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Boost.Heap

Introduction & Motivation

boost . heap isanimplementation of priority queues. Priority queues are queue data structures, that order their elementsby apriority.
The STL providesasingletemplate classst d: : pri ori ty_queue, which only provides alimited functionality. To overcome these
limitations, boost . heap implements data structures with more functionality and different performance characteristics. Especially,
it deals with additional aspects:

e Mutability: The priority of heap elements can be modified.

Iterators. Heaps provide iterators to iterate all elements.

M ergable: While al heaps can be merged, some can be merged efficiently.

Stability: Heaps can be configured to be stable sorted.

» Comparison: Heaps can be compared for equivalence.
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Boost.Heap

Concepts & Interface

Basic Priority Queue Interface

Priority queues are queues of objects, that are ordered by their priority. They support the operations of adding nodes to the data
structure, accessing the top element (the element with the highest priority), and removing the top element.

S Note
boost . heap implements priority queues as max-heaps to be consistent with the STL heap functions. Thisisin
contrast to the typical textbook design, which uses min-heaps.

Synopsis

tenpl ate <typenane T, class ...QOptions>

class priority_queue

{
/'l types
typedef T val ue_type
t ypedef unspecified size_type
t ypedef unspecified di fference_type
t ypedef unspecified al | ocator _type
t ypedef unspecified val ue_conpare
t ypedef unspecified ref erence
t ypedef unspecified const _reference
t ypedef unspecified poi nter;
t ypedef unspecified const _pointer;

/1 construct/copy/destruct

explicit priority_queue(val ue_conpare const & = value_conpare())

priority queue(priority_queue const &)

priority queue& operator=(priority_queue const &)

priority queue(priority_queue &&); /1 nove semantics (C++11 only)
priority queue& operator=(priority_queue &&); /1 nove semantics (C++11 only)

/1l public menber functions

unspeci fied push(const_reference); /1 push new el enent to heap

tenpl ate<class... Args> void enplace(Args &&. ..); /1 push new el enent to heap, C++11 only

const_reference top() const; /1l return top el ement

voi d pop(); /'l renmove top el enent

void clear(); /'l clear heap

size_type size() const; /'l nunber of elenents

bool enpty() const; /] priority queue is enpty

al l ocator _type get_allocator(void) const; /1 return allocator

size_type nmax_size(void) const; /1 maxi mal possible size

voi d reserve(size_type); /'l reserve space, only available if O
(has_reserve == true)

/'l heap equival ence
t enpl at e<t ypenane HeapType> bool operator==(HeapType const &) const
t enpl at e<t ypenane HeapType> bool operator!=(HeapType const &) const

/'l heap comparison

t enpl at e<t ypenane HeapType> bool operator<(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator>(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator>=(HeapType const &) const
t enpl at e<t ypenane HeapType> bool operator<=(HeapType const &) const
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/'l public data nenbers

static const bool constant_tine_size; /'l size() has constant conplexity
static const bool has_ordered_iterators; /1 priority queue has ordered iterators
static const bool is_nergable; /'l priority queue is efficiently nergable
static const bool is_stable; /1 priority queue has a stable heap order
static const bool has_reserve; /1 priority queue has a reserve() nenber
b
Example

/1 PriorityQueue is expected to be a max-heap of integer val ues
tenpl ate <typenane PriorityQeue>
voi d basic_interface(void)

{
PriorityQueue pq;

Pg. push(2);
Pg. push(3);
Pg. push(1);

cout << "Priority Queue: popped el enents" << endl
cout << pq.top() << " "; [/ 3

Ppg. pop() :

cout << pq.top() << " "; [l 2

pg. pop() :

cout << pq.top() << " "; /] 1

pg. pop() :

cout << endl

Priority Queue Iterators

Synopsis

class iteratabl e_heap_interface

{

public:
/'l types
t ypedef unspecified iterator
t ypedef unspecified const _iterator
t ypedef unspecified ordered_iterator
/1 public nmenber functions
iterator begin(void) const;
iterator end(void) const;
ordered_iterator ordered_begi n(void) const;
ordered_iterator ordered_end(void) const;

b

Priority queues provide iterators, that can be used to traverse their elements. All heap iterators are const_iterators, that means they
cannot be used to modify the values, because changing the value of aheap node may corrupt the heap order. Details about modifying
heap nodes are described in the section about the mutability interface.

Iterators do not visit heap elements in any specific order. Unless otherwise noted, al non-const heap member functions invalidate
iterators, while all const member functions preserve the iterator validity.
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S Note
Someimplementationsrequireiterators, that contain aset of elements, that are discover ed, but not visited. Therefore
copying iterators can be inefficient and should be avoided.

Example

/'l PriorityQueue is expected to be a nmax-heap of integer val ues
tenpl ate <typenane PriorityQeue>
void iterator_interface(void)

{
PriorityQueue pq;
pg. push(2)
pg. push(3);
pg. push(1);
typenanme PriorityQueue::iterator begin = pq.begin();
typenanme PriorityQueue::iterator end = pq.end();
cout << "Priority Queue: iteration" << endl;
for (typenane PriorityQueue::iterator it = begin; it != end; ++it)
cout << *it << " "; [/ 1, 2, 3 in unspecified order
cout << endl;
}

Ordered Iterators

Except for boost : : heap: : priority_queue al boost . heap data structures support ordered iterators, which visit all elements
of the heap in heap-order. The implementation of these or der ed_i t er at or srequires some internal bookkeeping, so iterating the
aheap in heap order has an amortized complexity of O(N*log(N)).

Example

/'l PriorityQueue is expected to be a max-heap of integer val ues
tenpl ate <typenane PriorityQueue>
void ordered_iterator_interface(void)

{
PriorityQueue pq;
pg. push(2);
pg. push(3);
pg. push(1);
typenane PriorityQueue::ordered_iterator begin = pg.ordered_begin();
typenane PriorityQueue::ordered_iterator end = pq. ordered_end();
cout << "Priority Queue: ordered iteration" << endl;
for (typenane PriorityQueue::ordered_iterator it = begin; it != end;, ++it)
cout << *it << " "; [/ 3, 2, 1 (i.e. 1, 2, 3 in heap order)
cout << endl;
}

Comparing Priority Queues & Equivalence

Thedatastructuresof boost . heap can be compared with standard comparison operators. The comparison is performed by comparing
two heaps element by element using val ue_conpar e.
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S Note
Depending on the heap type, this operation can be rather expensive, because both data structures need to be traversed
in heap order. On heaps without ordered iterators, the heap needs to be copied internally. The typical complexity is

O(n log(n)).

Merging Priority Queues
Mergable Priority Queues
Synopsis

cl ass nergabl e_heap_interface

{
publi c:

/1 public nmenber functions

voi d nerge(nmergabl e_heap_interface &);
s

boost . heap hasaconcept of aMergable Priority Queue. A mergable priority queue can efficiently be merged with adifferent instance
of the same type.

Example

/1 PriorityQueue is expected to be a max-heap of integer val ues
tenpl ate <typenane PriorityQueue>
void nmerge_interface(void)
{
PriorityQueue pq;

pg. push(3);
pg. push(5);
pg. push(1);

PriorityQueue pg2;

pg2. push(2);
pg2. push(4);
pg2. push(0);

pg. merge(pqg2) ;

cout << "Priority Queue: nerge" << endl;
cout << "first queue:

while (!'pg.enpty()) {
cout << pqg.top() <<" "; I/ 543210

pg. pop() ;

cout << endl;

cout << "second queue:

while (!'pg2.emty()) {
cout << pg2.top() << " "; [/ 420
pPg2. pop();

cout << endl;
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Heap Merge Algorithms

boost . heap providesaheap_ner ge() agorithm that is can be used to merge different kinds of heaps. Using this algorithm, all
boost . heap data structures can be merged, although some cannot be merged efficiently.

Example

/1l PriorityQueue is expected to be a max-heap of integer val ues
tenpl ate <typenane PriorityQueue>
voi d heap_nerge_al gorithm voi d)
{
PriorityQueue pq;

Ppg. push(3);
Ppg. push(5);
pg. push(1);

PriorityQueue pqg2

pg2. push(2);
pg2. push(4);
pg2. push(0);

boost: : heap: : heap_nerge(pq, pg2)

cout << "Priority Queue: nerge" << endl
cout << "first queue

while (!'pg.enpty()) {
cout << pqg.top() <<" "; I/ 543210
Pg. pop() ;

}

cout << endl;

cout << "second queue

while (!'pg2.emty()) {
cout << pg2.top() << " "; [/ 420
pPg2. pop();

}

cout << endl;

Mutability

Some priority queues of boost . heap are mutable, that means the priority of their elements can be changed. To achieve mutability,
boost . heap introduces the concept of handles, which can be used to access the internal nodes of the priority queue in order to
change its value and to restore the heap order.
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Synopsis

cl ass nutabl e_heap_interface

{

publi c:
typedef unspecified iterator;
struct handl e_type

{
I

val ue_type & operator*() const;

static handl e_type s_iterator_to_handle(iterator const &)

/1 priority queue interface
handl e_type push(T const & v);

/'l update el enment via assignment and fix heap

voi d updat e( handl e_type const & handl e, value_type const & v);
voi d i ncrease(handl e_type const & handle, value_type const & v);
voi d decrease(handl e_type const & handl e, val ue_type const & v);

/1l fix heap after el ement has been changed via the handl e
voi d updat e( handl e_type const & handle);

voi d i ncrease(handl e_type const & handle);

voi d decrease( handl e_type const & handle);

O Warning
Incorrect use of i ncr ease or decr ease may corrupt the priority queue data structure. If unsure use updat e can
be used at the cost of efficiency.

Example

/1 PriorityQueue is expected to be a max-heap of integer val ues
tenpl ate <typenanme PriorityQeue>
voi d mutabl e_i nterface(void)
{
PriorityQueue pq;
typedef typenane PriorityQueue:: handl e_type handl e_t;

handle_t t3
handle_t t5
handle_t t1

Pg. push(3);
Pg. push(5);
Pg. push(1);

pg. update(t3, 4);
pg.increase(t5, 7);
pg. decrease(tl, 0);

cout << "Priority Queue: update" << endl
while (!pqg.enpty()) {
cout << pqg.top() << " "; Il 7, 4, 0
pd. pop() :
}

cout << endl

Note that handles can be stored inside theval ue_t ype:
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struct heap_data

{
fi bonacci _heap<heap_dat a>: : handl e_type handl e
i nt payl oad
heap_data(int i):
payl oad(i)
{}
bool operator<(heap_data const & rhs) const
{
return payl oad < rhs. payl oad
}
b
voi d nutabl e_i nterface_handl e_i n_val ue(voi d)
{
fi bonacci _heap<heap_dat a> heap
heap_data f(2)
fibonacci _heap<heap_dat a>: : handl e_type handl e = heap. push(f);
(*handl e) . handl e = handle; // store handle in node
}

The Fixup Interface

Therearetwo different APIsto support mutability. Thefirst family of functions provides update functionality by changing the current
element by assigning a new value. The second family of functions can be used to fix the heap data structure after an element has
been changed directly via a handle. While this provides the user with a means to modify the priority of queue elements without the
need to change their non-priority part, this needsto be handled with care. The heap needsto be fixed up immediately after the priority
of the element has been changed.

Beside an updat e function, two additional functionsi ncr ease and decr ease are provided, that are generally more efficient than
the generic updat e function. However the user has do ensure, that the priority of an element is changed to the right direction.
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Example

/1 PriorityQueue is expected to be a max-heap of integer val ues
tenpl ate <typenanme PriorityQeue>
voi d nutabl e_fixup_interface(void)

{
PriorityQueue pq;
typedef typenane PriorityQueue::handl e_type handle_t;
handl e_t t3 = pq. push(3);
handl e_t t5 = pq. push(5);
handl e_t t1 = pq. push(1);
*t3 = 4,
pg. update(t3);
t5 = 7,
pg. i ncrease(t5);
*tl1l = 0;
pg. decrease(tl);
cout << "Priority Queue: update with fixup" << endl;
while (!pg.emty()) {
cout << pqg.top() << " "; /Il 7, 4, 0O
pg. pop();
cout << endl;
}

Iterators can be coverted to handles using the static member functions_handl e_from i t er at or . However most implementations
of updat e invalidate all iterators. The most notable exception isthef i bonacci heap, providing alazy update function, that just
invalidates the iterators, that are related to this handle.

o Warning
After changing the priority viaahandle, the heap needsto be fixed by calling one of the update functions. Otherwise
the priority queue structure may be corrupted!

Stability

A priority queueis “stabl€e, if elements with the same priority are popped from the heap, in the same order asthey are inserted. The
data structures provided by boost . heap, can be configured to be stable at compiletime using the boost : : heap: : st abl e palicy.
Two notions of stability are supported. If aheap is configured with no stability, the order of nodes of the same priority is undefined,
if itis configured as stable, nodes of the same priority are ordered by their insertion time.

Stability is achieved by associating an integer version count with each value in order to distinguish values with the same node. The
type of this version count defaultsto boost : : ui nt max_t , which is at least 64bit on most systems. However it can be configured
to use a different type using the boost : : heap: : stabi | i ty_count er _t ype template argument.

o Warning
The stability counter is prone to integer overflows. If an overflow occurs during apush() call, the operation will
fail and an exception is thrown. Later push() call will succeed, but the stable heap order will be compromised.
However an integer overflow at 64bit is very unlikely: if an application would issue one push() operation per mi-
crosecond, the value will overflow in more than 500000 years.
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Data Structures

boost . heap provides the following data structures:

boost::heap::priority_queue Thepriority_queue classisawrapper to the stl heap functions. It implements a heap as

boost : :

boost : :

boost : :

boost : :

boost : :

heap: :

heap: :

heap

heap: :

heap: :

d_ary_heap

bi nom al _heap

. fibonacci _heap

pai ri ng_heap

skew_heap

container adaptor ontop of ast d: : vect or and isimmutable.

D-ary heaps are a generalization of binary heap with each non-leaf node having N children.
For alow arity, the height of the heap is larger, but the number of comparisons to find the
largest child node is bigger. D-ary heaps are implemented as container adaptors based on a
std::vector.

The data structure can be configured as mutable. Thisis achieved by storing the valuesinside
astd::list.

Binomial heaps are node-base heaps, that are implemented as a set of binomial trees of
piecewise different order. The most important heap operations have a worst-case complexity
of O(log n). In contrast to d-ary heaps, binomial heaps can also be merged in O(log n).

Fibonacci heaps are node-base heaps, that are implemented as a forest of heap-ordered trees.
They provide better amortized performance than binomial heaps. Except pop() ander ase(),
the most important heap operations have constant amortized complexity.

Pairing heaps are self-adjusting node-based heaps. Although design and implementation are
rather simple, the complexity analysisis yet unsolved. For details, consult:

Pettie, Seth (2005), "Towards a final analysis of pairing heaps’, Proc. 46th Annual |EEE
Symposium on Foundations of Computer Science, pp. 174-183

Skew heaps are self-adjusting node-based heaps. Although there are no constraints for the
tree structure, al heap operations can be performed in O(log n).

Table 1. Comparison of amortized complexity

t op() push() pop() update() i n d e erase() regaddex()
crease() crease()

boet::hegp:pi- (1) O(log(N))  O(log(N)) n/a n/a n‘a n‘a aNiVItNVY)
ty_queus
to tep.daytep (1) O(log(N)) ~ O(log(N)) ~ O(log(N)) ~ O(log(N)) ~ O(log(N)) ~ O(log(N)) QM)
et Fegpe- - (1) O(log(N)) ~ O(log(N)) ~ O(log(N)) ~ O(log(N))  O(log(N)) ~ O(log(N))  OlogN+M)
Al heap
tost:-Feep:films (1) 0(1) O(log(N)) ~ O(log(N)) #  O(2) O(log(N))  O(log(N))  O(1)
acci_heap
?I:éifl:gizr- 1) @ 2fN) O(log(N)) CF2mfN) COF2af) 2gaN) OFZdaN) O 2Zaa)
totfepdentep (1) O(log(N)) ~ O(log(N)) ~ O(log(N)) ~ O(log(N))  O(log(N)) ~ O(log(N))  OlogN+M))

&Thefibonacci aupdat e_| azy() method, which has O(log(N)) amortized complexity aswell, but does not try to consolidate the internal forest
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Data Structure Configuration

The data structures can be configured with Boost.Parameter-style templates.

boost : : heap: : conpare

boost: : heap:: all ocator

boost: : heap::stable

boost : : heap: : nut abl e_

boost: : heap::stabil -
ity _counter_type

boost: : heap: : con-
stant _time_size

boost::heap::arity

boost: : heap::store_par-
ent _pointer

Predicate for defining the heap order, optional (defaults to boost:: heap:: com
pare<std::|ess<T> >)

Allocator for internal memory management, optional (defaultstoboost : : heap: : al | ocat -
or<std::allocator<T> >)

Configures the heap to use a dstable heap order, optiona (defaults to
boost : : heap: : st abl e<f al se>).

Configures the heap to be mutable. boost::heap::d_ary heap and
boost : : heap: : skew_heap haveto be configured with this policy to enable the mutability
interface.

Configures the integer type used for the stability counter, optiona (defaults to
boost : : heap: :stability_counter_type<boost: :uintmax_t>). For more details,
consult the Stability section.

Specifies, whether si ze() should have linear or constant complexity. This argument is only
available for node-based heap data structures and if available, it is optional (defaults to
boost : : heap: : constant _ti me_si ze<true>)

Specifies the arity of a d-ary heap. For details, please consult the class reference of
boost:: heap::d_ary_heap

Store the parent pointer in the heap nodes. This policy is only available in the
boost : : heap: : skew_heap.
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Reference

Header <boost/heap/binomial_heap.hpp>

nanmespace boost {
nanmespace heap {
t enpl at e<t ypenane T,
}
}

class. ..

Class template binomial _heap

boost::heap::binomial_heap — binomial heap
Synopsis

/'l I'n header: <boost/heap/bi nom al _heap. hpp>

tenpl at e<typenane T, class. ..

cl ass binom al _heap {

Opt i ons>

publi c:
/'l types
typedef T
t ypedef inpl enmentation_defined::size_type
typedef inplementation_defined::difference_type
t ypedef inpl ementation_defined: : val ue_conpare
typedef inplementation_defined::allocator_type
t ypedef inpl enmentation_defined::reference
t ypedef inpl ementation_defined::const_reference
t ypedef inpl ementation_defined: : pointer
t ypedef inpl ementation_defined:: const_pointer
t ypedef inplementation_defined::iterator
t ypedef inplenmentation_defined::const_iterator
t ypedef inplementation_defined::ordered_iterator
typedef inpl ementation_defined:: handl e_type

/'l construct/copy/ destruct

Options> cl ass bi nom al _heap;

val ue_t ype
size_type

di fference_type
val ue_conpare
al | ocat or _t ype;
ref erence

const _reference
poi nt er;

const _pointer;
iterator;

const _iterator
ordered_iterator
handl e_t ype

explicit binom al _heap(val ue_conpare const & = val ue_conpare())

bi nom al _heap(bi noni al _heap const &)
bi nom al _heap(bi nom al _heap &&);

bi nom al _heap & operator=(bi nom al _heap const &)

bi nom al _heap & operator=(bi nom al _heap &&);
~bi nom al _heap(void);

/1 public menmber functions
bool enpty(void) const;
size_type size(void) const;
size_type max_size(void) const;

void cl ear(void)

al | ocator_type get_all ocator(void) const;
voi d swap(bi nom al _heap &)

const _reference top(void) const
handl e_t ype push(val ue_type const &);

t enpl at e<cl ass. .
voi d pop(void)
voi d updat e( handl e_type
voi d updat e( handl e_t ype)
voi d increase(handl e_type,

const _reference)

const _reference)

Args> handl e_type enpl ace(Args && ..);
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voi d increase(handl e_type);

voi d decrease(handl e_type, const_reference);

voi d decrease(handl e_type);

voi d nerge(binom al _heap &);

iterator begin(void) const;

iterator end(void) const;

ordered_iterator ordered_begin(void) const;

ordered_iterator ordered_end(void) const;

voi d erase(handl e_type);

val ue_conpare const & val ue_conp(void) const;

t enpl at e<t ypenane HeapType> bool operator<(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator>(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator>=(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator<=(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator==(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator!=(HeapType const &) const;

/1 public static functions
static handle_type s_handle_fromiterator(iterator const &);

/'l public data nenbers

static const bool constant_tine_size;
static const bool has_ordered_iterators;
static const bool is_mnergable;

static const bool is_stable;
static const bool has_reserve;

Description

The template parameter T is the type to be managed by the container. The user can specify additional options and if no options are
provided default options are used.

The container supports the following options:
* boost:: heap: : st abl e<>, defaultsto st abl e<f al se>
* boost: : heap: : conpar e<>, defaultsto conpar e<st d: : | ess<T> >
* boost:: heap::all ocator <>, defaultstoal | ocat or <std: : al | ocat or <T> >
* boost:: heap::constant_time_size<>, defaultstoconstant _tine_si ze<true>
* boost::heap::stability_counter_type<>, defaultstostability_counter_type<boost:: uintnmax_t>
bi nomi al _heap public types
1. typedef implementation_defined::iterator iterator;
Note: The iterator does not traverse the priority queuein order of the priorities.

bi nomi al _heap public construct/copy/destruct
explicit binonm al _heap(val ue_conpare const & cnp = val ue_conpare());

Effects: constructs an empty priority queue.

Complexity: Constant.

bi nom al _heap(bi nom al _heap const & rhs);
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bi

Effects. copy-constructs priority queue from rhs.

Complexity: Linear.
bi nom al _heap(bi nonm al _heap && rhs);

Effects: C++11-style move constructor.
Complexity: Constant.

Note: Only available, if BOOST_NO_CXX11_RVALUE_REFERENCES s not defined
bi nom al _heap & operator=(bi nom al _heap const & rhs);

Effects: Assigns priority queue from rhs.

Complexity: Linear.
bi nom al _heap & operator=(bi nom al _heap && rhs);

Effects: C++11-style move assignment.
Complexity: Constant.

Note: Only available, if BOOST_NO_CXX11_RVALUE_REFERENCES s nhot defined

~bi nom al _heap(void);

noni al _heap public member functions
bool enpty(void) const;

Effects: Returnstrue, if the priority queue contains no elements.

Complexity: Constant.
size_type size(void) const;

Effects: Returns the number of elements contained in the priority queue.

Complexity: Constant, if configured with constant_time_size<true>, otherwise linear.
size_type nmax_size(void) const;

Effects: Returns the maximum number of elements the priority queue can contain.

Complexity: Constant.
void clear(void);

Effects: Removes all elements from the priority queue.

Complexity: Linear.
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al | ocator _type get_all ocator(void) const;

Effects: Returns allocator.

Complexity: Constant.
voi d swap(bi nom al _heap & rhs);

Effects: Swaps two priority queues.

Complexity: Constant.
const _reference top(void) const;

Effects. Returns aconst_reference to the maximum element.

Complexity: Constant.
handl e_type push(val ue_type const & v);

Effects. Adds anew element to the priority queue. Returns handle to element

Complexity: Logarithmic.
tenpl ate<cl ass... Args> handl e_type enpl ace(Args && .. args);

Effects: Adds anew element to the priority queue. The element is directly constructed in-place. Returns handle to element.

Complexity: Logarithmic.
voi d pop(void);

Effects: Removes the top element from the priority queue.

Complexity: Logarithmic.
voi d updat e( handl e_type handl e, const_reference v);

Effects: Assignsv to the element handled by handl e & updates the priority queue.

Complexity: Logarithmic.
voi d updat e( handl e_t ype handl e);

Effects: Updates the heap after the element handled by handl e has been changed.
Complexity: Logarithmic.

Note: If thisisnot called, after a handle has been updated, the behavior of the data structure is undefined!
voi d increase(handl e_type handle, const_reference v);

Effects: Assignsv to the element handled by handl e & updates the priority queue.
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Complexity: Logarithmic.
Note: The new value is expected to be greater than the current one

4 voi d i ncrease(handl e_type handl e);

Effects: Updates the heap after the element handled by hand! e has been changed.
Complexity: Logarithmic.

Note: If thisisnot called, after a handle has been updated, the behavior of the data structure is undefined!
voi d decrease(handl e_type handl e, const_reference v)

Effects: Assignsv to the element handled by handl e & updates the priority queue.
Complexity: Logarithmic.

Note: The new value is expected to be less than the current one
voi d decrease( handl e_type handl e);

Effects. Updates the heap after the element handled by handl! e has been changed.
Complexity: Logarithmic.

Note: The new value is expected to be less than the current one. If thisis not called, after ahandle has been updated, the behavior
of the data structure is undefined!

e voi d nerge(binom al _heap & rhs);

Effects. Merge with priority queuerhs.

Complexity: Logarithmic.
iterator begin(void) const;

Effects: Returns an iterator to the first element contained in the priority queue.

Complexity: Constant.
iterator end(void) const;

Effects: Returns an iterator to the end of the priority queue.

Complexity: Constant.
ordered_iterator ordered_begi n(void) const;

Effects: Returns an ordered iterator to the first element contained in the priority queue.
Note: Ordered iterators traverse the priority queue in heap order.

2 ordered_iterator ordered_end(void) const;
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Effects: Returns an ordered iterator to the first element contained in the priority queue.

Note: Ordered iterators traverse the priority queue in heap order.
voi d erase(handl e_type handl e);

Effects: Removes the element handled by handl e fromthe pri ori ty_queue.
Complexity: Logarithmic.
val ue_conpare const & val ue_conp(void) const;
Effect: Returns the value_compare object used by the priority queue
2

t enpl at e<t ypenane HeapType> bool operator<(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures

Requirement: theval ue_conpar e object of both heaps must match.
t enpl at e<t ypenane HeapType> bool operator>(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures
Requirement: theval ue_conpar e object of both heaps must match.
s _ :
t enpl at e<t ypenanme HeapType> bool operator>=(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures

Requirement: theval ue_conpar e object of both heaps must match.
t enpl at e<t ypenane HeapType> bool operator<=(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures

Requirement: theval ue_conpar e object of both heaps must match.
t enpl at e<t ypenane HeapType> bool operator==(HeapType const & rhs) const;

Equivalent comparison Returns: True, if both heap data structures are equivalent.

Requirement: theval ue_conpar e object of both heaps must match.
t enpl at e<t ypenanme HeapType> bool operator!=(HeapType const & rhs) const;

Equivalent comparison Returns: True, if both heap data structures are not equivalent.
Requirement: theval ue_conpar e object of both heaps must match.

bi nomi al _heap public static functions

static handl e_type s_handle fromiterator(iterator const & it);

18

render

httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.Heap

Header <boost/heap/d_ary_heap.hpp>

nanespace boost {
namespace heap {
tenpl ate<typenane T, class... Options> class d_ary_heap;
}
}

Class template d_ary heap

boost::heap::d _ary heap — d-ary heap class
Synopsis

/'l I'n header: <boost/heap/d_ary_heap. hpp>

tenpl at e<typenane T, class... Options>

class d_ary_heap {

public:
/'l types
typedef T val ue_t ype;
typedef inplenmentation_defined::size_type si ze_type;
typedef inplenentation_defined::difference_type difference_type;
t ypedef inplenmentation_defined::val ue_conpare val ue_conpar e;
typedef inplenmentation_defined::allocator_type allocator_type;
typedef inplenmentation_defined::reference ref erence;
typedef inplenentation_defined::const_reference const_reference;
typedef inplenmentation_defined:: pointer poi nter;
t ypedef inplenentation_defined::const_pointer const _pointer;
typedef inplenmentation_defined::iterator iterator;

t ypedef inplenmentation_defined::const_iterator const _iterator;
typedef inplenmentation_defined::ordered_iterator ordered_iterator;
t ypedef inplenmentation_defined:: handl e_type handl e_t ype;

/'l construct/copy/destruct

explicit d_ary_heap(val ue_conpare const & = val ue_conpare());
d_ary_heap(d_ary_heap const &);

d_ary_heap(d_ary_heap &&);

d_ary_heap & operator=(d_ary_heap &&);

d_ary_heap & operator=(d_ary_heap const &);

/'l public menber functions
bool enpty(void) const;
size_type size(void) const;
size_type max_size(void) const;
void clear(void);
al l ocator_type get_allocator(void) const;
val ue_type const & top(void) const;
npl::if_c< is_nutable, handle_type, void >::type push(value_type const &);
tenpl at e<cl ass. .. Args>
npl::if_c< is_nutable, handle_type, void > :type enplace(Args && ..);
t enpl at e<t ypenanme HeapType> bool operator<(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator>(HeapType const &) const;
t enpl at e<t ypenanme HeapType> bool operator>=(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator <=(HeapType const &) const;
t enpl at e<t ypenanme HeapType> bool operator==(HeapType const &) const;
t enpl at e<t ypenanme HeapType> bool operator!=(HeapType const &) const;
voi d updat e( handl e_type, const_reference);
voi d updat e( handl e_type);
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voi d
voi d
voi d
voi d
voi d
voi d
voi d

i ncrease(handl e_type, const_reference);
i ncrease(handl e_type);

decrease(handl e_type, const_reference)
decr ease( handl e_type);

erase(handl e_type);

pop(vo

d);

swap(d_ary_heap &)

const _iterator begin(void) const;

iterator begin(void);

iterator end(void)

const _iterator end(void) const;
ordered_iterator ordered_begin(void) const;
ordered_iterator ordered_end(void) const;
voi d reserve(size_type)

val ue_conpare const & val ue_conp(void) const;

/1 public static functions
static handle_type s_handle fromiterator(iterator const &)

/1 public data nenbers
static const
static const
static const
static const
static const

Description

bool constant _tine_size;
bool has_ordered_iterators
bool is_nergable

bool has_reserve

bool is_stable;

This classimplements an immutabl e priority queue. Internally, the d-ary heap isrepresented as dynamically sized array (std::vector),
that directly stores the values.

The template parameter T is the type to be managed by the container. The user can specify additional options and if no options are
provided default options are used.

The container supports the following options:

* boost:

* boost:

* boost:

* boost::

* boost:

* boost:

“heap: :
theap: :

s heap: :

heap: :

“heap: :

s heap: :

arity<>, required

conpar e<>, defaultsto conpar e<st d: : | ess<T>>

st abl e<>, defaultsto st abl e<f al se>

stability_counter_type<> defaultstostability_counter_type<boost:: uintmax_t>
al | ocat or <>, defaultsto al | ocat or <st d: : al | ocat or <T> >

nmut abl e_<>, defaultsto nut abl e_<f al se>

d_ary_heap public types

1. typedef implementation_defined::iterator iterator;

Note: The iterator does not traverse the priority queuein order of the priorities.

d_ary_heap public construct/copy/destruct

explicit d_ary_heap(val ue_conpare const & cnp = val ue_conpare())

Effects: constructs an empty priority queue.

render
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2.

3.

4,

5.

d_

4.

Complexity: Constant.
d_ary_heap(d_ary_heap const & rhs);

Effects: copy-constructs priority queue from rhs.

Complexity: Linear.
d_ary_heap(d_ary_heap && rhs);

Effects. C++11-style move constructor.
Complexity: Constant.

Note: Only available, if BOOST_NO_CXX11 RVALUE_REFERENCES s not defined
d_ary_heap & operator=(d_ary_heap && rhs);

Effects: C++11-style move assignment.
Complexity: Constant.

Note: Only available, if BOOST_NO_CXX11 RVALUE REFERENCESIs not defined
d_ary_heap & operator=(d_ary_heap const & rhs);

Effects: Assigns priority queue from rhs.
Complexity: Linear.

ary_heap public member functions
bool enpty(void) const;

Effects: Returnstrue, if the priority queue contains no elements.

Complexity: Constant.
size_type size(void) const;

Effects: Returns the number of elements contained in the priority queue.

Complexity: Constant.
size_type nmax_size(void) const;

Effects: Returns the maximum number of elements the priority queue can contain.

Complexity: Constant.
voi d clear(void);

Effects: Removes all elements from the priority queue.

Complexity: Linear.
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al | ocator _type get_all ocator(void) const;

Effects: Returns allocator.

Complexity: Constant.
val ue_type const & top(void) const;

Effects. Returns a const_reference to the maximum element.

Complexity: Constant.
mpl::if_c< is_nutable, handle_type, void >::type push(value_type const & v);

Effects: Adds anew element to the priority queue.

Complexity: Logarithmic (amortized). Linear (worst case).

tenpl at e<cl ass. .. Args>
npl ::if _c< is_nutable, handle_ type, void >::type enplace(Args &% .. args);

Effects: Adds anew element to the priority queue. The element is directly constructed in-place.
Complexity: Logarithmic (amortized). Linear (worst case).
t enpl at e<t ypenane HeapType> bool operator<(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures

Requirement: theval ue_conpar e object of both heaps must match.
t enpl at e<t ypenane HeapType> bool operator>(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures
Requirement: theval ue_conpar e object of both heaps must match.

n t enpl at e<t ypenane HeapType> bool operator>=(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures

Requirement: theval ue_conpar e object of both heaps must match.
t enpl at e<t ypenane HeapType> bool operator<=(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures
Requirement: theval ue_conpar e object of both heaps must match.

2 t enpl at e<t ypenane HeapType> bool operator==(HeapType const & rhs) const;

Equivalent comparison Returns: True, if both heap data structures are equivalent.

Requirement: theval ue_conpar e object of both heaps must match.

22

render

httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.Heap

1 t enpl at e<t ypenane HeapType> bool operator! =(HeapType const & rhs) const;

Equivalent comparison Returns: True, if both heap data structures are not equivalent.

Requirement: theval ue_conpar e object of both heaps must match.
voi d updat e( handl e_type handl e, const_reference v);

Effects: Assignsv to the element handled by handl e & updates the priority queue.
Complexity: Logarithmic.

Requirement: data structure must be configured as mutable
voi d updat e( handl e_type handl e);

Effects. Updates the heap after the element handled by handl e has been changed.

Complexity: Logarithmic.

Note: If thisisnot called, after a handle has been updated, the behavior of the data structure is undefined!
Requirement: data structure must be configured as mutable

17 voi d increase(handl e_type handle, const_reference v);

Effects: Assignsv to the element handled by handl e & updates the priority queue.
Complexity: Logarithmic.
Note: The new value is expected to be greater than the current one

Requirement: data structure must be configured as mutable
voi d i ncrease(handl e_type handl e);

Effects. Updates the heap after the element handled by handl e has been changed.
Complexity: Logarithmic.

Note: The new value is expected to be greater than the current one. If thisis not called, after ahandle has been updated, the beha-
vior of the data structure is undefined!

Requirement: data structure must be configured as mutable

B voi d decrease(handl e_type handl e, const_reference v);

Effects: Assignsv to the element handled by handl e & updates the priority queue.
Complexity: Logarithmic.
Note: The new value is expected to be less than the current one

Requirement: data structure must be configured as mutable

voi d decrease( handl e_type handl e);

23

render

httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

Boost.Heap

Effects. Updates the heap after the element handled by handl e has been changed.
Complexity: Logarithmic.

Note: The new value is expected to be less than the current one. If thisis not called, after a handle has been updated, the behavior
of the data structure is undefined!

Requirement: data structure must be configured as mutable
voi d erase(handl e_type handl e);

Effects: Removes the element handled by handl e fromthe pri ori ty_queue.
Complexity: Logarithmic.

Requirement: data structure must be configured as mutable
voi d pop(void);

Effects: Removes the top element from the priority queue.
Complexity: Logarithmic (amortized). Linear (worst case).

2 voi d swap(d_ary_heap & rhs);

Effects: Swaps two priority queues.
Complexity: Constant.

2 const _iterator begin(void) const;

Effects: Returns an iterator to the first element contained in the priority queue.

Complexity: Constant.
iterator begin(void);

Effects: Returns an iterator to the first element contained in the priority queue.

Complexity: Constant.
iterator end(void);

Effects: Returns an iterator to the end of the priority queue.

Complexity: Constant.
const _iterator end(void) const;

Effects: Returns an iterator to the end of the priority queue.
Complexity: Constant.

2 ordered_iterator ordered_begi n(void) const;
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Effects: Returns an ordered iterator to the first element contained in the priority queue.

Note: Ordered iterators traverse the priority queue in heap order.
ordered_iterator ordered_end(void) const;

Effects: Returns an ordered iterator to the first element contained in the priority queue.

Note: Ordered iterators traverse the priority queuein heap order.
voi d reserve(size_type el enent_count)
Effects: Reserves memory for element_count elements

Complexity: Linear.

Node: Invalidatesiterators
val ue_conpare const & val ue_conp(void) const;

Effect: Returns the value_compare object used by the priority queue

d_ary_heap public static functions
static handle_type s_handle_from.iterator(iterator const & it);

Effects. Casts an iterator to a node handle.
Complexity: Constant.

Requirement: data structure must be configured as mutable
Header <boost/heap/fibonacci_heap.hpp>

namespace boost {
namespace heap {
tenpl at e<typenane T, class... Options> class fibonacci_heap;
}
}

Class template fibonacci_heap

boost::heap::fibonacci_heap — fibonacci heap
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Synopsis

/'l In header: <boost/heap/fibonacci_heap. hpp>

tenpl ate<typenane T, class... Options>

class fibonacci _heap {

publi c:
/'l types
typedef T val ue_type;
typedef inplenmentation_defined::size_type size_type;
typedef inplenmentation_defined::difference_type difference_type;
typedef inpl enentation_defined::val ue_conpare val ue_conpar e;
typedef inplenmentation_defined::allocator_type al  ocat or _type;
typedef inplenmentation_defined::reference ref erence;
typedef inplenmentation_defined::const_reference const_reference;
typedef inpl ementation_defined:: pointer poi nter;
t ypedef inpl enmentation_defined::const_pointer const _pointer;
typedef inplenmentation_defined::iterator iterator;

typedef inplenmentation_defined::const_iterator const _iterator;
typedef inplenmentation_defined::ordered_iterator ordered_iterator;
typedef inplementation_defined:: handl e_type handl e_t ype;

/'l construct/copy/ destruct

explicit fibonacci_heap(val ue_conpare const & = val ue_conpare());
fibonacci _heap(fibonacci _heap const &);

fibonacci _heap(fibonacci _heap &&);

fibonacci _heap(fibonacci_heap &);

fibonacci _heap & operator=(fibonacci _heap &&);

fi bonacci _heap & operator=(fibonacci _heap const &);

~fi bonacci _heap(void);

/1 public nmenber functions

bool enpty(void) const;

size_type size(void) const;

si ze_type nmax_si ze(void) const;

voi d clear(void);

al l ocator _type get_all ocator(void) const;

voi d swap(fibonacci_heap &) ;

val ue_type const & top(void) const;

handl e_t ype push(val ue_type const &);

tenpl ate<cl ass... Args> handl e_type enpl ace(Args &&. ..);

voi d pop(void);

voi d updat e( handl e_type, const_reference);

voi d update_l azy(handl e_type, const_reference);

voi d updat e( handl e_type);

voi d update_l azy(handl e_type);

voi d increase(handl e_type, const_reference);

voi d increase(handl e_type);

voi d decrease(handl e_type, const_reference);

voi d decrease(handl e_type);

voi d erase(handl e_type const &);

iterator begin(void) const;

iterator end(void) const;

ordered_iterator ordered_begin(void) const;

ordered_iterator ordered_end(void) const;

voi d nerge(fibonacci _heap &);

val ue_conpare const & val ue_conp(void) const;

t enpl at e<t ypenane HeapType> bool operator<(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator>(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator>=(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator<=(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator==(HeapType const &) const;
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t enpl at e<t ypenane HeapType> bool operator!=(HeapType const &) const

/1 public static functions
static handl e_type s_handle fromiterator(iterator const &)

/1 public data nenbers
static const
static const
static const
static const
static const

Description

bool
bool
bool
bool
bool

constant _ti ne_si ze;
has_ordered_iterators
i s_nergable

i s_stabl e;
has_reserve

The template parameter T is the type to be managed by the container. The user can specify additional options and if no options are
provided default options are used.

The container supports the following options:

f

f

boost

boost

boost

boost

boost

.- heap: : st abl e<>, defaultsto st abl e<f al se>

> heap::
:heap::
: . heap:

> heap::

conpar e<>, defaultsto conpar e<st d: : | ess<T> >

al | ocat or <>, defaultsto al | ocat or<std: : al | ocat or <T>>

:constant _tine_size<>, defaultstoconst ant _ti nme_si ze<true>

stability_counter_type<>, defaultstostability_counter_type<boost:: uintnmax_t>

bonacci _heap public types

. typedef implementation_defined::iterator iterator;

Note: The iterator does not traverse the priority queuein order of the priorities.

bonacci _heap public construct/copy/destruct

explicit fibonacci_heap(val ue_conpare const & cnp = val ue_conpare())

Effects: constructs an empty priority queue.

Complexity: Constant.

fi bonacci _heap(fibonacci _heap const & rhs);

Effects. copy-constructs priority queue from rhs.

Complexity: Linear.

fi bonacci _heap(fi bonacci _heap && rhs);

Effects: C++11-style move constructor.

Complexity: Constant.

Note: Only available, if BOOST_NO_CXX11_RVALUE_REFERENCES s not defined
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4. fibonacci _heap(fibonacci _heap & rhs);

fi bonacci _heap & operator=(fibonacci_heap && rhs);

Effects: C++11-style move assignment.
Complexity: Constant.

Note: Only available, if BOOST_NO_CXX11_RVALUE_REFERENCES s not defined
fibonacci _heap & operator=(fibonacci _heap const & rhs);

Effects: Assigns priority queue from rhs.

Complexity: Linear.

~fi bonacci _heap(void);

fibonacci _heap public member functions
1. . _
bool enpty(void) const;

Effects: Returnstrue, if the priority queue contains no elements.

Complexity: Constant.
size_type size(void) const;

Effects: Returns the number of elements contained in the priority queue.

Complexity: Constant.
size_type nmax_size(void) const;

Effects: Returns the maximum number of elements the priority queue can contain.

Complexity: Constant.
voi d cl ear (voi d)

Effects: Removes all elements from the priority queue.

Complexity: Linear.
al | ocator_type get_all ocator(void) const;

Effects: Returns allocator.

Complexity: Constant.

voi d swap(fibonacci _heap & rhs);
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Effects. Swaps two priority queues.

Complexity: Constant.
val ue_type const & top(void) const;

Effects. Returns a const_reference to the maximum element.

Complexity: Constant.
handl e_t ype push(val ue_type const & v);

Effects: Adds anew element to the priority queue. Returns handle to element
Complexity: Constant.

Note: Does not invalidate iterators.
tenpl at e<cl ass... Args> handl e_type enpl ace(Args && .. args);

Effects: Adds anew element to the priority queue. The element is directly constructed in-place. Returns handle to element.
Complexity: Constant.

Note: Does not invalidate iterators.

voi d pop(void);
Effects: Removes the top element from the priority queue.
Complexity: Logarithmic (amortized). Linear (worst case).

voi d updat e( handl e_type handl e, const_reference v);

Effects: Assignsv to the element handled by handl e & updates the priority queue.

Complexity: Logarithmic if current value < v, Constant otherwise.
voi d update_l azy(handl e_type handl e, const_reference v);

Effects: Assignsv to the element handled by handl e & updates the priority queue.
Complexity: Logarithmic if current value < v, Constant otherwise.

Rationale: Thelazy update function isamodification of thetraditional update, that just invalidatestheiterator to the object referred
to by the handle.

voi d updat e( handl e_t ype handl e);

Effects: Updates the heap after the element handled by handl e has been changed.
Complexity: Logarithmic.

Note: If thisis not called, after a handle has been updated, the behavior of the data structure is undefined!
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voi d update_l azy(handl e_type handl e);

(handle_type handle)
Effects: Assignsv to the element handled by handl e & updates the priority queue.
Complexity: Logarithmic if current value < v, Constant otherwise. (handle_type handl€)

Rationale: Thelazy update function isamodification of thetraditional update, that just invalidatestheiterator to the object referred
to by the handle.

voi d i ncrease(handl e_type handl e, const_reference v);

Effects: Assignsv to the element handled by handl e & updates the priority queue.
Complexity: Constant.

Note: The new value is expected to be greater than the current one
voi d i ncrease(handl e_type handl e);

Effects: Updates the heap after the element handled by hand! e has been changed.
Complexity: Constant.
Note: If thisis not called, after a handle has been updated, the behavior of the data structure is undefined!

1 voi d decrease(handl e_type handl e, const_reference v);

Effects: Assignsv to the element handled by handl e & updates the priority queue.
Complexity: Logarithmic.

Note: The new value is expected to be less than the current one
voi d decrease( handl e_type handl e);

Effects. Updates the heap after the element handled by handl e has been changed.
Complexity: Logarithmic.

Note: The new value is expected to be less than the current one. If thisis not called, after ahandle has been updated, the behavior
of the data structure is undefined!

voi d erase(handl e_type const & handle);

Effects: Removes the element handled by handl e fromthepri ority_queue.

Complexity: Logarithmic.
iterator begin(void) const;

Effects: Returns an iterator to the first element contained in the priority queue.

Complexity: Constant.
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iterator end(void) const;

Effects: Returns an iterator to the end of the priority queue.

Complexity: Constant.
ordered_iterator ordered_begin(void) const;

Effects: Returns an ordered iterator to the first element contained in the priority queue.

Note: Ordered iterators traverse the priority queue in heap order.
ordered _iterator ordered_end(void) const;

Effects: Returns an ordered iterator to the first element contained in the priority queue.
Note: Ordered iterators traverse the priority queue in heap order.

2 voi d nerge(fibonacci _heap & rhs);

Effects. Merge with priority queuerhs.

Complexity: Constant.
val ue_conpare const & val ue_conp(void) const;

Effect: Returnsthe value_compare object used by the priority queue

zs t enpl at e<t ypenane HeapType> bool operator<(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures

Requirement: theval ue_conpar e object of both heaps must match.
t enpl at e<t ypenane HeapType> bool operator>(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures
Requirement: theval ue_conpar e object of both heaps must match.

2 t enpl at e<t ypenane HeapType> bool operator>=(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures

Requirement: theval ue_conpar e object of both heaps must match.
tenpl at e<t ypenane HeapType> bool operator<=(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures
Requirement: theval ue_conpar e object of both heaps must match.

Q t enpl at e<t ypenane HeapType> bool operator==(HeapType const & rhs) const;
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Equivalent comparison Returns: True, if both heap data structures are equivalent.
Requirement: theval ue_conpar e object of both heaps must match.

a tenpl at e<t ypenane HeapType> bool operator! =(HeapType const & rhs) const;

Equivalent comparison Returns. True, if both heap data structures are not equival ent.
Requirement: theval ue_conpar e object of both heaps must match.
fi bonacci _heap public static functions

L static handle_type s_handle fromiterator(iterator const & it);

Header <boost/heap/heap_concepts.hpp>

namespace boost {
nanmespace heap {
t enpl at e<t ypenane C> struct Mergabl ePriorityQueue;
tenpl at e<t ypenane C> struct Mitabl ePriorityQueue;
tenpl at e<typenane C> struct PriorityQueue;
}
}

Struct template MergablePriorityQueue

boost::heap::Mergabl ePriorityQueue
Synopsis

/1 I'n header: <boost/heap/heap_concepts. hpp>

t enpl at e<t ypenane C>
struct Mergabl ePriorityQueue : public boost::heap::PriorityQieue< C > {

/'l types

typedef C :iterator iterator;
typedef C :const_iterator const_iterator;
typedef C: :allocator_type allocator_type;
typedef C. :val ue_conpare val ue_conpar e;
typedef C:. :value_type val ue_type;
typedef C::const_reference const_reference;

/'l public menber functions
BOOST_CONCEPT_USAGE( Mer gabl ePri orityQueue) ;
BOOST_CONCEPT_USAGE( Pri orityQueue) ;

Description
Mer gabl ePri ori t yQueue public member functions

L BOOST_CONCEPT_USAGE( Mer gabl ePri orityQueue) ;
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BOOST_CONCEPT_USAGE( Pri orityQueue) ;

Struct template MutablePriorityQueue

boost::heap::Mutabl ePriorityQueue
Synopsis

/'l I n header: <boost/heap/ heap_concepts. hpp>

t enpl at e<t ypenane C>
struct Miutabl ePriorityQueue : public boost::heap::PriorityQueue< C > {

/'l types

typedef C.:handl e_type handl e_t ype;
typedef C :iterator iterator;
typedef C :const_iterator const_iterator;
typedef C. :allocator_type allocator_type;
typedef C. :val ue_conpare val ue_conpar e;
typedef C:. :value_type val ue_type;
typedef C.:const_reference const_reference;

/1 public nmenber functions
BOOST_CONCEPT_USAGE( Mut abl ePri orityQueue) ;
BOOST_CONCEPT_USAGE( Pri orityQueue);

/1 public data nenbers

C c;

bool equal;

bool not_equal ;

Description
Mut abl ePri orit yQueue public member functions

L BOOST_CONCEPT_USAGE( Mut abl ePri orit yQueue) ;

BOOST_CONCEPT_USAGE( Pri orityQueue);

Struct template PriorityQueue

boost::heap::PriorityQueue
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Synopsis

/'l I'n header: <boost/heap/ heap_concepts. hpp>

t enpl at e<t ypenane C>
struct PriorityQueue : public boost::ForwardContainer< C > {

/'l types

typedef C :iterator iterator;
typedef C :const_iterator const_iterator;
typedef C :allocator_type allocator_type;
typedef C. :val ue_conpare val ue_conpar e;
typedef C. :value_type val ue_type;
typedef C.:const_reference const_reference;

/1 public nmenber functions
BOOST_CONCEPT_USAGE( Pri ori tyQueue) ;

Description
PriorityQueue public member functions

L BOOST_CONCEPT_USAGE( PriorityQueue);

Header <boost/heap/heap_merge.hpp>

namespace boost {
namespace heap {
t enpl at e<t ypenane Heapl, typename Heap2> void heap_nerge(Heapl & Heap2 &);

}
}

Function template heap_merge
boost::heap::heap_merge
Synopsis

/1 I'n header: <boost/heap/ heap_nerge. hpp>

t enpl at e<t ypenane Heapl, typenane Heap2>
voi d heap_nerge(Heapl & | hs, Heap2 & rhs);

Description
merge rhsinto lhs

Effect: Ihs contains all elements that have been part of rhs, rhsis empty.
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httpo://www.renderx.com/


http://www.boost.org/doc/libs/release/libs/heap/doc/html/../../../../boost/heap/heap_merge.hpp
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

render

Boost.Heap

Header <boost/heap/pairing_heap.hpp>

nanespace boost {
namespace heap {
tenpl at e<typenane T,
}
}

cl ass. ..

Class template pairing_heap
boost::heap::pairing_heap — pairing heap

Synopsis

/'l 1n header: <boost/heap/ pairing_heap. hpp>

t enpl at e<typenane T, class...

class pairing_heap {

Opti ons>

public:
/'l types
typedef T
typedef inplenmentation_defined::size_type
typedef inplenmentation_defined::difference_type
t ypedef inplenmentation_defined::val ue_conpare
typedef inplenmentation_defined::allocator_type
typedef inplenmentation_defined::reference
typedef inplenmentation_defined::const_reference
typedef inplenmentation_defined:: pointer
t ypedef inplenentation_defined::const_pointer
typedef inplenmentation_defined::iterator
t ypedef inplenmentation_defined::const_iterator
typedef inplenmentation_defined::ordered_iterator
t ypedef inplenmentation_defined:: handl e_type

/'l construct/copy/destruct

Opti ons> class pairing_heap;

val ue_t ype;

si ze_type;

di fference_type;
val ue_conpar e;
al | ocat or _t ype;
ref erence;
const _reference;
poi nter;

const _pointer;
iterator;
const _iterator;
ordered_iterator;
handl e_t ype;

explicit pairing_heap(val ue_conpare const & = val ue_conpare());

pai ri ng_heap(pairing_heap const &);

pai ri ng_heap(pairing_heap &&);

pai ri ng_heap & operator=(pairing_heap &&);

pai ri ng_heap & operator=(pairing_heap const &);
~pai ring_heap(void);

/'l public menber functions

bool enpty(void) const;

size_type size(void) const;

size_type max_size(void) const;

void clear(void);

al l ocator_type get_allocator(void) const;
voi d swap(pairing_heap &) ;

const _reference top(void) const;

handl e_type push(val ue_type const &);

t enpl at e<cl ass. . .

voi d pop(void);

voi d updat e( handl e_type, const_reference);
voi d updat e( handl e_type) ;

voi d increase(handl e_type, const_reference);
voi d increase(handl e_type);

voi d decrease(handl e_type, const_reference);

voi d decrease(handl e_type);

Args> handl e_type enpl ace(Args && ..);
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voi d erase(handl e_type);

iterator begin(void) const;

iterator end(void) const;

ordered_iterator ordered_begin(void) const;

ordered_iterator ordered_end(void) const;

voi d nerge(pairing_heap &) ;

val ue_conpare const & val ue_conp(void) const;

t enpl at e<t ypenane HeapType> bool operator<(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator>(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator>=(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator<=(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator==(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator!=(HeapType const &) const;

/1 public static functions
static handle_type s_handle_fromiterator(iterator const &);

/'l public data nenbers

static const bool constant_tine_size;
static const bool has_ordered_iterators;
static const bool is_mnergable;

static const bool is_stable;
static const bool has_reserve;

Description

Pairing heaps are self-adjusting binary heaps. Although design and implementation are rather simple, the complexity analysisisyet
unsolved. For details, consult:

Pettie, Seth (2005), "Towards a final analysis of pairing heaps', Proc. 46th Annual |EEE Symposium on Foundations of Computer
Science, pp. 174-183

The template parameter T is the type to be managed by the container. The user can specify additional options and if no options are
provided default options are used.

The container supports the following options:
* boost: : heap: : conpar e<>, defaultsto conpar e<std: : | ess<T> >
* boost:: heap: : st abl e<>, defaultsto st abl e<f al se>
* boost::heap::stability_counter_type<>, defaultstostability_counter_type<boost:: uintnmax_t>
* boost:: heap::all ocat or <>, defaultstoal | ocat or <std: : al | ocat or <T>>
» boost:: heap::constant_time_size<>, defaultstoconstant _tine_si ze<true>
pai ri ng_heap public types
1. typedef implementation_defined::iterator iterator;
Note: The iterator does not traverse the priority queuein order of the priorities.

pai ri ng_heap public construct/copy/destruct
explicit pairing_heap(val ue_conpare const & cnp = val ue_conpare());

Effects: constructs an empty priority queue.

Complexity: Constant.

36

render

httpo://www.renderx.com/


http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

render

Boost.Heap

pai ri ng_heap(pairing_heap const & rhs);

Effects. copy-constructs priority queue from rhs.

Complexity: Linear.
pai ri ng_heap(pairing_heap && rhs);

Effects: C++11-style move constructor.
Complexity: Constant.

Note: Only available, if BOOST _NO_CXX11 RVALUE_REFERENCES s not defined
pai ri ng_heap & operator=(pairing_heap && rhs);

Effects. C++11-style move assignment.
Complexity: Constant.

Note: Only available, if BOOST_NO_CXX11 RVALUE_REFERENCES s not defined
pai ri ng_heap & operator=(pairing_heap const & rhs);

Effects: Assigns priority queue from rhs.

Complexity: Linear.

~pai ri ng_heap(voi d);

pai ri ng_heap public member functions
bool enpty(void) const;

Effects: Returnstrue, if the priority queue contains no elements.

Complexity: Constant.
size_type size(void) const;

Effects: Returns the number of elements contained in the priority queue.

Complexity: Constant, if configured with constant_time_size<true>, otherwise linear.
size_type max_size(void) const;

Effects: Returns the maximum number of elements the priority queue can contain.

Complexity: Constant.
void clear(void);

Effects: Removes all elements from the priority queue.
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Complexity: Linear.
al | ocator _type get_all ocator(void) const;

Effects: Returns allocator.

Complexity: Constant.
voi d swap(pairing_heap & rhs);

Effects: Swaps two priority queues.

Complexity: Constant.
const _reference top(void) const;

Effects. Returns a const_reference to the maximum element.

Complexity: Constant.
handl e_t ype push(val ue_type const & v);

Effects: Adds anew element to the priority queue. Returns handle to element

Complexity: 2**2*|log(log(N)) (amortized).
tenpl at e<cl ass. .. Args> handl e_type enpl ace(Args && .. args);

Effects: Adds anew element to the priority queue. The element is directly constructed in-place. Returns handle to element.

Complexity: 2**2*|og(log(N)) (amortized).
voi d pop(void);

Effects: Removes the top element from the priority queue.

Complexity: Logarithmic (amortized).
voi d updat e( handl e_type handl e, const_reference v);

Effects: Assignsv to the element handled by handl e & updates the priority queue.

Complexity: 2**2*|og(log(N)) (amortized).
voi d updat e( handl e_type handl e);

Effects: Updates the heap after the element handled by hand! e has been changed.
Complexity: 2**2*log(log(N)) (amortized).

Note: If thisisnot called, after a handle has been updated, the behavior of the data structure is undefined!

voi d i ncrease(handl e_type handl e, const_reference v);
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Effects: Assignsv to the element handled by handl e & updates the priority queue.
Complexity: 2**2*|og(log(N)) (amortized).
Note: The new value is expected to be greater than the current one

1 voi d i ncrease(handl e_type handl e);

Effects: Updates the heap after the element handled by handl e has been changed.
Complexity: 2**2*|og(log(N)) (amortized).

Note: If thisisnot called, after a handle has been updated, the behavior of the data structure is undefined!
voi d decrease(handl e_type handl e, const_reference v);

Effects: Assignsv to the element handled by handl e & updates the priority queue.
Complexity: 2**2*|og(log(N)) (amortized).

Note: The new value is expected to be less than the current one
voi d decrease(handl e_type handl e);

Effects: Updates the heap after the element handled by handl e has been changed.
Complexity: 2**2*|og(log(N)) (amortized).

Note: The new value is expected to be less than the current one. If thisis not called, after a handle has been updated, the behavior
of the data structure is undefined!

7 voi d erase(handl e_type handl e);

Effects: Removes the element handled by handl e fromthepri ori ty_queue.

Complexity: 2**2*|log(log(N)) (amortized).
iterator begin(void) const;

Effects: Returns an iterator to the first element contained in the priority queue.

Complexity: Constant.
iterator end(void) const;

Effects: Returns an iterator to the end of the priority queue.

Complexity: Constant.
ordered_iterator ordered_begin(void) const;

Effects: Returns an ordered iterator to the first element contained in the priority queue.

Note: Ordered iterators traverse the priority queuein heap order.
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ordered_iterator ordered_end(void) const;

Effects: Returns an ordered iterator to the first element contained in the priority queue.

Note: Ordered iterators traverse the priority queue in heap order.
voi d nmerge(pairing_heap & rhs);

Effects: Merge all elements from rhsinto this

Complexity: 2**2*|log(log(N)) (amortized).
val ue_conpare const & val ue_conp(void) const;

Effect: Returns the value_compare object used by the priority queue

2 t enpl at e<t ypenane HeapType> bool operator<(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures

Requirement: theval ue_conpar e object of both heaps must match.
t enpl at e<t ypenane HeapType> bool operator>(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures
Requirement: theval ue_conpar e object of both heaps must match.

zs t enpl at e<t ypenane HeapType> bool operator>=(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures

Requirement: theval ue_conpar e object of both heaps must match.
t enpl at e<t ypenane HeapType> bool operator<=(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures
Requirement: theval ue_conpar e object of both heaps must match.

2 t enpl at e<t ypenane HeapType> bool operator==(HeapType const & rhs) const;

Equivalent comparison Returns: True, if both heap data structures are equivalent.
Requirement: theval ue_conpar e object of both heaps must match.

& t enpl at e<t ypenane HeapType> bool operator! =(HeapType const & rhs) const;

Equivalent comparison Returns: True, if both heap data structures are not equivalent.

Requirement: theval ue_conpar e object of both heaps must match.
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pai ri ng_heap public static functions

L static handl e_type s_handle_fromiterator(iterator const & it)

Header <boost/heap/policies.hpp>

nanespace boost {
nanmespace heap {
tenpl at e<typenane T> struct allocator
tenpl at e<unsigned int T> struct arity;
t enpl at e<t ypenane T> struct conpare;
t enpl at e<bool T> struct constant_tine_size
tenpl at e<bool T> struct nutable_;
tenpl at e<t ypenane | nt Type> struct stability_counter_type
t enpl at e<bool T> struct stable
t enpl at e<bool T> struct store_parent_pointer

Struct template allocator

boost::heap::allocator — Specifies allocator for the internal memory management.
Synopsis

/'l I'n header: <boost/heap/policies. hpp>

tenpl at e<t ypenane T>
struct allocator {

b

Struct template arity

boost::heap::arity — Specify arity.
Synopsis

/1 I'n header: <boost/heap/policies. hpp>

t enpl at e<unsigned int T>
struct arity {

b
Description

Specifies the arity of a D-ary heap

Struct template compare

boost::heap::compare — Specifies the predicate for the heap order.
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Synopsis

/'l I'n header: <boost/heap/policies. hpp>
t enpl at e<t ypenane T>

struct conpare {

e

Struct template constant_time_size

boost::heap::constant_time_size — Configures complexity of si ze()
Synopsis

/'l In header: <boost/heap/policies. hpp>

t enpl at e<bool T>
struct constant _tine_size {

I

Description

Specifies, whether size() should have linear or constant complexity.

Struct template mutable_

boost::heap::mutable  — Configure heap as mutable.
Synopsis

/'l I'n header: <boost/heap/policies. hpp>
t enpl at e<bool T>

struct mutable_ {

}

Description

Certain heaps need to be configured specifically do be mutable.

Struct template stability _counter_type

boost::heap::stability _counter type — Specifies the type for stability counter.
Synopsis

/'l I'n header: <boost/heap/policies. hpp>

t enpl at e<t ypenane | nt Type>
struct stability_counter_type {

b
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Struct template stable

boost::heap::stable — Configure a heap as stable.
Synopsis

/'l I'n header: <boost/heap/policies. hpp>
t enpl at e<bool T>

struct stable {

I

Description

A priority queueis stable, if elements with the same priority are popped from the heap, in the same order as they are inserted.

Struct template store_parent_pointer

boost::heap::store_parent_pointer — Store parent pointer in heap node.
Synopsis

/1l I'n header: <boost/heap/policies. hpp>
t enpl at e<bool T>

struct store_parent_pointer {

b
Description

Maintaining a parent pointer adds some maintenance and size overhead, but iterating a heap is more efficient.
Header <boost/heap/priority_queue.hpp>

nanespace boost {
namespace heap {
tenpl ate<typenane T, class... Options> class priority_queue
}
}

Class template priority_queue

boost::heap::priority_queue — priority queue, based on stl heap functions

43

> http://www.renderx.com/


http://www.boost.org/doc/libs/release/libs/heap/doc/html/../../../../boost/heap/priority_queue.hpp
http://www.renderx.com/
http://www.renderx.com/reference.html
http://www.renderx.com/tools/
http://www.renderx.com/

render

Boost.Heap

Synopsis

/'l 1n header: <boost/heap/pri

tenpl at e<typenane T, class. ..

class priority_queue {

publi c:
/'l types
typedef T
typedef inpl enmentation_defi
typedef inpl enmentation_defi
typedef inpl enentation_defi
typedef inpl enmentation_defi
typedef inpl enentation_defi
typedef inpl enmentation_defi
typedef inpl enmentation_defi
typedef inpl enentation_defi
typedef inpl enmentation_defi
typedef inpl enentation_defi

/'l construct/copy/ destruct

ority_queue. hpp>

Ot |

ned: :
ned: :
ned: :
ned: :
ned: :
ned: :
ned: :
ned: :
ned: :
ned: :

ons>

size_type

di fference_type
val ue_conpare
al | ocator _type
ref erence

const _reference
poi nt er

const _poi nter
iterator

const _iterator

explicit priority_queue(val ue_conpare const & =
priority _queue(priority_queue const &);
priority_queue(priority_queue &&);
priority_queue & operator=(priority_queue &&);
priority _queue & operator=(priority_queue const &);

/1 public nmenber functions
bool enpty(void) const;
size_type size(void) const;
size_type nmax_size(void) co
voi d clear(void);

nst;

al | ocator _type get_all ocator(void) const;

const _reference top(void) ¢
voi d push(val ue_type const

onst ;
&) ;

val ue_type;

si ze_type;

di fference_type;
val ue_conpare;
al l ocat or _type;
ref erence;
const _reference;
poi nter;

const _poi nter;
iterator;
const _iterator;

val ue_conpare());

tenpl ate<class... Args> void enplace(Args && ..);

voi d pop(void);

voi d swap(priority_queue &)
iterator begin(void) const;
iterator end(void) const;
voi d reserve(size_type);

’

val ue_conpare const & val ue_conp(void) const;
oper at or <( HeapType const &) const;
oper at or >( HeapType const &) const;
oper at or >=( HeapType const &) const;
oper at or <=( HeapType const &) const;
oper at or ==( HeapType const &) const;
operator! =(HeapType const &) const;

t enpl at e<t ypename HeapType>
t enpl at e<t ypename HeapType>
t enpl at e<t ypename HeapType>
t enpl at e<t ypename HeapType>
t enpl at e<t ypename HeapType>
t enpl at e<t ypename HeapType>

/1 public data nenbers

bool
bool
bool
bool
bool
bool

static const bool constant_tine_size;
static const bool has_ordered_iterators;

static const bool is_nergab
static const bool is_stable

| e;

’

static const bool has_reserve;

Description

The priority_queue classis awrapper for the stl heap functions.

The template parameter T is the type to be managed by the container. The user can specify additional options and if no options are

provided default options are used.
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The container supports the following options:
* boost: : heap: : conpar e<>, defaultsto conpar e<st d: : | ess<T> >
* boost: : heap: : st abl e<>, defaultsto st abl e<f al se>
e boost::heap::stability counter_type<> defaultstostability counter_type<boost:: uintmx_t>
* boost:: heap:: all ocat or <>, defaultstoal | ocat or <st d: : al | ocat or <T> >
priority_queue public types
1. typedef implementation_defined::iterator iterator;
Note: The iterator does not traverse the priority queuein order of the priorities.

priority_queue public construct/copy/destruct
explicit priority_queue(val ue_conpare const & cnp = val ue_conpare());

Effects: constructs an empty priority queue.

Complexity: Constant.
priority_queue(priority_queue const & rhs);

Effects: copy-constructs priority queue from rhs.

Complexity: Linear.
priority_queue(priority_queue && rhs);

Effects: C++11-style move constructor.
Complexity: Constant.

Note: Only available, if BOOST_NO_CXX11_RVALUE_REFERENCES s nhot defined
priority_queue & operator=(priority_queue && rhs);

Effects: C++11-style move assignment.
Complexity: Constant.

Note: Only available, if BOOST_NO_CXX11_RVALUE_REFERENCES s not defined
priority_queue & operator=(priority_queue const & rhs);

Effects: Assigns priority queue from rhs.
Complexity: Linear.

priority_queue public member functions
bool enpty(void) const;

Effects: Returnstrue, if the priority queue contains no elements.
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Complexity: Constant.
size_type size(void) const;

Effects: Returns the number of elements contained in the priority queue.

Complexity: Constant.
size_type nmax_size(void) const;

Effects: Returns the maximum number of elements the priority queue can contain.

Complexity: Constant.
void clear(void);

Effects. Removes all elements from the priority queue.

Complexity: Linear.
al | ocator_type get_all ocator(void) const;

Effects: Returns allocator.

Complexity: Constant.
const _reference top(void) const;

Effects: Returns a const_reference to the maximum element.

Complexity: Constant.
voi d push(val ue_type const & v);

Effects: Adds anew element to the priority queue.

Complexity: Logarithmic (amortized). Linear (worst case).
tenpl ate<class... Args> void enplace(Args &% .. args);

Effects: Adds anew element to the priority queue. The element is directly constructed in-place.

Complexity: Logarithmic (amortized). Linear (worst case).
voi d pop(void);

Effects: Removes the top element from the priority queue.

Complexity: Logarithmic (amortized). Linear (worst case).
voi d swap(priority_queue & rhs);

Effects: Swaps two priority queues.
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Complexity: Constant.
iterator begin(void) const;

Effects: Returns an iterator to the first element contained in the priority queue.

Complexity: Constant.
iterator end(void) const;

Effects: Returns an iterator to the end of the priority queue.

Complexity: Constant.
voi d reserve(size_type el enent_count);

Effects. Reserves memory for element_count elements
Complexity: Linear.
Node: Invalidates iterators

1 val ue_conpare const & value_conp(void) const;

Effect: Returnsthe value_compare object used by the priority queue

= t enpl at e<t ypenane HeapType> bool operator<(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures

Requirement: theval ue_conpar e object of both heaps must match.
t enpl at e<t ypenane HeapType> bool operator>(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures
Requirement: theval ue_conpar e object of both heaps must match.

1 t enpl at e<t ypenane HeapType> bool operator>=(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures
Requirement: theval ue_conpar e object of both heaps must match.

18 tenpl at e<t ypenane HeapType> bool operator<=(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures

Requirement: theval ue_conpar e object of both heaps must match.
t enpl at e<t ypenane HeapType> bool operator==(HeapType const & rhs) const;

Equivalent comparison Returns: True, if both heap data structures are equivalent.
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Requirement: theval ue_conpar e object of both heaps must match.
t enpl at e<t ypenane HeapType> bool operator! =(HeapType const & rhs) const;

Equivalent comparison Returns: True, if both heap data structures are not equivalent.

Requirement: theval ue_conpar e object of both heaps must match.
Header <boost/heap/skew_heap.hpp>

namespace boost {
namespace heap {
tenpl ate<typenane T, class... Options> class skew_heap;
}

}

Class template skew_heap

boost::heap::skew_heap — skew heap
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Synopsis

/'l I n header: <boost/heap/ skew_heap. hpp>

tenpl ate<typenane T, class... Options>

cl ass skew_heap {
publi c:
/'l types
typedef T
val ue_type;

t ypedef inpl enmentation_defined::

size_type;

t ypedef inpl enmentation_defined::

di fference_type;

t ypedef inpl enmentation_defined::

val ue_conpar e;

typedef inplenentation_defined::

ocat or _type;

t ypedef inpl enmentation_defined::

ref erence;

t ypedef inpl enmentation_defined::

const _reference;

t ypedef inpl enmentation_defined::

poi nter;

t ypedef inpl ementation_defined::

const _pointer;

t ypedef inpl enmentation_defined::

iterator;

t ypedef inpl enmentation_defined::

const _iterator;

t ypedef inpl ementation_defined::

ordered_iterator;
typedef npl::if_c< is_nutable,

di fference_type
val ue_conpare

al | ocator _type

const _reference

const _poi nter

const _iterator

ordered_iterator

typenane i npl ement ad

tion_defined::handl e_type, void * > :type handl e_type;

/'l menber cl asses/structs/unions

struct inplenentation_defined {

/'l types

typedef T

t ypedef base_mmker: : conpare_ar gunment
t ypedef base_maker::allocator_type

t ypedef base_nmker:: node_type

typedef allocator_type:: pointer
typedef allocator_type::const_pointer
t ypedef unspecified

t ypedef boost::array< node_pointer, 2 >
typedef child_list_type::iterator

t ypedef unspecified

typedef iterator

t ypedef unspecified

t ypedef unspecified

t ypedef unspecified

I

/'l construct/copy/ destruct

explicit skew _heap(val ue_conpare const

skew_heap(skew _heap const &);
skew_heap(skew_heap &&);

skew_heap & operator=(skew_heap const &);
skew_heap & operator=(skew _heap &&);

~skew_heap(void);

val ue_type;

val ue_conpar e;

al | ocat or _type;
node;

node_poi nter;

const _node_poi nter;
val ue_extractor;
child_list_type;
child_list_iterator;
iterator;

const _iterator;
ordered_iterator;
ref erence;

handl e_t ype;

& = val ue_conpare()):
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/1 public nmenber functions
npl::if_c< is_nutable, handle_type, void > :type push(val ue_type const &);
tenpl at e<typenane. .. Args>
npl::if_c< is_nutable, handle_type, void > :type enplace(Args && ..);
bool enpty(void) const;
size_type size(void) const;
size_type nmax_size(void) const;
voi d clear(void);
al | ocator _type get_all ocator(void) const;
voi d swap(skew _heap &);
const _reference top(void) const;
voi d pop(void);
iterator begin(void) const;
iterator end(void) const;
ordered_iterator ordered_begin(void) const;
ordered_iterator ordered_end(void) const;
voi d nerge(skew_heap &);
val ue_conpare const & val ue_conp(void) const;
t enpl at e<t ypenane HeapType> bool operator<(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator>(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator>=(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator<=(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator==(HeapType const &) const;
t enpl at e<t ypenane HeapType> bool operator!=(HeapType const &) const;
voi d erase(handl e_type);
voi d updat e( handl e_type, const_reference);
voi d updat e( handl e_type);
voi d increase(handl e_type, const_reference);
voi d increase(handl e_type);
voi d decrease(handl e_type, const_reference);
voi d decrease(handl e_type);

/1 public static functions
static handle_type s_handle_fromiterator(iterator const &);

/'l public data nenbers

static const bool constant_tine_size;
static const bool has_ordered_iterators;
static const bool is_mnergable;

static const bool is_stable;

static const bool has_reserve;
static const bool is_nutable;

Description

The template parameter T is the type to be managed by the container. The user can specify additional options and if no options are
provided default options are used.

The container supports the following options:

* boost: : heap: : conpar e<>, defaultsto conpar e<st d: : | ess<T>>

* boost:: heap: : st abl e<>, defaultsto st abl e<f al se>

* boost::heap::stability_counter_type<>, defaultstostability_counter_type<boost::uintmax_t>
* boost:: heap:: al |l ocat or <>, defaultstoal | ocat or <st d: : al | ocat or <T> >

* boost:: heap::constant_tinme_size<>, defaultstoconstant _tinme_si ze<true>
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e boost:: heap::store_parent_pointer<>, defaultstost ore_parent _poi nt er <t r ue>. Maintaining aparent pointer adds
some maintenance and size overhead, but iterating a heap is more efficient.

* boost:: heap: : nut abl e<>, defaultsto nmut abl e<f al se>.
skew_heap public types
1. typedef implementation_defined::iterator iterator;
Note: The iterator does not traverse the priority queuein order of the priorities.

skew_heap public construct/copy/destruct
explicit skew_heap(val ue_conpare const & cnp = val ue_conpare());

Effects: constructs an empty priority queue.

Complexity: Constant.
skew_heap(skew heap const & rhs);

Effects: copy-constructs priority queue from rhs.

Complexity: Linear.
skew_heap(skew _heap && rhs);
Effects: C++11-style move constructor.

Complexity: Constant.

Note: Only available, if BOOST_NO_CXX11_RVALUE_REFERENCES s nhot defined
skew_heap & operator=(skew _heap const & rhs);

Effects: Assigns priority queue from rhs.

Complexity: Linear.
skew_heap & operator=(skew_heap && rhs);

Effects: C++11-style move assignment.

Complexity: Constant.

Note: Only available, if BOOST _NO_CXX11 RVALUE REFERENCES s not defined

6. ~skew_heap(void);

skew_heap public member functions

L npl::if_c< is_nutable, handle_type, void >::type push(value_type const & v);

Effects: Adds anew element to the priority queue.
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Complexity: Logarithmic (amortized).

t enpl at e<t ypenane. .. Args>
mpl ::if_c< is_nutable, handle_type, void > :type enplace(Args && .. args);

Effects: Adds anew element to the priority queue. The element is directly constructed in-place.

Complexity: Logarithmic (amortized).
bool enpty(void) const;

Effects: Returnstrue, if the priority queue contains no elements.

Complexity: Constant.
size_type size(void) const;

Effects. Returns the number of elements contained in the priority queue.

Complexity: Constant, if configured with constant_time_size<true>, otherwise linear.
size_type max_size(void) const;

Effects: Returns the maximum number of elements the priority queue can contain.

Complexity: Constant.
voi d clear(void);

Effects: Removes al elements from the priority queue.

Complexity: Linear.
al | ocator _type get_all ocator(void) const;

Effects: Returns allocator.

Complexity: Constant.
voi d swap(skew _heap & rhs);

Effects. Swaps two priority queues.

Complexity: Constant.
const _reference top(void) const;

Effects. Returns a const_reference to the maximum element.

Complexity: Constant.
voi d pop(void);

Effects: Removes the top element from the priority queue.
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Complexity: Logarithmic (amortized).
iterator begin(void) const;

Effects: Returns an iterator to the first element contained in the priority queue.

Complexity: Constant.
iterator end(void) const;

Effects: Returns an iterator to the end of the priority queue.

Complexity: Constant.
ordered_iterator ordered_begin(void) const;

Effects. Returns an ordered iterator to the first element contained in the priority queue.

Note: Ordered iterators traverse the priority queue in heap order.
ordered_iterator ordered_end(void) const;

Effects: Returns an ordered iterator to the first element contained in the priority queue.

Note: Ordered iterators traverse the priority queue in heap order.
voi d merge(skew _heap & rhs);

Effects: Merge all elements from rhsinto this

Complexity: Logarithmic (amortized).
val ue_conpare const & val ue_conp(void) const;

Effect: Returns the value_compare object used by the priority queue

el t enpl at e<t ypenane HeapType> bool operator<(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures

Requirement: theval ue_conpar e object of both heaps must match.
t enpl at e<t ypenane HeapType> bool operator>(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures
Requirement: theval ue_conpar e object of both heaps must match.

B t enpl at e<t ypenane HeapType> bool operator>=(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures

Requirement: theval ue_conpar e object of both heaps must match.
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t enpl at e<t ypenane HeapType> bool operator<=(HeapType const & rhs) const;

Returns: Element-wise comparison of heap data structures

Requirement: theval ue_conpar e object of both heaps must match.
t enpl at e<t ypenane HeapType> bool operator==(HeapType const & rhs) const;

Equivalent comparison Returns: True, if both heap data structures are equivalent.

Requirement: theval ue_conpar e object of both heaps must match.
tenpl at e<t ypenane HeapType> bool operator! =(HeapType const & rhs) const;

Equivaent comparison Returns. True, if both heap data structures are not equival ent.

Requirement: theval ue_conpar e object of both heaps must match.
voi d erase(handl e_type object);

Effects: Removes the element handled by handl e fromthepri ori ty_queue.

Complexity: Logarithmic (amortized).
voi d updat e( handl e_type handl e, const_reference v);

Effects: Assignsv to the element handled by handl e & updates the priority queue.
Complexity: Logarithmic (amortized).

voi d updat e( handl e_t ype handl e) ;
Effects: Updates the heap after the element handled by handl e has been changed.
Complexity: Logarithmic (amortized).

Note: If thisisnot called, after a handle has been updated, the behavior of the data structure is undefined!
voi d i ncrease(handl e_type handl e, const_reference v);

Effects: Assignsv to the element handled by handl e & updates the priority queue.
Complexity: Logarithmic (amortized).

Note: The new value is expected to be greater than the current one
voi d increase(handl e_type handl e);

Effects: Updates the heap after the element handled by hand! e has been changed.
Complexity: Logarithmic (amortized).

Note: If thisisnot called, after a handle has been updated, the behavior of the data structure is undefined!
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voi d decrease(handl e_type handl e, const_reference v);

Effects: Assignsv to the element handled by handl e & updates the priority queue.
Complexity: Logarithmic (amortized).

Note: The new value is expected to be less than the current one
voi d decrease(handl e_type handl e);
Effects: Updates the heap after the element handled by handl e has been changed.

Complexity: Logarithmic (amortized).

Note: The new value is expected to be less than the current one. If thisis not called, after a handle has been updated, the behavior
of the data structure is undefined!

skew_heap public static functions
static handl e_type s_handle_fromiterator(iterator const & it);

Effects. Casts an iterator to a node handle.
Complexity: Constant.

Requirement: data structure must be configured as mutable

Struct implementation_defined

boost::heap::skew_heap::implementation_defined

Synopsis

/1 I'n header: <boost/heap/skew_heap. hpp>
struct inplenentation_defined {
/'l types
typedef T val ue_type;
t ypedef base_mmker: : conpare_ar gunment val ue_conpare;
t ypedef base_mmker::allocator_type al | ocat or _type;
t ypedef base_maker:: node_type node;
typedef allocator_type:: pointer node_poi nter;
typedef allocator_type::const_pointer const _node_poi nter;
t ypedef unspecified val ue_extractor;
t ypedef boost::array< node_pointer, 2 > child_list_type;
typedef child_list_type::iterator child_list_iterator;
t ypedef unspecified iterator;
typedef iterator const _iterator;
t ypedef unspecified ordered_iterator;
t ypedef unspecified ref erence;
t ypedef unspecified handl e_t ype;
b
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