjunction_v
template<typename _Pp>

constexpr bool std::experimental::negation_v

3.14.3.5.1 Detailed Description

Since

Library Fundamentals TS v2. C++14.

3.14.3.6 Optional values

Collaboration diagram for Optional values:

std::experimental::
fundamentals_v1::bad

_Args>

Library Fundamentals TS |<—| Optional values -optional_access
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Classes

« class std::experimental::fundamentals_v1::bad_optional_access
« struct std::experimental::fundamentals_v1::in_place_t

« struct std::experimental::fundamentals_v1::nullopt_t

« class std::experimental::fundamentals_v1::optional< _Tp >

Macros

« #define __cpp_lib_experimental_optional

Variables
 constexpr in_place_t std::experimental::in_place
« constexpr nullopt_t std::experimental::nullopt
3.14.3.6.1 Detailed Description
Class template for optional values and surrounding facilities, as described in n3793 "A proposal to add a utility class to
represent optional objects (Revision 5)".
3.14.3.6.2 Variable Documentation
in_place
in_place_t std::experimental::fundamentals_vl::in_place [constexpr]
Tag for in-place construction.
nullopt
nullopt_t std::experimental::fundamentals_vl::nullopt [constexpr]
Tag to disengage optional objects.
3.14.3.7 Type-safe container of any type

Collaboration diagram for Type-safe container of any type:

std::experimental:
fundamentals_v1::bad

Library Fundamentals TS }4— Wpsziin ST ey -any_cast
of any type

Classes

« class std::experimental::fundamentals_v1::any

« class std::experimental::fundamentals_v1::bad_any_cast
Macros

« #define __cpp_lib_experimental_any
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Functions

« static void std::experimental::fundamentals_v1::any::_Manager_external< _Tp >::_S_manage ( Op _ «
which, const any x__anyp, _Arg *__arg)

static void std::experimental::fundamentals_v1::any::_Manager_internal< _Tp >:: S_manage (_ Op _ «
which, const any x__anyp, _Arg *__arg)

template<typename _ValueType>

_ValueType std::experimental::any_cast (const any &__any)

+ void std::experimental::swap (any & X, any & __y) noexcept

template<typename _ValueType>
_ValueType std::experimental::any_cast (any &__any)

template<typename _ValueType, typename enable_if<!lis_move_constructible< _ValueType >:valuel|is_lvalue_reference< _ValueType

>::value, bool >::itype = true>
_ValueType std::experimental::any_cast (any &&__any)

template<typename _ValueType>
const _ValueType * std::experimental::any_cast (const any *__any) noexcept

template<typename _ValueType>
_ValueType * std::experimental::any_cast (any *__any) noexcept
3.14.3.7.1 Detailed Description

A type-safe container for single values of value types, as described in n3804 "Any Library Proposal (Revision 3)".

3.14.3.7.2 Function Documentation
any_cast() [1/5]

template<typename _ValueType, typename enable_if<!is_move_constructible< _ValueType >::valuel||is_lvalue_reference
_ValueType >::value, bool >::type = true>
_ValueType std::experimental::fundamentals_vl::any_cast (
any && __any) [inline]
Access the contained object.

Template Parameters

_ValueType | A reference or CopyConstructible type.

Parameters

‘ __any ‘ The object to access.

Returns

The contained object.

Exceptions

bad_any_cast‘ If__any.type() != typeid(remove_reference_t<_ValueType>)

References any_cast().
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any_cast() [2/5]

template<typename _ValueType>

_ValueType std::experimental::fundamentals_vl::any_cast (
any & __any) [inline]

Access the contained object.

Template Parameters

_ValueType | A reference or CopyConstructible type.

Parameters

‘ _any ‘ The object to access.

Returns

The contained object.

Exceptions

bad_any_cast‘ If__any.type() != typeid(remove_reference_t<_ValueType>)

References any_cast().

any_cast() [3/5]

template<typename _ValueType>

_ValueType * std::experimental::fundamentals_vl::any_cast (
any * __any) [inline], [noexcept]

Access the contained object.

Template Parameters

_ValueType | The type of the contained object.

Parameters

‘ __any ‘ A pointer to the object to access.

Returns

The address of the contained object if __any != nullptr && __any.type() == typeid(_«
ValueType) , otherwise a null pointer.

any_cast() [4/5]

template<typename _ValueType>

_ValueType std::experimental::fundamentals_vl::any_cast (
const any & ___any) [inline]

Access the contained object.
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Template Parameters

_ValueType | A const-reference or CopyConstructible type.

Parameters

‘ __any ‘ The object to access.

Returns

The contained object.

Exceptions

bad_any_cast‘ If __any.type() != typeid(remove_reference_t<_ValueType>)

References any_cast().
Referenced by any_cast(), any_cast(), and any_cast().

any_cast() [5/5]

template<typename _ValueType>

const _ValueType * std::experimental::fundamentals_vl::any_cast (
const any * __any) [inline], [noexcept]

Access the contained object.

Template Parameters

_ValueType | The type of the contained object.

Parameters

‘ __any ‘ A pointer to the object to access.

Returns

The address of the contained object if __any != nullptr && __any.type() == typeid(_+«
ValueType) , otherwise a null pointer.

swap()

void std::experimental::fundamentals_vl::swap (
any & __x,
any & __y) [inline], [noexcept]

Exchange the states of two any objects.
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3.14.3.8 Variable template for type traits

Collaboration diagram for Variable template for type traits:

Library Fundamentals TS |<«¢——

Variable template for
type traits

#define __cpp_lib_experimental_type_trait_variable_templates

template<typename _Tp>
constexpr bool std::experimental
template<typename _Tp>

constexpr bool std::experimental:

template<typename _Tp>

constexpr bool std::experimental:

template<typename _Tp>

constexpr bool std::experimental:

template<typename _Tp>

constexpr bool std::experimental:

template<typename _Tp>

constexpr bool std::experimental:

template<typename _Tp>

constexpr bool std::experimental:

template<typename _Tp>

constexpr bool std::experimental:

template<typename _Tp>

constexpr bool std::experimental:

template<typename _Tp>

constexpr bool std::experimental:

template<typename _Tp>

constexpr bool std::experimental:

template<typename _Tp>

constexpr bool std::experimental:

template<typename _Tp>

constexpr bool std::experimental:

template<typename _Tp>

constexpr bool std::experimental:

template<typename _Tp>

constexpr bool std::experimental:

template<typename _Tp>

constexpr bool std::experimental:

template<typename _Tp>

constexpr bool std::experimental:

template<typename _Tp>

constexpr bool std::experimental:

zis_void_v

:is_null_pointer_v
:is_integral_v
:is_floating_point_v
:is_array_v

:is_pointer_v
:is_lvalue_reference_v
:is_rvalue_reference_v
:is_member_object_pointer_v
:is_member_function_pointer_v
:is_enum_v

:is_union_v

is_class_v

:is_function_v
:is_reference_v
:is_arithmetic_v
:is_fundamental_v

:is_object_v
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template<typename _Tp>
constexpr bool std::experimental:
template<typename _Tp>
constexpr bool std::experimental:
template<typename _Tp>
constexpr bool std::experimental:
template<typename _Tp>
constexpr bool std::experimental:
template<typename _Tp>
constexpr bool std::experimental:
template<typename _Tp>
constexpr bool std::experimental:
template<typename _Tp>
constexpr bool std::experimental:
template<typename _Tp>
constexpr bool std::experimental:
template<typename _Tp>
constexpr bool std::experimental:
template<typename _Tp>
constexpr bool std::experimental:
template<typename _Tp>
constexpr bool std::experimental:
template<typename _Tp>
constexpr bool std::experimental:
template<typename _Tp>
constexpr bool std::experimental:
template<typename _Tp>
constexpr bool std::experimental:
template<typename _Tp>
constexpr bool std::experimental:
template<typename _Tp>
constexpr bool std::experimental::

:is_scalar_v
:is_compound_v
:is_member_pointer_v
:is_const_v
:is_volatile_v
sis_trivial_v
:is_trivially_copyable_v
:is_standard_layout_v
lis_pod_v
lis_literal_type_v
:is_empty_v
:is_polymorphic_v
:is_abstract_v
:is_final_v

:is_signed_v

is_unsigned_v

template<typename _Tp, typename... _Args>

constexpr bool std::experimental::
template<typename _Tp>

constexpr bool std::experimental::
template<typename _Tp>

constexpr bool std::experimental::
template<typename _Tp>

constexpr bool std::experimental::
template<typename _Tp, typename _Up>
constexpr bool std::experimental::
template<typename _Tp>

constexpr bool std::experimental::
template<typename _Tp>

constexpr bool std::experimental::
template<typename _Tp>

constexpr bool std::experimental::

is_constructible_v
is_default_constructible_v
is_copy_constructible_v
is_move_constructible v
is_assignable_v
is_copy_assignable_v
is_move_assignable_v

is_destructible_v

template<typename _Tp, typename... _Args>

constexpr bool std::experimental::is_trivially_constructible_v

template<typename _Tp>

constexpr bool std::experimental::is_trivially_default_constructible_v
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template<typename _Tp>

constexpr bool std::experimental::
template<typename _Tp>

constexpr bool std::experimental::
template<typename _Tp, typename _Up>
constexpr bool std::experimental::
template<typename _Tp>

constexpr bool std::experimental::
template<typename _Tp>

constexpr bool std::experimental::
template<typename _Tp>

constexpr bool std::experimental::

is_trivially_copy_constructible_v
is_trivially_move_constructible_v
is_trivially_assignable_v
is_trivially_copy_assignable_v
is_trivially_move_assignable_v

is_trivially_destructible_v

template<typename _Tp, typename... _Args>

constexpr bool std::experimental::
template<typename _Tp>

constexpr bool std::experimental::
template<typename _Tp>

constexpr bool std::experimental::
template<typename _Tp>

constexpr bool std::experimental::
template<typename _Tp, typename _Up>
constexpr bool std::experimental::
template<typename _Tp>

constexpr bool std::experimental::
template<typename _Tp>

constexpr bool std::experimental::
template<typename _Tp>

constexpr bool std::experimental::
template<typename _Tp>

constexpr bool std::experimental::
template<typename _Tp>

constexpr size_t std::experimental
template<typename _Tp>

constexpr size_t std::experimental
template<typename _Tp, unsigned _ldx = 0
constexpr size_t std::experimental
template<typename _Tp, typename _Up>
constexpr bool std::experimental::
template<typename _Tp>

constexpr bool std::experimental::
template<typename _Base, typename _Deri
constexpr bool std::experimental::

is_nothrow_constructible_v

is_nothrow_default_constructible_v

is_nothrow_copy_constructible_v

is_nothrow_move_constructible_v

is_nothrow_assignable_v
is_nothrow_copy_assignable_v
is_nothrow_move_assignable_v
is_nothrow_destructible v
has_virtual_destructor_v
::alignment_of_v

:irank_v

>

::extent_v

is_same_v

is_same_v< _Tp, _Tp >

ived>
is_base of v

template <typename _From, typename _To>

constexpr bool std::experimental::

3.14.3.8.1 Detailed Description

Since

is_convertible_v

Library Fundamentals TS v1. C++14.

See also

variable_templates
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3.14.4 Parallelism TS

Collaboration diagram for Parallelism TS:

Technical Specifications }4—-4—{ Data parallel extensions

Topics

» Data parallel extensions

3.14.4.1 Detailed Description
Components defined by the C++ Extensions for Parallelism Technical Specification.
» ISO/IEC TS 19570:2015 C++ Extensions for Parallelism

» ISO/IEC TS 19570:2018 C++ Extensions for Parallelism, Version 2

3.14.4.2 Data parallel extensions

Collaboration diagram for Data parallel extensions:

Macros

+ #define __cpp_lib_experimental_parallel_simd

3.14.4.2.1 Detailed Description

Data-parallel types library.
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Since

C++17

3.15 Utilities

Collaboration diagram for Utilities:

Time

Function Objects

Memory

Metaprogramming

Rational Arithmetic

Topics

» Function Objects
* Memory

+ Metaprogramming
+ Rational Arithmetic
* Time

Classes

class std::bitset< _Nb >

struct std::pair< _T1, _T2 >

struct std::piecewise_construct_t

* class std::tuple< _Elements >

* class std::tuple< _T1, _T2 >

« struct std::tuple_element< __i, tuple< _Types... > >

« struct std::ituple_size< tuple< _Elements... > >

« struct std::type_index

« struct std::uses_allocator< tuple< _Types... >, _Alloc >

Typedefs

¢ template<typename _Tp, typename _Up>
using std::__like_t
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Functions

¢ template<typename... _Args1, typename... _Args2>

constexpr std::pair< _T1, _T2 >::pair (piecewise_construct_t, tuple< _Args1... >, tuple< _Args2... >)
* template<typename _Tp>

constexpr _Tp * std::__addressof (_Tp &__r) noexcept
¢ template<typename _Tp, typename _Up =_Tp>

constexpr _Tp std::__exchange (_Tp & obj, _Up &&__new_val)

¢ template<size_t__i, typename _Head, typename... _Tail>

constexpr _Head & std::__get_helper (_Tuple_impl< __i, _Head, _Tail... > &__t) noexcept
¢ template<size_t __i, typename _Head, typename... _Tail>
constexpr const _Head & std::__get_helper (const _Tuple_impl< __i, _Head, _Tail... > &__t) noexcept

¢ template<size_t__i, typename... _Types>
__enable_if_t<(__i >=sizeof...(_Types))> std::__get_helper (const tuple< _Types... > &)=delete
¢ template<typename _Tp, typename _Up = typename __inv_unwrap<_Tp>:itype>
constexpr _Up && std::__invfwd (typename remove_reference< _Tp >:type & t) noexcept
¢ template<typename _Callable, typename... _Args>
constexpr __invoke_result< _Callable, _Args... >:type std::__invoke (_Callable &&_ fn, _Args &&... __args)
noexcept(__is_nothrow_invocable< _Callable, _Args... >::value)
¢ template<typename _Res, typename _MemFun, typename _Tp, typename... _Args>
constexpr _Res std::__invoke_impl (__invoke_memfun_deref, _MemFun &&_ f, _Tp &&__t, _Args &&... __ «
args)
¢ template<typename _Res, typename _MemFun, typename _Tp, typename... _Args>
constexpr _Res std::__invoke_impl (__invoke_memfun_ref, _MemFun &&_ f, _Tp &&_ t, _Args &&... __args)
¢ template<typename _Res, typename _MemPtr, typename _Tp>
constexpr _Res std::__invoke_impl (__invoke_memobj_deref, _MemPtr &&_ f, _Tp &&_ 1)
¢ template<typename _Res, typename _MemPtr, typename _Tp>
constexpr _Res std::__invoke_impl (__invoke_memobj_ref, _MemPtr &&_ f, Tp &&__1)
¢ template<typename _Res, typename _Fn, typename... _Args>
constexpr _Res std::__invoke_impl (__invoke_other, _Fn &&_f, _Args &&... __args)
¢ template<typename _Res, typename _Callable, typename... _Args>
constexpr enable_if_t< is_invocable_r_v< _Res, _Callable, _Args... >, _Res > std::__invoke_r (_Callable
&&_ fn, _Args &&... __args) noexcept(is_nothrow_invocable_r_v< _Res, _Callable, _Args... >)
¢ template<typename _Cat, typename _Tp, typename _Up, typename _IndexSeq>
constexpr _Cat std::__tuple_cmp (const _Tp & t, const _Up & _u, _IndexSeq __indices)
* template<typename _Tp>
constexpr _Tp * std::addressof (_Tp &__r) noexcept
* template<typename _Tp>
const _Tp * std::addressof (const _Tp &&)=delete
* template<typename _Tp>
auto std::declval () noexcept -> decltype(__declval< _Tp >(0))
¢ template<typename _Tp>
constexpr _Tp && std::forward (typename std::remove_reference< _Tp >::type && t) noexcept
* template<typename _Tp>
constexpr _Tp && std::forward (typename std::remove_reference< _Tp >::type & t) noexcept
¢ template<typename... _Elements>
constexpr tuple< _Elements &&... > std::forward_as_tuple (_Elements &&... __args) noexcept
¢ template<size_t __i, typename... _Elements>
constexpr const __tuple_element_t< __i, tuple< _Elements... > > && std::get (const tuple< _Elements... >
&&__t) noexcept
¢ template<size_t__i, typename... _Elements>
constexpr const __tuple_element_t< __i, tuple< _Elements... > > & std::get (const tuple< _Elements... >
&__t) noexcept
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¢ template<size_t__i, typename... _Elements>
constexpr __tuple_element_t< __i, tuple< _Elements... > > && std::get (tuple< _Elements... > &&__t) noex-
cept
¢ template<size_t __ i, typename... _Elements>
constexpr __tuple_element_t< __i, tuple< _Elements... > > & std::get (tuple< _Elements... > &__t) noexcept
¢ template<typename _T1, typename _T2>
constexpr pair< typename __decay_and_strip< _T1 >::_ type, typename __decay_and_strip< _T2 >::_ type
> std::make_pair (_T1 &&__x, _T2 &&__y)
¢ template<typename... _Elements>
constexpr tuple< typename __decay_and_strip< _Elements >::_ type... > std::make_tuple (_Elements &&...
__args)
¢ template<typename _Tp>
constexpr std::remove_reference< _Tp >::type && std::move (_Tp &&__t) noexcept
* template<typename _Tp>
constexpr__conditional_t< __move_if_noexcept_cond< _Tp >::value, const _Tp &, _Tp && > std::move_if_noexcept
(_Tp &__x) noexcept
¢ template<typename... _Tps, typename... _Ups>
requires (sizeof...(_Tps) == sizeof...(_Ups)) && (requires { typename __detail::__synth3way_t<_Tps, _Ups>;} &&...)
constexpr common_comparison_category_t< __ detail::__synth3way_t< _Tps, _Ups >... > std::operator<=>
(const tuple< _Tps... > &__t, const tuple< _Ups... > &__u)
¢ template<typename... _Tps, typename... _Ups>
requires (sizeof...(_Tps) == sizeof...(_Ups)) && (requires (const _Tps& __t,const_Ups& __u){{__t==__u}->_ detail::__boolean_testable;
}8&..)
constexpr bool std::operator== (const tuple< _Tps... > &__t, const tuple< _Ups... > &__u)
* template<typename _Tp>
requires (! __is_tuple_like<_Tp>::value) && is_move_constructible_v<_Tp> && is_move_assignable_v<_Tp>
constexpr void std::swap (_Tp & _a, _Tp & __b) noexcept(/+conditional */) is_nothrow_move_assignable< _Tp
> >
¢ template<typename _Tp, size_t _Nm>
requires is_swappable_v<_Tp>
constexpr void std::swap (_Tp(&__a)[_Nm], _Tp(&__b)[_Nm]) noexcept(/xconditional /)
¢ template<typename... _Elements>
constexpr enable_if< _ and_< _ is_swappable< _Elements >... >:value >:type std:swap (tuple< _+«
Elements... > & X, tuple< _Elements... > & __y) noexcept(noexcept(__x.swap(__Y)))
¢ template<typename... _Elements>
constexpr tuple< _Elements &... > std::tie (_Elements &... __args) noexcept
¢ template<typename... _UTypes>
std::tuple (_UTypes...) -> tuple< _UTypes... >
¢ template<typename _Alloc, typename... _UTypes>
std::tuple (allocator_arg_t, _Alloc, _UTypes...) -> tuple< _UTypes... >
¢ template<typename _Alloc, typename _T1, typename _T2>
std::tuple (allocator_arg_t, _Alloc, pair< _T1, _T2 >) -> tuple< _T1, _T2 >
¢ template<typename _Alloc, typename... _UTypes>
std::tuple (allocator_arg_t, _Alloc, tuple< _UTypes... >) -> tuple< _UTypes... >
¢ template<typename _T1, typename _T2>
std::tuple (pair< _T1,_T2 >) -> tuple< _T1, _T2 >
¢ template<typename... _Tpls, typename = typename enable_if<__and_<__is_tuple_like<_Tpls>...>:value>:type>

constexpr auto std::tuple_cat (_Tpls &&... __tpls) -> typename __tuple_cat_result< _Tpls... >::_ type

Variables

» constexpr piecewise_construct_t std::piecewise_construct
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3.15.1

template<typename... _Types>

constexpr size_t std::tuple_size_v< const tuple< _Types... > >
template<typename... _Types>

constexpr size_t std::tuple_size_v< tuple< _Types... > >

template<typename _T1, typename _T2>

pair (_T1, _T2) -> pair< _T1, _T2 >

template<typename _T1, typename _T2, typename _U1, typename _U2>

constexpr bool operator== (const pair< _T1, _T2 > & _ x, const pair< _U1,_U2 > & )

template<typename _T1, typename _T2, typename _U1, typename _U2>

constexpr common_comparison_category_t< _ detail::__synth3way_t< _T1, _U1 >, _ detail::__synth3way_t<
_T2, _U2 > > operator<=> (const pair< _T1, _T2 > & X, const pair< _U1, _U2 > &_y)

template<typename _T1, typename _T2>

constexpr enable_if< __and_< __is_swappable< _T1 >, _ is_swappable< _T2 > >::value >::itype swap (pair<
_T1, _T2> &  x,pair< _T1,_T2 > &__y) noexcept(noexcept(__x.swap(__y)))

template<typename _T1, typename _T2>

constexpr enable_if< __and_< __is_swappable< _T1 >, _ is_swappable< _T2 > >::value >::itype swap (pair<
_T1, T2 > & x,pair< _T1,_T2 > &__y) noexcept(noexcept(__x.swap(__y)))

template<typename _T1, typename _T2, typename _U1, typename _U2>

constexpr bool operator== (const pair< _T1, _T2 > &__ x, const pair< _U1,_U2 > & )

template<typename _T1, typename _T2, typename _U1, typename _U2>

constexpr common_comparison_category_t< __ detail::__synth8way_t< _T1, _U1 >, _ detail::__synth3way_t<
_T2, _U2 > > operator<=> (const pair< _T1, _T2 > & x, const pair< _U1, _U2 > &_y)

Detailed Description

Basic function and class templates used with the rest of the library. Includes pair, swap, forward/move helpers, declval,
integer_sequence.

3.15.2 Function Documentation

pair() [1/2]

template<typename _T1l, typename _T2>

pair

(
_T1 .,

_T2 ) -> pair< _T1l, _T2 > |[related]

Two pairs are equal iff their members are equal.

pair() 12/2]

template<class _T1, class _T2>

template<typename... _Argsl, typename... _Args2>
std::pair< _T1, _T2 >::pair (

piecewise_construct_t ,
tuple< _Argsl... > _ first,

tuple< _Args2... > __ _second) [inline], [constexpr]

"piecewise construction" using a tuple of arguments for each member.

Parameters

__first Arguments for the first member of the pair.

__second | Arguments for the second member of the pair.

The elements of each tuple will be used as the constructor arguments for the data members of the pair.
References pair().
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__addressof()

template<typename _Tp>
_Tp * std::__addressof (
_Tp & __r) [inline], [constexpr], [noexcept]
Same as C++11 std::addressof.
Referenced by std::back_insert_iterator< _Container >::back_insert_iterator(), std::basic_istringstream< char >::basic_istringstream(),

std::basic_istringstream< char >::basic_istringstream(), std::basic_istringstream< char >::basic_istringstream(),
std::basic_ostringstream< char >::basic_ostringstream(), std::basic_ostringstream< char >::basic_ostringstream(),
std::basic_ostringstream< char >::basic_ostringstream(), std::basic_stringstream< char >::basic_stringstream(),
std::basic_stringstream< char >::basic_stringstream(), std::basic_stringstream< char >::basic_stringstream(),
std::front_insert_iterator< _Container >::front_insert_iterator(),  std:insert_iterator< _Container >::insert_iterator(),

std::istream_iterator< _Tp, _CharT, _Traits, _Dist >::istream_iterator(), std::ostream_iterator< _Tp, _CharT, _Traits >::0stream_iterator()
std::ostream_iterator< _Tp, _CharT, _Traits >::ostream_iterator(), __gnu_debug::_Safe_sequence< _Sequence >::_M_transfer_from_if
begin(), begin(), std::basic_ios< _CharT, _Traits >::copyfmt(), end(), end(), std::forward_list< _Tp, _Alloc >::merge(),

std::list< _Tp, _Alloc >:merge(), std:list< _Tp, _Alloc >:merge(), std::sub_match< const char x >::operator<<(),
__gnu_debug::_Safe_iterator< _Base_iterator, map >::operator=(), _ gnu_debug::_Safe_local_iterator< _Otherlterator, _UContainer >
std::basic_string< _CharT >::operator=(), std::deque< _Tp, _Alloc >::operator=(), std::forward_list< _Tp, _Alloc >::operator=(),
std::list< _Tp, _Alloc >::operator=(), std::vector< _Tp, _Alloc >::operator=(), std::sub_match< const char x >::operator==(),
std::basic_istringstream< char >::rdbuf(), std::basic_ostringstream< char >::rdbuf(), std::basic_stringstream< char >::rdbuf(),
std::vector< _State< _TraitsT::char_type > >:reserve(), std:list< _Tp, polymorphic_allocator< _Tp > >::splice(),

and std::list< _Tp, polymorphic_allocator< _Tp > >::splice().

__invoke()
template<typename _Callable, typename... _Args>
__invoke_result< _Callable, _Args... >::type std::__invoke (
_Callable && __ fn,
_Args &&... __args) [constexpr], [noexcept]

Invoke a callable object.
References forward().
Referenced by std::once_flag::call_once.

addressof()

template<typename _Tp>
_Tp * std::addressof (
_Tp & __r) [inline], [constexpr], [noexcept]
Returns the actual address of the object or function referenced by r, even in the presence of an overloaded operator&.

Parameters

— Reference to an object or function.

_

—
—

r

Returns

The actual address.
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Since
C++11
Referenced by std::function_ref< _Res(_ArgTypes...) _GLIBCXX_MOF_CV noexcept(_Noex)>::function_ref(),

std::function_ref< _Res(_ArgTypes...) _GLIBCXX_MOF_CV noexcept(_Noex)>::function_ref(), _Destroy(), _Destroy_n(),
std::copyable_function< _Res(_ArgTypes...) _GLIBCXX_MOF_CV noexcept(_Noex)>::operator=(), and std::move_only_function< _Res

declval()

template<typename _Tp>
auto std::declval () -> decltype(__declval< _Tp >(0)) [noexcept]
Utility to simplify expressions used in unevaluated operands

Since

C++11

Referenced by std::vector< _Tp, polymorphic_allocator< _Tp > >::vector(), and std::unique_ptr< _State >::operatorx().

forward() [1/21]

template<typename _Tp>
_Tp && std::forward (

typename std::remove_reference< _Tp >::type && __t) [constexpr], [noexcept]
Forward an rvalue.

Returns

The parameter cast to the specified type.

This function is used to implement "perfect forwarding".
Since

C++11

forward() 12/21]

template<typename _Tp>
_Tp && std::forward (

typename std::remove_reference< _Tp >::type & __t) [constexpr], [noexcept]
Forward an Ivalue.

Returns

The parameter cast to the specified type.

This function is used to implement "perfect forwarding".
Since

C++11

Referenced by std::experimental::fundamentals_v1::any::any(), std::copyable_function< _Res(_ArgTypes...) _GLIBCXX_MOF_CV noexc
std::copyable_function< _Res(_ArgTypes...) _ GLIBCXX_MOF_CV noexcept(_Noex)>::copyable_function(), std::copyable_function< _R:
std::function< _Res(_ArgTypes...)>::function(), std::move_only_function< _Res(_ArgTypes...) _GLIBCXX_MOF_CV noexcept(_Noex)>
std::move_only_function< _Res(_ArgTypes...) _GLIBCXX_MOF_CV noexcept(_Noex)>::move_only_function(),
std::move_only_function< _Res(_ArgTypes...) _GLIBCXX_MOF_CV noexcept(_Noex)>::move_only_function(),

std::unique_ptr< _State >::unique_ptr(), __invoke(), _Construct(), std::list< _Tp, polymorphic_allocator< _Tp > >::_M_create_node(),
std::deque< _Tp, _Alloc >::_M_push_back_aux(), std::deque< _Tp, _Alloc >::_M_push_front_aux(), std::shared_ptr< _State_base >::
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std::
std:
std:
std::
std:
std::
std::
std:
std:
std::
std:
std::
std::

basic_string< _CharT >::append(), async(), async(), bind(), std::once_flag::call_once, std::allocator_traits< _OuterAlloc >::construc

:allocator_traits< allocator< _Tp > >::construct(), std::allocator_traits< allocator< void > >::construct(), std::allocator_traits< pmr::
:deque< _Tp, _Alloc >::emplace(), std::list< _Tp, _Alloc >::emplace(), std::map< _Key, _Tp, _Cmp, polymorphic_allocator< pair< «

multimap< _Key, _Tp, _Cmp, polymorphic_allocator< pair< const _Key, _Tp > > >::emplace(), std::multiset< _Key, _Cmp, polymo

:set< _Key, _Cmp, polymorphic_allocator< _Key > >::emplace(), std::unordered_map< _Key, _Tp, Hash, Pred, polymorphic_allo

unordered_multimap< _Key, _Tp, _Hash, _Pred, polymorphic_allocator< pair< const _Key, _Tp > > >::emplace(),
unordered_multiset< _Key, _Hash, _Pred, polymorphic_allocator< _Key > >::emplace(), std::unordered_set< _Key, _Hash, _Pred,

:vector< _Tp, polymorphic_allocator< _Tp > >::emplace(), std::forward_list< _Tp, polymorphic_allocator< _Tp > >::emplace_afte
:forward_list< _Tp, polymorphic_allocator< _Tp > >::emplace_front(), std::map< _Key, _Tp, _Cmp, polymorphic_allocator< pair< ¢

multimap< _Key, _Tp, _Cmp, polymorphic_allocator< pair< const _Key, _Tp > > >::emplace_hint(), std::multiset< _Key, _Cmp, pc

:set< _Key, _Cmp, polymorphic_allocator< _Key > >::emplace_hint(), std::unordered_map< _Key, _Tp, _Hash, _Pred, polymorphic

unordered_multimap< _Key, _Tp, _Hash, _Pred, polymorphic_allocator< pair< const _Key, Tp > > >::emplace_hint(),
unordered_multiset< _Key, _Hash, _Pred, polymorphic_allocator< _Key > >::emplace_hint(), std::unordered_set< _Key, _Hash, _|

forward_as_tuple(), get(), get(), get(), get(), get(), get(), std::map< _Key, _Tp, _Cmp, polymorphic_allocator< pair< const _Key, _Tp > >

std::
std::
std::
std::
std::
std::
std:

map< _Key, _Tp, _Cmp, polymorphic_allocator< pair< const _Key, Tp > > >:insert(), std::multimap< _Key, _Tp, _Cmp, polymor
multimap< _Key, _Tp, _Cmp, polymorphic_allocator< pair< const _Key, _Tp > > >:insert(), std::unordered_map< _Key, Tp, Ha
unordered_map< _Key, _Tp, _Hash, _Pred, polymorphic_allocator< pair< const _Key, _Tp > > >:insert(),

unordered_multimap< _Key, _Tp, _Hash, _Pred, polymorphic_allocator< pair< const _Key, _Tp > > >:insert(),
unordered_multimap< _Key, _Tp, _Hash, _Pred, polymorphic_allocator< pair< const _Key, _Tp > > >:insert(),

map< _Key, _Tp, _Cmp, polymorphic_allocator< pair< const _Key, _Tp > > >:insert_or_assign(), std::map< _Key, _Tp, _Cmp, pc

:experimental::make_array(), std::experimental::make_ostream_joiner(), make_pair(), std::shared_ptr< _State _base >::make_shared

make_tuple(), std::experimental::not_fn(), std::copyable_function< _Res(_ArgTypes...) _GLIBCXX_MOF_CV noexcept(_Noex)>::operatc

std:
std:
std:
std:

:function< _Res(_ArgTypes...)>::operator()(), std::function_ref< _Res(_ArgTypes...) _GLIBCXX_MOF_CV noexcept(_Noex)>::operz
:move_only_function< _Res(_ArgTypes...) _GLIBCXX_MOF_CV noexcept(_Noex)>::operator()(), std::copyable_function< _Res(_Ar
:experimental::fundamentals_v1::any::operator=(), std::function< _Res(_ArgTypes...)>::operator=(), std::move_only_function< _Res(
:unique_ptr< _State >::operator=(), std::unique_ptr< _Tp[], _Dp >::operator=(), operator>>(), std::experimental::sample(),

sample(), throw_with_nested(), and tuple_caty().

forward_as_tuple()

template<typename... _Elements>
tuple< _Elements &&... > std::forward_as_tuple (
_Elements &&... __args) [constexpr], [noexcept]

Create a tuple of lvalue or rvalue references to the arguments.
References forward().
Referenced by std::map< _Key, _Tp, _Cmp, polymorphic_allocator< pair< const _Key, _Tp > > >::insert_or_assign(),

and std::map< _Key, _Tp, _Cmp, polymorphic_allocator< pair< const _Key, _Tp > > >:insert_or_assign().

get() [1/4]

template<size_t i, typename... _Elements>
const __tuple_element_t< i, tuple< _Elements... > > && std::get (
const tuple< _Elements... > && __t) [constexpr], [noexcept]

Return a const rvalue reference to the ith element of a const tuple rvalue.
References forward().

get() 12/4]

template<size_t __1i, typename... _Elements>
const __tuple_element_t< __i, tuple< _Elements... > > & std::get (
const tuple< _Elements... > & __t) [constexpr], [noexcept]

Return a const reference to the ith element of a const tuple.
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get() [3/4]

template<size_t __1i, typename... _Elements>
__tuple_element_t< __ i, tuple< _Elements... > > && std::get (
tuple< _Elements... > && __t) [constexpr], [noexcept]

Return an rvalue reference to the ith element of a tuple rvalue.
References forward().

get() 14/41

template<size_t __ i, typename... _Elements>
__tuple_element_t< i, tuple< _Elements... > > & std::get (
tuple< _Elements... > & __t) [constexpr], [noexcept]

Return a reference to the ith element of a tuple.

make_pair()

template<typename _T1, typename _T2>
pair< typename _ decay_and_strip< _T1l >::_ _type, typename _ decay_and_strip< _T2 >::__ _type >
std: :make_pair (
_T1 && __x,
_T2 && __y) [constexpr]
A convenience wrapper for creating a pair from two objects.

Parameters

The first object.

<
X
« | The second object.
y

Returns

A newly-constructed pair<> object of the appropriate type.

The C++98 standard says the objects are passed by reference-to-const, but C++03 says they are passed by value (this

was LWG issue #181).

Since C++11 they have been passed by forwarding reference and then forwarded to the new members of the pair. To

create a pair with a member of reference type, pass a reference_wrapper to this function.

References forward().

Referenced by _ gnu_parallel::_ find_template(), _ gen_two_uniform_ints(), _ gnu_debug::__ get distance(),
__gnu_parallel::__parallel_merge_advance(), __gnu_parallel::__parallel_sort_gsb(), __gnu_parallel::__gsb_local_sort_with_helping(),
__gnu_parallel::__adjacent_find_selector::_M_sequential_algorithm(), __gnu_parallel::__find_first_of selector< _Flterator >::_M_seque
__gnu_parallel::__find_if_selector::_M_sequential_algorithm(), __gnu_parallel::multiseq_partition(), __gnu_parallel::multiseq_selection(),
__gnu_parallel::parallel_multiway_merge(), __gnu_parallel::parallel_sort_mwms_pu(), and __gnu_pbds::detail::;pat_trie_base::_Node_cite

make_tuple()

template<typename... _Elements>
tuple< typename __decay_and_strip< _Elements >::__type... > std::make_tuple (
_Elements &&... __args) [constexpr]

Create a tuple containing copies of the arguments.
References forward().
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move()

template<typename _Tp>

std::remove_reference< _Tp >::type && std::move (

Co

Par

_Tp && __
nvert a value to an rvalue.

t) [constexpr], [noexcept]

ameters

~ |

« | Athing of arbitrary type.

o

P

Py

Ret

urns

The parameter cast to an rvalue-reference to allow moving it.

Since

C++11

Referenced by _ gnu_cxx::_ versa_string< char >:_ versa_string(), std::basic_string< _CharT >::basic_string(),

std:
std:
std:
std::
std::
std:
std:
std:
std:
std:
std:
std::
std:

:deque< _Tp, polymorphic_allocator< _Tp > >::deque(), std::discard_block_engine< ranlux24_base, 223, 23 >::discard_block_enc
;tr2::dynamic_bitset< _WordT, _Alloc >::dynamic_bitset(), std::forward_list< _Tp, polymorphic_allocator< _Tp > >::forward_list(),
future< _Res >::future(), std::future< _Res & >::future(), std::future< void >::future(), std::independent_bits_engine< _RandomNu
map< _Key, _Tp, _Cmp, polymorphic_allocator< pair< const _Key, _Tp > > >:map(), std::match_results< _Bidirectionallterator, p
multimap< _Key, _Tp, _Cmp, polymorphic_allocator< pair< const _Key, _Tp > > >:multimap(), std::multiset< _Key, _Cmp, polym:
:set< _Key, _Cmp, polymorphic_allocator< _Key > >::set(), std::shared_future< _Res >::shared_future(),

:shared_future< _Res >::shared_future(), std::shared_future< _Res & >::shared_future(), std::shared_future< _Res & >::shared_fi
:shared_future< void >::shared_future(), std::shared_future< void >::shared_future(), std::shared_ptr< _State_base >::shared_ptr(
:shared_ptr< _State_base >::shared_ptr(), std::shared_ptr< _State_base >::shared_ptr(), std::shared_ptr< _State_base >::shared
:shared_ptr< _State_base >::shared_ptr(), std::shared_ptr< _State_base >::shared_ptr(), std::shared_ptr< _State_base >::shared
:shuffle_order_engine< minstd_rand0, 256 >::shuffle_order_engine(),  std::unique_ptr< _State >::unique_ptr(),

unique_ptr< _Tp[], _Dp >::unique_ptr(), std::vector< _Tp, polymorphic_allocator< _Tp > >::vector(), std::unique_ptr< _State >::~
:experimental::any_cast(), std::basic_regex< char >:assign(), std::basic_string< _CharT >::assign(), async(),

atomic_compare_exchange_strong(), atomic_compare_exchange_strong(), atomic_compare_exchange_strong_explicit(),
atomic_compare_exchange_strong_explicit(), atomic_compare_exchange_weak(), atomic_compare_exchange_weak(),
atomic_compare_exchange_weak_explicit(), atomic_compare_exchange_weak_explicit(), atomic_exchange(),
atomic_exchange(), atomic_store(), atomic_store(), std::shared_ptr< _State_base >::const_pointer_cast(), copy_n(),
distance(), std::shared_ptr< _State_base >::dynamic_pointer_cast(), exclusive_scan(), exclusive_scan(), for_each_n(),

std:
std::
std::
std::
std::
std::
std::
std:
std::
std:
std:
std:
std::

future< _Res >::get(), get(), get(), inclusive_scan(), std::deque< _Tp, polymorphic_allocator< _Tp > >:insert(),

list< _Tp, polymorphic_allocator< _Tp > >:insert(), std::map< _Key, _Tp, _Cmp, polymorphic_allocator< pair< const _Key, _Tp >
map< _Key, _Tp, _Cmp, polymorphic_allocator< pair< const _Key, _Tp > > >:insert(), std::multimap< _Key, _Tp, _Cmp, polymor|
multimap< _Key, _Tp, _Cmp, polymorphic_allocator< pair< const _Key, _Tp > > >:insert(), std::unordered_map< _Key, Tp, Ha
unordered_map< _Key, _Tp, _Hash, _Pred, polymorphic_allocator< pair< const _Key, _Tp > > >:insert(),

unordered_multimap< _Key, _Tp, _Hash, _Pred, polymorphic_allocator< pair< const _Key, _Tp > > >:insert(),
unordered_multimap< _Key, _Tp, _Hash, _Pred, polymorphic_allocator< pair< const _Key, _Tp > > >:insert(),
:unordered_multiset< _Key, Hash, _Pred, polymorphic_allocator< _Key > >::insert(), std::unordered_multiset< _Key, Hash, _Pre
unordered_set< _Key, _Hash, _Pred, polymorphic_allocator< _Key > >::insert(), std::unordered_set< _Key, _Hash, _Pred, polymc
:vector< _Tp, _Alloc >::insert(), std::vector< _Tp, polymorphic_allocator< _Tp > >:iinsert(), std::experimental::make_boyer_moore_
:experimental::make_boyer_moore_searcher(), std::forward_list< _Tp, _Alloc >::merge(), std::forward_list< _Tp, polymorphic_alloca
:forward_list< _Tp, polymorphic_allocator< _Tp > >::merge(), std::list< _Tp, polymorphic_allocator< _Tp > >::merge(),

list< _Tp, polymorphic_allocator< _Tp > >::merge(), move_if_noexcept(), std::tr2::dynamic_bitset< _WordT, _Alloc >::operator&=(
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std::chrono::operator< <(), std::deque< _Tp, polymorphic_allocator< _Tp > >::operator=(), std::forward_list< _Tp, polymorphic_allocat
std::function< _Res(_ArgTypes...)>::0perator=(), std::list< _Tp, polymorphic_allocator< _Tp > >::operator=(),

std::vector< _Tp, polymorphic_allocator< _Tp > >::operator=(), std::filesystem::path::operator>>, operator>>(),
std::unordered_map< _Key, _Tp, _Hash, _Pred, polymorphic_allocator< pair< const _Key, _Tp > > >::operator[](),

reduce(), std::shared_ptr< _State_base >::reinterpret_pointer_cast(), std::unique_ptr< _State >::reset(), std::unique_ptr< _Tp[], _Dp >
std::list< _Tp, polymorphic_allocator< _Tp > >::splice(), std::list< _Tp, polymorphic_allocator< _Tp > >::splice(),
std::forward_list< _Tp, polymorphic_allocator< _Tp > >::splice_after(), std::shared_ptr< _State_base >::static_pointer_cast(),
transform_exclusive_scan(), transform_inclusive_scan(), and transform_reduce().

move_if_noexcept()

template<typename _Tp>
__conditional_t< _ _move_if_ noexcept_cond< _Tp >::value, const _Tp &, _Tp && > std::move_if_ <«
noexcept (
_Tp & __x) [constexpr], [noexcept]
Conditionally convert a value to an rvalue.

Parameters

« | Athing of arbitrary type.
X

Returns

The parameter, possibly cast to an rvalue-reference.

Same as std::move unless the type's move constructor could throw and the type is copyable, in which case an Ivalue-
reference is returned instead.

Since

C++11

References move().

operator<=>() [1/2]

template<typename _T1l, typename _T2, typename _Ul, typename _U2>

common_comparison_category_t< _ detail::___synth3way_t< _T1, _Ul >, _ detail::_ _synth3way_t< _T2,
_U2 > > operator<=> (

const pair< _T1, _T2 > & __x,

const pair< _Ul, _U2 > & __y) I[related]
Defines a lexicographical order for pairs.
For two pairs of comparable types, P is ordered before Q if P.first isless than Q.first, orif P.first and
Q. first are equivalent (neither is less than the other) and P . second is less than Q. second.

operator<=>() [2/2]

template<typename _T1, typename _T2, typename _Ul, typename _U2>
common_comparison_category_t< _ _detail::__ synth3way_t< _T1, _Ul >, _ detail::__synth3way_t< _T2,
_U2 > > operator<=> (

const pair< _T1, _T2 > & __x,

const pair< _Ul, _U2 > & __y) I[related]
Defines a lexicographical order for pairs.
For two pairs of comparable types, P is ordered before Q if P.first is less than Q.first, orif P.first and

Q. first are equivalent (neither is less than the other) and P . second is less than Q. second.

Generated by Doxygen



3.15 Utilities 307

operator==() [1/2]

template<typename _T1, typename _T2, typename _Ul, typename _U2>
bool operator== (

const pair< _T1, _T2 > & __x,

const pair< _Ul, _U2 > & __y) [related]
Two pairs are equal iff their members are equal.

operator==() [2/2]

template<typename _T1l, typename _T2, typename _Ul, typename _U2>
bool operator== (

const pair< _T1, _T2 > & __x,

const pair< _Ul, _U2 > & __y) I[related]
Two pairs are equal iff their members are equal.

swap() [1/5]

template<typename _T1, typename _T2>

enable_if< __and_< __is_swappable< _T1 >, __is_swappable< _T2 > >::value >::type swap (
pair< _T1, _T2 > & __x,
pair< _T1, _T2 > & __y) [related]

Swap overload for pairs. Calls std::pair::swap().

Note

This std::swap overload is not declared in C++03 mode, which has performance implications, e.g. see https«
://gcc.gnu.org/PR38466

swap() [2/5]

template<typename _T1, typename _T2>

enable_if< __and < __ is_swappable< _Tl1 >, __ is_swappable< _T2 > >::value >::type swap (
pair< _T1, _T2 > & __x,
pair< _T1, _T2 > & __y) [related]

Swap overload for pairs. Calls std::pair::swap().

Note

This std::swap overload is not declared in C++03 mode, which has performance implications, e.g. see https«
://gcc.gnu.org/PR38466

swap() [3/5]

template<typename _Tp>

requires (! __is_tuple_like<_Tp>::value) && is_move_constructible_v<_Tp> && is_move_assignable<+
_v<_Tp>
void std::swap (

_Tp & _a,

_Tp & __b) [inline], [constexpr], [noexcept]

Swaps two values.

Parameters

+ | Athing of arbitrary type.
a
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Parameters

Another thing of arbitrary type.

_
b

Returns

Nothing.

swap() [4/5]

template<typename _Tp, size_t _Nm>
requires is_swappable_v<_Tp>
void std::swap (
_Tp(&) __al_Nm],
_Tp(&) __b[_Nm]) [inline], [constexpr], [noexcept]
Swap the contents of two arrays.

swap() [5/5]

template<typename... _Elements>

enable_if< __and_< __is_swappable< _Elements >... >::value >::type std::swap (
tuple< _Elements... > & __x,
tuple< _Elements... > & __y) [inline], [constexpr], [delete], [noexcept]

Exchange the values of two tuples.

tie()
template<typename... _Elements>
tuple< _Elements &... > std::tie (

_Elements &... __args) [constexpr], [noexcept]
Return a tuple of Ivalue references bound to the arguments.
Referenced by std::basic_ios< _CharT, _Traits >::copyfmt().

tuple_cat()

template<typename... _Tpls, typename = typename enable_if<__and_<__ is_tuple_like<_Tpls>...>«+
r:value>::type>
auto std::tuple_cat (

_Tpls &&... __tpls) —-> typename __tuple_cat_result<_Tpls...>::___type [constexpr]
Create a tuple containing all elements from multiple tuple-like objects.
References forward().

3.15.3 Variable Documentation

piecewise_construct

piecewise_construct_t std::piecewise_construct [inline], [constexpr]

Tag for piecewise construction of std::pair objects.

Referenced by std::map< _Key, _Tp, _Cmp, polymorphic_allocator< pair< const _Key, _Tp > > >:insert_or_assign(),

std::map< _Key, _Tp, _Cmp, polymorphic_allocator< pair< const _Key, _Tp > > >:insert_or_assign(), and std::map< _Key, _Tp, _Cm
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3.15.4 Function Objects

Collaboration diagram for Function Objects:

Utilities

Topics

+ Adaptors for pointers to functions

+ Adaptors for pointers to members

« Arithmetic Function Object Classes
+ Binder Classes

» Boolean Operations Classes

» Comparison Classes

» Hashes

* Negators

Classes

« struct std::binary_function< _Arg1, _Arg2, _Result >

« class std::copyable_function< _Res(_ArgTypes...) _GLIBCXX_MOF_CV noexcept(_Noex)>

« class std::function< _Res(_ArgTypes...)>

Arithmetic Function
Object Classes

Binder Classes

Comparison Classes

Hashes

Boolean Operations
Classes

Negators

Adaptors for pointers
to functions

Adaptors for pointers
to members

« class std::function_ref< _Res(_ArgTypes...) _GLIBCXX_MOF_CV noexcept(_Noex)>
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« class std::move_only_function< _Res(_ArgTypes...) _GLIBCXX_MOF_CV noexcept(_Noex)>
* class std::reference_wrapper< _Tp >
« struct std::unary_function< _Arg, _Result >

Functions

¢ template<typename _Tp, typename _Class>
constexpr _Mem_fn< _Tp _Class::* > std::mem_fn (_Tp _Class::*__pm) noexcept

3.15.4.1 Detailed Description

Function objects, or functors, are objects with an operator () defined and accessible. They can be passed as
arguments to algorithm templates and used in place of a function pointer. Not only is the resulting expressiveness of
the library increased, but the generated code can be more efficient than what you might write by hand. When we refer
to functors, then, generally we include function pointers in the description as well.

Often, functors are only created as temporaries passed to algorithm calls, rather than being created as named variables.
Two examples taken from the standard itself follow. To perform a by-element addition of two vectors a and b containing
double, and put the result in a, use

transform (a.begin(), a.end(), b.begin(), a.begin(), plus<double>());
To negate every element in a, use
transform(a.begin(), a.end(), a.begin(), negate<double>());

The addition and negation functions will usually be inlined directly.

An adaptable function object is one which provides nested typedefs result_type and either argument_type
(for a unary function) or first_argument_type and second_argument_type (for a binary function). Those
typedefs are used by function object adaptors such as bind2nd. The standard library provides two class templates,
unary_function and binary_function, which define those typedefs and so can be used as base classes of
adaptable function objects.

Since C++11 the use of function object adaptors has been superseded by more powerful tools such as lambda ex-
pressions, function<>, and more powerful type deduction (using auto and decltype). The helpers for defining
adaptable function objects are deprecated since C++11, and no longer part of the standard library since C++17. How-
ever, they are still defined and used by libstdc++ after C++17, as a conforming extension.

3.15.4.2 Function Documentation
mem_fn()

template<typename _Tp, typename _Class>
_Mem_fn< _Tp _Class::x > std::mem_fn (

_Tp _Class::x __pm) [inline], [constexpr], [noexcept]
Returns a function object that forwards to the member pointer pointer pm.
This allows a pointer-to-member to be transformed into a function object that can be called with an object expression as
its first argument.
For a pointer-to-data-member the result must be called with exactly one argument, the object expression that would be
used as the first operand in a ob j . xmempt r or ob jp—>*mempt r expression.
For a pointer-to-member-function the result must be called with an object expression and any additional ar-
guments to pass to the member function, as in an expression like (obj.xmemfun) (args...) or
(objp—>*memfun) (args...).
The object expression can be a pointer, reference, reference_wrapper, or smart pointer, and the call wrapper will
dereference it as needed to apply the pointer-to-member.
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Since

C++11

3.15.4.3 Adaptors for pointers to functions

Collaboration diagram for Adaptors for pointers to functions:

Adaptors for pointers

Function Objects |« to functions

Classes

« class std::pointer_to_binary_function< _Arg1, _Arg2, Result >
« class std::pointer_to_unary_function< _Arg, _Result >

Functions

¢ template<typename _Arg, typename _Result>
pointer_to_unary_function< _Arg, _Result > std::ptr_fun (_Result(x__x)(_Arg))
¢ template<typename _Arg1, typename _Arg2, typename _Result>
pointer_to_binary_function< _Arg1, _Arg2, _Result > std::ptr_fun (_Result(x__x)(_Arg1, _Arg2))

3.15.4.3.1 Detailed Description

The advantage of function objects over pointers to functions is that the objects in the standard library declare nested
typedefs describing their argument and result types with uniform names (e.g., result_type from the base classes
unary_function andbinary_function). Sometimes those typedefs are required, not just optional.

Adaptors are provided to turn pointers to unary (single-argument) and binary (double-argument) functions into function
objects. The long-winded functor pointer_to_unary_function is constructed with a function pointer £, and
its operator () called with argument x returns £ (x). The functor pointer_to_binary_function does the
same thing, but with a double-argument £ and operator ().

The function pt r_fun takes a pointer-to-function £ and constructs an instance of the appropriate functor.

Deprecated Deprecated in C++11, no longer in the standard since C++17.

3.15.4.3.2 Function Documentation
ptr_fun() [1/2]

template<typename _Arg, typename _Result>

pointer_to_unary_function< _Arg, _Result > std::ptr_fun (
_Result (x __x ) (_Arqg)) [inline]

One of the adaptors for function pointers.

References ptr_fun().

Referenced by ptr_fun(), and ptr_fun().
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ptr_fun() [2/2]

template<typename _Argl, typename _Arg2, typename _Result>
pointer_to_binary_function< _Argl, _Arg2, _Result > std::ptr_fun (

_Result (x ___
One of the adaptors for function pointers.
References ptr_fun().

x ) (_Argl, _Arg2)) [inline]

3.15.4.4 Adaptors for pointers to members

Collaboration diagram for Adaptors for pointers to members:

Adaptors for pointers
to members

Function Objects |«

Classes

* class std::const_mem_funi_ref _t< _Ret, _Tp, _Arg >
* class std::const_mem_funi_t< _Ret, _Tp, _Arg >

+ class std::const_mem_fun_ref_t< _Ret, _Tp >

* class std::const_mem_fun_t< _Ret, _Tp >

* class std::mem_funi_ref_t< _Ret, _Tp, _Arg >

* class std:mem_fun1_t< _Ret, _Tp, _Arg >

* class std::mem_fun_ref_t< _Ret, _Tp >

* class std::mem_fun_t< _Ret, _Tp >

Functions

¢ template<typename _Ret, typename _Tp>
mem_fun_t< _Ret, _Tp > std::mem_fun (_Ret(_Tp::x__ f)())
¢ template<typename _Ret, typename _Tp, typename _Arg>
mem_funi_t< _Ret, _Tp, _Arg > std::mem_fun (_Ret(_Tp::x__f)(_Arg))
¢ template<typename _Ret, typename _Tp>
mem_fun_ref _t< _Ret, _Tp > std::mem_fun_ref (_Ret(_Tp::x__f)())
¢ template<typename _Ret, typename _Tp, typename _Arg>
mem_funi_ref t< _Ret, _Tp, _Arg > std::mem_fun_ref (_Ret(_Tp::*__f)(_Arg))

3.15.4.4.1 Detailed Description

There are a total of 8 = 2*3 function objects in this family. (1) Member functions taking no arguments vs member
functions taking one argument. (2) Call through pointer vs call through reference. (3) Const vs non-const member
function.

All of this complexity is in the function objects themselves. You can ignore it by using the helper function mem_ fun and
mem_fun_ref, which create whichever type of adaptor is appropriate.

Deprecated Deprecated in C++11, no longer in the standard since C++17. Use mem_ fn instead.
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3.15.4.5 Arithmetic Function Object Classes

Collaboration diagram for Arithmetic Function Object Classes:

Function Objects

Classes

« struct std::divides< _Tp >

« struct std::divides< void >

* struct std::minus< _Tp >

« struct std::minus< void >

« struct std::modulus< _Tp >

* struct std::modulus< void >

« struct std::multiplies< _Tp >
« struct std::multiplies< void >
« struct std::negate< _Tp >

« struct std::negate< void >

* struct std::plus< _Tp >

3.15.4.5.1 Detailed Description

The library provides function objects for basic arithmetic operations. See the documentation for function objects for
examples of their use.

3.15.4.6 Binder Classes

Collaboration diagram for Binder Classes:

Function Objects 4—_

Namespaces

* namespace std::placeholders
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Classes

« struct std::_Placeholder< _Num >

« class std::binder1st< _Operation >

« class std::binder2nd< _Operation >

« struct std::is_bind_expression< _Tp >

« struct std::is_bind_expression< _Bind< _Signature > >

« struct std::is_bind_expression< _Bind_result< _Result, _Signature > >

« struct std::is_bind_expression< const _Bind< _Signature > >

« struct std::is_bind_expression< const _Bind_result< _Result, _Signature > >

« struct std::is_bind_expression< const volatile _Bind< _Signature > >

« struct std::is_bind_expression< const volatile _Bind_result< _Result, _Signature > >
« struct std::is_bind_expression< volatile _Bind< _Signature > >

« struct std::is_bind_expression< volatile _Bind_result< _Result, _Signature > >
« struct std::is_placeholder< _Tp >

« struct std::is_placeholder< _Placeholder< _Num > >

Functions

¢ template<typename _Func, typename... _BoundArgs>

constexpr _Bind_helper< __is_socketlike< _Func >::value, _Func, _BoundArgs... >::type std::bind (_Func &&+«
__f,_BoundArgs &&... __args)

template<typename _Result, typename _Func, typename... _BoundArgs>

constexpr _Bindres_helper< _Result, _Func, _BoundArgs... >:type std::bind (_Func &&__f, BoundArgs &&...
__args)

template <typename _Operation, typename _Tp>

binder1st< _Operation > std::bind1st (const _Operation &__fn, const _Tp & __x)

template <typename _Operation, typename _Tp>

binder2nd< _Operation > std::bind2nd (const _Operation &__fn, const _Tp & __ x)

3.15.4.6.1 Detailed Description

Binders turn functions/functors with two arguments into functors with a single argument, storing an argument to be
applied later. For example, a variable B of type binderlst is constructed from a functor £ and an argument x. Later,
B's operator () is called with a single argument y. The return value is the value of £ (x, y). B can be called with
various arguments (y1, y2, ...) and willinturncall £ (x,y1), £ (x,vy2), ...

The function bind1lst is provided to save some typing. It takes the function and an argument as parameters, and
returns an instance of binderlst.

The type binder2nd and its creator function bind2nd do the same thing, but the stored argument is passed
as the second parameter instead of the first, e.g., bind2nd(std::minus<float>(),1.3) will create a functor whose
operator () accepts a floating-point number, subtracts 1.3 from it, and returns the result. (If bindlst had been
used, the functor would perform 7.3 - x instead.

Creator-wrapper functions like bindlst are intended to be used in calling algorithms. Their return values will be
temporary objects. (The goal is to not require you to type names like std: :binderlst<std: :plus<int>> for
declaring a variable to hold the return value from bindlst (std: :plus<int>(),5).

These become more useful when combined with the composition functions.

These functions are deprecated in C++11 and can be replaced by std: :bind (or std::trl::bind) which
is more powerful and flexible, supporting functions with any number of arguments. Uses of bindlst can be
replaced by std::bind (f, x, std::placeholders::_1) and bind2nd by std::bind(f, std«
::placeholders::_1, x).
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3.15.4.6.2 Function Documentation
bind() [1/2]

template<typename _Func, typename... _BoundArgs>

_Bind_helper< __is_socketlike< _Func >::value, _Func, _BoundArgs...

_Func && __f,
_BoundArgs &&... __args) [inline], [constexpr]
Function template for std::bind.

Since

C++11

References forward().

bind() [2/2]

template<typename _Result, typename _Func, typename... _BoundArgs>
_Bindres_helper< _Result, _Func, _BoundArgs... >::type std::bind (
_Func && __f,
_BoundArgs &&... __args) [inline], [constexpr]
Function template for std::bind<R>.

Since

C++11

References forward().

bind1st()

template<typename _Operation, typename _Tp>
binderlst< _Operation > std::bindlst (
const _Operation & __ fn,
const _Tp & __x) [inline]
One of the binder functors.
References bind1st().
Referenced by bind1st().

bind2nd()

template<typename _Operation, typename _Tp>
binder2nd< _Operation > std::bind2nd (
const _Operation & __ fn,
const _Tp & __x) [inline]
One of the binder functors.
References bind2nd().
Referenced by bind2nd().

>::type std::bind

(
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3.15.4.7 Boolean Operations Classes

Collaboration diagram for Boolean Operations Classes:

Function Objects

Classes

« struct std::logical_and< _Tp >
« struct std::logical_and< void >
« struct std::logical_not< _Tp >
« struct std::logical_not< void >
« struct std::logical_or< _Tp >
+ struct std::logical_or< void >

3.15.4.7.1 Detailed Description

The library provides function objects for the logical operations: &&, ||, and !.

3.15.4.8 Comparison Classes

Collaboration diagram for Comparison Classes:

Classes

« struct std::equal_to< _Tp >

« struct std::greater< _Tp >

« struct std::greater< void >

« struct std::greater_equal< _Tp >
« struct std::greater_equal< void >
« struct std::less< _Tp >

« struct std::less_equal< _Tp >

« struct std::less_equal< void >

« struct std::not_equal_to< _Tp >
« struct std::not_equal_to< void >
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3.15.4.8.1 Detailed Description

The library provides six wrapper functors for all the basic comparisons in C++, like <.

3.15.4.9 Hashes

Collaboration diagram for Hashes:

Classes

* struct std::
* struct std::
« struct std::
« struct std::
« struct std::
* struct std::
« struct std::
* struct std::
* struct std::
* struct std::
* struct std::
* struct std::
* struct std::
* struct std::
* struct std::
* struct std::
* struct std::
* struct std::
* struct std::
* struct std::

Macros

Function Objects

<+

hash< _Tp >

hash< _Tp * >

hash< bool >

hash< char >

hash< char16_t >
hash< char32_t >
hash< double >

hash< float >

hash< int >

hash< long >

hash< long double >
hash< long long >
hash< short >

hash< signed char >
hash< unsigned char >
hash< unsigned int >
hash< unsigned long >
hash< unsigned long long >
hash< unsigned short >
hash< wchar_t >

« #define _Cxx_hashtable_define_trivial_hash(_Tp)

Variables

¢ template<typename _Tp, typename = void>
constexpr bool std::__is_hash_enabled_for

* template<typename _Tp>
constexpr bool std::__is_hash_enabled_for< _Tp, __ void_t< decltype(hash< _Tp >()(declval< _Tp >()))>

>

Hashes
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3.15.4.9.1 Detailed Description

Hashing functors taking a variable type and returning a std: :size_t.

3.15.4.10 Negators

Collaboration diagram for Negators:

Function Objects (-¢—— Negators

Classes

+ class std::binary_negate< _Predicate >
* class std::unary_negate< _Predicate >

Functions

¢ template<typename _Predicate>

constexpr unary_negate< _Predicate > std::not1 (const _Predicate & _pred)
¢ template<typename _Predicate>

constexpr binary_negate< _Predicate > std::not2 (const _Predicate & __pred)

3.15.4.10.1 Detailed Description

The function templates not 1 and not 2 are function object adaptors, which each take a predicate functor and wrap it in
aninstance of unary_negateorbinary_negate, respectively. Those classes are functors whose operator ()
evaluates the wrapped predicate function and then returns the negation of the result.

For example, given a vector of integers and a trivial predicate,

struct IntGreaterThanThree

: public std::unary_function<int, bool>
{

bool operator() (int x) const { return x > 3; }

}i
std::find_if (v.begin(), v.end(), notl (IntGreaterThanThree()));
The call to find_ i f will locate the first index (i) of v for which ! (v[i] > 3) istrue.
The not1/unary_negate combination works on predicates taking a single argument. The not2/binary_negate combina-
tion works on predicates taking two arguments.

Deprecated Deprecated in C++17, no longer in the standard since C++20. Use not__fn instead.

3.15.4.10.2 Function Documentation

not1()

template<typename _Predicate>
unary_negate< _Predicate > std::notl (

const _Predicate & __pred) [inline], [constexpr]
One of the negation functors.
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References not1().
Referenced by not1().

not2()

template<typename _Predicate>
binary_negate< _Predicate > std::not2 (

const _Predicate & __pred) [inline],

One of the negation functors.
References not2().
Referenced by not2().

3.15.5 Memory

Collaboration diagram for Memory:

Utilities

Topics
« Allocators
 Pointer Abstractions
* Pointer Safety and Garbage Collection
» Polymorphic memory resources

Files

« file memory

Functions

« void * std::align (size_t __align, size_t __size, void *&__ptr, size_t & __space) noexcept

¢ template<size_t _Align, class _Tp>

[constexpr]

Allocators

Polymorphic memory
resources

Pointer Abstractions

Pointer Safety and
Garbage Collection

constexpr _Tp * std::assume_aligned (_Tp *__ptr) noexcept
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template <typename _Inputlterator, typename _Forwardlterator>

_Forwardlterator std::uninitialized_copy (_Inputlterator __first, _Inputlterator __last, _Forwardlterator __result)
template<typename _Inputlterator, typename _Size, typename _Forwardlterator>

_Forwardlterator std::uninitialized_copy_n (_Inputlterator __first, _Size _ n, _Forwardlterator __result)
template <typename _Forwardlterator>

void std::uninitialized_default_construct (_Forwardlterator __first, _Forwardlterator __last)

template <typename _Forwardlterator, typename _Size>

_Forwardlterator std::uninitialized_default_construct_n (_Forwardlterator __first, _Size __ count)

template <typename _Forwardlterator, typename _Tp>

void std::uninitialized_fill (_Forwardlterator __first, _Forwardlterator __last, const _Tp &__x)

template<typename _Forwardlterator, typename _Size, typename _Tp>
_Forwardlterator std::uninitialized_fill_n (_Forwardlterator __first, _Size _ n, const _Tp &__x)

template<typename _Inputlterator, typename _Forwardlterator>
_Forwardlterator std::uninitialized_move (_Inputlterator __first, _Inputlterator __last, _Forwardlterator __result)

template<typename _Inputlterator, typename _Size, typename _Forwardlterator>
pair< _Inputlterator, _Forwardlterator > std::uninitialized_move_n (_Inputlterator __ first, _Size _ count, _«
Forwardlterator __result)

template <typename _Forwardlterator>

void std::uninitialized_value_construct (_Forwardlterator __first, _Forwardlterator __last)
template<typename _Forwardlterator, typename _Size>

_Forwardlterator std::uninitialized_value_construct_n (_Forwardlterator __first, _Size _ count)

3.15.5.1 Detailed Description

Components for memory allocation, deallocation, and management.

3.15.5.2 Function Documentation

align()

void * std::align (
size_t __align,
size_t _ size,

void *& __ptr,

size_t & ___space) [inline], [noexcept]
Fit aligned storage in buffer.
This function tries to fit__size bytes of storage with alignment __align into the buffer __ptr of size __space bytes. If such
a buffer fits then __ptris changed to point to the first byte of the aligned storage and __space is reduced by the bytes
used for alignment.
C++11 20.6.5 [ptr.align]

Parameters

__align | Afundamental or extended alignment value.

__size Size of the aligned storage required.

__ptr Pointer to a buffer of __space bytes.
__space | Size of the buffer pointed to by __ pitr.

Returns

the updated pointer if the aligned storage fits, otherwise nullptr.
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assume_aligned()

template<size_t _Align, class _Tp>
_Tp * std::assume_aligned (

_Tp * __ptr) [nodiscard], [constexpr], [noexcept]
Inform the compiler that a pointer is aligned.

Template Parameters

_Align | An alignment value (i.e. a power of two)
_Tp | An object type

Parameters

‘ __ptr ‘ A pointer that is aligned to _Align

C++20 20.10.6 [ptr.align]

uninitialized_copy()

template<typename _Inputlterator, typename _ForwardIterator>
_ForwardIterator std::uninitialized_copy (

_InputIterator __ first,

_InputlIterator ___last,

_ForwardIterator __ _result) [inline]
Copies the range [first,last) into result.

Parameters

__first An input iterator.
_ last An input iterator.

__result | A forward iterator.

Returns

__result + (__last-__first)

Like std::copy, but does not require an initialized output range.
References to_address().

Referenced by _ gnu_parallel::parallel_sort_mwms_pu(), and uninitialized_move().

uninitialized_copy_n()

template<typename _InputIterator, typename _Size, typename _ForwardIterator>

_ForwardIterator std::uninitialized_copy_n (

_InputIterator __ first,
_Size __n,
_ForwardIterator __ result) [inline]

Copies the range [first,first+n) into result.

Parameters

__first ‘ An input iterator.
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n

The number of elements to copy.

__result

An output iterator.

Returns

_result+ _n

Since

C++11

Like copy_n(), but does not require an initialized output range.

References __iterator_category().

uninitialized_default_construct()

template<typename _ForwardIterator>

void std::uninitialized_default_construct

_ForwardIterator __ first,

_ForwardIterator __ last) [inline]

Default-initializes objects in the range [first,last).

Parameters

__first

A forward iterator.

__last

A forward iterator.

Since

C++17

uninitialized_default_construct_n()

template<typename _ForwardIterator,

_ForwardIterator std::uninitialized_default_construct_n

Default-initializes objects in the range [first,first+count).

_ForwardIterator _ first,

_Size __ count) [inline]

typename _Size>

Parameters

__first A forward iterator.

__count | The number of objects to construct.
Returns

_ first+ _ count

Since

C++17
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uninitialized_fill()

template<typename _ForwardIterator, typename _Tp>
void std::uninitialized_fill (
_ForwardIterator _ first,

_ForwardIterator __ last,

const _Tp & X) [inline]

Copies the value x into the range [first,last).

Parameters

__first | A forward iterator.
__last | Aforward iterator.
X The source value.

Returns

Nothing.

Like std:fill, but does not require an initialized output range.
References to_address().
uninitialized_fill_n()

template<typename _ForwardIterator, typename _Size, typename

_ForwardIterator std::uninitialized_fill_n (

_ForwardIterator __ first,
_Size __n,
const _Tp & __x) [inline]

Copies the value x into the range [first,first+n).

Parameters

__first | A forward iterator.

_n The number of copies to make.
X The source value.
Returns
_ first+__n.

Like std::fill_n, but does not require an initialized output range.
References to_address().

uninitialized_move()

template<typename _Inputlterator, typename _ForwardIterator>
_ForwardIterator std::uninitialized_move (

_Inputlterator __ first,

_Inputlterator ___last,

_ForwardIterator __ result) [inline]
Move-construct from the range [first,last) into result.

_Tp>
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Parameters

__first An input iterator.

__last An input iterator.
__result | An output iterator.

Returns

_ result + (_ first- __last)

Since
C++17

References uninitialized_copy().

uninitialized_move_n()

template<typename _Inputlterator, typename _Size,

pair< _InputlIterator, _ForwardIterator > std::uninitialized_move_n

_Inputlterator __ first,

_Size count,

_ForwardIterator __ result) [inline]
Move-construct from the range [first,first+count) into result.

Parameters

__first An input iterator.

__count | The number of objects to initialize.

__result | An output iterator.

Returns

__result + __count

Since

C++17

uninitialized_value_construct()

template<typename _ForwardIterator>

void std::uninitialized_value_construct (
_ForwardIterator __ first,
_ForwardIterator ___last) [inline]

Value-initializes objects in the range [first,last).

Parameters

__first | A forward iterator.
__last | A forward iterator.

Since

C++17

typename _ForwardIterator>
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uninitialized_value_construct_n()

template<typename _ForwardIterator,

_ForwardIterator std::uninitialized_value_construct_n

Value-initializes objects in the range [first,first+count).

_ForwardIterator _ first,

_Size ___count) [inline]

Parameters

__first A forward iterator.

__count | The number of objects to construct.
Returns

__result+ __count

Since

C++17

3.15.5.3 Allocators

Collaboration diagram for Allocators:

Classes

typename _Size>

Memory

(

-

Allocators

« struct __gnu_cxx::__alloc_traits< _Alloc, typename >

» class __gnu_cxx:__mt_alloc< _Tp, _Poolp >

* class std::__new_allocator< _Tp >

 class __gnu_cxx:__pool_alloc< _Tp >
 class __gnu_cxx::_ExtPtr_allocator< _Tp >
* class std::allocator< _Tp >

« struct std::allocator_traits< _Alloc >

« struct std::allocator_traits< allocator< _Tp > >
* struct std::allocator_traits< allocator< void > >
+ class __gnu_cxx:bitmap_allocator< _Tp >

+ class __gnu_cxx::debug_allocator< _Alloc >
 class __gnu_cxx:malloc_allocator< _Tp >

+ class __gnu_cxx:new_allocator< _Tp >

« class std::scoped_allocator_adaptor< _OuterAlloc, _InnerAllocs >
» class _ gnu_cxx::throw_allocator_base< _Tp, _Cond >
« struct std::uses_allocator< typename, typename >
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Typedefs

* template<typename _Tp>
using std:;__allocator_base

Functions

¢ template<typename _Tp, typename _Alloc, typename... _Args>
constexpr _Tp std::make_obj_using_allocator (const _Alloc & _a, _Args &&... __args)
¢ template<typename _T1, typename _T2>
constexpr bool operator== (const allocator< _T1 > &, const allocator< _T2 > &) noexcept
¢ template<typename _OutA1, typename _OutA2, typename... _InA>
bool operator== (const scoped_allocator_adaptor< _OutA1, _InA... > &__a, const scoped_allocator_adaptor<
_OutA2, _InA... > &__b) noexcept
¢ template<typename _Tp, typename _Alloc, typename... _Args>
constexpr _Tp * std::uninitialized_construct_using_allocator (_Tp *__p, const _Alloc & _a, _Args &&... _«+
_args)
¢ template<_Std_pair _Tp, typename _Alloc>
constexpr auto std::uses_allocator_construction_args (const _Alloc &) noexcept
¢ template<_Std_pair _Tp, typename _Alloc, typename _Up, typename _Vp>
constexpr auto std::uses_allocator_construction_args (const _Alloc &, _Up &&, _Vp &&) noexcept
¢ template<_Std_pair _Tp, typename _Alloc, typename _Up, typename _Vp>
constexpr auto std::uses_allocator_construction_args (const _Alloc &, const pair< _Up, _Vp > &) noexcept
¢ template<_Std_pair _Tp, typename _Alloc, typename _Up, typename _Vp>
constexpr auto std::uses_allocator_construction_args (const _Alloc &, pair< _Up, _Vp > &&) noexcept
¢ template<typename _Tp, typename _Alloc, typename... _Args>
requires (! _Std_pair<_Tp>)
constexpr auto std::uses_allocator_construction_args (const _Alloc & _a, _Args &&... __args) noexcept
¢ template<_Std_pair _Tp, typename _Alloc, typename _Tuple1, typename _Tuple2>
constexpr auto std::uses_allocator_construction_args (const _Alloc & a, piecewise_construct_t, _Tuple1
&&__ x, _Tuple2 &&__y) noexcept

3.15.5.3.1 Detailed Description

Classes encapsulating memory operations.

3.15.5.3.2 Typedef Documentation
__allocator_base

template<typename _Tp>

using std::__allocator_base

An alias to the base class for std::allocator.

Used to set the std::allocator base class to std::__new_allocator.

Template Parameters

‘ _Tp ‘ Type of allocated object.

3.15.5.3.3 Function Documentation
operator==()

template<typename _T1, typename _T2>

bool operator== (
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const allocator< _T1 > & ,
const allocator< _T2 > & ) [related]
Equality comparison for std::allocator objects

Returns

true, for all std::allocator objects.

3.15.5.4 Pointer Abstractions

Collaboration diagram for Pointer Abstractions:

Memory |-¢—— Pointer Abstractions

Classes

« class std::auto_ptr< _Tp >

« struct std::default_delete< _Tp >

« struct std::default_delete< _Tp[]>

* class std::enable_shared_from_this< _Tp >
« struct std::hash< shared_ptr< _Tp > >

« struct std::hash< unique_ptr< _Tp, _Dp > >
« struct std::owner_less< _Tp >

« struct std::owner_less< shared_ptr< _Tp > >
« struct std::owner_less< void >

+ struct std::owner_less< weak_ptr< _Tp > >
« struct std::pointer_traits< _Ptr >

« struct std::pointer_traits< _Tp * >

* class std::shared_ptr< _Tp >

« class std::unique_ptr< _Tp, _Dp >

* class std::unique_ptr< _Tp[], _Dp >

* class std::weak_ptr< _Tp >

Functions

¢ template<typename _Del, typename _Tp, _Lock_policy _Lp>

_Del * std::get_deleter (const __shared_ptr< _Tp, _Lp > &__p) noexcept

template<typename _Del, typename _Tp>

_Del x get_deleter (const shared_ptr< _Tp > &__p) noexcept

template<typename _Tp, typename _Dp, typename _Up, typename _Ep>

constexpr bool std::operator< (const unique_ptr< _Tp, _Dp > &__x, const unique_ptr< _Up, _Ep > &__y)
template<typename _Tp, typename _Dp>

constexpr bool std::operator< (const unique_ptr< _Tp, _Dp > &__x, nullptr_t)

template<typename _Tp, typename _Dp>

constexpr bool std::operator< (nullptr_t, const unique_ptr< _Tp, _Dp > & _ x)
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template <typename _Ch, typename _Tr, typename _Tp, _Lock_policy _Lp>

std::basic_ostream< _Ch, _Tr > & operator<< (std::basic_ostream< _Ch, _Tr > &__0s, const __shared_ptr<
_Tp, _Lp>&_ p)

template<typename _CharT, typename _Traits, typename _Tp, typename _Dp>

basic_ostream< _CharT, _Traits > & operator< < (basic_ostream< _CharT, _Traits > &__0s, const unique_ptr<
_Tp, _Dp>& p)

template<typename _Tp, typename _Dp, typename _Up, typename _Ep>

constexpr bool std::operator<= (const unique_ptr< _Tp, _Dp > &__x, const unique_ptr< _Up, _Ep > &__y)
template<typename _Tp, typename _Dp>

constexpr bool std::operator<= (const unique_ptr< _Tp, _Dp > &__ x, nullptr_t)

template<typename _Tp, typename _Dp>

constexpr bool std::operator<= (nullptr_t, const unique_ptr< _Tp, _Dp > &__ x)

template<typename _Tp, typename _Dp, typename _Up, typename _Ep>

requires three_way_comparable_with<typename unique_ptr<_Tp, _Dp>::pointer, typename unique_ptr<_Up, _Ep>::pointer>
constexpr compare_three_way_result_t< typename unique_ptr< _Tp, _Dp >::pointer, typename unique_ptr<
_Up, _Ep >::pointer > std::operator<=> (const unique_ptr< _Tp, _Dp > &__X, const unique_ptr< _Up, _Ep
> &_y)

template<typename _Tp, typename _Dp>

requires three_way_comparable <typename unique_ptr<_Tp, _Dp>::pointer>

constexpr compare_three_way_result_t< typename unique_ptr< _Tp, _Dp >:pointer > std::operator<=>
(const unique_ptr< _Tp, _Dp > & X, nullptr_t)

template<typename _Tp, typename _Dp, typename _Up, typename _Ep>

constexpr bool std::operator== (const unique_ptr< _Tp, _Dp > &__x, const unique_ptr< _Up, _Ep > &_y)
template<typename _Tp, typename _Dp>

constexpr bool std::operator== (const unique_ptr< _Tp, _Dp > &__x, nullptr_t) noexcept

template<typename _Tp, typename _Dp, typename _Up, typename _Ep>

constexpr bool std::operator> (const unique_ptr< _Tp, _Dp > &__x, const unique_ptr< _Up, _Ep > &_y)
template<typename _Tp, typename _Dp>

constexpr bool std::operator> (const unique_ptr< _Tp, _Dp > &__x, nullptr_t)

template<typename _Tp, typename _Dp>

constexpr bool std::operator> (nullptr_t, const unique_ptr< _Tp, _Dp > &__ x)

template<typename _Tp, typename _Dp, typename _Up, typename _Ep>

constexpr bool std::operator>= (const unique_ptr< _Tp, _Dp > &__x, const unique_ptr< _Up, _Ep > & _y)
template<typename _Tp, typename _Dp>

constexpr bool std::operator>= (const unique_ptr< _Tp, _Dp > & __ x, nullptr_t)

template<typename _Tp, typename _Dp>

bool std::operator>= (nullptr_t, const unique_ptr< _Tp, _Dp > & _X)

template<typename _Tp, typename _Del>

std::shared_ptr (unique_ptr< _Tp, _Del >) -> shared_ptr< _Tp >

template<typename _Tp>

std::shared_ptr (weak_ptr< _Tp >) -> shared_ptr< _Tp >

template<typename _Tp, typename _Dp>

enable_if<!__is_swappable< _Dp >:value >:type std::swap (unique_ptr< _Tp, _Dp > &, unique_ptr< _Tp,
_Dp > &)=delete

template<typename _Tp, typename _Dp>

constexpr enable_if< _ is_swappable< _Dp >:value >:type swap (unique_ptr< _Tp, _Dp > &  +«
X, unique_ptr< _Tp, _Dp > &__y) noexcept

template<typename _Tp>

void swap (weak_ptr< _Tp > &__a, weak_ptr< _Tp > &__b) noexcept

template<typename _Tp>

constexpr _Tp * std:ito_address (_Tp *__ptr) noexcept

template<typename _Ptr>

constexpr auto std::ito_address (const _Ptr & __ ptr) noexcept
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template<typename _Tp>
std::weak_ptr (shared_ptr< _Tp >) -> weak_ptr< _Tp >

template<typename _Tp, _Lock_policy _Lp>

bool std::atomic_is_lock_free (const __shared_ptr< _Tp, _Lp > %)
template<typename _Tp>

bool std::atomic_is_lock_free (const shared_ptr< _Tp > *__p)

template<typename _Tp>

shared_ptr< _Tp > std::atomic_load_explicit (const shared_ptr< _Tp > *__p, memory_order)
template<typename _Tp>

shared_ptr< _Tp > std::atomic_load (const shared_ptr< _Tp > *__p)

template<typename _Tp, _Lock_policy _Lp>

__shared_ptr< _Tp, _Lp > std::atomic_load_explicit (const __shared_ptr< _Tp, _Lp > *__p, memory_order)
template<typename _Tp, _Lock_policy _Lp>

__shared _ptr< _Tp, _Lp > std::atomic_load (const __shared_ptr< _Tp, _Lp > *_ p)

template<typename _Tp>

void std::atomic_store_explicit (shared_ptr< _Tp > *__p, shared_ptr< _Tp > __r, memory_order)
template<typename _Tp>

void std::atomic_store (shared_ptr< _Tp > *__p, shared_ptr< _Tp > _ 1)

template<typename _Tp, _Lock_policy _Lp>

void std::atomic_store_explicit (__shared_ptr< _Tp, _Lp > *__p, _ shared ptr< _Tp,_Lp > __r, memory_order)
template<typename _Tp, _Lock_policy _Lp>

void std::atomic_store (__shared_ptr< _Tp, _Lp > *__ p,__ shared_ptr< _Tp, _Lp>_r)

template<typename _Tp>

shared_ptr< _Tp > std::atomic_exchange_explicit (shared_ptr< _Tp > *_ p, shared_ptr< _Tp > _ «
r, memory_order)

template<typename _Tp>

shared_ptr< _Tp > std::atomic_exchange (shared_ptr< _Tp > *__p, shared ptr< _Tp> _r)
template<typename _Tp, _Lock_policy _Lp>

__shared _ptr< _Tp, _Lp > std::atomic_exchange_explicit (__shared_ptr< _Tp, _Lp > *__p, _ shared_ptr<
_Tp, _Lp > __r, memory_order)

template<typename _Tp, _Lock_policy _Lp>

__shared_ptr< _Tp, _Lp > std::atomic_exchange (__shared_ptr< _Tp, _Lp > *__p,__shared_ptr< _Tp, _Lp >
_n

template<typename _Tp>

bool std::atomic_compare_exchange_strong_explicit (shared_ptr< _Tp > *_ p, shared_ptr< _Tp > *_
v, shared_ptr< _Tp > __w, memory_order, memory_order)

template<typename _Tp>

bool std::atomic_compare_exchange_strong (shared_ptr< _Tp > *__p, shared_ptr< _Tp > *__v, shared_ptr<
Tp>_w)

template<typename _Tp>

bool std::atomic_compare_exchange_weak_explicit (shared_ptr< _Tp > x__p, shared_ptr< _Tp > *_ «
v, shared_ptr< _Tp > __w, memory_order __success, memory_order __failure)

template<typename _Tp>

bool std::atomic_compare_exchange_weak (shared_ptr< _Tp > x__p, shared_ptr< _Tp > x__v, shared_ptr<
Tp>_w)

template<typename _Tp, _Lock_policy _Lp>

bool std::atomic_compare_exchange_strong_explicit (__shared_ptr< _Tp, _Lp > *__p, _shared_ptr< _Tp, _Lp
> x__v,__shared_ptr< _Tp, _Lp > __w, memory_order, memory_order)
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template<typename _Tp, _Lock_policy _Lp>

bool std::atomic_compare_exchange_strong (__shared_ptr< _Tp, _Lp > *__p, _ shared ptr< _Tp, _Lp > *«
_ Vv,_ shared_ptr< _Tp, _Lp>_ w)

template<typename _Tp, _Lock_policy _Lp>

bool std::atomic_compare_exchange_weak_explicit (__shared ptr< _Tp, _Lp > *_ p, _ shared_ptr< _Tp, _Lp
> x__ v,__shared_ptr< _Tp, _Lp > __w, memory_order __success, memory_order __failure)

template<typename _Tp, _Lock_policy _Lp>

bool std::atomic_compare_exchange_weak (__shared ptr< _Tp, _Lp > *_ p, _ shared ptr< _Tp, _Lp > *_ v,
_ shared ptr< _Tp,_Lp>_ w)

template<typename _Tp, typename _Up>

bool operator== (const shared_ptr< _Tp > &__a, const shared_ptr< _Up > &__b) noexcept
template<typename _Tp>

bool operator== (const shared_ptr< _Tp > &__a, nullptr_t) noexcept
template<typename _Tp>

void swap (shared_ptr< _Tp > & __a, shared_ptr< _Tp > &__b) noexcept
template<typename _Tp, typename _Up>

shared_ptr< _Tp > static_pointer_cast (const shared_ptr< _Up > &__r) noexcept
template<typename _Tp, typename _Up>

shared_ptr< _Tp > const_pointer_cast (const shared_ptr< _Up > &__r) noexcept
template<typename _Tp, typename _Up>

shared_ptr< _Tp > dynamic_pointer_cast (const shared_ptr< _Up > & _r) noexcept
template<typename _Tp, typename _Up>

shared_ptr< _Tp > reinterpret_pointer_cast (const shared_ptr< _Up > &__r) noexcept
template<typename _Tp, typename _Up>

shared_ptr< _Tp > static_pointer_cast (shared_ptr< _Up > &&__r) noexcept
template<typename _Tp, typename _Up>

shared_ptr< _Tp > const_pointer_cast (shared_ptr< _Up > &&__r) noexcept
template<typename _Tp, typename _Up>

shared_ptr< _Tp > dynamic_pointer_cast (shared_ptr< _Up > &&__r) noexcept
template<typename _Tp, typename _Up>

shared_ptr< _Tp > reinterpret_pointer_cast (shared_ptr< _Up > &&__r) noexcept

template <typename _Tp, typename _Alloc, typename... _Args>

shared_ptr< _NonArray< _Tp > > allocate_shared (const _Alloc &__a, _Args &&... __args)
template<typename _Tp, typename... _Args>

shared_ptr< _NonArray< _Tp > > make_shared (_Args &&... __args)

3.15.5.4.1 Detailed Description

Smart pointers, etc.

3.15.5.4.2 Function Documentation

allocate_shared()

template<typename _Tp, typename _Alloc, typename... _Args>
shared_ptr< _NonArray< _Tp > > allocate_shared (

const _Alloc & __a,

_Args &&... __args) [related]

Create an object that is owned by a shared_ptr.

Parameters

[

a

\ An allocator.

Generated by Doxygen



3.15 Utilities 331

’ __args ‘ Arguments for the _ Tp object's constructor.

Returns

A shared_ptr that owns the newly created object.

Exceptions

‘ An ‘ exception thrown from _Alloc::allocate or from the constructor of _Tp.

A copy of __a will be used to allocate memory for the shared_ptr and the new object.

atomic_compare_exchange_strong() [1/2]

template<typename _Tp, _Lock_policy _Lp>
bool std::atomic_compare_exchange_strong (
__shared_ptr< _Tp, _Lp > * J<B

__shared_ptr< _Tp, _Lp > *x __v,

__shared_ptr< _Tp, _Lp > __w) [inline]
Atomic compare-and-swap for shared_ptr objects.

Parameters

A non-null pointer to a shared_ptr object.

A non-null pointer to a shared_ptr object.

-
v
« | A non-null pointer to a shared_ptr object.
w

Returns

True if x___p was equivalent to x___v, false otherwise.

The memory order for failure shall not be memory_order_release ormemory_order_acqg_rel.
References move().

atomic_compare_exchange_strong() [2/2]

template<typename _Tp>

bool std::atomic_compare_exchange_strong (
shared_ptr< _Tp > * __p,
shared_ptr< _Tp > % __v,
shared_ptr< _Tp > __w) [inline]

Atomic compare-and-swap for shared_ptr objects.

Parameters
_<+ | A non-null pointer to a shared_ptr object.
_p
_+ | A non-null pointer to a shared_ptr object.
v
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« | A non-null pointer to a shared_ptr object.
w

Returns

True if x___p was equivalent to *___v, false otherwise.

The memory order for failure shall not be memory_order_release ormemory_order_acq_rel.
References move().

atomic_compare_exchange_strong_explicit() [1/2]

template<typename _Tp, _Lock_policy _Lp>

bool std::atomic_compare_exchange_strong_explicit (
__shared_ptr< _Tp, _Lp > * __p,
__shared_ptr< _Tp, _Lp > * __v,
__shared_ptr< _Tp, _lp > w,

memory_order ,
memory_order )
Atomic compare-and-swap for shared_ptr objects.

Parameters

A non-null pointer to a shared_ptr object.

A non-null pointer to a shared_ptr object.

o
v
«— | A non-null pointer to a shared_ptr object.
w

Returns

True if x___p was equivalent to *___v, false otherwise.

The memory order for failure shall not be memory_order_release ormemory_order_acq_rel.
References move().

atomic_compare_exchange_strong_explicit() [2/2]

template<typename _Tp>
bool std::atomic_compare_exchange_strong_explicit (
shared_ptr< _Tp > * __p,
shared_ptr< _Tp > % __v,
shared_ptr< _Tp > __w,
memory_order ,
memory_order )
Atomic compare-and-swap for shared_ptr objects.

Parameters

_<+ | A non-null pointer to a shared_ptr object.
_p
« | A non-null pointer to a shared_ptr object.

<
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« | A non-null pointer to a shared_ptr object.
w

Returns

True if x___p was equivalent to *___v, false otherwise.

The memory order for failure shall not be memory_order_release ormemory_order_acqg_rel.
References move().

atomic_compare_exchange_weak() [1/2]

template<typename _Tp, _Lock_policy _Lp>

bool std::atomic_compare_exchange_weak (
__shared_ptr< _Tp, _Lp > * __p,
__shared_ptr< _Tp, _Lp > *x __v,
__shared_ptr< _Tp, _Lp > __w) [inline]

Atomic compare-and-swap for shared_ptr objects.

Parameters

A non-null pointer to a shared_ptr object.

A non-null pointer to a shared_ptr object.

o
v
« | A non-null pointer to a shared_ptr object.
w

Returns

True if x___p was equivalent to *___v, false otherwise.

The memory order for failure shall not be memory_order_release ormemory_order_acqg_rel.
References move().

atomic_compare_exchange_weak() [2/2]

template<typename _Tp>

bool std::atomic_compare_exchange_weak (
shared_ptr< _Tp > * __p,
shared_ptr< _Tp > * __v,

shared_ptr< _Tp > __w) [inline]
Atomic compare-and-swap for shared_ptr objects.

Parameters

A non-null pointer to a shared_ptr object.

A non-null pointer to a shared_ptr object.

o
v
« | A non-null pointer to a shared_ptr object.
w
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Returns

True if x___p was equivalent to *___ v, false otherwise.

The memory order for failure shall not be memory_order_release ormemory_order_acq_rel.
References move().

atomic_compare_exchange_weak_explicit() [1/2]

template<typename _Tp, _Lock_policy _Lp>

bool std::atomic_compare_exchange_weak_explicit (
__shared_ptr< _Tp, _Lp > * __p,
__shared_ptr< _Tp, _Lp > * __v,
__shared_ptr< _Tp, _Lp > w,

memory_order success,
memory_order failure) [inline]

Atomic compare-and-swap for shared_ptr objects.

Parameters

A non-null pointer to a shared_ptr object.

A non-null pointer to a shared_ptr object.

<
v
« | A non-null pointer to a shared_ptr object.
w

Returns

True if x___p was equivalent to x___ v, false otherwise.

The memory order for failure shall not be memory_order_release ormemory_order_acqg_rel.
References move().

atomic_compare_exchange_weak_explicit() [2/2]

template<typename _Tp>
bool std::atomic_compare_exchange_weak_explicit (
shared_ptr< _Tp > * __p,
shared_ptr< _Tp > * __ Vv,
shared_ptr< _Tp > __w,
memory_order __success,
memory_order __ failure) [inline]
Atomic compare-and-swap for shared_ptr objects.

Parameters

A non-null pointer to a shared_ptr object.

A non-null pointer to a shared_ptr object.

—
v
« | A non-null pointer to a shared_ptr object.
w
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Returns
True if x___p was equivalent to *___ v, false otherwise.

The memory order for failure shall not be memory_order_release ormemory_order_acqg_rel.
References move().

atomic_exchange() [1/2]

template<typename _Tp, _Lock_policy _Lp>
__shared_ptr< _Tp, _Lp > std::atomic_exchange (
__shared_ptr< _Tp, _Lp > * __p,
_ shared_ptr< _Tp, _Lp > __r) [inline]
Atomic exchange for shared_ptr objects.

Parameters

_+ | Anon-null pointer to a shared_ptr object.
_p
«— | New value to store in x___p.
r

Returns
The original value of *__p

References move().

atomic_exchange() [2/2]

template<typename _Tp>

shared_ptr< _Tp > std::atomic_exchange (
shared_ptr< _Tp > * __p,
shared_ptr< _Tp > __r) [inline]

Atomic exchange for shared_ptr objects.

Parameters

« | A non-null pointer to a shared_ptr object.

+— | New value to store in x___p.

Returns
The original value of *__p

References move().

atomic_exchange_explicit() [1/2]

template<typename _Tp, _Lock_policy _Lp>

__shared_ptr< _Tp, _Lp > std::atomic_exchange_explicit (
__shared_ptr< _Tp, _Lp > * __p,

shared_ptr< _Tp, _Lp > r,

memory_order ) [inline]
Atomic exchange for shared_ptr objects.
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Parameters

_+ | Anon-null pointer to a shared_ptr object.
_p
+ | New value to store in x___p.

-

Returns

The original value of *__p

atomic_exchange_explicit() [2/2]

template<typename _Tp>

shared_ptr< _Tp > std::atomic_exchange_explicit (
shared_ptr< _Tp > % __p,
shared_ptr< _Tp > __r,
memory_order ) [inline]

Atomic exchange for shared_ptr objects.

Parameters

_<+ | Anon-null pointer to a shared_ptr object.
_p
+ | New value to store in x__ p.

~

Returns

The original value of *__p

atomic_is_lock_free() [1/2]

template<typename _Tp, _Lock_policy _Lp>

bool std::atomic_is_lock_free (

const __shared_ptr< _Tp, _Lp > * ) [inline]

Report whether shared_ptr atomic operations are lock-free.

Parameters

_+ | Anon-null pointer to a shared_ptr object.
_p

Returns

True if atomic access to *___p is lock-free, false otherwise.

atomic_is_lock_free() [2/2]

template<typename _Tp>
bool std::atomic_is_lock_free (

const shared_ptr< _Tp > * __p) [inline]
Report whether shared_ptr atomic operations are lock-free.
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Parameters

_+ | Anon-null pointer to a shared_ptr object.
_p

Returns

True if atomic access to x___p is lock-free, false otherwise.

atomic_load() [1/2]

template<typename _Tp, _Lock_policy _Lp>
__shared_ptr< _Tp, _Lp > std::atomic_load (

const __shared_ptr< _Tp, _Lp > * __p) [inline]
Atomic load for shared_ptr objects.

Parameters

_+ | Anon-null pointer to a shared_ptr object.
_p

Returns
*__ P

The memory order shall not be memory_order_release ormemory_order_acq_rel.

atomic_load() [2/2]

template<typename _Tp>
shared_ptr< _Tp > std::atomic_load (

const shared_ptr< _Tp > * __p) [inline]
Atomic load for shared_ptr objects.

Parameters

_+ | Anon-null pointer to a shared_ptr object.
_p

Returns
*__ P

The memory order shall not be memory_or