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Introduction

This document proposes changes to Chapter 25 of theS@ndard Library in order to make full use of concepis [1].
Unless otherwise specified, all changes in this document have been verified to work with ConceptGCC and its modified
Standard Library implementation. We make every attempt to provide complete backward compatibility with the pre-
concept Standard Library, and note each place where we have knowingly changed semantics.

This document is formatted in the same manner as the working draft ofthst@ndard (N2009). Future versions

of this document will track the working draft and the concepts proposal as they evolve. Wherever the numbering of
a (sub)section matches a section of the working paper, the text in this document should be considered replacement
text, unless editorial comments state otherwise. All editorial comment: have a gray backgroundChanges to the
replacement text are categorized and typeseatidsions remevals or ehangesiodficaions
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Chapter 25 Algorithms library [lib.algorithms]

This clause describes components that frograms may use to perform algorithmic operations on containers (clause
?7?) and other sequences.

The following subclauses describe components for non-modifying sequence operation, modifying sequence operations,
sorting and related operations, and algorithms from the ISO C library, as summarized ip|Table 1.

Table 1: Algorithms library summary
] Subclause Header(s) |

25.1 Non-modifying sequence operations

25.2 Mutating sequence operations <algorithm>
25.3 Sorting and related operations

?? C library algorithms <cstdlib>

Header <algorithm> Synopsis

Note: Provide an updated synopsis!

All of the algorithms are separated from the particular implementations of data structures and are parameterized by
iterator types. Because of this, they can work with program-defined data structures, as long as these data structures have
iterator types satisfying the assumptions on the algorithms.
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3 Algorithms library 25.1 Non-modifying sequence operations

Both in-place and copying versions are provided for certain aIgoriﬂMﬂnen such a version is provided falgorithm
it is calledalgorithm_copy. Algorithms that take predicates end with the suffi¢ (which follows the suffix_copy).

[ Note: Unless otherwise specified, algorithms that take function objects as arguments are permitted to copy those func-
tion objects freely. Programmers for whom object identity is important should consider using a wrapper class that points
to a noncopied implementation object, or some equivalent solutierend noté

In the description of the algorithms operaterand- are used for some of the iterator categories for which they do not
have to be defined. In these cases the semantiesno the same as that of

{ X tmp = a;
advance(tmp, n);
return tmp;

}

and that ob-a is the same as of

return distance(a, b);

25.1 Non-modifying sequence operations [lib.alg.nonmodifying]

25.1.1 Foreach [lib.alg.foreach]

The standard does not state whether the function object takes a value of the iterator’s value type or reference type. The
SGI STL documentation says it's the value type, but that conflicts with user expectations that they are operating on
references. Also, “the result of dereferencing every iterator...” is the reference type, not the value type. Therefore, we
have chosen to use the reference type.

template<InputlIterator Iter, Callablel<Iter::reference> Function>
Function for_each(Iter first, Iter last, Function f);

1) The decision whether to include a copying version was usually based on complexity considerations. When the cost of doing the operation
dominates the cost of copy, the copying version is not included. For exase, copy is not included because the cost of sorting is much more
significant, and users might as well dopy followed bysort.
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25.1 Non-modifying sequence operations Algorithms library 4

1 Effects:Applies f to the result of dereferencing every iterator in the rabgérst , last ), starting fromfirst
and proceeding tdast - 1.

2 Returns:f.

3 Complexity:Applies f exactlylast - first times.

4 Notes:Hf-freturnsaresult; theresultisignored.

25.1.2 Find [lib.alg.find]

template<InputIterator Iter, class T>
where EqualityComparable<Iter::reference, T>
Iter find(Iter first, Iter last, const T& wvalue);

template<InputlIterator Iter, Predicate<Iter::reference> Pred>
Iter find_if (Iter first, Iter last, Pred pred);

1 Returns:The first iteratori in the rangel first , Last) for which the following corresponding conditions hold:
*i == walue, pred(x¥i) != false. Returnslast if no such iterator is found.
2 Complexity:At mostiast - first applications of the corresponding predicate.
25.1.3 Find End [lib.alg.find.end]

template<ForwardIterator Iterl, ForwardIterator Iter2>
where EqualityComparable<Iterl::reference, Iter2::reference>
Iterl find_end(Iterl firstl, Iterl lastl,
Iter2 first2, Iter2 last2);

template<ForwardIterator Iterl, ForwardIterator Iter2,
BinaryPredicate<Iterl::reference, Iter2::reference> Pred>
Iterl find_end(Iterl firstl, Iterl lastl,
Iter2 fairst2, Iter2 last2,

Pred pred);
1 Effects:Finds a subsequence of equal values in a sequence.
2 Returns: The last iteratori in the range[firstl,lastl - (last2 - first2)) such that for any non-
negative integehh < (last2 - first2), the following corresponding conditions holck(i + n) == *(

first2 + n), pred (x(i + n), *(first2 + n)) != false. Returnslast? if no such iterator is found.

3 Complexity:At most (last2 - first2) * (lastl - firstl - (last2 - first2) + 1) applications
of the corresponding predicate.

25.1.4 Find First [lib.alg.find.first.of]

This text assumes that the proposed resolution to DR 576 is accepted, weakening the requirements on the first type
parameterIter1l) to Input Iterator.
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5 Algorithms library 25.1 Non-modifying sequence operations

template<InputIterator Iterl, ForwardIterator Iter2>
where EqualityComparable<Iterl::reference, Iter2::reference>
Tterl find_first_of(Iterl firstl, Iterl lastl,
Iter2 first2, Iter2 last2);

template<InputlIterator Iterl, ForwardIterator Iter2,
BinaryPredicate<Iterl::reference, Iter2::reference> Pred>
Iterl find_first_of (Iterl firstl, Iterl lastl,
Iter2 fairst2, Iter2 last2,
Pred pred);

Effects:Finds an element that matches one of a set of values.

Returns:The first iteratori in the rangel first1 , last1) such that for some iteratgrin the rangel first2,
last2) the following conditions holdxi == xj, pred (xi,*j) != false. Returnslast1 if no such itera-

tor is found.
Complexity:At most (last1-first1) * (last2-first2) applications of the corresponding predicate.

25.1.5 Adjacent find [lib.alg.adjacent.find]

template<ForwardIterator Iter>
where EqualityComparable<Iter::reference>
Iter adjacent_find(Iter first, Iter last);

template<ForwardIterator Iter, BinaryPredicate<Iterl::reference, Iter2::reference> Pred>
Iter adjacent_find(Iter first, Iter last, Pred pred);

Returns:The first iteratori such that bothi andi + 1 are inthe rangé first , last) for which the following
corresponding conditions hold¢i == *(i + 1), pred (xi, *(i + 1)) != false. Returnsiast if no
such iterator is found.

Complexity:For a nonempty range, exactiyn((i - first) + 1, (last - first) - 1) applications of
the corresponding predicate, wheires ad jacent_£ind’s return value.

25.1.6 Count [lib.alg.count]

template<InputIterator Iter, class T>
where EqualityComparable<Iter::reference, T>
Iter::difference_type count(Iter first, Iter last, const T& wvalue);

template<InputlIterator Iter, Predicate<Iter::reference> Pred>
Iter::difference_type count_if (Iter first, Iter last, Pred pred);

Effects:Returns the number of iteratoisin the range[first , last) for which the following corresponding
conditions holdxi == value, pred(¥i) !'= false.

Complexity:Exactly last - first applications of the corresponding predicate.
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25.1 Non-modifying sequence operations Algorithms library 6

25.1.7 Mismatch [lib.mismatch]

template<InputIterator Iterl, Inputlterator Iter2>
where EqualityComparable<Iterl::reference, Iter2::reference>
pair<Iterl, Iter2> mismatch(Iterl firstl, Iterl lastl,
Iter first2);

template<InputIterator Iterl, InputIlterator Iter2,
BinaryPredicate<Iterl::reference, Iter2::reference> Pred>
pair<Iterl, Iter2> mismatch(Iterl firstl, Iter2 lastl,
Iter2 first2, Pred pred);

Returns:A pair of iteratorsi and j such thatj == first2 + (i - first1) andi is the first iterator in the
rangel[first1, last1) for which the following corresponding conditions hold:

V(xi == *(first2 + (1 - first1)))
pred (i, *(first2 + (i - first1))) == false

Returns the paitast? andfirst2 + (lastl - firstl) if such an iteratot is not found.

Complexity:At mostlast1 - firstl applications of the corresponding predicate.

25.1.8 Equal [lib.alg.equal]

template<InputIterator Iterl, Inputlterator Iter2>
where EqualityComparable<Iterl::reference, Iter2::reference>
bool equal(Iterl firstl, Iterl lastl,
Iter2 first2);

template<InputlIterator Iterl, Inputlterator Iter2,
BinaryPredicate<Iterl::reference, Iter2::reference> Pred>
bool equal(Iterl firstl, Iterl lastl,
Iter2 first2, Pred pred);

Returns:true if for every iteratori in the rangel first1 , last1) the following corresponding conditions hold:
*i == *x(first2 + (1 - first1)), pred (xi, *(first2 + (i - first1))) != false. Otherwise,
returnsfalse.

Complexity:At most last1 - firstl applications of the corresponding predicate.

25.1.9 Search [lib.alg.search]

template<ForwardIterator Iterl, ForwardIterator Iter2>
where EqualityComparable<Iterl::reference, Iter2::reference>
Iterl search(Iteril firstl, Iterl lastl,
Iter2 first2, Iter2 last2);

template<ForwardIterator Iterl, ForwardIterator Iter2,
BinaryPredicate<Iterl::reference, Iter2::reference> Pred>

Draft



7 Algorithms library 25.2 Mutating sequence operations

Iterl search(Iteril firstl, Iterl lastl,
Iter2 first2, Iter2 last2,
Pred pred);

Effects:Finds a subsequence of equal values in a sequence.

Returns:The first iterator in the rangel first1, lastl - (last2-first2)) such that for any non-negative
integem less thaniast2 - first2 the following corresponding conditions holé(i + n) == *(first2 +
n), pred (*(i + n), *(first2 + n)) != false. Returnslast? if no such iterator is found.

Complexity: At most(last?l - firstl) * (last2 - first2) applications of the corresponding predicate.

template<ForwardIterator Iter, class T>
where EqualityComparable<Iter::reference, T>
Iter search_n(Iter first, Iter last, Iter::difference_type count,
const T& walue);

template<ForwardIterator Iter, class T,
BinaryPredicate<Iter::reference, T> Pred>
Iter search_n(Iter first, Iter last, Iter::difference_type count,
const T& walue, Pred pred);

res: o bleto]

We have removed theize parameter and instead chosen to usedhgference_type of the iterator. This
change can break existing code in two ways. First, if3hee parameter was originally bound to a type larger
thandifference_type and thecount parameter contains a value outside of the rangeioference_type (in
which casesearch_n always returndast). Second, if the user explicitly provides an argument for3hee
parameter. Note: This change has not yet been reflected in libstdc++.

Effects:Finds a subsequence of equal values in a sequence.

Returns:The first iteratori in the rangelfirst , last -count ) such that for any non-negative integetess
than count the following corresponding conditions holek(i + n) == walue, pred (*x(i + n),value)
I= false. Returnslast if no such iterator is found.

Complexity:At most (last - first) * count applications of the corresponding predicatedfunt is posi-
tive, or O otherwise.

25.2 Mutating sequence operations [lib.alg.modifying.operations]

25.2.1 Copy [lib.alg.copy]

template<InputIterator InIter, OutputlIterator<InIter::value_type> Outlter>
OutIter copy(InIter first, InIter last,
OutIter result);

Note: Due to some optimizations in libstdc++ that we have not yet modeled with concepts, ConceptGCC does not yet
use this definition otopy. However, it does type-check with ConceptGCC.

Effects:Copies elements in the ranggirst , last) into the rangelresult ,result + (last - first))
starting from first and proceeding tdast. For each non-negative integer< (last-first), performs
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25.2 Mutating sequence operations Algorithms library 8

x(result + n) = *x(first + n).
Returns:result + (last - first).
Requires:result shall not be in the rangBfirst , last).

Complexity:Exactly last - first assignments.

template<Bidirectionallterator InIter, MutableBidirectionallterator OutlIter>
where Assignable<OutIter::reference, InIter::reference>
OutIter copy_backward(InIter first, Inlter last,
OutIter result);

Note: Due to some optimizations in libstdc++ that we have not yet modeled with concepts, ConceptGCC does not yet
use this definition okopy_backward. However, it does type-check with ConceptGCC.

Effects:Copies elements in the randgirst , last) into the rangelresult - (last-first),result)
starting fromiast - 1 and proceeding t(fv;rst@ For each positive integar <= (last - first), per-
forms*(result - n) = *(last - n).

Requires:result shall not be in the rangEfirst, last).
Returns:result - (last - first).

Complexity:Exactly last - first assignments.

25.2.2 Swap [lib.alg.swap]

template<class T>
where Assignable<T> && CopyConstructible<T>
void swap(T& a, T& b);

Effects:Exchanges values stored in two locations.

template<MutableForwardIterator Iterl, MutableForwardIterator Iter2>
where SameType<Iterl::reference, Iter2::reference> && Swappable<Iterl::value_type>
Iter2 swap_ranges(Iterl firstl, Iterl lasti,
Iter2 first2);

Effects:For each non-negative integer< (lastl - firstl) performs:swap(x(firstl + n), *(first2
+ 1n)).

Requires:The two rangeqd first1,last1) and [first2, first2 + (lastl - first1)) shall not over-
lap. Fhe h . i , 7 the ira

Returns:first2 + (lastl - firstl).

Complexity:Exactly last1 - firstl swaps.

2) copy_backward should be used instead of copy whewst is in the rangelresult - (last - first),result).
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9 Algorithms library 25.2 Mutating sequence operations

template<MutableForwardIterator Iterl, MutableForwardIterator Iter2>
where SameType<Iterl::reference, Iter2::reference> && Swappable<Iterl::value_type>
void iter_swap(Iterl a, Iter2 b);

Note: ConceptGCC is a little bit fuzzy on this, because it doesn'’t actually type-check (although it should) and doesn't
contain the Swappable requirement.

Effects:swap(*a, *b).

25.2.3 Transform [lib.alg.transform]

template<InputIterator InIter, class Outlter,
Callablel<InIter: :reference> Op>
where OutputIterator<OutIter, Op::result_type>
OutIter transform(InIter first, InIter last,
OutIter result, Op op);

template<InputlIterator InIterl, InputIterator InlIter2,
class OutlIter, Callable2<InIterl::reference, InIter2::reference> BinaryOp>
where OutputIterator<OutIter, BinaryOp::result_type>
OutIter transform(InIterl firstl, InIterl last!,
InTter2 first2, Outlter result,
BinaryOp binary_op);

Effects:Assigns through every iteratarin the rangelresult ,result + (lastl - firstl)) a new cor-
responding value equal tegp (*(first? + (i - result)) or binary_op (x(firstl + (i - result),
x(first2 + (i - result))).

Requires:op and binary_op shall not invalidate iterators or subranges, or modify elements in the ranges
firstl,last1], [first2, first2 + (lastl - first1)],and[result ,result + (lastl - firstl)
16

Returns:result + (lastl - firstl).
Complexity:Exactly last1 - firstl applications ofop or binary_op.

Remarksresult may be equal tfirst in case of unary transform, or {irst1 or first2 in case of binary
transform.

25.2.4 Replace [lib.alg.replace]

template<MutableForwardIterator Iter, class T>
where EqualityComparable<Iter::reference, T> &&% Assignable<Iter::reference, T>
void replace(Iter first, Iter last,
const T& old_wvalue, const T& new_value);

3The use of fully closed ranges is intentional.
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25.2 Mutating sequence operations Algorithms library 10

template<MutableForwardIterator Iter, Predicate<Iter::reference> Pred, class T>
where Assignable<Iter::reference, T>
void replace_if(Iter first, Iter last,
Pred pred, const T& new_value);

RequiresThe expression first = new_value must be valid.

Effects:Substitutes elements referred by the iteratam the rangel first , Last) with new_value, when the
following corresponding conditions holdi == old_value, pred (¥i) !'= false.

Complexity:Exactly last - first applications of the corresponding predicate.

template<InputIterator InIter, Outputlterator<InIter::reference> Outlter, class T>
where Assignable<Outlter::reference, T> && EqualityComparable<Inlter::reference, T>
OutIter replace_copy(InIter first, InIter last,
OutIter result,
const T& old_wvalue, const T& mew_value);

template<InputIterator InIter, Outputlterator<InIter::reference> QOutlter,
Predicate<InIter::reference> Pred, class T>
where Assignable<QutIter::reference, T>
OutIter replace_copy_if(InIter first, InIter last,
OQutlter result,
Pred pred, const T& new_value) ;

RequiresThe results of the expressiorgirst andnew_value shall be writable to theesult output iterator.
Theranged first, last) and[result ,result + (last - first)) shall not overlap.

Effects:Assigns to every iteratar in the rangelresult ,result + (last - first)) eithernew_value or
*(first + (1 - result)) depending on whether the following corresponding conditions hold:

*(first + (i - result)) == old_value
pred (x(first + (i - result))) != false
Returns:result + (last - first).

Complexity:Exactly last - first applications of the corresponding predicate.

25.2.5 Fill [lib.alg.fill]

template<MutableForwardIterator Iter, class T>
where Assignable<Iter::reference, T>
void fill(Iter first, Iter last, const T& walue);

template<class Iter, Integral Size, class T>
where Outputlterator<Iter, T>
void fill_n(Iter first, Size n, const T& walue);

Note: Due to some optimizations in libstdc++ that we have not yet modeled with concepts, ConceptGCC does not yet
use these definitions @fill or £ill_n.
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11 Algorithms library 25.2 Mutating sequence operations

1

2 Effects: The first algorithm assignsaiue through all the iterators in the randeirst , last). The second
algorithm assignsalue through all the iterators in the randgirst , first + n) if n is positive, otherwise
it does nothing.

3 Complexity:Exactly last - first,n, or 0 assignments, respectively.

25.2.6 Generate [lib.alg.generate]

template<MutableForwardIterator Iter, CallableO Generator>
where Assignable<Iter::reference, Generator::result_type>
void generate(Iter first, Iter last,
Generator gen);

template<class Iter, Integral Size, CallableO Generator>
where Outputlterator<Iter, Generator::result_type>
void generate_n(Iter first, Size n, Generator gen);

1 Effects: The first algorithm invokes the function objegén and assigns the return value @én through all the
iterators in the rangé first , last). The second algorithm invokes the function objget and assigns the
return value ofgen through all the iterators in the randgirst , first + n) if n is positive, otherwise it does

nothing.
2
3 Complexity:Exactly last - first, n, or O invocations ofen and assignments, respectively.
25.2.7 Remove [lib.alg.remove]
template<MutableForwardIterator Iter, class T>
where EqualityComparable<Iter::reference, T>
Iter remove(Iter first, Iter last,
const T& walue);
template<MutableForwardIterator Iter, Predicate<Iter::reference> Pred>
Iter remove_if (Iter first, Iter last,
Pred pred);
Note: ConceptGCC is not fully type-checkirgmove andremove_if at this time.
1

The “Convertible to integral type” requirements are very odd. We can model them with concepts if we need, but I've chosen the simpler route of
4 requiring theSize parameter to moddintegral. This could break existing code, although it appears that such existing code would fail to compile

with at least libstdc++.

The “Convertible to integral type” requirements are very odd. We can model them with concepts if we need, but I've chosen the simpler route of

5 requiring theSize parameter to moddintegral. This could break existing code, although it appears that such existing code would fail to compile
with at least libstdc++.
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25.2 Mutating sequence operations Algorithms library 12

2 Effects:Eliminates all the elements referred to by iteratan the rangel first , Last ) for which the following
corresponding conditions holdi == value, pred(xi) !'= false.

3 Returns:The end of the resulting range.

4 RemarksStable.

5 Complexity:Exactly last - first applications of the corresponding predicate.

template<InputIterator InIter, OutputIlterator<InIter::value_type> OutlIter, class T>
where EqualityComparable<InIter::reference, T>
OutIter remove_copy(InIter first, InIter last,
QutIter result, const T& wvalue);

template<InputIterator InIter, OutputIterator<InIter::value_type> Outlter,
Predicate<Inlter::reference> Pred>
QutIter remove_copy_if(InIter first, Inlter last,
OutIter result, Pred pred);

6 RequiresFypeTis EqualtyCompaable(20.1-1) The ranged first , last) and[result ,result + (last

- first)) shall not overlap.

7 Effects:Copies all the elements referred to by the iterator the rangel first , Last ) for which the following
corresponding conditions do not holelt == wvalue, pred (xi) !'= false.
8 Returns:The end of the resulting range.
9 Complexity:Exactly last - first applications of the corresponding predicate.
10 RemarksStable.
25.2.8 Unique [lib.alg.unique]

template<MutableForwardIterator Iter>
where EqualityComparable<Iter::reference>
Iter unique(Iter first, Iter last);

template<MutableForwardIterator Iter, BinaryPredicate<Iter::reference, Iter::reference> Pred>
Iter unique(Iter first, Iter last,
Pred pred);

1 Effects:For a nonempty range, eliminates all but the first element from every consecutive group of equivalent
elements referred to by the iteratoin the rangel first + 1, last) for which the following conditions hold:
*(1 - 1) == xiorpred(x(i - 1), *i) != false.

2 RequiresThe comparison function shall be an equivalence relation.
3 Returns:The end of the resulting range.
4 Complexity:For nonempty ranges, exactlyast - first) - 1 applications of the corresponding predicate.

template<InputIterator InIter, OutputIterator<InIter::value_type> OutlIter>
where EqualityComparable<Inlter::value_type> && Assignable<InIter::value_type> &&
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13 Algorithms library 25.2 Mutating sequence operations

CopyConstructible<InIter::value_type> && !ForwardIterator<InIter> &&
'MutableForwardIterator<QutIter>
OQutIter
unique_copy(InIter first, Inlter last,
OutIter result);

template<ForwardIterator InIter, OutputIterator<Inlter::value_type> OutIter>
where EqualityComparable<InIter::reference>
OutIter unique_copy(InIter first, Inlter last,
OutIter result);

template<InputlIterator InIter, MutableForwardIterator OutIter>
where EqualityComparable<QutIter::reference, InIter::value_type> &&
Assignable<QutIter::reference, InIter::reference> &&
'ForwardIterator<InIter>
OutIter unique_copy(InIter first, InIter last,
OQutIter result);

template<InputIterator InIter, Outputlterator<InIter::value_type> Outlter,
BinaryPredicate<InIter::value_type, InIter::value_type> Pred>
where Assignable<Inlter::value_type> && CopyConstructible<InIter::value_type> &&
!ForwardIterator<InIter> && !MutableForwardIterator<QutIter>
OutIter unique_copy(InIter first, InIter last,
OutIter result, Pred pred);

template<ForwardIterator InIter, OutputIlterator<Inlter::value_type> OutIter,
BinaryPredicate<InlIter::reference, InIter::reference> Pred>
OutIter unique_copy(InIter first, InIter last,
OQutIter result);

template<InputIterator InlIter, MutableForwardIterator OutIter,
BinaryPredicate<OutIter: :reference, InlIter::reference> Pred>
where Assignable<Outlter::reference, InIter::reference> &&
!ForwardIterator<InIter>
OutIter unique_copy(InIter first, Inlter last,
OutIter result, Pred pred);

We assume (and require!) the proposed resolution to DR 538, which adaissthenable requirement.

Note that we have split the two signaturesuafique_copy into six signatures, to cover the actual variants required in
the implementation.

RequwesThe ranges[fzrst last) and[result result+(last-first)) shall not overlapiliheexpites

Effects:Copies only the first element from every consecutive group of equal elements referred to by the iterator
i in the rangelfirst, last) for which the following corresponding conditions holdi == *(i - 1) or
pred (i, *(i - 1)) != false.
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25.2 Mutating sequence operations Algorithms library 14

Returns:The end of the resulting range.

Complexity:For nonempty ranges, exactlgst - first - 1 applications of the corresponding predicate.

25.2.9 Reverse [lib.alg.reverse]

template<MutableBidirectionallterator Iter>
where Swappable<Iter::value_type>
void reverse(Iter first, Iter last);

Effects:For each non-negative integer<= (last - first)/2, appliesiter_swap to all pairs of iterators
first + i, (last - i) - 1.

Complexity:Exactly (last - first)/2 swaps.

template<Bidirectionallterator InIter, OutputIterator<InIter::value_type> OutIter>
OutIter reverse_copy(Inlter first,
Inlter last, Outlter result);

Effects:Copies the rangéfirst , last) to the rangelresult ,result+(last-first)) such that for any
non-negative integet < (last - first) the following assignment takes place(result + (last -
first) - i) = *(first + i).

RequiresThe ranged first , last) and[result ,result+(last-first)) shall not overlap.
Returns:result + (last - first).

Complexity:Exactly last - first assignments.

25.2.10 Rotate [lib.alg.rotate]

template<MutableForwardIterator Iter>
where Swappable<Iter>
void rotate(Iter first, Iter middle,
Iter last);

Effects:For each non-negative integer< (last - first), places the element from the positigirst + i
into positionfirst + (i + (last - middle)) % (last - first).

RemarksThis is a left rotate.

Requires:[first ,middle) and [middle, last) are valid rangesThetypeof *first shallsaisfy-the Swap

Complexity:At most last - first swaps.
template<ForwardIterator InIter, OutputIlterator<Inlter::value_type> OutIter>

OutIter rotate_copy(InIter first, InIter middle,
Inlter last, Outlter result);
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15 Algorithms library 25.2 Mutating sequence operations

5 Effects:Copies the rangéfirst , last) to the rangelresult ,result + (last - first)) such that for
each non-negative integer < (last - first) the following assignment takes place(result + i) =
x(first + (i + (middle - first)) % (last - first)).

6 Returns:result + (last - first).
7 RequiresThe ranged first , last) and[result ,result + (last - first)) shall not overlap.
8 Complexity:Exactly last - first assignments.
25.2.11 Random shuffle [lib.alg.random.shuffle]

template<MutableRandomAccessIterator Iter>
where Swappable<Iter::value_type>
void random_shuffle(Iter first,
Iter last);

template<MutableRandomAccessIterator Iter, Callablel<Iter::difference_type> Rand>
where Swappable<Iter::value_type> && Convertible<Rand::result_type, Iter::difference_type>
void random_shuffle(Iter first,

Iter last,
Rand& rand);
1 Effects:Shuffles the elements in the ranfigirst , Last ) with uniform distribution.
2
3 Complexity:Exactly (1ast - first) - 1swaps.
4 RemarksThe underlying source of random numbers for the first form of the function is implementation-defined.
An implementation may use thend function from the standard C library. The second form of the functlon takes
a random number generatmg funct|0n objea:hd 2 : 2 :
25.2.12 Partitions [lib.alg.partitions]
template<MutableBidirectionallterator Iter, Predicate<Iter::reference> Pred>
where Swappable<Iter::value_type>
Iter partition(Iter first,
Iter last, Pred pred);
1 Effects:Places all the elements in the rang&irst , last ) that satisfypred before all the elements that do not
satisfy it.
2 Returns:An iteratori such that for any iteratoy in the range[first ,i) pred (*j) != false, and for any
iteratork in the rangeli, last), pred (xk) == false.
3
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Complexity:At most (last - first)/2 swaps. Exactlylast - first applications of the predicate are
done.

template<MutableBidirectionallterator Iter, Predicate<Iter::reference> Pred>
where Swappable<Iter::value_type>
Iter stable_partition(Iter first,
Iter last, Pred pred);

ConceptGCC cannot currently type-check the libstdc++ definition of stable partition, so these concept requirements
have not been verified.

Effects:Places all the elements in the ranggirst , last ) that satisfypred before all the elements that do not

satisfy it.

Returns:An iteratori such that for any iteratoy in the range[ first ,i), pred (xj) !'= false, and for any
iteratork in the range[i, last), pred (¥k) == false. The relative order of the elements in both groups is
preserved.

Complexity:At most (last - first) * log(last - first) swaps, but only linear number of swaps if
there is enough extra memory. Exactlyst - first applications of the predicate.

25.3 Sorting and related operations [lib.alg.sorting]

All the operations iff 25]3 have two versions: one that takes a function object o€éypere and one that uses an
operator<.

Compare is used as a function object which returtisue if the first argument is less than the second, d&atlse
otherwise.Compare comp is used throughout for algorithms assuming an ordering relation. It is assumecbtizat
will not apply any non-constant function through the dereferenced iterator.

For all algorithms that tak€ompare, there is a version that useperator< instead. That iScomp (*i, *j) !=
false defaultstoxi < *j != false. For algorithms other than those describeld in 2%.3.3 to work correethy has
to induce a strict weak ordering on the values.

The termstrict refers to the requirement of an irreflexive relatiore§mp (x, x) for all x), and the termweakto
requirements that are not as strong as those for a total ordering, but stronger than those for a partial ordering. If we
defineequiv(a, b) as!comp (a, b) && !comp (b, a), then the requirements are thadmp andequiv both be
transitive relations:

— comp (a, b) && comp (b, c) impliescomp (a, c)

— equiv(a, b) && equiv(b, c) impliesequiv(a, c) [ Note:Under these conditions, it can be shown that
— equiv is an equivalence relation
— comp induces a well-defined relation on the equivalence classes determireg by

— The induced relation is a strict total ordering=end notg
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17 Algorithms library 25.3 Sorting and related operations

A sequence isorted with respect to a comparatewmp if for any iteratori pointing to the sequence and any non-
negative integen such thati + n is a valid iterator pointing to an element of the sequeregyp (*(i + n), *i)
== false.

A sequencestart, finish) is partitioned with respect to an expressidie) if there exists an integer such that
forall0 <= i < distance(start, finish), f(*(begin + i)) istrueifand onlyifi < n.

In the descriptions of the functions that deal with ordering relationships we frequently use a notion of equivalence
to describe concepts such as stability. The equivalence to which we refer is not necessapidy @vr==, but an
equivalence relation induced by the strict weak ordering. That is, two elemani$b are considered equivalent if and
onlyif 1(a < b) && !(b < a).

25.3.1 Sorting [lib.alg.sort]
25.3.1.1 sort [lib.sort]

template<MutableRandomAccessIterator Iter>
where LessThanComparable<Iter::value_type> && Assignable<Iter::reference> &&
Swappable<Iter::value_type> && CopyConstructible<Iter::value_type>
void sort(Iter first, Iter last);

template<MutableRandomAccessIterator Iter, BinaryPredicate<Iter::value_type, Iter::value_type> Compare>
where Assignable<Iter::reference> && Swappable<Iter::value_type> &&
CopyConstructible<Iter::value_type>
void sort(Iter first, Iter last,
Compare comp) ;

Itis possible that these concept requirements could be simplified. These requirements were pushed up from the libstdc++
implementation, which may overconstrain the problem.

Effects:Sorts the elements in the ranggirst , last).

Complexity:ApproximatelyNlog(N) (whereN == last - first)comparisons on the averdge.

25.3.1.2 stable_sort [lib.stable.sort]

template<MutableRandomAccessIterator Iter>
where LessThanComparable<Iter::value_type> && Swappable<Iter::value_type> &&
Assignable<Iter::value_type> && CopyConstructible<Iter::value_type>
void stable_sort(Iter first, Iter last);

template<MutableRandomAccessIterator Iter, BinaryPredicate<Iter::value_type, Iter::value_type> Compare>
where Swappable<Iter::value_type> && Assignable<Iter::value_type> &&
CopyConstructible<Iter::value_type>
void stable_sort(Iter first, Iter last,
Compare comp) ;

6) If the worst case behavior is importastable_sort () (25.3.1.2) opartial_sort () (25.3.1.8) should be used.
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25.3 Sorting and related operations Algorithms library 18

ConceptGCC can not currently type-check the libstdc++ definition of stable_sort, so these concept requirements are
speculative.

Effects:Sorts the elements in the ranggirst , last).

Complexity:It does at mosNlog?(N) (whereN == last - first) comparisons; if enough extra memory is
available, it isNlog(N).

RemarksStable.

25.3.1.3 partial_sort [lib.partial.sort]

template<MutableRandomAccessIterator Iter>
where CopyConstructible<Iter::value_type> && Swappable<Iter::value_type> &&
LessThanComparable<Iter: :value_type>
void partial_sort(Iter first,
Iter middle,
Iter last);

template<MutableRandomAccessIterator Iter, BinaryPredicate<Iter::value_type, Iter::value_type> Compare>
where CopyConstructible<Iter::value_type> && Swappable<Iter::value_type>
void partial_sort(Iter first,
Iter middle,
Iter last,
Compare comp) ;

Effects: Places the firsiniddle - first sorted elements from the randgirst ,last) into the rangel
first ,middle). The rest of the elements in the rangeiddle , last ) are placed in an unspecified order.

Complexity:lt takes approximately last - first) * log(middle - first) comparisons.

25.3.1.4 partial_sort_copy [lib.partial.sort.copy]

Note: This does not currently type-check with ConceptGCC.

template<class InputlIterator, class RandomAccessIterator>
RandomAccessIterator
partial_sort_copy(InputIterator first, InputIterator last,
RandomAccessIterator result_first,
RandomAccessIterator result_last);

template<class InputlIterator, class RandomAccessIterator,
class Compare>
RandomAccessIterator
partial_sort_copy(InputIterator first, InputIterator last,
RandomAccessIterator result_first,
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19 Algorithms library 25.3 Sorting and related operations

RandomAccessIterator result_last,
Compare comp) ;

Effects:Placesthefirsiin(last - first, result_last - result_first) sorted elementsintothe range
[result_first ,result_first + min(last - first, result_last - result_first)).

Returns:The smaller of:result_last or result_first + (last - first).
RequiresThe type ofxresult_first shall satisfy the Swappable requiremer®)(

ComplexityApproximately(last - first) * log(min(last - first, result_last - result_first))
comparisons.

25.3.2 Nth element [lib.alg.nth.element]

template<MutableRandomAccessIterator Iter>
where Swappable<Iter::value_type> && Assignable<Iter::reference> &&
CopyConstructible<Iter::value_type> && LessThanComparable<Iter::value_type>
void nth_element (Iter first, Iter nth,
Iter last);

template<MutableRandomAccessIterator Iter, BinaryPredicate<Iter::value_type, Iter::value_type> Compare>
where Swappable<Iter::value_type> && Assignable<Iter::reference> &&
CopyConstructible<Iter::value_type>
void nth_element (Iter first, Iter nth,
Iter last, Compare comp);

After nth_element the element in the position pointed to by is the element that would be in that position if
the whole range were sorted. Also for any iteratdn the rangel first ,nth) and any iteratoy in the range
[nth,last) it holds that:! (xi > *j) or comp (*xj, *i) == false.

Complexity:Linear on average.

25.3.3 Binary search [lib.alg.binary.search]

All of the algorithms in this section are versions of binary search and assume that the sequence being searched is
partitioned with respect to an expression formed by binding the search key to an argument of the implied or explicit
comparison function. They work on non-random access iterators minimizing the number of comparisons, which will
be logarithmic for all types of iterators. They are especially appropriate for random access iterators, because these
algorithms do a logarithmic number of steps through the data structure. For non-random access iterators they execute a
linear number of steps.

25.3.3.1 lower_bound [lib.lower.bound]
template<ForwardIterator Iter, class T>
where LessThanComparable<Iter::value_type, T>

Iter lower_bound(Iter first, Iter last,
const T& walue);
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template<ForwardIterator Iter, class T, BinaryPredicate<Iter::reference, T> Compare>
Iter lower_bound(Iter first, Iter last,
const T& wvalue, Compare comp);

RequiresThe elements of [first , last) are partitioned with respect to the expression value or comp (e,
value).

ReturnsThe furthermost iteratar in the rangel first , Last ] such that for any iteratoyin the rangel first ,
i) the following corresponding conditions holdj < wvalue or comp (xj, walue) !'= false.

Complexity:At mostlog(last - first) + 1comparisons.

25.3.3.2 upper_bound [lib.upper.bound]

template<ForwardIterator Iter, class T>
where LessThanComparable<T, Iter::reference>
Iter upper_bound(Iter first, Iter last,
const T& walue);

template<ForwardIterator Iter, class T, BinaryPredicate<T, Iter::reference> Compare>
Iter upper_bound(Iter first, Iter last,
const T& walue, Compare comp);

Requires:The elements of [first, last) are partitioned with respect to the expressidfralue < e) or
' comp (value, e).

Returns:The furthermost iteratar in the range first , Last ) such that for any iteratoyin the rangel first ,
i) the following corresponding conditions holtd(value < *j) or comp (value, *j) == false.

Complexity:At mostlog(last - first) + 1 comparisons.

25.3.3.3 equal_range [lib.equal.range]

template<ForwardIterator Iter, class T>
where LessThanComparable<T, Iter::reference> &&
LessThanComparable<Iter: :reference, T>
pair<Iter, Iter>
equal_range(Iter first,
Iter last, const T& walue);

template<ForwardIterator Iter, class T, class Compare>
where BinaryPredicate<Compare, T, Iter::reference> &&
BinaryPredicate<Compare, Iter::reference, T>
pair<Iter, Iter>
equal_range(Iter first,
Iter last, const T& wvalue,
Compare comp);
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21 Algorithms library 25.3 Sorting and related operations

Requires:The elements of [first,last) are partitioned with respect to the expressiens value and
! (value < e) or comp (e, value) and!comp (value, e). Also, for all elements of [first, last),e
< value implies! (value < e) or comp (e, value) implies!comp (value, e).

Returns:

make_pair(lower_bound(first, last, wvalue),
upper_bound(first, last, wvalue))

or

make_pair (lower_bound(first, last, wvalue, comp),
upper_bound(first, last, value, comp))

Complexity:At most2 * log(last - first) + 1comparisons.

25.3.3.4 binary_search [lib.binary.search]

template<ForwardIterator Iter, class T>
where LessThanComparable<T, Iter::reference> &&
LessThanComparable<Iter: :reference, T>
bool binary_search(ForwardIterator first, ForwardIterator last,
const T& walue);

template<ForwardIterator Iter, class T, class Compare>
where BinaryPredicate<Compare, T, Iter::reference> &&
BinaryPredicate<Compare, Iter::reference, T>
bool binary_search(Iter first, Iter last,
const T& wvalue, Compare comp);

Requires:The elements of [first,last) are partitioned with respect to the expressiens value and
! (value < e) or comp (e, value) and!comp (value, e). Also, for all elements of [first, last), e
< value implies! (value < e) or comp (e, value) implies!comp (value, e).

Returns:true if there is an iteratori in the range[first, last) that satisfies the corresponding condi-
tions: ! (¥i < walue) && !'(walue < *i) Ofr comp (¥i, walue) == false && comp (value, ¥i) ==
false.

Complexity:At mostlog(last - first) + 2comparisons.

25.3.4 Merge [lib.alg.merge]

template<InputIterator InIterl, InputIterator InlIter2,
OutputIterator<Inlterl::value_type> OutIter>
where SameType<InlIterl::value_type, InIter2::value_type> &&
LessThanComparable<InIterl::value_type>
OutIter merge(InIterl firstl, InIterl lastl,
InIter2 ferst2, Inlter2 last2,
OutIter result);
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template<InputIterator InIterl, InputIterator InIter2,
OutputIterator<Inlterl::value_type> Outlter,
BinaryPredicate<InIterl::value_type, InIter2::value_type> Compare>
where SameType<InIterl::value_type, InlIter2::value_type>
QutIter
merge (InIterl firstl, InIterl lastl,
InIter2 first2, Inlter2 lastZ2,
OutIter result, Compare comp);

Effects:Merges two sorted rangdsfirst? , lastl) and [first2, last2) into the rangelresult ,result
+ (lastl - firstl) + (last2 - first2)).

The resulting range shall not overlap with either of the original ranges. The list will be sorted in non-decreasing
order according to the ordering defineddwymp ; that is, for every iteratot in [first , last ) other thanfirst,
the conditiorki < *(i - 1) or comp (*i, *(i - 1)) will be false.

Returns:result + (lastl - firstl) + (last2 - first2).
Complexity:At most (lastl - firstl) + (last2 - first2) - 1comparisons.

RemarksStable.

template<MutableBidirectionallterator Iter>
where Swappable<Iter::value_type> && CopyConstructible<Iter::value_type> &&
Assignable<Iter::value_type> && LessThanComparable<Iter::value_type>
void inplace_merge(Iter first,
Iter middle,
Iter last);

template<MutableBidirectionallterator Iter, BinaryPredicate<Iter::value_type, Iter::value_type> Compare>
where Swappable<Iter::value_type> && CopyConstructible<Iter::value_type> &&
Assignable<Iter::value_type>
void inplace_merge(Iter first,
Iter middle,
Iter last, Compare comp);

At present, ConceptGCC can not type-check this algorithm, so the concept constraints are speculative.

Effects:Merges two sorted consecutive randgsrst ,middle) and[middle, last ), putting the result of the
merge into the rangéfirst, last). The resulting range will be in non-decreasing order; that is, for every
iteratori in [first , last) other thanfirst, the conditiorxi < *(i - 1) or, respectivelycomp (xi, *(i

- 1)) will be false.

ComplexityWhen enough additional memory is availabléast - first) - 1comparisons. If no additional
memory is available, an algorithm with complexitjlog(N) (whereN is equal tolast - first) may be used.

RemarksStable.
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23 Algorithms library 25.3 Sorting and related operations

25.3.5 Set operations on sorted structures [lib.alg.set.operations]

This section defines all the basic set operations on sorted structures. They also warkwithets (??) containing
multiple copies of equivalent elements. The semantics of the set operations are generalided sets in a standard
way by definingset_union() to contain the maximum number of occurrences of every elenzent,intersec-
tion() to contain the minimum, and so on.

25.3.5.1 includes [lib.includes]

template<InputIterator Iterl, Inputlterator Iter2>
where SameType<Iterl::value_type, Iter2::value_type> && LessThanComparable<Iterl::value_type>
bool includes(Iterl firstl, Iterl lastl,
Iter2 first2, Iter2 last2);

template<InputlIterator Iterl, Inputlterator Iter2, BinaryPredicate<Iterl::value_type, Iter2::value_type> Compare>
where SameType<Iterl::value_type, Iter2::value_type>
bool includes(Iterl firstl, Iterl lastl,
Iter2 first2, Iter2 last2,
Compare comp) ;

Returns:true if every element in the rang€first2, last2) is contained in the rangéfirst1, last1).
Returnstalse otherwise.

Complexity:At most2 * ((lastl - firstl) + (last2 - first2)) - 1comparisons.

25.3.5.2 set_union [lib.set.union]

template<InputlIterator InIterl, InputIterator InlIter2,
OutputIterator<Inlterl::value_type> OutIter>
where SameType<InIterl::value_type, InlIter2::value_type> &&
LessThanComparable<InlIterl::value_type>
OQutIter
set_union(InIterl firstl, InIterl lastl,
InIter2 first2, Inlter2 last2,
QutIter result);

template<InputIterator InIterl, InputIterator InlIter2,
OutputIterator<Inlterl::value_type> OutIter,
BinaryPredicate<InIterl::value_type, InIter2::value_type> Compare>
where SameType<InlIterl::value_type, InIter2::value_type>
QutIter
set_union(InIterl firstl, InIterl lastl,
InlIter2 first2, Inlter2 last2,
OQutIter result, Compare comp);

Effects:Constructs a sorted union of the elements from the two ranges; that is, the set of elements that are present
in one or both of the ranges.

RequiresThe resulting range shall not overlap with either of the original ranges.

Returns:The end of the constructed range.
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Complexity:At most2 * ((lastl - firstl) + (last2 - first2)) - 1comparisons.

Remarksif [first1,last1) containsmelements that are equivalent to each other Bfid-st2,1ast2) con-
tainsn elements that are equivalent to them, thenradlements from the first range shall be copied to the output
range, in order, and then m@x— m,0) elements from the second range shall be copied to the output range, in

order.

25.3.5.3 set_intersection [lib.set.intersection]

template<InputIterator InIterl, InputIterator InlIter2,
OutputIterator<InIterl::value_type> OutIter>
where SameType<InlIterl::value_type, InIter2::value_type> &&
LessThanComparable<InIterl::value_type>

OutIter
set_intersection(InIterl firstl, InIterl last!,
InIter2 first2, Inlter2 last2,
OutIter result);

template<InputIterator InIterl, InputIterator InlIter2,
OutputIterator<InIterl::value_type> OutIter,
BinaryPredicate<InIterl::value_type, InIter2::value_type> Compare>
where SameType<InIterl::value_type, InIter2::value_type>
QutIter
set_intersection(InIterl firstl, Inlterl last!,
InIter2 first2, Inlter2 last2,
OutIter result, Compare comp);
Effects:Constructs a sorted intersection of the elements from the two ranges; that is, the set of elements that are

present in both of the ranges.

Requires:The resulting range shall not overlap with either of the original ranges.

Returns:The end of the constructed range.
Complexity:At most2 * ((lastl - firstl) + (last2 - first2)) - 1comparisons.

Remarksif [firstl,last1) containsm elements that are equivalent to each other Bhid-st2,1ast2) con-
tainsn elements that are equivalent to them, the first(mim) elements shall be copied from the first range to the

output range, in order.

25.3.5.4 set_difference [lib.set.difference]

template<InputIterator InIterl, InputIterator InIter2,
OutputIterator<InIterl::value_type> Outlter>
where SameType<InlIterl::value_type, InIter2::value_type> &&
LessThanComparable<InIterl::value_type>
OutIter
set_difference(InIterl firstl, InIterl lastl,
InIter2 first2, Inlter2 lastZ2,
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QutIter result);

template<InputlIterator InIterl, InputIterator InlIter2,
OutputIterator<Inlterl::value_type> Outlter,
BinaryPredicate<InIterl::value_type, InIter2::value_type> Compare>
where SameType<InlIterl::value_type, InIter2::value_type>
QutIter
set_difference(InIterl firstl, InIterl lastl,
InIter2 first2, Inlter2 last2,
OutIter result, Compare comp);

Effects:Copies the elements of the ranfigirst1 , last1) which are not presentin the ranggirst2, tast2
) to the range beginning aksult. The elements in the constructed range are sorted.

RequiresThe resulting range shall not overlap with either of the original ranges.
Returns:The end of the constructed range.
Complexity: At most2 * ((lastl - firstl) + (last2 - first2)) - 1comparisons.

Remarksif [first1,last1) containsmelements that are equivalent to each other Bfid-st2,1ast2) con-
tainsn elements that are equivalent to them, the last (mmaxn,0) elements from[first1,last1) shall be
copied to the output range.

25.3.5.5 set_symmetric_difference [lib.set.symmetric.difference]

template<InputIterator InIterl, InputIterator InIter2,
OutputIterator<InlIterl::value_type> OutIter>
where SameType<InlIterl::value_type, InIter2::value_type> &&
LessThanComparable<InIterl::value_type>
QutIter
set_symmetric_difference(InIterl firstl, InIterl last!,
InIter2 first2, Inlter2 last2,
OutIter result);

template<InputIterator InIterl, InputIterator InIter2,
OutputIterator<Inlterl::value_type> OutIter,
BinaryPredicate<InIterl::value_type, InIter2::value_type> Compare>
where SameType<InIterl::value_type, InIter2::value_type>
QutIter
set_symmetric_difference(InIterl firstl, InIterl last!,
InIter2 first2, Inlter2 last2,
OutIter result, Compare comp);

Effects:Copies the elements of the ranfigirst1 , last1) which are not presentin the ranggirst2, last2
), and the elements of the ranggirst2, last2) which are not present in the ranggirst1, last1) to the
range beginning atesult. The elements in the constructed range are sorted.

Requires:The resulting range shall not overlap with either of the original ranges.

Returns:The end of the constructed range.
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Complexity:At most2 * ((lastl - firstl) + (last2 - first2)) - 1comparisons.

Remarksif [first1,last1) containsmelements that are equivalent to each other Bfid-st2,1ast2) con-
tainsn elements that are equivalent to them, tien- n| of those elements shall be copied to the output range:
the lastm— n of these elements fromifirst1,last1) if m> n, and the lash — m of these elements from
[first2,last2) if m<n.

25.3.6 Heap operations [lib.alg.heap.operations]

A heapis a particular organization of elements in a range between two random access iteigtors Its two key
properties are:

(1) There is no element greater theaxin the range and
(2) *a may be removed bpop_heap (), or a new element added pysh_heap (), in &(log(N)) time.
These properties make heaps useful as priority queues.

make_heap () converts a range into a heap asukt_heap () turns a heap into a sorted sequence.

25.3.6.1 push_heap [lib.push.heap]

template<MutableRandomAccessIterator Iter>
where CopyConstructible<Iter::value_type> && LessThanComparable<Iter::value_type>
void push_heap(Iter first, Iter last);

template<MutableRandomAccessIterator Iter, BinaryPredicate<Iter::value_type, Iter::value_type> Compare>
where CopyConstructible<Iter::value_type>
void push_heap(Iter first, Iter last,
Compare comp) ;

Note: It seems like this should use Swappable, and make the CopyConstructible requirement unnecessary.
Effects:Places the value in the locatidrast - 1 into the resulting heapfirst , last).
RequiresThe rangel first , last - 1) shall be a valid heap.

Complexity:At mostlog(last - first) comparisons.

25.3.6.2 pop_heap [lib.pop.heap]

template<MutableRandomAccessIterator Iter>
where CopyConstructible<Iter::value_type> && Swappable<Iter::value_type> &&
LessThanComparable<Iter: :value_type>
void pop_heap(Iter first, Iter last);

template<MutableRandomAccessIterator Iter, BinaryPredicate<Iter::value_type, Iter::value_type> Compare>
where CopyConstructible<Iter::value_type> && Swappable<Iter::value_type>
void pop_heap(Iter first, Iter last,
Compare comp);

Draft



27 Algorithms library 25.3 Sorting and related operations

The libstdc++ implementation of this routine does not use swap() like it should, but it does type-check. Note: We may
be able to eliminate the CopyConstructible requirement.

1 Effects:Swaps the value in the locatigiirst with the value in the locationast - 1and makeg first, last
- 1) into a heap.

2 RequiresThe rangel first , Last ) shall be a valid heapThetypeof*first shallsaisfy the Swappablerequire-

3 Complexity:At most2 * log(last - first) comparisons.

25.3.6.3 make_heap [lib.make.heap]

template<MutableRandomAccessIterator Iter>
where CopyConstructible<Iter::value_type> &&
LessThanComparable<Iter::value_type>
void make_heap(Iter first, Iter last);

template<MutableRandomAccessIterator Iter, BinaryPredicate<Iter::value_type, Iter::value_type> Compare>
where CopyConstructible<Iter::value_type>
void make_heap(Iter first, Iter last,
Compare comp) ;

Note: Should we use Swappable instead of CopyConstructible here?

1 Effects:Constructs a heap out of the ranggirst , last).
2 Complexity:At most3 * (last - first) comparisons.
25.3.6.4 sort_heap [lib.sort.heap]

template<MutableRandomAccessIterator Iter>
where CopyConstructible<Iter::value_type> && Swappable<Iter::value_type> &&
LessThanComparable<Iter::value_type>
void sort_heap(Iter first, Iter last);

template<MutableRandomAccessIterator Iter, BinaryPredicate<Iter::value_type, Iter::value_type> Compare>
where CopyConstructible<Iter::value_type> && Swappable<Iter::value_type>
void sort_heap(Iter first, Iter last,
Compare comp) ;

1 Effects:Sorts elements in the hedgirst , last).
2
3 Complexity:At mostNlog(N) comparisons (wherg == last - first).

25.3.7 Minimum and maximum [lib.alg.min.max]
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template<LessThanComparable T> const T& min(const T& a, const T& b);
template<class T, BinaryPredicate<T, T> Compare>
const T& min(const T& a, const T& b, Compare comp);

2 Returns:The smaller value.

3 RemarksReturns the first argument when the arguments are equivalent.

template<LessThanComparable T> const T& max(const T& a, const T& b);
template<class T, BinaryPredicate<T, T> Compare>
const T& max(const T& a, const T& b, Compare comp);

4 Frosneoosneon e Losahan o b le 001 0
5 Returns:The larger value.

6 RemarksReturns the first argument when the arguments are equivalent.

template<ForwardIterator Iter>
where LessThanComparable<Iter: :reference>
Iter min_element(Iter first, Iter last);

template<ForwardIterator Iter, BinaryPredicate<Iter::reference, Iter::reference> Compare>
Iter min_element(Iter first, Iter last,
Compare comp) ;

7 Returns:The first iteratori in the rangel first , last) such that for any iteratoy in the rangel first , last
) the following corresponding conditions hold:(xj < *i) or comp (xj, *i) == false. Returnslast if
first == last.

8 Complexity:Exactlymax((last - first) - 1, 0) applications of the corresponding comparisons.

template<ForwardIterator Iter>
where LessThanComparable<Iter::reference>
Tter max_element(Iter first, Iter last);

template<ForwardIterator Iter, BinaryPredicate<Iter::reference, Iter::reference> Compare>
Iter max_element(Iter first, Iter last,
Compare comp) ;

9 Returns:The first iteratori in the rangel first , last) such that for any iteratoy in the rangel first , last
) the following corresponding conditions hold:(xi < *j) or comp (xi, *j) == false. Returnslast if
first == last.

10 Complexity:Exactlymax((last - first) - 1, 0) applications of the corresponding comparisons.

25.3.8 Lexicographical comparison [lib.alg.lex.comparison]
template<InputIterator Iterl, Inputlterator Iter2>

where LessThanComparable<Iterl::reference, Iter2::reference> &&
LessThanComparable<Iter2::reference, Iterl::reference>
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bool
lexicographical_compare(Iterl firstl, Iterl lastl,
Iter2 first2, Iter2 last2);

template<InputIterator Iterl, Inputlterator Iter2, class Compare>
where BinaryPredicate<Compare, Iterl::reference, Iter2::reference> &&
BinaryPredicate<Compare, Iter2::reference, Iterl::reference>
bool
lexicographical_compare(Iterl firstl, Iterl lastl,
Iter2 fairst2, Iter2 last2,

Compare comp) ;

Returns:true if the sequence of elements defined by the rahferst1, last1) is lexicographically less than
the sequence of elements defined by the raifgest2, last2).

Returnsfalse otherwise.

Complexity:At most 2+min((last? - firstl), (last2 - first2)) applications of the corresponding
comparison.

Remarksif two sequences have the same number of elements and their corresponding elements are equivalent,
then neither sequence is lexicographically less than the other. If one sequence is a prefix of the other, then the
shorter sequence is lexicographically less than the longer sequence. Otherwise, the lexicographical comparison
of the sequences yields the same result as the comparison of the first corresponding pair of elements that are not
equivalent.

for ( ; firstl != lastl && first2 !'= last2 ; ++firstl, ++first2) {
if (xfirstl < *first2) return true;
if (*first2 < *firstl) return false;

}
return firstl == lastl && first2 != last2;

25.3.9 Permutation generators [lib.alg.permutation.generators]

template<MutableBidirectionallterator Iter>
where Swappable<Iter::value_type> &&
LessThanComparable<Iter::reference>
bool next_permutation(Iter first,
Iter last);

template<MutableBidirectionallterator Iter, BinaryPredicate<Iter::reference, Iter::reference> Compare>
where Swappable<Iter::value_type>
bool next_permutation(Iter first,
Iter last, Compare comp);

Effects:Takes a sequence defined by the rafgérst , last) and transforms it into the next permutation. The
next permutation is found by assuming that the set of all permutations is lexicographically sorted with respect to
operator< or comp . If such a permutation exists, it returtisue. Otherwise, it transforms the sequence into the
smallest permutation, that is, the ascendingly sorted one, and rétiras.
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3 Complexity:At most (last - first)/2 swaps.

template<MutableBidirectionalIlterator Iter>
where Swappable<Iter::value_type> &&
LessThanComparable<Iter::reference>
bool prev_permutation(Iter first,
Iter last);

template<MutableBidirectionallterator Iter, BinaryPredicate<Iter::reference, Iter::reference> Compare>
where Swappable<Iter::value_type>
bool prev_permutation(Iter first,
Iter last, Compare comp);

4 Effects:Takes a sequence defined by the rapgerst , last) and transforms it into the previous permutation.
The previous permutation is found by assuming that the set of all permutations is lexicographically sorted with
respect tperator< or comp .

5 Returns:true if such a permutation exists. Otherwise, it transforms the sequence into the largest permutation,
that is, the descendingly sorted one, and rettitise.

7 Complexity:At most (last - first)/2 swaps.
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