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1. Lines-of-code (LOC) counts for the files
In our use of the LOC metric we ignore comment lines and lines with a single

parenthesis, and we calculate long statements as single lines. Also, all old
versions, debugging code, and assertions are excluded from these counts.

Table 1. LOC counts for our files.

File LOC
stl-meldable-priority-queue.h++ 67
stl-meldable-priority-queue.i++ 156

single-heap-framework.h++ 100
multiple-heap-framework.h++ 49
multiple-heap-framework. i++ 135

top-down-binary-heap-heapifier.h++ 36
weak-heap-heapifier.h++ 55
element-encapsulator.h++ 23
heap-node.h++ 243
weak-heap-node.h++ 19
fat-weak-heap-node.h++ 72
heap-proxy.h++ 44
proxy-list-heap-store.h++ 137
blank-mark-store._h++ 56
lazy-mark-store._h++ 525
eager-mark-store._h++ 179
bit-manipulation._h++ 30
bit-store.h++ 84
priority-queue-iterator.h++ 61
priority-queue-iterator.i++ 7
proxy-iterator._h++ 70
proxy-iterator.i++ 143
allocator-proxy.h++ 53
comparator-proxy.h++ 29
vector-surrogate.h++ 16
binary-heap.i++ 22
weak-heap. 1++ 24
weak-queue. i++ 11

run-relaxed-weak-queue. 1++ 24
rank-relaxed-weak-queue. i++ 24

fibonacci-heap.i++ 46
pairing-heap.i++ 46

2. Benchmark results

In the preliminary experiments I compared the tuned versions of weak heap,
weak queue, run-relaxed weak queue, and rank-relaxed weak queue. The
input data was of type long long. (For more details about the benchmarks,



see Section 13.) The results obtained are listed in a raw form below. Running
times are given in microseconds. The experiments were performed on my
laptop computer (model Intel &_Cdre™2 CPU T5600 @ 1.83GHz) under
Ubuntu 9.10 (Linux kernel 2.6.31-18-generic) using g++ (gcc version 4.4.1
with options -DNDEBUG -Wal I -std=c++0x -pedantic -x c++ -03). The size
of L2 cache of this computer is about 2 MB and that of the main memory
1 GB.

weak-heap time per push

10000 0.19

100000 0.21

1000000 0.26

weak-heap time per increase

10000 0.29

100000 0.62

1000000 1.44

weak-heap time per erase

10000 0.19

100000 0.16

1000000 0.35

weak-heap time per pop

10000 0.4

100000 0.67

1000000 1.84

weak-queue time per push
10000 0.11

100000 0.11

1000000 0.114

weak-queue time per increase
10000 0.27

100000 0.5

1000000 1.574

weak-gqueue time per erase
10000 0.3

100000 0.38

1000000 0.372

weak-queue time per pop
10000 0.46

100000 0.73

1000000 1.792

run-relaxed-weak-queue time per push
10000 0.13

100000 0.14

1000000 0.124

run-relaxed-weak-queue time per increase
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10000 0.66

100000 0.84

1000000 1.244
run-relaxed-weak-queue time per erase
10000 0.83

100000 0.88

1000000 0.936
run-relaxed-weak-queue time per pop
10000 0.56

100000 1.08

1000000 2.402

rank-relaxed-weak-queue time per push
10000 0.13

100000 0.12

1000000 0.136

rank-relaxed-weak-queue time per increase
10000 0.38

100000 0.65

1000000 0.98

rank-relaxed-weak-queue time per erase
10000 0.7

100000 0.68

1000000 0.726

rank-relaxed-weak-queue time per pop
10000 0.56

100000 1.07

1000000 2.43

3. Meldable priority queue
3.1 Meldable-priority-queue/Code/stl-meldable-priority-queue.h++

Ve
A meldable priority queue is a container which provides forward
iterators to the elements stored.

CPH STL guarantees:

1) Member function push() returns an iterator (or a handle) to the
given element and this iterator remains valid the whole life time of
the element.

2) Iterator operations take logarithmic time in the worst case.

8) Member function top() is a constant-time operation.

4) Member functions push(), pop(), erase(), and increase() have the
logarithmic worst-case cost.

5) Member function meld() is relatively fast having a



19 polylogarithmic worst-case cost.

20

21 6) The data structure uses a linear number of words in addition to
22 the elements stored.

23

24 Container requirements not fulfilled [GH standard §23]:

25

26 7) For an iterator p, expressions --p and p-- are not supported.
27

28 8) For two meldable priority queues a and b, the following expressions
29 are not supported: a =1=b, al=0b, a< b, a>b, a<=b, and a>=b.
30

31 Author: Jyrki Katajainen, 2005, 2006, 2009, 2010

32 %/

33

34 #ifndef __CPHSTL_MELDABLE_PRIORITY_QUEUE__

35 #define __CPHSTL_MELDABLE_PRIORITY_QUEUE__

36

37 #include <cstddef> // std::size_t and std::ptrdiff_t

38 #include <functional> // std::less

39 #include <memory> // std::allocator

40 #Hinclude “multiple-heap-framework.h"

41 #include “priority-queue-iterator.h++”

42 #Hinclude “weak-heap-node.hH”

43

44 namespace cphstl {

45

46 template <

47 typename V,

48 typename C std::less<V>,

49 typename A std::allocator<V>,

50 typename E = cphstl::weak_heap_node<V, A>,

51 typename R cphstl::multiple_heap_framework<V, C, A, E>,

52 typename I cphstl::priority_queue_iterator<E, R>,

= cphstl::priority_queue_iterator<E, R>

ot
w
g’
o
|

54 >
55 class meldable_priority_queue {
56 public:

57

58 // types

59

60 typedef V value_type;

61 typedef C comparator_type;

62 typedef A allocator_type;

63 typedef E encapsulator_type;

64 typedef R realizator_type;

65 typedef I iterator;

66 typedef J const_iterator;

67 typedef typename R::reference reference;

68 typedef typename R::const_reference const_reference;

69 typedef Vx pointer;

70 typedef V const+ const_pointer;

71 typedef std::size_t size_type;

72 typedef std::ptrdiff_t difference_type;

73 typedef std::reverse_iterator<iterator> reverse_iterator;

74 typedef std::reverse_iterator<const_iterator> const_reverse_iterator,
75 typedef meldable_priority_queue<V, C, A, E, R, I, J> container_type;
76

77  protected:

78

79 typedef typename A::template rebind<E>:other encapsulator_allocator_type;
80

81 encapsulator_allocator_type allocator,

82 R realizator;
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Ex create(V const&);
void destroy(Ex);

template <typename K>
void insert(X, K);

public:
// structors

explicit meldable_priority_queue(C const& = C(), A const& = A());
meldable_priority_queue(meldable_priority_queue const&);
meldable_priority_queue& operator=(meldable_priority_queue const&);
“meldable_priority_queue();

// iterators

iterator begin();
const_iterator begin() const;
iterator end();
const_iterator end() const;

// accessors

allocator_type get_allocator() const;
comparator_type get_comparator() const;
bool empty() const;

size_type size() const;

size_type max_size() const;
const_iterator top() const;

// modifiers

iterator top();

iterator push(V const&);

void pop();

void erase(iterator);

void increase(iterator, V const&);
void clear();

void meld(meldable_priority_queue&);
void swap(meldable_priority_queue&);

#ifdef DEBUG

bool is_valid() {
return realizator.is_valid();

}

void show() {
realizator.show();

}
Hendif
IE
// algorithms

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>
meldable_priority_queue<V, C, A, E, R, I, &

meld(meldable_priority_queue<V, C, A, E, R

meldable_priority_queue<V, C, A, E, R,

template <typename V, typename C, typename A, typename E,
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53

typename R, typename I, typename J>

void swap(meldable_priority_queue<V, C, A, E, R, I, I>&
meldable_priority_queue<V, C, A, E, R, I, I>&);
}
#Hinclude ”stl-meldable-priority-queue.i+H”
Hendif

3.2 Meldable-priority-queue/Code/stl-meldable-priority-queue.i++

Ve
A meldable priority queue is a container class that just calls the
functions available in the realizator class.

Author: Jyrki Katajainen © 2006, 2009, 2010
*/

namespace cphstl {

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>
Ex
meldable_priority_queue<V, C, A, E, R, I, J>:icreate(V const& v) {
Ex p = allocator.allocate(l);
try {
new (p) E(v, allocator);

catch (...) {
destroy(p);
throw;
}
return p;
}

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>

void

meldable_priority_queue<V, C, A, E, R, I, J>:destroy(Ex p) {
p>"EQ);
allocator.deallocate(p, 1);

}

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>
template <typename K>
void
meldable_priority_queue<V, C, A, E, R, I, J>:insert(K b, K e) {
meldable_priority_queue q;
Ex d;
try {
for (K c =b; c = e; +c) {
d = create(xc);
q.realizator.insert(d);

}
catch (...) {
destroy(d);
q.clear();
throw;
meld(q);

}

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>
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meldable_priority_queue<V, C, A, E, R, I, J>:meldable_priority_queue(
C const& comparator, A const& allocator)
. realizator(comparator, allocator) {

}

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>
meldable_priority_queue<V, C, A, E, R, I, J>!meldable_priority_queue(
meldable_priority_queue const& other) {
meldable_priority_queue q;
try {
q.insert(other.begin(), other.end());

catch (...)
while (q.size() !'= 0) {
Ex d = q.realizator.extract();
destroy(d);

throw;

(xthis) .swap(q);

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>
typename meldable_priority_queue<V, C, A, E, R, I, J>!icontainer_type&
meldable_priority_queue<V, C, A, E, R, I, J>:!operator=(
meldable_priority_queue const& other) {
meldable_priority_queue q;
try {
q.insert(other.begin(), other.end());

catch (...)
while (q.size() !'= 0) {
Ex d = q.realizator.extract();
destroy(d);

throw;

(xthis) .swap(q);

while (q.size() !'= 0) {
Ex d = q.realizator.extract();
destroy(d);

return xthis;

}

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>
meldable_priority_queue<V, C, A, E, R, I, J>:"meldable_priority_queue() {
clear();

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>
typename meldable_priority_queue<V, C, A, E, R, I, J>Iiallocator_type
meldable_priority_queue<V, C, A, E, R, I, J>:get_allocator() const {
return realizator.get_allocator();

}

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>
typename meldable_priority_queue<V, C, A, E, R, I, J>!icomparator_type
meldable_priority_queue<V, C, A, E, R, I, J>:iget_comparator() const {
return realizator.get_comparator();
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156

165

}

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>
typename meldable_priority_queue<V, C, A, E, R, I, J>!literator
meldable_priority_queue<V, C, A, E, R, I, J>:begin() {
return iterator(realizator.begin(), &realizator);

}

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>
typename meldable_priority_queue<V, C, A, E, R, I, J>:iconst_iterator
meldable_priority_queue<V, C, A, E, R, I, J>:begin() const {
return const_iterator(realizator.begin(), (Rx) &realizator);

}

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>
typename meldable_priority_queue<V, C, A, E, R, I, J>!literator
meldable_priority_queue<V, C, A, E, R, I, J>:end() {
return iterator(realizator.end(), &realizator);

}

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>
typename meldable_priority_queue<V, C, A, E, R, I, J>!iconst_iterator
meldable_priority_queue<V, C, A, E, R, I, J>:end() const {
return const_iterator(realizator.end(), (Rx) &realizator);

}

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>

bool

meldable_priority_queue<V, C, A, E, R, I, J>:empty() const {
return (xthis).size() = size_type(0);

}

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>
typename meldable_priority_queue<V, C, A, E, R, I, J>!isize_type
meldable_priority_queue<V, C, A, E, R, I, J>:size() const {
return realizator.size();

}

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>
typename meldable_priority_queue<V, C, A, E, R, I, J>:isize_type
meldable_priority_queue<V, C, A, E, R, I, J>:!max_size() const {
return realizator.max_size();

}

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>
typename meldable_priority_queue<V, C, A, E, R, I, J>!const_iterator
meldable_priority_queue<V, C, A, E, R, I, J>::top() const {
return const_iterator(realizator.top(), &ealizator);

}

template <typename V, typename C, typename A, typename E,
typename R, typename I, typename J>
typename meldable_priority_queue<V, C, A, E, R, I, J>!literator
meldable_priority_queue<V, C, A, E, R, I, J>:top() {
return iterator(realizator.top(), &ealizator);

}



186  template <typename V, typename C, typename A, typename E,

187 typename R, typename I, typename J>

188 typename meldable_priority_queue<V, C, A, E, R, I, J>!literator
189 meldable_priority_queue<V, C, A, E, R, I, J>::push(V const& v) {
190 Ex p = create(v);

191 realizator.insert(p);

192 return iterator(p, &realizator);

193}

194

195 template <typename V, typename C, typename A, typename E,

196 typename R, typename I, typename J>

197  void

198 meldable_priority_queue<V, C, A, E, R, I, J>:pop() {

199 Ex p = realizator.top();

200 realizator.extract(p);

201 destroy(p);

202

203

204 template <typename V, typename C, typename A, typename E,

205 typename R, typename I, typename J>

206  void
207 meldable_priority_queue<V, C, A, E, R, I, J>:erase(iterator t) {
208 Ex p = (Ex) t;

209 realizator.extract(p);

210 destroy(p);

211

212

213 template <typename V, typename C, typename A, typename E,
214 typename R, typename I, typename J>

215  void
216  meldable_priority_queue<V, C, A, E, R, I, J>:!increase(iterator t, V const& v) {
217 Ex p = (Ex) t;

218 realizator.increase(p, v);

219}

220

221 template <typename V, typename C, typename A, typename E,
222 typename R, typename I, typename J>

223  void
224 meldable_priority_queue<V, C, A, E, R, I, J>:iclear() {

225 while (realizator.size() != 0) {

226 Ex p = realizator.extract();

227 destroy(p);

228

229 }

230

231 template <typename V, typename C, typename A, typename E,
232 typename R, typename I, typename J>

233  void
234 meldable_priority_queue<V, C, A, E, R, I, J>:meld(meldable_priority_queue& q) {

235 realizator.meld(q.realizator);

236}

237

238 template <typename V, typename C, typename A, typename E,
239 typename R, typename I, typename J>

240  void
241 meldable_priority_queue<V, C, A, E, R, I, J>:!swap(meldable_priority_queue& q) {
242 realizator.swap(q.realizator);

243}

244

245 template <typename V, typename C, typename A, typename E,
246 typename R, typename I, typename J>

247 meldable_priority_queue<V, C, A, E, R, I, &
248 meld(meldable_priority_queue<V, C, A, E, R, I

249 meldable_priority_queue<V, C, A, E, R, I, I>&s) {
250 r.meld(s.realizator);
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251 return r;

252}

253

254 template <typename V, typename C, typename A, typename E,
255 typename R, typename I, typename J>

256 void swap(meldable_priority_queue<V, C, A, E, R, I, D&,
257 meldable_priority_queue<V, C, A, E, R, I, & s) {
258 r.swap(s.realizator);

259

260

261 }

4. Priority-queue frameworks

4.1 Priority-queue-frameworks/Code/single-heap-framework.h++

Ve

A priority-queue framework for a single array-based heap.

Authors: Stefan Edelkamp, Jyrki Katajainen © 2010
*/

7 #ifndef __CPHSTL_SINGLE_HEAP_FRAMEWORK__
8 #define __CPHSTL_SINGLE_HEAP_FRAMEWORK_
9

10 #include <algorithm>

11 #include “allocator -proxy.hH"

12 #Hinclude “assert.h+”

13 #include “comparator -proxy.hH"

14 Hinclude <cstddef>

15 #include <cstdlib>

16 #include “element -encapsulator.h”

17 #include <functional>

18 #Hinclude <iostream>

19 #include <memory>

20 #include "top-down-binary-heap-heapifier.h”
21 #include <vector>

22 #include “vector-surrogate.ht+”

23 #include <utility>

24

25 namespace cphstl {

26

27  template <

28 typename V,
29 typename C
30 typename A
31 typename E
32 typename H
33 typename K

U W N =

std::less<V>,

std::allocator<V>,

element_encapsulator<V, std::ptrdiff_t, A>,
top_down_binary_heap_heapifier,
std::vector<Ex, A>,

vector_surrogate<k>

35 >
36 class single_heap_framework {
37  public:

38

39 // types

40

41 typedef V value_type;

42 typedef C comparator_type;
43 typedef A allocator_type;

44 typedef E encapsulator_type;
45 typedef H heapifier_type;

46 typedef K kernel_type;

47 typedef S surrogate_type;

48 typedef std::size_t size_type;



49 typedef std::ptrdiff_t difference_type;
50 typedef V& reference;
51 typedef V const& const_reference;

53  protected:

55 typedef typename A::template rebind<S>::other surrogate_allocator_type;
56

57 comparator_proxy<C> comparator,

58 allocator_proxy<surrogate_allocator_type> surrogate_allocator;
59 K vector;

60 H heapifier;

61

62 public:

63

64 S* surrogate;

65

66 // structors

67

68 explicit single_heap_framework(C const& ¢ = C(), A const& a = A(),
69 H const& h = H())

70 . comparator(c), surrogate_allocator(a), vector(a), heapifier(h) {
71 surrogate = surrogate_allocator.allocate(l);

72 (*surrogate).subject() = &vector;

73

74

75 “single_heap_framework() {

76 surrogate_allocator.deallocate(surrogate, 1);

77 }

78

79 // iterators

80

81 Ex begin() const {

82 if (vector.size() =— 0) {

83 return (Ex) O;

84

85 return vector[0];

86 }

87

88 Ex end() const {

89 return (Ex) O;

90

91

92 // accessors

93

94 A get_allocator() const {

95 return A(vector.get_allocator());

96 }

97

98 C get_comparator() const {

99 return comparator.subject();

100 }

101

102 size_type size() const {

103 return vector.size();

104 }

105

106 size_type max_size() const {

107 typename std::vector<int, A>:iallocator_type a;

108 size_type available_memory = a.max_size() * sizeof(int); // in bytes
109 return available_memory / (sizeof(E) + 2 x sizeof(Ex));
110 }

111

112 Ex top() const {

113 return vector[0];
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}
// modifiers

void insert(Ex node) {
size_type last = vector.size();
(*node) .position() = last;
vector.push_back(node);
heapifier.siftup(comparator, vector, last);

}

Ex extract() {
assert(vector.size() != 0);
E+ node = vector.back();
vector.pop_back() ;
return node;

}

void extract(Ex node) {
if (vector.size() =— 1) {
assert(vector[0] = node);
vector.pop_back();
return;
}
size_type i = std::abs(difference_type((*node).position()));
size_type last = vector.size() - 1;
std::swap(vector[i], vector[last]);
std::swap(vector[i] ->position(), vector[last]->position());
size_type j = heapifier.siftdown(comparator, vector, last, i);
if (1=3){
heapifier.siftup(comparator, vector, j);
}
vector.pop_back();

}

void increase(Ex node, V const& v) {
assert (! comparator(v, (xnode).element()));
(*node) .element () = v;
size_type i = std::abs(difference_type((*node).position()));
heapifier.siftup(comparator, vector, i);

}

void meld(single_heap_framework& other) {
if (size() > other.size()) {
swap(other);

while (other.vector.size() != 0) {
insert(other.extract());
}
}

void swap(single_heap_framework& other) {
std::swap(comparator, other.comparator);
std:: swap(surrogate_allocator, other.surrogate_allocator) X
std::swap(vector, other.vector);
std::swap(heapifier, other.heapifier);
std::swap(surrogate, other.surrogate);

}

#ifdef DEBUG

size_type parent(size_type j) {
return ((j - 1) /7 2);
}
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bool is_valid() {
return heapifier.is_valid(comparator, vector);

}

void show() {
size_type size = vector.size();

std::cout << std::endl << size: " << size << std::endl;

std::cout << values:” << std::endl;
for (size_type i = 0; i < size; ++i) {

[T

std::cout << vector[i] >element() << ;

std::cout << "\n”;
std::cout << ”indices:” << std::endl;
for (size_type i = 0; i < size; ++i) {
std::cout << vector[i] >position() << 7 7;
}
std::cout << "\n”;
std:iicout << "\ ---------mmmooomee oo

#Hendif
}s
}

Hendif
#Hifdef UNITTEST_SINGLE_HEAP_FRAMEWORK

#include “weak-heap-heapifier.h+”
long comps = O;

template <typename V>
class counting_comparator {
public:

bool operator()(V const& a, V const& b) const {
“++comps;
return a < b;

}

H
template <typename R>

void unittest_single_heap_framework() {
typedef typename R::encapsulator_type E;
typedef typename E::value_type V;
typedef std::size_t size_type;

R heap;

std::vector<Ex> v;

size_type number_of_elements = 1000000;

comps = 0;

size_type total = 0;

std::cout<< ”n: 7 << number_of_elements << std::endl;

for (size_type i = 0; i < number_of_elements; i++) {
E+x p = new E(V(rand() % 100));
heap.insert(p);
v.push_back(p);
assert(heap.is_valid());

std::cout << ”insert: comps per operation:
<< (double) comps / number_of_elements << std
total += comps;

i.endl;

13
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245 comps = 0;
246 for (size_type i = 0; i < number_of_elements; ++i) {

247 heap.increase(v[i], 100 + v[i] ->element());

248 assert(heap.is_valid());

249  }

250  std::cout << “decrease: comps per operation:

251 << (double) comps / number_of_elements << std::endl;
252 total += comps,

253

254  comps = O;
255  for (size_type i = 0; i < number_of_elements / 2; it++) {

256 heap.extract(v[i]);

257 delete v[i];

258 assert(heap.is_valid());

259}

260  std::cout << extract: comps per operation: ”

261 << (double) comps / (number_of_elements / 2) << std::endl;
262 total += comps;

263

264  comps = O,
265  while (heap.size() > 0) {

266 Ex p = heap.top();

267 heap.extract(p);

268 delete p;

269 assert(heap.is_valid());

270

271 std::cout << "pop: comps per operation: ”

272 << (double) comps / (number_of_elements / 2) << std::endl;
273

274 std::cout << ”\ntotal number of comparisons: ” << total << std::endl;
275 }

276

277 int main() {

278  typedef double V;

279  typedef counting_comparator<V> C;

280  typedef cphstl::single_heap_framework<V, C> R;

281 unittest_single_heap_framework<R>();

282  typedef std::allocator<V> A;

283 typedef cphstl::element_encapsulator<V, std::ptrdiff_t, A> E;
284 typedef cphstl::weak_heap_heapifier H;

285 typedef cphstl::single_heap_framework<V, C, A, E, H> Rx;
286  unittest_single_heap_framework<Rx>();

287 }

288 #endif

4.2 Priority-queue-frameworks/Code/multiple-heap-framework.h++

Ve
A priority-queue framework can be used to gemerate a realizator for
a meldable priority queue. The efficiency of different operations
depends on the policies relied on.

Author: Jyrki Katajainen © 2009, 2010
*/
8

9 #ifndef __CPHSTL_MULTIPLE_HEAP_FRAMEWORK__

10 #define __CPHSTL_MULTIPLE_HEAP_FRAMEWORK__

11

12 #include “allocator -proxy.hH"

13 #include “blank-mark-store.hH”

14 #include “comparator -proxy.hH"

15 #include <cstddef> // std::size_-t and std::ptrdiff_t
16 #include “proxy-list-heap-store.hH”

17 #include <functional> // std::less

N O U R W N =



18 #include <memory> // std::allocator
19 #include “weak-heap-node.h+”

20

21 namespace cphstl {

22

23  template <

24 typename V,

25 typename C = std::less<V>,

26 typename A = std::allocator<V>,
27 typename E = weak_heap_node<V, A>,
28 typename H = proxy_list_heap_store<C, A, E>,
29 typename M = blank_mark_store<C, A, E>
30 >

31 class multiple_heap_framework {

32  public:

33

34 // types

35

36 typedef V value_type;

37 typedef C comparator_type;

38 typedef A allocator_type;

39 typedef E encapsulator_type;

40 typedef H heap_store_type;

41 typedef M mark_store_type;

42 typedef std::size_t size_type;

43 typedef V& reference;

44 typedef V const& const_reference;
45

46 // structors

47

48 explicit multiple_heap_framework(C const& = C(), A const& = A());
49 “multiple_heap_framework();

50

51 // iterators

52

53 Ex begin() const;

54 Ex end() const;

55

56 // accessors

57

58 A get_allocator() const;

59 C get_comparator() const;

60 size_type size() const;

61 size_type max_size() const;

62 Ex top() const;

63

64 // modifiers

65

66 E+ insert(Ex);

67 Ex extract();

68 void extract(Ex);

69 void increase(Ex, V const&);

70 void meld(multiple_heap_framework&);
71 void swap(multiple_heap_framework&);
72

73 #ifdef DEBUG

74

75 void show() {

76 heap_store.show();

77 }

78

79 #Hendif

80

81 protected:
82

15
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comparator_proxy<C> comparator;
allocator_proxy<A> allocator;
H heap_store;

M mark_store;

Ex top_;

size_type size_;

private:

multiple_heap_framework(multiple_heap_framework const&);
multiple_heap_fra.mework& operatorZ(mult iple_heap_framework const&);

b
}

#include "multiple-heap-framework. it++”
Hendif

4.3 Priority-queue-frameworks/Code/multiple-heap-framework.i++
Ve
Implementation of the multiple-heap priority-queue framework.

Author: Jyrki Katajainen © 2009, 2010
*/

7 #include <algorithm> // std::swap
8 #include “assert.ht+”

9 #Hinclude <climits> // LONGMAX

10 #include <iostream>

11 #Hinclude <list>

12 #include <vector>

13 #include <utility> // std::pair

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

namespace cphstl {

template <typename V, typename C, typename A, typename E,
typename H, typename M>
multiple_heap_framework<V, C, A, E, H, M>!multiple_heap_framework(
C const& c, A const& a)
comparator(c), allocator(a), heap_store(c, a), mark_store(c), top_(0),

size_(0) {

template <typename V, typename C, typename A, typename E,
typename H, typename M>
multiple_heap_framework<V, C, A, E, H, M>:"multiple_heap_framework() {
// Precondition: The data structure contains no elements.

template <typename V, typename C, typename A, typename E,
typename H, typename M>
Ex
multiple_heap_framework<V, C, A, E, H, M>:begin() const {
if (size_. = 0) {
return (Ex) O;

return (xheap_store.begin()).root();

}

template <typename V, typename C, typename A, typename E,
typename H, typename M>
Ex
multiple_heap_framework<V, C, A, E, H, M>:iend() const {
return (Ex) O;
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74
75
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}

template <typename V, typename C, typename A, typename E,
typename H, typename M>
A
multiple_heap_framework<V, C, A, E, H, M>:get_allocator() const {
return allocator.subject();

}

template <typename V, typename C, typename A, typename E,
typename H, typename M>
C
multiple_heap_framework<V, C, A, E, H, M>:iget_comparator() const {
return comparator.subject();

}

template <typename V, typename C, typename A, typename E,
typename H, typename M>
typename multiple_heap_framework<V, C, A, E, H, M>!isize_type
multiple_heap_framework<V, C, A, E, H, M>:size() const {
return size_;

}

template <typename V, typename C, typename A, typename E,
typename H, typename M>

typename multiple_heap_framework<V, C, A, E, H, M>!size_type
multiple_heap_framework<V, C, A, E, H, M>:max_size() const {

// Assume that n <= LONGMAX.

typename std::vector<int, A>:iallocator_type a;

size_type n = LONG_MAX;

size_type available_memory = a.max_size() * sizeof(int); // in bytes

size_type space_available_for_encapsulators = available_memory -

heap_store.footprint(n) - mark_store.footprint(n);
return space_available_for_encapsulators / E::footprint();

}

template <typename V, typename C, typename A, typename E,
typename H, typename M>
Ex

multiple_heap_framework<V, C, A, E, H, M>:top() const {
return top_;

}

template <typename V, typename C, typename A, typename E,
typename H, typename M>

Ex

multiple_heap_framework<V, C, A, E, H, M>:insert(Ex p) {

heap_store.inject(p, 0, mark_store);

if (top_. =0 || comparator((*top_).element(), (*p).element())) {
top_ = p;

}

+size_;
#ifdef DEBUG

assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());

#Hendif

return p;

}
template <typename V, typename C, typename A, typename E,

17
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typename H, typename M>
void
multiple_heap_framework<V, C, A, E, H, M>:increase(Ex p, V const& v) {
assert (! comparator(v, (*p).element()));
(*p) .element () = v;
mark_store.mark(p);
mark_store.reduce(heap_store);
if (comparator((xtop_).element(), (*p).element())) {

top_ = p;

#ifdef DEBUG

assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());

#Hendif

}

template <typename V, typename C, typename A, typename E,
typename H, typename M>
Ex
multiple_heap_framework<V, C, A, E, H, M>:extract() {
assert(size() !'= 0);
std::pair<E*, size_type> pair = heap_store.eject();
assert(heap_store.is_valid(mark_store));
Ex q = pair.first,
size_type h = pair.second;
if (> 0) {
Ex ¢ = (*q).release_root();
heap_store.concatenate(c, h - 1, mark_store);

mark_store.reduce(heap_store);
assert(heap_store.is_valid(mark_store));
--size_;
if (top_ = q) {

return q;

if (top_ = q &% heap_store.begin() =— 0) {
top_ = 0;
return q;

pair = heap_store.eject();
assert(heap_store.is_valid(mark_store));
Ex r = pair.first,

h = pair.second;

(*q) .swap_roots(r);
assert(heap_store.is_valid(mark_store));
heap_store.inject(q, h, mark_store);

#ifdef DEBUG

assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());

#Hendif

return r;

}

#ifdef FIRST_VERSION

template <typename V, typename C, typename A, typename E,
typename H, typename M>



176  void
177  multiple_heap_framework<V, C, A, E, H, M>:!extract(Ex r) {
178 assert(r !'= 0);

179 Ex b = extract();

180 assert(b = 0);

181 if (b!=71) {

182 Ex p = (*r).distinguished_ancestor();

183 while (p !'= 0) {

184 (*r) .swap_nodes(p);

185 p = (*r).distinguished_ancestor();

186

187 std::list<Ex, A> stack;

188 while (! (xr).is_leaf()) {

189 Ex s = (*r).split(comparator);

190 stack.push_front(s);

191

192 while (! stack.empty()) {

193 Ex s = stack.front();

194 b = (xb).join(s, comparator, mark_store);
195 stack.pop_front();

196

197 typedef typename H::heap_proxy_type heap_proxy_type;
198 heap_store.replace((heap_proxy_typex) (xr).owner(), b);
199

200 if (top_ =—1r) {

201 top_ = heap_store.find_top();

202 Ex t = mark_store.find_top();

203 if (t != 0 & comparator((*xtop_).element(), (xt).element())) {
204 top_ = t;

205 }

206

207 #ifdef DEBUG

208

209 assert(heap_store.is_valid(mark_store));

210 assert(mark_store.is_valid());

211

212 #Hendif

213

214}

215

216 #Helse

217

218 template <typename V, typename C, typename A, typename E,
219 typename H, typename M>

220  void
221 multiple_heap_framework<V, C, A, E, H, M>:!extract(E* p) {
222 assert(p != 0);

223 Ex replacement = extract();

224 assert(heap_store.is_valid(mark_store));

225 assert(replacement != 0);

226 if (p = replacement) {

227 return;

228 }

229 mark_store.unmark(p);

230 Ex q = p;

231 typename E::hole_type hole_at_p = (*p).splice_out();
232 Ex s = (*p).distinguished_descendant (comparator);
233 while (s !'= 0) {

234 mark_store.unmark(s);

235 q=-s;

236 s = (*s).distinguished_descendant (comparator);
237

238

239 Ex r = replacement;

240 while (q != p) {
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241 Ex s = q;

242 q = (*q).parent();

243 r = (xr).fast_join(s, replacement, comparator, mark_store);
244

245 (*r).splice_in(hole_at_p, heap_store);

246 mark_store.mark(r);

247 mark_store.reduce(heap_store);

248 if (p = top_) {

249 top_ = heap_store.find_top();

250 Ex t = mark_store.find_top();

251 if (t != 0 &% comparator((*top_).element(), (*t).element())) {
252 top_ = t;

253 }

254 }

255

256 #ifdef DEBUG

257

258 assert(heap_store.is_valid(mark_store));

259 assert(mark_store.is_valid());

260

261 Hendif

262

263}

264

265 Hendif

266

267  template <typename V, typename C, typename A, typename E,
268 typename H, typename M>

269 void
270 multiple_heap_framework<V, C, A, E, H, M>:meld(

271 multiple_heap_framework& other) {

272 // Precondition: The allocators and comparators must be compatible.
273 if (size_ < other.size_) {

274 swap(other);

275

276 heap_store.meld(other.heap_store, mark_store);

277 mark_store .meld(other .mark_store, heap_store) )

278 size_ += other.size_;

279 other.size_ = 0;

280 if (other.top_ != 0 &&

281 comparator ((«top_).element(), (xother.top_).element())) {
282 top_ = other.top_;

283

284 other.top_ = O;

285

286

287 #ifdef DEBUG

288

289 assert(heap_store.is_valid(mark_store));

290 assert(other.heap_store.is_valid(other.mark_store));

291

292 #Hendif

293

204}

295

296 template <typename V, typename C, typename A, typename E,
297 typename H, typename M>

298  void

299 multiple_heap_framework<V, C, A, E, H, M>:swap(

300 multiple_heap_framework& other) {

301 // Precondition: The allocators and comparators are compatible.
302 heap_store.swap(other.heap_store);

303 mark_store.swap(other.mark_store);

304 std::swap(top_, other.top_);

305 std::swap(size_, other.size_);



306}

307 }

308

309 #if defined(UNITTEST_MULTIPLE_HEAP_FRAMEWORK)
310 #include “blank-mark-store. "

311 #include "proxy-list-heap-store.ht+”

312 #include “fat-weak-heap-node. "

313 #include <functional>

314 #include “lazy-mark-store.hH”

315 #Hinclude <memory>

316 #include “multiple-heap-framework.h”
317 #include “pennant-node.ht++”

318 #include “heap-proxy.hH"

319 #include “root-list-heap-store.htH”

320 #include “weak-heap-node.h”

321

322 #include <algorithm>

323 #include <numeric>

324 #Hinclude <vector>

325

326 using namespace cphstl;

327

328 template <typename Q>

329 struct pgfw_test {

330 typedef typename Q::value_type V;

331  typedef typename Q::comparator_type C;
332  typedef typename Q::allocator_type A;
333  typedef typename Q::encapsulator_type E;
334  typedef typename Q::heap_store_type H;
335  typedef typename Q::mark_store_type M;
336

337  template <typename V, typename E, typename A>

338 static Ex create(V const& v, A% allocator) {

339 E+x p = allocator.allocate(l);
340 new (p) E(v, allocator);

341 return p;

342

343

344  template <typename V, typename E, typename A>
345  static void destroy(Ex p, A% allocator) {

346 p>"EQ);

347 allocator.deallocate(p, 1);
348}

349

350 static void small_test_multiple_heap_framework() {
351 Q w;
352

353 typedef typename A::template rebind<E>:.other node_allocator_type;
354 node_allocator_type node_allocator,

355 Ex p = create<V, E, node_allocator_type>(V(2), node_allocator);
356 Ex q = create<V, E, node_allocator_type>(V(4), node_allocator);
357 Ex r = create<V, E, node_allocator_type>(V(1l), node_allocator);
358

359 std::cout << "insert\n”’;

360 w.insert(p);

361 assert(w.top() = p);

362 w.show();

363 assert(w.size() =— 1);

364 std::cout << “insert ” << (xq).element() << "\n”’;

365 w.insert(q);

366 assert(w.top() = q);

367 w.show();

368 assert(w.size() = 2);

369 std::cout << “extract\n”;

370 Ex s = w.extract();
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}

w.show();

assert(w.size() = 1);

std::cout << "insert\n”;

w.insert(r);

assert(w.top() != s & w.top() = r);
w.show();

assert(w.size() = 2);

w.extract();

w.extract();

assert(w.size() = 0);

destroy<V, E, node_allocator_type>(p, node_allocator);
destroy<V, E, node_allocator_type>(q, node_allocator);
destroy<V, E, node_allocator_type>(r, node_allocator);

static void big_test_multiple_heap_framework() {
Q b
assert(h.size() = 0);

assert(h.begin() = h.end());

typename Q::allocator_type heap_a = h.get_allocator();
typename Q:: comparator_type heap_c = h.get_comparator();
assert(h.size() <= h.max_size());

assert(h.top() = h.end());

v a[] = {8, 10, 13, 1, 6, 5, 3, 7, 11, 9};

unsigned int const n = sizeof(a) / sizeof(V);

typedef typename A::template rebind<E>:other node_allocator_type;
node_allocator_type node_allocator;
std::vector<Ex, node_allocator_type> node;
for (unsigned int j = 0; j < n; ++j) {
Ex p = create<V, E, node_allocator_type>(a[j], node_allocator);
node .push_back(p);
¥
h.insert(node[0]);
assert(h.top() = h.begin());
Ex t = h.top();
assert((xt).element() = V(8));
for (unmsigned int j = 1; j < n; ++j) {
h.insert(node[j]);
Ex r = h.top();
assert((xr).element() = x(std::max_element(&a[0], &a[j + 1])));

assert(h.size() =n);

V sum = V(0);

while (h.size() !'= 0) {
Ex p = h.extract();

sum += (xp).element();
assert(sum = std::accumulate(&a[0], &[n], V(0)));

Q g;
for (unsigned int j = 0; j < n; +j) {
g.insert(node[j]);

assert(g.size() = n);

std::sort(&a[0], &a[n]);
V another_sum = V(0);
while (g.size() != 0) {
Ex p = g.top();
assert((xp).element() = a[g.size() - 1]);
another_sum += (*p).element();
g.extract(p);
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}
assert(sum = another_sum);
for (unsigned int j = 0; j < n; ++j) {
destroy<V, E, node_allocator_type>(node[j], node_allocator);
}
}
s
template <typename V, typename C, typename A, typename E,

typename H, typename M>
void small_test_multiple_heap_framework() {
pafw_test<multiple_heap_framework<V, C, A, E, H, M> >
small_test_multiple_heap_framework();

}

template <typename V, typename C, typename A, typename E,
typename H, typename M>
void big_test_multiple_heap_framework() {

pafw_test<multiple_heap_framework<V, C, A, E, H, > >
big_test_multiple_heap_framework();
int main(int, charxx) {

typedef int V;
typedef std::less<V> C;
typedef std::allocator<V> A;

std::cout << “weak queues...\n”;

typedef cphstl::weak_heap_node<V, A> El; //&<--

typedef cphstl::proxy_list_heap_store<C, A, E1> H1;
typedef cphstl::blank_mark_store<C, A, E1> Mi;
small_test_multiple_heap_framework<V, C, A, E1, H1, M1>();
big_test_multiple_heap_framework<V, C, A, E1, H1, M1>();

std::cout << “weak queues with fat nodes...\n”;

typedef cphstl::fat_weak_heap_node<V, A> E2; //K--
typedef cphstl::proxy_list_heap_store<C, A, E2> H2;
typedef cphstl::blank_mark_store<C, A, E2> M2; //K--
small_test_multiple_heap_framework<V, C, A, E2, H2, M2>();
big_test_multiple_heap_framework<V, C, A, E2, H2, M2>();

std::cout << "pennant queues...\n”;

typedef cphstl::pennant_node<V, A> E3; /K--

typedef cphstl::proxy_list_heap_store<C, A, E3> H3;
typedef cphstl::blank_mark_store<C, A, E3> M3;
small_test_multiple_heap_framework<V, C, A, E3, H3, M3>();
big_test_multiple_heap_framework<V, C, A, E3, H3, M3>();

std::cout << “run-relaxed weak queues...\n"”;

typedef cphstl::fat_weak_heap_node<V, A> E4; /K--
typedef cphstl::proxy_list_heap_store<C, A, E4> H4;
typedef cphstl::lazy_mark_store<C, A, E4> M4; /K<--
small_test_multiple_heap_framework<V, C, A, E4, H4, M4>();
big_test_multiple_heap_framework<V, C, A, E4, H4, M4>();

J*

typedef cphstl::weak_heap_node<V, A> E5; //<--

typedef cphstl::root_list_heap_store<C, A, E5> H5;
typedef cphstl::lazy-mark_store<C, A, Ef> Mb; //<--
small_test_multiple_heap_framework<V, C, A, E5, H5, M5 ();
big_test_multiple_heap_framework<V, C, A, E5, H5, M5>();

*/

return O;
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499 }
500
501 #Hendif

5. Heapifiers

5.1 Priority-queue-frameworks/Code/top-down-binary-heap-heapifier.h++

Ve
A top-down binary-heap heapifier works as proposed by Williams in
his seminal paper.

*/

#ifndef __CPHSTL_TOP_DOWN_BINARY_HEAP_HEAPIFIER__
9 #define __CPHSTL_TOP_DOWN_BINARY_HEAP_HEAPIFIER__

1
2
3
4
5  Awuthors: Stefan Edelkamp, Jyrki Katajainen © 2009, 2010
6
7
8

10

11 #include <algorithm> // std::swap

12

13 namespace cphstl {

14

15 class top_down_binary_heap_heapifier {

16 public:

17

18 template <typename C, typename K, typename I>

19 void siftup(C const& comparator, K& vector, I j) {

20 I i = parent(j);

21 while ((j != 0) &% comparator(vector[i] ->element(), vector[j]->element())) {
22 std::swap(vector[i], vector[j]);

23 std::swap(vector[i] ->position(), vector[j]->position());

24 j=i;

25 i = parent(j);

26 }

27 }

28

29 template <typename C, typename K, typename I>

30 I siftdown(C const& comparator, K& vector, I m, I i) {

31 I j = first_child(i);

32 while (j < n) {

33 if ((7+ 1<n)

34 &% comparator(vector[j] >element(), vector[j + 1]->element())) {
35 j+=1;

36

37 if (comparator(vector[i] ->element(), vector[j]->element())) {
38 std::swap(vector[i], vector[j]);

39 std::swap(vector[i] >position(), vector[j] >position());

40 i=j;

41 j = first_child(i);

42

43 else return i;

44 }

45 return i;

16 }

47

48 #ifdef DEBUG

49

50 template <typename C, typename K>

51 bool is_valid(C const& comparator, K& vector) {

52 bool okey = true;

53 for (typename K::size_type i = 1; i < vector.size(); ++i) {

54 if (comparator(vector[parent(i)]->element(), vector[i] =>element())) {
55 std::cout << “error: " << vector|[parent(i)]->element() << &’

56 << vector[i] >>element () << std::endl;



57 okey = false;

58
59 }
60 return okey;
61 }
62
63 #Hendif
64
65  private:
66
67 template <typename I>
68 I parent(I j) {
69 return ((j - 1) /7 2);
70
71
72 template <typename I>
73 I first_child(I j) {
74 return (2 x j+ 1);
75 }
76}
77}
78
79 #Hendif
5.2 Priority-queue-frameworks/Code/weak-heap-heapifier.h++
1 /%
2 A weak-heap heapifier works as proposed by FEdelkamp € Wegener in
3 their STACS paper. However, the bits are not stored as such, but a
4 negative index in the encapsulator denotes a 1-bit.
5
6  Authors: Stefan Edelkamp, Jyrki Katajainen © 2009, 2010
7 %/
8
o #ifndef __CPHSTL_WEAK_HEAP_HEAPIFIER__
10 #define __CPHSTL_WEAK_HEAP_HEAPIFIER__
11
12 #include <algorithm> // std::swap
13
14 namespace cphstl {
15
16  class weak_heap_heapifier {
17 public:
18
19 template <typename C, typename K, typename I>
20 void siftup(C const& comparator, K& vector, I j) {
21 if (j=0) {
22 return;
23 }
24 while (j !'= 0) {
25 I i = distinguished_ancestor(j, vector);
26 if (comparator(vector[i] ->element(), vector[j]->element())) {
27 I tmp_i = vector[i] ->position();
28 I tmp_j = vector[j] >position();
29 vector[i] >position() = -tmp_j; // flip
30 vector[j] >position() = tmp_i;
31 std::swap(vector[i], vector[j]);
32 j=1i;
33
34 else {
35 return;
36 }
37 }
38 }
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69
70
71
72
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74
75
76
7
78
79
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95
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template <typename C, typename K, typename I>

I siftdown(C const& comparator, K& vector, I m, I i) {

I k = second_child(i, vector);
if (k>n - 1) {

return i,
}
k = first_child(k, vector);
while (k < n) {

k = first_child(k, vector);
}
k = parent(k);
while (k > i) {

if (comparator(vector[i] ->element(), vector[k]->element())) {

std::swap(vector[i], vector[k]);
I tmp = vector[i] >position();
vector[i] >position() = vector[k]->position();
vector[k] ->position() = -tmp;
}
k

= parent(k);

return i;

}

#ifdef DEBUG

template <typename C, typename K>
bool is_valid(C const& comparator, K& vector) {
bool validity = true;

for (typename K::size_type j = vector.size(); j > 1;) {

-.j;

typename K::size_type i = distinguished_ancestor(j, vector);
if (comparator(vector[i] ->element(), vector[j]->element())) {

std::cout << "half -order violation: 7 << j <<
<< 11\n11;
validity = false;

}

return validity;

}

#Hendif

// private:

template <typename I>

I parent(I j) {
return j / 2;

}

template <typename I, typename K>
inline I distinguished_ancestor(I j, K& vector) {
assert(j != 0);
I i = parent(j);
while ((j & 1) = (vector[i] >position() < 0)) {
j=1i;
i = parent(i);

return i;

}

template <typename I, typename K>
inline I first_child(I j, K& vector) {

return (2 * j + (vector[j]->position() < 0));
}

FLET]

<< vector[j]>element()
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104 template <typename I, typename K>

105 inline I second_child(I j, K& vector) {

106 return (2 * j+ 1 - (vector[j]->position() < 0));
107 }

108 };

109 }

110

111 #endif

6. Encapsulators
6.1 Priority-queue-frameworks/Code/element-encapsulator.h++

/*
An element encapsulator; each encapsulator knows the position in the
data structure where it is stored.

Author: Jyrki Katajainen © 2009, 2010
*/

8 #ifndef __CPHSTL_ELEMENT_ENCAPSULATOR__

9 #define __CPHSTL_ELEMENT_ENCAPSULATOR__

10

11 #include <cstdlib>

12

13 namespace cphstl {

14

15 template <typename V, typename P, typename A>

16 class element_encapsulator {

N OO R W N =

17 public:

18

19 typedef V value_type;

20 typedef P position_type;

21 typedef A allocator_type;
22

23 value_type value_;

24 position_type position_;

25

26 explicit element_encapsulator (value_type v, allocator_type const& = A()) :
27 value_(v), position_(0) {
28

29

30 V const& element() const {
31 return value_;

32 }

33

34 V& element() {

35 return value_;

36 }

37

38 position_type position() const {
39 return position_;

40 }

41

42 position_type& position() {
43 return position_;

44 }

45}

46 }

47

48 #Hendif

6.2 Priority-queue-frameworks/Code/heap-node.h++
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e
A heap node used as a base for various specialized heap nodes
Authors: Asger Bruun, Jyrki Katajainen © 2009, 2010

*/

7 #ifndef __CPHSTL_HEAP_NODE__
8 #Hdefine __CPHSTL_HEAP_NODE__

9

10 #include “assert.htH+”

11 #include <cstddef> // std::size_t
12 #include <iostream>

13 #Hinclude <list>

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

namespace cphstl {

template <typename V, typename A, typename N>
class heap_node {
public:

typedef V value_type;
typedef A allocator_type;

typedef std::size_t size_type;
typedef unsigned char height_type;
typedef heap_node<V, A, N> self_type;
struct hole_type {

N* parent,

N* current;

union {

Nx left;

void* owner;

H

hole_type(Nx p)
. parent((*p).parent()), current(p) {
if (parent != 0) {
left = (xp).left();

else {
owner = (*p).owner();

}
1

N* parent_;
union {
Nx left_;
void* owner_;
b
N*x right_;
V value_;

private:
heap_node();
heap_node (heap_node const&);
heap_node& operator=(heap_node const&);

protected:

N const* const down_cast(self_type constx const b) const {
return static_cast<N constx const>(b);
}
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98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129

Nk const down_cast(self_typex const b) const {
return static_cast<lNx const>(b);

}

N# const down_cast(self_typex const b) {
return static_cast<lN const>(b);

}
public:

heap_node(V const& v, A const&)
. parent_(down_cast(0)), left_(down_cast(0)), right_(down_cast(0)),
value_(v) {

static size_type footprint() {
return sizeof(N);

}

bool is_root() const {

return parent_ — 0;

}

bool is_leaf() const {
return right_ =— O;

}

V const& element() const {
return value_;

}

V& element() {
return value_;

}

Nx left() const {
return left_;

}

M& left() {
return left_;

}

Nx right() const {
return right_;

}

W& right() {
return right_;

}

Nx parent() const {
return parent_;

}

N+& parent() {
return parent_;

}

void* owner() const {
return owner_;

}
void«& owner() {

return owner_;

29
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}

template <typename C, typename M>
Nk join(Nx q, C const& comparator, M&) {
Nx p = down_cast(this);
if (comparator((xp).element(), (*q).element())) {
Nx ¢ = (*q).right();
if (¢ '=0) {
(+c) .parent() = p;

(¥p) -left() = c;
(xq).right() = p;
(*p) .parent() = q;

return q;

else {
Nx ¢ = (*p).right();
if (¢ !'=0) {

(*c) .parent() = q;

(xq).left() = c;
(*p) .right() = q;
(*q) .parent() = p;
return p;
}
}

template <typename C, typename M>

Nx fast_join(N* g, Nx, C const& comparator, M& mark_store)
N+ p = down_cast(this);
return (*p).join(q, comparator, mark_store);

template <typename C>
N+ split(C const&) {
N+ p = down_cast(this);
assert(p = 0);
assert((xp).right() != 0);
Nx q = (xp).right();
Nx r = (*xq).left();
(*p) .right() = r;
if (r!=0) {
(*r) .parent() = p;

(xq) .parent() = 0;
(xq) .left() = 0;
return q;

}

void swap_roots(Nx q) {

N+ p = down_cast(this);
assert((xp).is_root());
assert((xq).is_root());
Nx ¢ = (*p).right();

Nx g = (*xq).right();
(*p) .right() = g;

(*q) .right() = c;

if (c 1= 0) {
(*c).parent() = q;
if (g1=0) {

(xg) .parent() = p;



196 N release_root() {

197 N p = down_cast(this);

198 N« q = (*p). right();

199 (*p) .right() = 0;

200 (*q) .parent() = O;

201 return q;

202 }

203

204 Nx release_subheap() {

205 N% p = down_cast(this);

206 N« q = (*p).left();

207 (xp).left() = O;

208 if (q !'= 0) {

209 (xq) .parent() = 0;

210

211 return q;

212 }

213

214 hole_type splice_out() {

215 // Note: This function leaves the underlying tree broken,
216 // untraversable, and unprintable until splice_in.
217 assert(this != 0);

218 hole_type hole(down_cast(this));

219 (*this) .parent() = O;

220 (*xthis).left() = O;

221 return hole;

222 }

223

224 template <typename H>

225 void splice_in(hole_type& hole, H& heap_store) {
226 assert(hole.current != 0);

227 Nx p = down_cast(this);

228 (*p) .parent() = hole.parent;

229 if (hole.parent != 0 &% (xhole.parent).left() = hole.current) {
230 (*hole.parent).left() = p;

231

232 if (hole.parent != 0 & (*hole.parent).right() = hole.current) {
233 (*hole.parent).right() = p;

234

235 if (hole.parent =— 0) {

236 typedef typename H::heap_proxy_type heap_proxy_type;
237 (*p) .owner() = hole.owner;

238 heap_store.replace(p);

239

240 else {

241 (xthis).left() = hole.left;

242 if (hole.left != 0) {

243 (*hole.left).parent() = p;

244

245 }

246 }

247

248 #ifdef FIRST_VERSION

249

250 void swap_nodes (N q) {

251 // Warning: The backpointers at owners are not corrected because
252 // the type of the owners is not known.

253 N+ p = down_cast(this);

254 assert(p != 0);

255 assert(q !'= 0);

256 Nx a = (*p).parent_;

257 Nx b = (xp).left_;

258 Nx ¢ = (*p).right_;

259 Nx e = (*q).parent_;

e
260 Nk £ = (xq).left_;
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261 Nx g = (*q).right_;

262

263 if (a!= 0 & (xa).left_ —p) {
264 (xa).left_ = q;

265

266 if (a != 0 & (xa).right_. — p) {
267 (*a).right_ = q;

268

269 if (b != 0&% (! (*p).is_root()) &% (xb).parent_ =— p) {
270 (*b) .parent_ = q;

271

272 if (c !'= 0 & (xc).parent_ — p) {
273 (*c) .parent_ = q;

274

275 if (e '= 0 &k (xe).left_ =—q) {
276 (xe).left_ = p;

277

278 if (e '= 0 & (xe).right_. =—q) {
279 (xe).right_ = p;

280

281 if (f!= 0&% (! (*p).is_root()) & (xf).parent_ — q) {
282 (*f) .parent_ = p;

283

284 if (g != 0 & (xg).parent_ =— q) {
285 (*g) .parent_ = p;

286

287

288 (*p) .parent_ = e;

289 (*p) .left_ = £;

290 (*p) .right_ = g;

291 (*q) .parent_ = a;

292 (xq).left_ = b;

293 (*q).right_ = c;

294

295 if (a=—q&%f=—p) {

296 (xp).left_ = q;

297 (*q) .parent_ = p;

298 return;

299

300 if (2=—q&%g—0p) {

301 (*p).right_ = q;

302 (*q) .parent_ = p;

303 return;

304

305 if (b=2q) {

306 (*p) .parent_ = q;

307 (xq).left_ = p;

308 return;

309 }

310 if (c=q) {

311 (xp) .parent_ = q;

312 (*q) .right_ = p;

313 return;

314 }

315 }

316

317 #Hendif

318

319 template <typename C>

320 Nx distinguished_descendant(C const&) const {
321 N constx q = down_cast(this);

322 assert(q != 0);

323 return ((xq).is_root())? (xq).right() : (xq).left();
324
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385
386
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388
389
390

Nx distinguished_ancestor() const {
N constx q = down_cast(this);
assert(q != 0);
Nx p = (*q).parent();
while (p '= 0 & (xp).left() = q) {
q=rp;
p = (+p).parent();

return p;

}

Nk promote(Nx p) {
N% q = down_cast(this);
assert(p = (*q).distinguished_ancestor());
if (p == (*q).parent()) {
assert((xp).right() = q);
Nx a = (*p).parent();
Nx b = (*p).left();
Nx £ = (xq).left();
N+ g = (xq).right();
(*p) .parent() = q;
(xp) .left() = £;
(*p).right() = g;
(*q) .parent() = a;
(xq).left() = b;
(*q) .right() = p;
if (a!=0) {
if ((xa).right() =p) {
(*a).right() = q;

else {
if (! (xp).is_root()) {
(*a).left() = q;

}

}
if (b!=0&% (! (xp).is_root())) {
(*b) .parent() = q;

if (£!=0) {
(xf) .parent() = p;
if (g!=0) {
(+g) .parent() = p;
}
else {
Nx a = (*p).parent();
Nx b = (xp).left();
N« ¢ = (*p).right();
Nx e = (*q).parent();
N« £ = (*xq).left();

N g = (xq).right();
(*p) .parent() = e;
(*p).left() = f;
(*p) .right() = g;
(*q) .parent() = a;
(xq) .left () = b;
(*q) .right() = c;
if (al= 0) {
if ((a).right() =p) {
(xa).right() = q;

else {

if (! (xp).is_root()) {

33
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391 (xa).left() = q;

392 }

393 }

394 }

395 if (b!= 0&% (! (*p).is_root())) {
396 (xb).parent() = q;

397

398 if (¢ !'=0) {

399 (*c) .parent() = q;

400

401 if (e 1= 0 & (xe).left() =— q) {
402 (xe).left() = p;

403

404 if (e '= 0 & (xe).right() = q) {
405 (*e).right() = p;

406

407 if (£!=0) {

408 (*f).parent_ = p;

409

410 if (g !'=0) {

411 (*g) .parent_ = p;

412

413 }

414 return q;

415 }

416

417 N const* root() const {

418 N constx p = down_cast(this);
419 assert(p !'= 0);

420 while (! (xp).is_root()) {
421 p = (xp).parent();

422 }

423 return p;

424 }

425

426 N const* successor() const {
427 N constx x = down_cast(this);
428 assert(x != 0);

429 if ((xx).right() != 0) {

430 x = (*x).right();

431 while ((xx).left() != 0) {
432 x = (*x).left();

433

434 return x;

435 }

436 N constx y = (*x).parent();
437 while (y != 0 &% x = (xy).right()) {
438 x =y,

439 y = (xy).parent();

440 }

441 return y;

442 }

443

444 height_type height() const {
445 N constx p = down_cast(this);
446 assert(p = 0);

447 height_type h = 0;

448 while (! (xp).is_leaf()) {
449 p = (xp).right();

450 h+= 1,

451 }

452 return h;

453 }

454

455 #Hifdef DEBUG
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void show_tree() const {
N const* t = down_cast(this);
std::cout << (xt).element() << ” 7;
std::cout << "\n”;
std::cout.flush();
t = (*t).right();
if (t==0) {
return;
std::1list<N constx> level;
level.push_front(t);
while (! level.empty()) {
typename std::1list<N constx>:iterator last = level.end();
--last;
typename std::list<N const*>:iterator p = level.begin();
bool stop = false;
while (! stop) {
N constx t = x*p;
if (p = last) stop = true;
—H—p;
level.pop_front();
if ((xt).right() != 0) {
level.push_back((*t).left());
level.push_back((xt).right());
std::cout << (*t).element() << 7 7;
}
std::cout << "\n”;
std::cout.flush();
}
}
Hendif
b
}
#Hendif

6.3 Priority-queue-frameworks/Code/weak-heap-node.h++

/*
A weak-heap node

Author: Jyrki Katajainen © 2009
*/

#ifndef __CPHSTL_WEAK_HEAP_NODE__
#Hdefine __CPHSTL_WEAK_HEAP_NODE__

#Hinclude “heap-node.hH”
namespace cphstl {

template <typename V, typename A>
class weak_heap_node
. public heap_node<V, A, weak_heap_node<V, A>> {

public:
typedef V value_type;

typedef A allocator_type;
typedef weak_heap_node<V, A> N,
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24 private:

25
26 weak_heap_node() ;
27 weak_heap_node(N const&);
28 weak_heap_node& operator=(N const&);
29
30  public:
31
32 weak_heap_node(V const& v, A const& a)
33 . heap_node<V, A, N>(v, a) {
34 }
35
36 #ifdef DEBUG
37
38 template <typename C, typename M>
39 bool is_valid(C const& comparator, M const& mark_store) const {
40 N constx t = (xthis).down_cast(this);
41 bool valid = true;
42 if ((xt).parent() != 0) {
43 valid &= t > parent() = left() =— 1t ||
44 t > parent() - right() = t;
45 if (! valid) std::cout << “parent\n”;
46
47 if (! (xt).is_root() &% (xt).left() != 0) {
48 valid &= t > left() -> parent() =— t;
49 if (! valid) std::cout << "left\n”;
50
51 if ((xt).right() != 0) {
52 valid &= t -> right() -> parent() — t;
53 if (! valid) {
54 std::cout << "right\n”;
55 std:icout << "t: 7 << (*t).element() << ” 7,
56 std:icout << "right: ” << t > right() > element() << ” 7;
57 std::cout << "up again: 7 << t > right() -> parent() -> element() << "\n”
58 }
59
60 if (! (xt).is_root() &% ! mark_store.is_marked(t)) {
61 valid &= ! comparator((xt).distinguished_ancestor() -> element(), (xt).
element());
62
63 if (! valid) std::cout << "ancestor\n”;}
64 return valid,
65 }
66
67 #Hendif
68
69  };
70 }
71
72 #endif
6.4 Priority-queue-frameworks/Code/fat-weak-heap-node.h++
1 /%
2 A node used by a perfect weak heap in a run-relaxed weak queue
3
4 Authors: Jyrki Katajainen, Jens Rasmussen © 2008, 2009
5 %/
6

7 #ifndef __CPHSTL_FAT_WEAK_HEAP_NODE__
8 #define __CPHSTL_FAT_WEAK_HEAP_NODE__
9

10 #include <algorithm> // std::swap

11 #Hinclude “assert.htH+”
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12 #include “heap-node.ht+”

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

namespace cphstl {

template <typename V, typename A>
class fat_weak_heap_node

. public
public:

heap_node<V, A, fat_weak_heap_node<V, A> > {

typedef unsigned char height_type;

typedef signed char index_type;

enum mark_type {unmarked = 0, member, leader, singleton};
typedef fat_weak_heap_node<V, A> N;

typedef heap_node<V, A, N> B;

protected:

height_type height_;
index_type index_;
mark_type type_;

B constx
return

}

Bx const
return

}

Bx const
return

}

public:

fat_weak_.
. heap_
type_

const up_cast(N constx const d) const {
static_cast<B constx const>(d);

up_cast(Nx const d) const {
static_cast<Bx const>(d);

up_cast(Nx const d) {
static_cast<B* const>(d);

heap_node(V const& v, A const& a)
node<V, A, N>(v, a), height_(0), index_(-1),
(unmarked) {

height_type height() const {
assert(this != 0);

return height_;

}

height_type& height() {
assert(this != 0);
return height_;

}

index_type index() const {
assert(this != 0);

return

}

index_;

index_type& index() {
assert(this != 0);

return

}

index_;

mark_type type() const {
assert(this != 0);

return

}

type_;
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mark_type& type() {
assert(this != 0);
return type_;

template <typename C>
N+ basic_join(Nx q, C const& comparator) {
N+ p = this;
if (comparator((xp).element(), (xq).element())) {
N+ ¢ = (xq).right();
if (¢ 1= 0) {
(*c) .parent() = p;

(xp).left() = c;
(*q) .right() = p;
(*p) .parent() = q;
(*q) .height () += 1;

return q;

else {
N+ ¢ = (xp).right();
if (¢ !1=0) {

(*c) .parent() = q;

(xq).left() = c;
(*p) .right() = q;
(*q) .parent() = p;
(*p) .height () += 1;
return p;
}
}

template <typename C, typename M>
Nk join(Nx q, C const& comparator, M& mark_store) {
Nk p = this;
assert(p != 0);
assert(q != 0);
assert((*p).type() = N::unmarked);
assert((xq).type() = N::unmarked);
B+ u = up_cast(p);
Nx r = (*u).join(q, comparator, mark_store);
(*r) .height() += 1;
Nx a = (*r).right() - left();
Nx b = (*r).right() = right();
bool a_unmarked = a =0 || (*a).type() = N::unmarked;
bool b_unmarked =b =0 || (xb).type() = N::unmarked;
int item = 2 x a_unmarked + b_unmarked;
switch (item) {
case 0 /+ marked marked */:
(void) mark_store.sibling_transformation(a);
break;
case 1 /+* marked unmarked x/:
mark_store.cleaning_transformation(a);
break;
case 2 /+ unmarked marked */:
break;
case 3 /+ unmarked unmarked */"
break;
default:
assert(false);

return r;

}
template <typename C, typename M>
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Nk fast_join(Nx q, N%, C const& comparator, M% mark_store) {
Nx p = this;
assert(p != 0);
assert(q !'= 0);
assert((xp).type() = N::unmarked);
assert((xq).type() = N::unmarked);
assert((*p).right() =0 || (*p).right() -> type() = N::unmarked);
if (comparator((xp).element(), (*q).element())) {
N« b = (*q).right();
bool cleaning necessary = false;
if (ob!=0) {
(*b) .parent() = p;
if ((xb).type() != N::unmarked) {
cleaning_necessary = true;

}

(xp).left() = b;

(*q) .right() = p;

(+p) .parent() = q;

(*q) .height() += 1;

if (cleaning_necessary) {
mark_store.cleaning_transformation(b);

}
return q;
else {
Nx a = (*p).right();
if (a!=0) {

(*a) .parent() = q;

(*q) .left () = a;
(*p) .right() = q;
(+q) .parent () = p;
(*p) .height () += 1;
return p;
}
}

template <typename C>

Nk split(C const& comparator) {
assert((xthis).height() > 0);
Bx b = up_cast(this);
Nx p = (*b).split(comparator);
(*this) .height() = 1;
return p;

}

void swap_neighbours(Nx r) {
N* p = this;
assert(p != 0);
assert(r = (xp).right());
Nk a = (xp).left();
Nx b = (xr).left();
Nk ¢ = (*r).right();
(xr).left() = a;
if (a!= 0&% (! (*p).is_root())) {
(*a) .parent() = r;

(*r).right() = p;

(xp) .parent() = r;

(+p) .left() = c;

(xp).right() = b;

if (b!=0) {
(*c).parent() = p; // be careful!
(*b) .parent() = p;
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(*r) .height () *

1;
(*p) .height () 1

I

void swap_roots(N* q) {
Bx b = up_cast(this);
(*b) .swap_roots(q);
std::swap((*this).height(), (*q).height());

Nx release_root() {
Bx b = up_cast(this);
N+ s = (xb).release_root();
(*this) .height() = O;
return s;

}

Nx promote(N* p) {
Bx b = up_cast(this);
N+ q = (*b).promote(p);
std::swap((*this).height(), (xp).height());
return q;

}

#ifdef DEBUG

void show_tree() const {
N constx t = this;
std::1list<N constx> level;
level.push_front(t);
while (! level.empty()) {
typename std::list<N constx>:iterator last = level.end();
--last;
typename std::1list<N const>:iterator p = level.begin();
bool stop = false;
while (! stop) {
N constx t = xp;
if (p = last) {
stop = true;
}

-H-p;

level.pop_front();

if (! (xt).is_root() &% (xt).left() != 0) {
level.push_back((xt).left());

%f ((xt).right() != 0) {
level.push_back((xt).right());

std::cout << (7 << (*t).element() <<
7, 7 << int((*t) .height()) <<

"m0 int((st) . index()) <<

LU << (kt) type() << ) 7

std::cout << "\n”;
std::cout.flush();
}
}

template <typename C, typename M>
bool is_valid(C const& comparator, M const& mark_store) const {
N constx t = this;
bool valid = true;
if ((xt).parent() != 0) {
valid &= t > parent() - left() — t ||



272 t -> parent() > right() = t;

273 valid & t -> parent() -> height() = t -> height() + 1,

274 if (! valid) std::cout << "error: parent\n”;

275

276 if ((xt).left() != 0) {

277 valid & t > left() -> parent() — t;

278 if (! valid) std::cout << "error: left\n”;

279

280 if ((xt).right() != 0) {

281 valid & t > right() -> parent() =— t;

282 if (! valid) std::cout << “error: right\n”;

283

284 if (! (xt).is_root() &% ! mark_store.is_marked(t)) {

285 valid &= | comparator((«t).distinguished_ancestor() -> element(), (xt).
element());

286 if (! valid) std::cout << "error: half order\n”;

287

288 if ((xt).is_root()) {

289 valid &= (*t).type() = N::unmarked;

290 assert((xt).parent() = 0);

291 if (! valid) std::cout << "error: root\n”;

292

293 else {

294 N constx p = (xt).parent();

295 N constx r = (xt).left();

296 if ((xp).left() — t) {

297 if (mark_store.is_marked(p)) {

298 if (mark_store.is_marked(t)) {

299 valid &= (xt).type() = N::member;

300 if (! valid) std::cout << “error: member\n”;

301

302

303 else {

304 if (mark_store.is_marked(t)) {

305 if (r '= 0 & mark_store.is_marked(r)) {

306 valid &= (*t).type() = N::leader;

307 if (! valid) std::cout << “error: leader (left)\n”;

308

309 else {

310 valid &= (*t).type() = N::singleton;

311 if (! valid) std::cout << "error: singleton (left)\n”;

312

313 }

314 }

315

316 else {

317 if (r '= 0 & mark_store.is_marked(r)) {

318 if (mark_store.is_marked(t)) {

319 valid &= (*t).type() = N::leader;

320 if (! valid) std::cout << “error: leader (right)\n”;

321

322

323 else {

324 if (mark_store.is_marked(t)) {

325 valid & (*t).type() = N::singleton;

326 if (! valid) std::cout << "error: singleton (right)\n”;

327

328 }

329 }

330

331 return valid;

332 }

333

334 #Hendif

335
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336 }
337 }

338

339 #Hendif

7. Heap store

7.1 Priority-queue-frameworks/Code/heap-proxy.h+-+

Ve
A heap proxy maintains the height and a pointer to the root
of each heap.

*/

#Hifndef __CPHSTL_HEAP_PROXY__
9 #define __CPHSTL_HEAP_PROXY__
10
11 #include “assert.hH”
12 #include <cstddef> // std::size_t
13
14 namespace cphstl {
15
16  template <typename E>
17 class heap_proxy {

1
2
3
4
5 Author: Jyrki Katajainen © 2009
6
7
8

18 public:

19

20 typedef E encapsulator_type;

21 typedef std::size_t size_type;

22

23 heap_proxy(E+ root, size_type height = O,
24 heap_proxy* next = 0,
25 heap_proxy* next_pair = 0)
26 . root_(root), height_(height), next_(next), next_pair_(mext_pair) {
27

28

29 “heap_proxy() {

30 }

31

32 void update(E*x root, size_type height, heap_proxyx next,
33 heap_proxy# next_pair) {

34 assert(this != 0);

35 assert((xroot).is_root());

36 root_ = root;

37 height_ = height;

38 next_ = next;

39 next_pair_ = next_pair;

40 (kroot) .owner() = this;

41 }

42

43 Ex root() const {

44 return root_;

45 }

46

47 Ex& root() {

48 return root_;

49 }

50

51 size_type height() const {

52 return height_;

53 }

54

55 size_type& height() {
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return height_;

}

heap_proxy# successor() const {
return next_;

}

heap_proxy+& successor() {
return next_;

}

heap_proxy# successor_pair() const {
return next_pair_;

}

heap_proxy+& successor_pair() {
return next_pair_;

}

protected:

Ex root_;

size_type height_;
heap_proxy* next_;
heap_proxy* next_pair_;

private:

heap_proxy();
heap_proxy (heap_proxy const&);
heap_proxy& operator=(heap_proxy const&);

s
}

#if defined(UNITTEST_HEAP_PROXY)

#include <memory> // std::allocator
#include “weak-heap-node.l”

template <typename T>
void test_heap_proxy() {
typedef std::allocator<T> A;
typedef cphstl::weak_heap_node<T, A> N;
typedef cphstl::heap_proxy<N> P;
N% dummy = new N(T(0), A());
P+ p = new P(dummy);
Px q = new P(dummy);
P+ r = new P(dummy);

(*p) . successor()
(*q) . successor()
(*r) .successor()

Q;

r
0;

assert((xp).height() = 0);
assert((xq).root() = dummy);

assert((xr).successor_pair() == 0);
assert((xp).successor() = q);
assert((xq).successor() = r);
assert((xr).successor() =— 0);

(*r).height() = 4;
assert((xr).height() = 4);
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121 int main(int, charssx) {
122 test_heap_proxy<int>();
123 test_heap_proxy<char>();
124 return O;

125 }

126

127 #Hendif

128 #Hendif

7.2 Priority-queue-frameworks/Code/proxy-list-heap-store.h++

Ve
A stack-like heap store described in the paper by Elmasry et al.
[2005]. However, the implementation is simplified using an idea
described in the paper by Brodal [1995].

Author: Asger Bruun, Jyrki Katajainen © 2009
*/

9 #ifndef __CPHSTL_DOUBLE_STACK_HEAP_STORE__
10 #define __CPHSTL_DOUBLE_STACK_HEAP_STORE__
11

12 #include <algorithm> // std::swap

13 #Hinclude “assert.h+”

14 #include <cmath> // defines ilogb

15 #include <cstddef> // std::size_t

16 #include <iostream>

17 #Hinclude <list>

18 #include “heap-proxy.h"

19 #include <utility> // std::pair

20 #include “weak-heap-node.h++”

[C S B A VA

21

22 extern int ilogb(double) throw();
23

24 namespace cphstl {

25

26  template<

27 typename C,

28 typename A,

29 typename E,

30 typename P = heap_proxy<E>

31 >

32 class proxy_list_heap_store {

33  public:

34

35 typedef C comparator_type;

36 typedef typename A::template rebind<P>:other proxy_allocator_type;
37 typedef E encapsulator_type;

38 typedef P heap_proxy_type;

39 typedef std::size_t size_type;

40

41 protected:

42

43 comparator_type comparator;

44 proxy_allocator_type proxy_allocator,

45 Px head;

46 Px first_pair;

47 size_type number_of_nodes;

48

49  public:

50

51 proxy_list_heap_store(C const& c¢ = C(), A const& a = A())
52 . comparator(c), proxy_allocator(a), head(0), first_pair(0),
53 number_of_nodes(0) {

54 }
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“proxy_list_heap_store() {
// Precondition: The heap store must be otherwise empty.

size_type size() const {
return number_of_nodes;

}

size_type footprint(size_type n) const {
return (ilogb(n) + 1) x sizeof(P) + sizeof(proxy_list_heap_store);

}

Px begin() const {
return head,

}

Px next(Px current) const {
return (kcurrent).successor();

}

Ex find_top() const {
Px p = begin();

if (p=20) {
return O;
}
Ex top = (xp).root();

for (; p != 0; p = (*p).successor()) {
Ex q = (%p).root();
if (comparator((xtop).element(), (xq).element())) {
top = q;

return top;

}

template <typename M>
void inject(Ex p, size_type h, M& mark_store) {
assert((xp).is_root());
number_of_nodes += 1 << h;
if (first_pair != 0) {
Px mate = (x#first_pair).successor();
Ex o = (xfirst_pair).root();
Ex q = (*0).join((*mate).root(), comparator, mark_store);
P« jump = (xfirst_pair).successor_pair();
(xfirst_pair).update(q, (*first_pair).height() + 1, (*mate).successor(),

(*mate) .update(p, h, head, 0);

Px s = (xfirst_pair).successor();
if (s !'= 0 & (xfirst_pair).height() = (*s).height()) {
(xfirst_pair).successor_pair() = jump;

else {
first_pair = jump;
}

if ((+mate).height() = (*head).height()) {
(*mate) .successor_pair() = first_pair;
first_pair = mate;

}

head = mate;

return;

if (head != 0 &% (xhead).height() =— h) {
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Ex q = (*p).join((xhead).root(), comparator, mark_store);

(*head) .update(q, (xhead).height() + 1, (xhead).successor(), 0);

P+ s = (xhead).successor();

if ((s !'= 0) & ((*head).height() = (*s).height())) {
first_pair = head,

return;
}
Px u = create(p, h, 0, 0);
(*u) .successor() = head;
head = u;

}

void inject_without_join(Ex p, size_type h) {
assert((xp).is_root());
number_of_nodes += 1 << h;
Px u = create(p, h, 0, 0);
(*u) .successor() = head;
head = u;

}

std::pair<Ex, size_type> eject() {
// Warning: top- can point to the nodes ejected
if (head = 0) {
return std::make_pair((Ex) 0, (size_type) 0);
}
Px f = head;
Ex r = (xf).root();
head = (xhead) .successor();
if (first_pair = f) {
first_pair = (xf).successor_pair();
(xf) .successor_pair() = 0;

number_of _nodes = 1 << (*f).height();

std::pair<Ex, size_type> answer = std::make_pair(r, (xf).height());
destroy(f);

(*r).owner() = (Px) O;

return answer;

}
template <typename M>

void concatenate(E*x q, size_type h, M& mark_store) {
while (q !'= 0) {
mark_store.unmark(q);
E+ s = (*q).release_subheap();
inject_without_join(q, h);
h=h - 1;
q=s;
}
}

void replace(E+ new_root) {
heap_proxy_typex proxy = (heap_proxy_type*) (*new_root).owner();
(*proxy).root() = new_root;
(*new_root) .owner() = (void *) proxy;

template <typename M>
void meld(proxy_list_heap_store& other, M& mark_store) {
// Precondition: The comparators and allocators must be compatible.
std::1list<Px*, A> tmp,
size_type n = number_of_nodes;
size_type m =other.number_of_nodes;
P+ s = begin();
Px t = other.begin();



185 while (s = 0&& t I= 0) {

186 if ((*s).height() < (*t).height()) {
187 tmp.push_front(s);

188 s = (*s).successor();

189 pop();

190

191 else {

192 tmp.push_front(t);

193 t = (*t).successor();

194 other.pop();

195

196 }

197 if (begin() = 0) {

198 swap(other);

199

200 while (! tmp.empty()) {

201 Px t = tmp.front();

202 Ex r = (*t).root();

203 inject(r, (*xt).height(), mark_store);
204 destroy(t);

205 tmp . pop_front();

206 }

207 number_of_nodes = n + m;

208 other.number_of_nodes = 0;

209 }

210

211 void swap(proxy_list_heap_store& other) {
212 // Precondition: The comparators and allocators must be compatible.
213 std::swap(head, other.head);

214 std::swap(first_pair, other.first_pair);
215 std::swap (number_of_nodes, other.number_of_nodes);
216 }

217

218 #ifdef DEBUG

219

220 void show() {

221 std::cout << "=———pn";

222 for (Px p = begin(); p != 0; p = (*p).successor()) {
223 std:icout << ”--- 7 << (*p).height() << "\n”;
224 Ex r = (xp).root();

225 (*r).show_tree();

226 }

227 std::cout << =———n";

228 std::cout.flush();

229 }

230

231 template <typename M>

232 bool is_valid(M const& mark_store) {

233 P constx p = begin();

234 if (p=20) {

235 return true;

236 }

237 for (; p!= 0; p = (xp).successor()) {
238 bool valid = true;

239 E constx r = (xp).root();

240 for (; r !'= 0; r = (xr).successor()) {
241 if (! (xr).is_valid(comparator, mark_store)) {
242 std::cerr << "heap-structure error: ” << (*r).element() << "\n”;
243 valid = false;

244 }

245

246 if (! valid) {

247 return false;

248 }

249 }
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250 p = begin();

251 P constx q = (xp).successor();

252 for (; 9 != 0; p=4q, q = (xp).successor()) {
253 if ((*p).height() > (*q).height()) {

254 std::cerr << "height violation: ” << (*p).height() << "\n”;
255 return false;

256 }

257 }

258 p = begin();

259 q = (*p).successor();

260 for (; 9 != 0; p=gq, q = (*p).successor()) {
261 if ((*p).successor_pair() != 0 &% (*p).height() != (xq).height()) {
262 std::cerr << "pair violation: ” << (x*p).height() << "\n”;
263 return false;

264 }

265 }

266 p = begin();

267 q = (*p).successor();

268 for (; 9 != 0; p=gq, q = (xp).successor()) {
269 E constx r = (*p).root();

270 if (! (xr).is_root()) {

271 std::cerr << "root violation: " << (xp).height() << "\n”;
272 return false;

273 }

274 if ((*r).owner() != p) {

275 std::cerr << "owner violation: ” << (*p).height() << "\n”;
276 return false;

277 }

278

279 return true;

280 }

281

282 #Hendif

283

284  protected:

285

286 P+ create(Ex r, size_type height, P* next, Px next_pair) {
287 assert((*r).is_root());

288 Px u = proxy_allocator.allocate(l);

289 new (u) P(r, height, next, next_pair);

290 (*r).owner() = u;

291 return u;

292 }

293

294 void destroy(Px u) {

295 assert(u != 0);

296 (xu).”PQ);

297 proxy_allocator.deallocate(u, 1);

298

299

300 void pop() {

301 Px f = head;

302 head = (xhead).successor();

303 if (first_pair =— f)

304 first_pair = (xf).successor_pair();

305 (*f) .successor_pair() = 0;

306

307 }

308 }

309 }

310

311 #if defined(UNITTEST_PROXY_LIST_HEAP_STORE)

312

313 #include ”’blank-mark-store.ht+”
314 #Hinclude <cstddef> // std::size_t



315 #include <functional>

316 #Hinclude <iostream>

317 #include <memory>

318 #include <numeric> // std::accumulate
319 #Hinclude “weak-heap-node.ht+"

320

321 template <typename E, typename H, typename M>
322 void push(E* p, H& heap_store, M% mark_store) {
323  heap_store.inject(p, 0, mark_store);

324 }

325

326 template <typename E, typename C, typename H, typename M>
327 Ex extract(C const& comparator, H& heap_store, M& mark_store)
328  typedef std::size_t size_type;

329  std::pair<Ex, size_type> pair = heap_store.eject();
330 Ex r = pair.first;

331 size_type h = pair.second;

332 while ((xr).right() != 0) {

333 Ex q = (*r).split(comparator);

334 h=h - 1;

335 heap_store.inject(q, h, mark_store);
336}

337 return r;

338 }

339

340 template <typename T>

341 void proxy_list_heap_store_test() {

342  typedef std::allocator<T> A;

343  typedef std::less<T> C;

344  typedef cphstl::weak_heap_node<T, A> E;

345  typedef cphstl::heap_proxy<E> P;

346 typedef cphstl::proxy_list_heap_store<C, A, E, P> H;
347  typedef cphstl::blank_mark_store<C, A, E> M;
348

349 A allocator;

350 C less;

351 H heap_store(less, allocator);

352 M mark_store(less, allocator);

353 E m(T(4), allocator);

354 E n(T(2), allocator);

355 E o(T(3), allocator);

356 E+ p = new E(T(1l), allocator);

357

358 std::cout << "push 7;

359  push(&nm, heap_store, mark_store);

360  heap_store.show();

361 std::cout << "push 7;

362 push(&n, heap_store, mark_store);

363  heap_store.show();

364  std::cout << “push 7,

365  push(&o, heap_store, mark_store);

366  heap_store.show();

367 std::cout << "push 7;

368 push(p, heap_store, mark_store);

369  heap_store.show();

370  assert(heap_store.is_valid(mark_store));

371 std::cout << “validated\n”;

372

373 std::cout << “extract ”’;

374 Ex r = extract<E, C, H>(less, heap_store, mark_store);
375  heap_store.show();

376

377 std::cout << push 7,

378  push(r, heap_store, mark_store);

379  assert(heap_store.is_valid(mark_store));



20

380 std::cout << “validated\n”;
381 }

383 template <typename T>

384 void iteration_test() {

385 typedef std::allocator<T> A;

386  typedef std::less<T> C;

387  typedef cphstl::weak_heap_node<T, A> E;

388  typedef cphstl::heap_proxy<E> P;

389 typedef cphstl::proxy_list_heap_store<C, A, E, P> H;
390  typedef cphstl::blank_mark_store<C, A, E> M;

392 A allocator;

393 C less;

394 T a[] = {8, 10, 12, 1, 6, 5, 3, 7};
395 unsigned int k = sizeof(a) / sizeof(T);
396 H heap_store(less, allocator);

397 M mark_store(less, allocator);

3908  for (unsigned int j = 0; j < k; ++j) {

399 Ex r = new E(a[j], allocator);
400 push(r, heap_store, mark_store);
401

402

403 T sum = T(0);

404 for (P constx h = heap_store.begin(); h != 0; h = (xh).successor()) {
405 for (E constx p = (*h).root(); p != 0; p = (*p).successor()) {

406 sum += (xp).element();

409  assert(sum = std::accumulate(&a[0], &a[k], T(0)));
410 }

412 int main(int, charsx) {

413  proxy_list_heap_store_test<int>();
414  iteration_test<int>();

415 return O;

416 }

417

418 Hendif

419 #Hendif

8. Mark stores

8.1 Priority-queue-frameworks/Code/blank-mark-store.h++

J*
A blank mark store; a mark must be removed before any new marks are
introduced.

Author: Jyrki Katajainen © 2009
*/

8 #Hifndef __CPHSTL_BLANK_MARK_STORE__
9 #define __CPHSTL_BLANK_MARK_STORE__
10

11 #include <algorithm> // std::swap
12 #include “assert.h”

13 #Hinclude “comparator -proxy.htH"

14 #include <cstddef> // std::size_t
15 #include <iostream>

16

17 namespace cphstl {

18

19 template <typename C, typename A, typename E>

N O U R W N =



20  class blank_mark_store {

21 public:

22

23 typedef C comparator_type;

24 typedef A allocator_type;

25 typedef E encapsulator_type;

26 typedef std::size_t size_type;

27

28  protected:

29

30 comparator_proxy<C> comparator;

31 Ex single_mark;

32

33  private:

34

35 blank_mark_store(blank_mark_store const&);
36 blank_mark_store& operator=(blank_mark_store const&);
37

38  public:

39

40 blank_mark_store(C const& ¢ = C(), A const& = A())
41 . comparator(c), single_mark(0) {
42

43

44 “blank_mark_store() {

45 }

46

47 size_type footprint(size_type) const {
48 return sizeof(blank_mark_store);

49 }

50

51 Ex find_top() const {

52 return single_mark;

53 }

54

55 bool is_marked(E constx p) const {

56 return single_mark = p;

57 }

58

59 void mark(E*x p) {

60 assert(single_mark = 0);

61 single_mark = p;

62 }

63

64 void unmark(Ex p) {

65 single_mark = (single_mark == p) ? 0 : single_mark;
66

67

68 template <typename H>

69 void reduce(H& heap_store) {

70 if (single_mark =— 0) {

71 return;

72 }

73 Ex q = single_mark;

74 Ex p = (*q).distinguished_ancestor();
75 while (p !'= 0) {

76 if (comparator((xp).element(), (*q).element())) {
T

78 #ifdef FIRST_VERSION

79

80 (*q) .swap_nodes(p);

81

82 Helse

83

84 q = (*q) .promote(p);
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#Hendif

p = (*q).distinguished_ancestor();

else {
break;

}

%f ((xq).is_root()) {
heap_store.replace(q);

single_mark = O;

template <typename H>
void meld(blank_mark_store& another_mark_store, H& heap_store) {
if (another_mark_store.single_mark != 0) {
another_mark_store.reduce(heap_store);
}

void swap(blank_mark_store& another_mark_store) {
// Precondition: The comparators are compatible and not swapped.
std::swap(single_mark, another_mark_store.single_mark);

void cleaning_transformation(Ex) {

}

Ex sibling_transformation(Ex) {
return 0;
}

#ifdef DEBUG

bool is_valid() {
return true;

#Hendif

8.2 Priority-queue-frameworks/Code/lazy-mark-store.h++

A lazy mark store

Author: Jyrki Katajainen © 2009, 2010

7 #ifndef __CPHSTL_LAZY_MARK_STORE__
8 #define __CPHSTL_LAZY_MARK_STORE__

9

10 #include <algorithm> // std::max, std::swap
11 #include “assert.hH”

12 #Hinclude "bit-store.htH”

13 #include <cstddef> // std::size_t

14 #include <cmath> // ilogb

15 #include <iostream>

16 #include <vector>
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extern int ilogb(double) throw();
namespace cphstl {
template <typename C, typename A, typename E>
class lazy_mark_store {
public:
typedef C comparator_type;
typedef A allocator_type;
typedef E encapsulator_type;
typedef typename E::mark_type mark_type;
typedef typename E::height_type height_type;
typedef typename E::index_type index_type;
typedef unsigned long word_type;
typedef std::size_t size_type;
protected:

C comparator;

bit_store<word_type> runs;
bit_store<word_type> teams,

#ifndef RANK

std::vector<Ex, A> nodes;
std::vector<bit_store<word_type>, A> singles;

Hendif
private:

lazy_mark_store(lazy_mark_store const&);
lazy_mark_store& operator—(lazy_mark_store const&);

public:

lazy_mark_store(C const& ¢ = C(), A const& a = A())
comparator(c), runs(), teams()

#ifndef RANK

, nodes(a)
, singles(a)

“lazy_mark_store() {

size_type footprint(size_type n) const {
return (ilogb(n) + 1) % 6 * (sizeof(Ex) + 2 * sizeof(word_type)) +
2 x sizeof(word_type);
}
Ex find_top() const {

#ifndef RANK

if (nodes.size() =— 0) {
return O;
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}

Ex top = nodes[0];

for (index_type i = 1; i < index_type(nodes.size()); ++i) {
if (comparator((*top).element(), (*nodes[i]).element())) {

top = nodes[i];

}

return top;

#Hendif

}

bool is_marked(E constx p) const {
return (xp).type() != E::unmarked;

void mark(Ex q) {
// std::cout << 7 mark called 7 << q << std::endl;

assert(q != 0);
if (is_marked(q) || (*q).is_root()) {
return;
}
Ex p = (*q).parent();
Ex r = (*xq).left();
word_type row = 0;
if (q= (+p).1eft() {
switch ((*p).type()) {
case E!!unmarked:
row = 1;
break;
case E::member:
row = 2;
break;
case E:!!singleton:
row = 3;
break;
default:
assert(false);

}

word_type column = 0;
if (r1=0) {
switch ((xr).type()) {
case E!!unmarked:
column = 1;
break;
case E:!!leader:
column = 2;
break;
case E:.singleton:
column = 3;
break;
default:
assert(false);

}
}

// std::cout << 7-- mark case 7 << rowxit-column << std

switch (row * 4 + column) {
case 0O:

mark_action_1(p, q, r);
break;
case 1:

mark_action_1(p, q, r);

srendl;
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break;

case 2:
mark_action_2(p, q, r);
break;

case 3:
mark_action_2(p, q, r);
break;

case 4:
mark_action_1(p, q, r);
break;

case 5:
mark_action_1(p, q, r);
break;

case 6:
mark_action_2(p, q, r);
break;

case 7:
mark_action_2(p, q, r);
break;

case 8:
mark_action_3(p, q, r);
break;

case 9:
mark_action_3(p, q, r);
break;

case 10:
mark_action_4(p, q, r);
break;

case 11:
mark_action_4(p, q, r);
break;

case 12:
mark_action_5(p, q, r);
break;

case 13:
mark_action_5(p, q, r);
break;

case 14:
mark_action_6(p, q, r);
break;

case 15:
mark_action_6(p, q, r);
break;

default:
assert(false);

void unmark(Ex q) {

// std::cout << 7 unmark called 7 << q << std::endl;
assert(q != 0);
Ex p = (*q).parent();
Ex r = (xq).left();
Ex s;
switch ((*q).type()) {
case E:!unmarked:

return;
case E:!:member:

if (r =0 || (*r).type() =— E::unmarked) {

if ((*p).type() = E::member) {
std ::cout << 7-- unmark action 7 << 1<< std::endl;
unmark_action_1(p, q, r);

else {
//  std::cout << 7-- unmark action 7 << 2 << std::endl;
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212 unmark_action_2(p, q, r);

213 }

214

215 else {

216 assert((xr).type() = E::member);

217 Ex s = (xr).left();

218 word_type row = word_type((xp).type() = E::leader);
219 word_type column = O;

220 if (s 1= 0) {

221 if ((*s).type() = E::unmarked) {
222 column = 1;

223

224 else {

225 assert((*s).type() = E::member);
226 column = 2;

227 }

228

229 //  std::cout << 7-- unmark case ” << rowk3#column << std::endl;
230 switch (row * 3 + column) {

231 case 0:

232 unmark_action_3(p, q, r);

233 break;

234 case 1:

235 unmark_action_3(p, q, r);

236 break;

237 case 2:

238 unmark_action_4(p, q, r);

239 break;

240 case 3:

241 unmark_action_5(p, q, T);

242 break;

243 case 4:

244 unmark_action_5(p, q, r);

245 break;

246 case 5:

247 unmark_action_6(p, q, r);

248 break;

249 default:

250 assert(false);

251

252 }

253 break;

254 case E:!leader:

255 s = (xr).left();

256 if (s=0) {

257 //  std::cout << 7-- unmark action 7 << 7<< std::endl;
258 unmark_action_7(p, q, I);

259

260 else {

261 if ((*s).type() = E::unmarked) {

262 // std::cout << 7-- unmark action 7 << 7 << std::endl;
263 unmark_action_7(p, q, r);

264

265 else {

266 // std::cout << 7-- unmark action 7 << 8 << std::endl;
267 assert((xs).type() = E::member);
268 unmark_action_8(p, q, r);

269 }

270 }

271 break;

272 case E::singleton:

273 // std::cout << 7-- unmark action 7 << 9 << std::endl;
274 unmark_action_9(p, q, r);

275 break;

276 default:



277 assert(false);

278 }

279 // std::cout << "end unmark 7 << std::endl;
280

281

282 template <typename H>

283 void reduce(H& heap_store) {

284

285 Hifndef RANK

286 // std::cout << 7 base reduce called << std::endl;
287 assert(is_valid());

288 if (teams.size() != 0) {

289 height_type h = teams.choose();

290 index_type i = singles[h].choose();
291 Ex p = nodes[i];

292 assert((xp).type() = E::singleton);
293 singles[h].unset(i);

294 index_type j = singles[h].choose();
295 singles[h].set(i);

296 Ex q = nodes[j];

297 assert((xq).type() =— E::singleton);
298 singleton_transformation(p, q, heap_store);
299 return;

300 }

301 if (runs.size() != 0) {

302 index_type i = runs.choose();

303 Ex r = nodes[i];

304 assert((xr).type() = E::leader);
305 run_transformation(r, heap_store);
306 }

307

308 #endif

309 }

310

311 template <typename H>

312 void meld(lazy_mark_store& other, H& heap_store) {
313

314 #ifndef RANK

315

316 index_type k = other.nodes.size();

317 for (index_type i = 0; i != k; ++i) {
318 Ex p = other.nodes[i];

319 other.remove_mark(p);

320 other.remove_node(p);

321 insert_node(p);

322 insert_mark(p);

323 reduce(heap_store);

324

325 other.nodes.resize(0);

326 other.singles.resize(0);

327

328 #Hendif

329 }

330

331 void swap(lazy_mark_store& other) {

332

333 #ifndef RANK

334

335 // Precondition: The comparators are compatible.
336 std::swap(nodes, other.nodes);

337 std::swap(runs, other.runs);

338 std::swap(singles, other.singles);

339 std::swap(teams, other.teams);

340

341 #Hendif
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}

#Hifdef

DEBUG

bool is_valid() const {

bool valid = true;
for (index_type i = 0; i < index_type(nodes.size()); ++i) {
E constx p = nodes[i];
valid &= (xp).index() =— i;
valid & is_marked(p);
if (! valid) {
std::cout << "error: nodes\n”;
}
}

bit_store<word_type> temp = runs,
for (height_type h = 0; h < height_type(temp.size()); ++h) {
index_type i = temp.choose();
temp.unset(i);
E constx p = nodes[i];
valid &= (*p).type() = E::leader;
if (! valid) {
std::cout << "error: runs\n”;
}
}
temp = teams,
for (height_type j = 0; j < height_type(temp.size()); ++j) {
height_type h = temp.choose();
temp.unset (h);
valid &= singles[h].size() > 1;
if (! valid) {
std::cout << "error: teams\n”;

}

for (height_type h = 0; h < height_type(singles.size()); ++h) {
temp = singles[h];
for (index_type i = 0; i < index_type(temp.size()); ++i) {
index_type j = temp.choose();
temp.unset(j);
E constx p = nodes[j];
valid & (*p).type() = E::singleton;
if (! valid) {
std::cout << "error: singles (” << (xp).element() << ”)\n”;

}
}
}
return valid;
}
Hendif
protected:
virtual void insert_node(Ex q) {

397 #ifndef RANK // avoids index manip

398

399
400

#endif

// std::cout << "inserting base 7 << 7/” << (xq).height() + 1<< std::
endl;
nodes.push_back(q);
size_type max = std::max(singles.size(), size_type((*q).height() + 1));
singles.resize(max, bit_store<word_type>());
(*q) .index() = nodes.size() - 1;
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virtual void insert_mark(Ex q) {

#ifndef RANK // avoids index manip

// Precondition: (xq).type() must have the new value
switch ((*q).type()) {
case E:!!leader:
runs.set((*q).index());
break;
case E!:singleton:
singles[(*q) .height()].set((xq).index());
if (singles[(*q).height()].size() > 1) {
teams.set((*q) .height());
}
break;
default:
; }
#Hendif
}
virtual void remove_mark(Ex r) {

#ifndef RANK
// Precondition: (xr).type() must have the old value

switch ((*r).type()) {
case E!:leader:

runs.unset((*r).index());
break;
case E::singleton:
singles[(*r) .height()].unset((*r).index());
if (singles[(*r).height()].size() < 2) {
teams.unset((*r).height());

break;
default:

}
#Hendif

}

virtual void remove_node(Ex x) {

#Hifndef RANK

Ex y = nodes.back();
remove_mark(y);
nodes.pop_back() ;
if (x 1= ) {
index_type i = (*x).index();
nodes[i] = y;
(*y) .index() = i;
insert_mark(y);
assert(is_valid());
Hendif
}
void mark_action_1(Ex, Ex q, Ex) {
(xq).type() = E::singleton;
insert_node(q);
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insert_mark(q);

}

void mark_action_2(E*, Ex q, Ex r) {
(*q) .type() = E::leader;
insert_node(q);
insert_mark(q);
remove_mark(r);
(*xr).type() = E::member;

}

void mark_action_3(E*, Ex q, Ex) {
(*q) .type() = E::member;
insert_node(q);

}

void mark_action_4(E*, Ex q, Ex r) {
(*q) .type() = E::member;
insert_node(q);
remove_mark(r);
(xr).type() = E::member;

void mark_action_5(E*x p, Ex q, Ex) {
remove_mark(p);
(*p) .type() = E::leader;
insert_mark(p);
(*q) .type() = E::member;
insert_node(q);

}

void mark_action_6(Ex p, Ex q, Ex r) {
remove_mark(p);
(xp) .type() = E::leader;
insert_mark(p);
(xq) .type() = E::member;
insert_node(q);
remove_mark(r);
(*xr).type() = E::member;

}

void unmark_action_1(E*, Ex q, Ex) {
remove_node(q);
(*q) .type() = E::unmarked;

void unmark_action_2(Ex p, Ex q, Ex) {
remove_mark(p);
(xp) .type() = E::singleton;
insert_mark(p);
remove_node(q);
(*q) .type() = E::unmarked;

}

void unmark_action_3(Ex, Ex q, Ex r) {
remove_node(q);
(*q) .type() = E::unmarked;
(xr).type() = E::singleton;
insert_mark(r);

}

void unmark_action_4(Ex, Ex q, Ex r) {
remove_node(q);
(xq) .type() = E::unmarked;
(*xr).type() = E::leader;
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insert_mark(r);

}

void unmark_action_5(E* p, Ex q, Ex r) {

remove_mark(p);

(*p) .type() = E::singleton;
insert_mark(p);

remove_node(q);

(*q) .type() = E::unmarked;

(xr).type() = E::singleton;
insert_mark(r);

}

void unmark_action_6(E* p, Ex q, Ex r) {
remove_mark(p) ;
(*p) .type() = E::singleton;
insert_mark(p);
remove_node(q);
(xq) .type() = E::unmarked;
(*r) .type() = E::leader;
insert_mark(r);

}

void unmark_action_7(Ex, Ex q, Ex r) {
remove_mark(q);
remove_node(q);
(*q) .type() = E::unmarked;
(*r).type() = E::singleton;
insert_mark(r);

}

void unmark_action_8(Ex, Ex q, Ex r) {
remove_mark(q);
remove_node(q);
(*q) .type() = E::unmarked;
(xr).type() = E::leader;
insert_mark(r);
assert(is_valid());

}

void unmark_action_9(Ex, Ex q, Ex) {
remove_mark(q);
remove_node(q) ;
(*q) .type() = E::unmarked;

template <typename H>
void cleanparent_transformation(Ex q, H& heap_store) {

// std::cout << 7 cleanparent trans 7 << q << std::endl;
assert(is_marked(q));
Ex p = (*q).parent();
assert((xp).type() = E::unmarked);
assert((xp).left() =— q);
Ex r = (*p).right();
assert((xr).type() = E::unmarked);
unmark(q) ;
(+p) .left() =r;
(xp) .right() = q;
Ex a = (xq).left();
Ex ¢ = (xr).left();
(+q) .lett() = c;
(xr).left() = a;
if (a!=0) {
(xa).parent() = r;
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if (¢ = 0) {
(*c).parent() = q;

// mark(q) ;

// p = (%q).parent();
assert((xp).right() = q);
assert(is_valid());

if (is_marked(p)) {
unmark(p);
/) unmark(q);
typename E::hole_type hole_at_p = (*p).splice_out();
q = (*p) .split(comparator);
Ex r = (xp).basic_join(q, comparator);
(*r).splice_in(hole_at_p, heap_store);
mark(r);

else {
/) unmank(a);
typename E::hole_type hole_at_p = (*p).splice_out();
(void) (*p).split(comparator);
Ex r = (xp).basic_join(q, comparator);
(*r).splice_in(hole_at_p, heap_store);
if (9q=r) {
mark(r);

assert(is_valid());

}
public:
/*
p p
\ /N

[a] T > r [q]
/N /N /N /N
a bec d a dc b

*/

void cleaning_transformation(Ex q) {
assert(is_marked(q));
Ex p = (*xq).parent();
assert (! is_marked(p));
assert((xp).left() = q);
Ex r = (*p).right();
assert (! is_marked(r));
unmark(q);
(xp).left() = r;
(*p) .right() = q;
Ex a = (xq).left();
Ex ¢ = (xr).left();
(xq) .left() = c;
(xr).left() = a;

if (a!=0) {
(xa).parent() = r;
if (¢ !1=0) {

(xc).parent() = q;

mark(q) ;
assert(is_valid());
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*/
Ex sibling_transformation(Ex q) {

as
Ex
as
as
as
Ex
as
Ex
Ex

sert(q = 0);

p = (+q) .parent();
sert (! is_marked(p));
sert((xp).left() = q);
sert(is_marked(q));

r = (xp).right();
sert(is_marked(r));

a = (xq).left();

b = (xq).right();

Ex ¢ = (xr).left();
Ex d = (xr).right();
Ex g = (*p) _parent();
unmark(q) ;

unmark(r);
if (comparator((xq).element(), (*r).element())) {

}

(*
(*
(*
if

el

(*
(*
(*
(*

(*p) .height() = 1;

(*r).height () += 1;

(*r) .parent() = g;

if ((xg).right() =p) {
(*xg) .right() = r;

else {
(xg).left() = r;

(xr).left() = p;
(xr).right() = q;
(*p) .parent() = r;
(xq) .parent() = r;
(xp) .left() = a;
(*p) .right() = c;
(*q).left() = b;
(*q).right() = d;
if (a!= 0) {
(*a) .parent () ;
(*c) .parent () ;
(*b) .parent () ;
(*d) .parent () ;
mark(r);
assert(is_valid());
return r;

p).height() = 1;
q) .height() += 1;
q) .parent() = g;
((xg) .right() =p) {
(xg) .right() = q;

se {
(xg).left () = q;

q).left() = p;
q).right() =r;
p).parent() = q;
r).parent() = q;

[r]
/N

p q
/N /N
a c¢cd b
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(xp) .left() = a;
(+p) right ) = c;
(xr).left() = b;
(*r).right() = d;
if (a!=0) {
(*a) .parent (
(*c) .parent(
(*b) .parent (
(*d) .parent (

N

=P
=r
mark(q);

assert(is_valid());
return q;

}

protected:

/*
(p) (n) [q]
/ /N /N

template <typename H>
void parent_transformation(Ex q, H& heap_store) {
// std::cout << 7 parent trans 7 << q¢ << std::endl;
assert(is_marked(q));
Ex p = (*q).parent();
assert((xp).right() = q);
assert(is_valid());
if (is_marked(p)) {
unmark(p) ;
unmark(q);
typename E::hole_type hole_at_p = (*p).splice_out();
q = (*p) .split(comparator);
E+x r = (*p).basic_join(q, comparator);
(*r).splice_in(hole_at_p, heap_store);
mark(r);

else {
unmark(q);
typename E::hole_type hole_at_p = (*p).splice_out();
(void) (*p).split(comparator);
Ex r = (xp).basic_join(q, comparator);
(*r).splice_in(hole_at_p, heap_store);

if (q=r) {
mark(r);
}

}

assert(is_valid());
}
/*

P T P r [a] [s]
\ \ \ \ \ \
[Q] ) [S/ > T or p s s or q
/\ /\ /\ /\ /\ /\
a b c d a ¢ ¢ a b d d b

*/

template <typename H>
void pair_transformation(Ex q, Ex s, H& heap_store) {

// std::cout << 7 pair trans V<< ¢<< 7,7 << s << std::

endl;
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assert(q != s);
assert((xq).height() = (*s).height());
assert (! (xq).is_root() & ! (xs).is_root());
Ex p = (*q).parent();
assert(q == (*p) .right());
unmark(q) ;
Ex r = (*s).parent();
assert(s = (xr).right());
unmark(s);
typename E::hole_type hole_at_p = (*p).splice_out();
typename E::hole_type hole_at_r = (*r).splice_out();
(void) (*p).split(comparator);
(void) (*r).split(comparator);
Ex t = (*p).basic_join(r, comparator);
Ex u = (*q).basic_join(s, comparator);
if (p=1) {
(xt).splice_in(hole_at_p, heap_store);
(*u) .splice_in(hole_at_r, heap_store);

else {
(xt).splice_in(hole_at_r, heap_store);
(*u) .splice_in(hole_at_p, heap_store);

mark(u);
assert(is_valid());

}

template <typename H>
void singleton_transformation(Ex q, Ex s, H& heap_store) {
// std::cout << 7 singleton trans 7 << ¢ << 7,7 << s << std
assert(is_marked(q));
assert(is_marked(s));
Ex p = (xq).parent();
if ((xp).right() = q) {
if (is_marked(p)) {
parent_transformation(q, heap_store);
return;

}

if (! (xp).is_root() &% is_marked((xp).left())) {
sibling_transformation((xp).left());
return;

}

else {
if (is_marked((*p).right())) {

if (is_marked(p)) {
parent_transformation((xp).right(), heap_store);
return;

}

sibling_transformation(q);

return;

}

cleaning_transformation(q);
}
Ex r = (xs).parent();
if ((xr).right() =) {
if (is_marked(r)) {
parent_transformation(s, heap_store);
return;

}

if (! (xr).is_root() &% is_marked((xr).left())) {
sibling_transformation((xr).left());
return;

}

srendl;
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}

else {
if (is_marked((xr).right())) {

if (is_marked(r)) {
parent_transformation((xr).right(), heap_store);
return;

}

sibling_transformation(s);

return,

}

cleaning_transformation(s);

}

pair_transformation(q, s, heap_store);
assert(is_valid());

template <typename H>
void run_transformation(Ex q, H& heap_store) {

#Hifdef

#Hendif

assert((xq).type() = E::leader);

Ex r = (xq).left();

assert((xr).type() = E::member);

Ex p = (*q).parent();

if ((xp).right() = q) {

if (is_marked(p)) {

// std::cout << 7 only parent” << std::endl;
parent_transformation(q, heap_store);
return;

// std::cout << 7 first parent” << std::endl;
parent_transformation(q, heap_store);
if (! is_marked(q)) {

return;

if (is_marked((xp).left())) {
sibling_transformation((xp).left());
return;

// std::cout << 7 second parent” << std::endl;
parent_transformation(r, heap_store);
if (! is_marked(r)) {

return;

// std::cout << 7 third parent” << std::endl;
parent_transformation(r, heap_store);

else {
if (is_marked((xp).right())) {
sibling_transformation(q);
return;

// std::cout << 7 1st cleaning ” << std::endl;
cleaning_transformation(q);

RANK
if (teams.size()>0) {

//  std::cout << 7 ## special case 7 << std::endl;
return;

assert((xr).parent() = (xp).left());

if (is_marked((xr).parent() => right())) {
sibling_transformation(r);
return;

/// std::cout << 7 2nd cleaning ” << std::endl;



67

926 cleanparent_transformation(r, heap_store);
927 // cleaning_transformation(r);

928 // std::cout << 7 1st parent 7 << std::endl;
929 // parent_transformation(r, heap_store);
930 if (! is_marked(r)) {

931 return;

932

933 // std::cout << 7 second sibling” << std::endl;
934 sibling_transformation(r);

935 }

936 assert(is_valid());

937 }

938

939 s

940 }

941

942 #if defined(UNITTEST_LAZY_MARK_STORE)
943 #include “proxy-list-heap-store.hH”
944 #include "fat-weak-heap-node.hH”

945 #include <functional>

946 #Hinclude <memory>

947 #include “heap-proxy.htH"

948 #include "multiple-heap-framework.ht”
949

950 template <typename V, typename E, typename A>
951 Ex create(V const& v, A& allocator) {
952  E+ p = allocator.allocate(l);

953 new (p) E(v, allocator);

954 return p;

955 }

957 template <typename V, typename E, typename A>
958 void destroy(Ex p, A& allocator) {

959 p->"E();

960 allocator.deallocate(p, 1);

961 }

962

963 template <typename V, typename C, typename A, typename E,
964 typename H, typename M>

965 void test_mark_store() {

966 typedef cphstl::multiple_heap_framework<V, C, A, E, H, M> Q;

967 Q queue;

968

969  typedef typename A::template rebind<E>:other node_allocator_type;
970 node_allocator_type node_allocator,

971 Ex p = create<V, E, node_allocator_type>(V(2), node_allocator);

972  Ex q = create<V, E, node_allocator_type>(V(4), node_allocator);

973  Ex r = create<V, E, node_allocator_type>(V(1l), node_allocator);

974  Ex s = create<V, E, node_allocator_type>(V(7), node_allocator);

975 Ex t = create<V, E, node_allocator_type>(V(11l), node_allocator);
976  Ex u = create<V, E, node_allocator_type>(V(3), node_allocator);

977  Ex v = create<V, E, node_allocator_type>(V(5), node_allocator);

978  Ex w = create<V, E, node_allocator_type>(V(8), node_allocator);

979  Ex x = create<V, E, node_allocator_type>(V(9), node_allocator);

980 Ex y = create<V, E, node_allocator_type>(V(6), node_allocator);

981 Ex z = create<V, E, node_allocator_type>(V(10), node_allocator);
982

983  queue.insert(p);
984  queue.insert(q);
985  queue.insert(r);
986  queue.insert(s);
987  queue.insert(t);
988  queue.insert(u);
989  queue.insert(v);
990  queue.insert(w);
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queue.insert(x);

queue. insert(y);
queue.insert(z);
assert(queue.size() =— 11);
assert(queue.top() = t);

H heap_store;
M mark_store;

heap_store.inject(t, 3, mark_store);
heap_store.inject(x, 1, mark_store);
heap_store.inject(z, 0, mark_store);

assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());

mark_store.mark(u);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.mark(v);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.mark(w);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.mark(r);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.mark(s);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.mark(q);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.mark(p);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.mark(t);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.mark(x);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.mark(y);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.mark(z);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());

for (int i = 0; i != 11; ++i) {
mark_store.reduce(heap_store);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());

}

mark_store.unmark(z);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.unmark(y);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.unmark(x);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
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mark_store.unmark(t);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.unmark(p);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.unmark(q);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.unmark(s);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.unmark(r);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.unmark(w);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.unmark(v);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());
mark_store.unmark(u);
assert(heap_store.is_valid(mark_store));
assert(mark_store.is_valid());

std::pair<Ex, std::size_t> small = heap_store.eject();
assert(small.first =— z);
assert(small.second = 0);

std::pair<Ex, std::size_t> medium = heap_store.eject();
assert(medium.first = x);
assert(medium.second =— 1);

std::pair<E#, std::size_t> big = heap_store.eject();
assert(big.first = t);
assert(big.second =— 3);

/% The above code destroyes owners.
queue. show() ;
while (queue.size() > 0) {

(void) queue. extract();

}
*/

destroy<V, E, node_allocator_type>(p, node_allocator);
destroy<V, E, node_allocator_type>(q, node_allocator);
destroy<V, E, node_allocator_type>(r, node_allocator);
destroy<V, E, node_allocator_type>(s, node_allocator);
destroy<V, E, node_allocator_type>(t, node_allocator);
destroy<V, E, node_allocator_type>(u, node_allocator);
destroy<V, E, node_allocator_type>(v, node_allocator);
destroy<V, E, node_allocator_type>(w, node_allocator);
destroy<V, E, node_allocator_type>(x, node_allocator);
destroy<V, E, node_allocator_type>(y, node_allocator);
destroy<V, E, node_allocator_type>(z, node_allocator);

}

int main(int, charxx) {
typedef int V;
typedef std::less<V> C;
typedef std::allocator<V> A;
typedef cphstl::fat_weak_heap_node<V, A> E;
typedef cphstl::proxy_list_heap_store<C, A, E> H;
typedef cphstl::lazy_mark_store<C, A, E> M;
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test_mark_store<V, C, A, E, H, M>();

}

#Hendif
#Hendif

8.3 Priority-queue-frameworks/Code/eager-mark-store.h++

/%

An eager mark store

Author: Stefan FEdelkamp © 2009
*/

#ifndef __CPHSTL_EAGER_MARK_STORE__
#define __CPHSTL_EAGER_MARK_STORE__

#Hinclude “assert.ht+”

#include “bit-store.hH”

#Hinclude “lazy-mark-store.ht+”
#Hinclude <cstddef> // std::size_t
#include <cmath> // ilogb
#include <iostream>

#include <vector>

extern int ilogb(double) throw();
namespace cphstl {

template <typename C, typename A, typename E>
class eager_mark_store: public lazy_mark_store<C,A,E> {
public:

typedef C comparator_type;

typedef A allocator_type;

typedef E encapsulator_type;

typedef typename E::mark_type mark_type;
typedef typename E::height_type height_type;
typedef typename E::index_type index_type;
typedef unsigned long word_type;

typedef std::size_t size_type;

typedef eager_mark_store<C, A, E> M;
typedef lazy_mark_store<C, A, E> B;

struct entry {
encapsulator_typex position[3];

word_type matesize,

protected:
std:..vector<entry*x> entries;
B const* const up_cast(M const+ const d) const {

return static_cast<B const* const>(d);
}

Bx const up_cast(M+ const d) const {
return static_cast<B* const>(d);
¥

private:

eager_mark_store(eager_mark_store const&);
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eager_mark_store& operator=(eager_mark_store const&);
public:

eager_mark_store(C const& ¢ = C(), A const& a = A())
lazy_mark_store<C,A,E>(c,a) {
}

“eager_mark_store() {

}

#ifdef DEBUG

bool is_valid() {
return true,

}

void print() {
for(height_type h = 0; h < entries.size(); ) {

entryx el = entries[h];

std:icout << 7 (" << h << )7
<< el->matesize
<[

std::cout << el->position[0] << ”/”;

if (el->position[0])

std::cout << el->position[0] >type();

std:icout << 7,7,

std::cout << el->position[l] << "/”;
if (el->position[1l])

std::cout << el->position[1l] >type();
std::cout << 7,”;

std::cout << el->position[2] << 7/7;
if (el->position[2])
std::cout << el->position[2] >type();

FLET]

std:icout << 7,7;

}
std::cout << teams << this->teams;
std::cout << ” runs 7 << this->runs;

std::cout << "\n”;
}

Hendif

size_type footprint(size_type n) const {
return
(ilogb(n) + 1) * (4 * sizeof(Ex) +
2 % sizeof(word_type)) +
2 x sizeof(word_type) +
2 x sizeof(word_type);

}

Ex find_top() const {
if (this>runs || this->teams) {
Ex top = 0;
for(height_type h = 0; h < entries.size(); hH) {
entryx e = entries[h];
if (top =0) {
if (e->matesize > 1)
top = e->position[1];

else {
if (e >matesize =— 2 &%
comparator (top->element(), e->position[1l]->element()))
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top = e->position[1l];

}

return top;

else {
return O;
}
}

template <typename H>
void reduce(H& heap_store) {
// std::cout << 7 reduce called X< std::endl;
7 print();
assert(is_valid());
while (this->runs.size() || this->teams.size()) {
if (this->teams.size()) {
// std::cout << 7 case teams << std::endl;
word_type m = this->teams.choose();
// std::cout << 7 height 7 << m<< std::endl;
Ex p = entries[m] >position[1];
assert((xp).type() = E::singleton);
Ex q = entries[m] >position[2];
assert((xq).type() = E::singleton);

// std::cout << 7 before single transform << std::endl;
singleton_transformation(p, q, heap_store);
// std::cout << 7 after single transform << std::endl;

else { // (this>runs) {
// std::cout << 7 case Tuns K< std::endl;
word_type m = this->runs.choose();
Ex r = entries[m] ->position[0];
// entries [m] >position [0] >type() = E::leader ?
// entries fm| >position[0] : entries[m]>position[1] ;
assert((xr).type() = E::leader);
// std::cout << 7 before run transform << std::endl;
run_transformation(r, heap_store);
// std::cout << 7 after run transform << std::endl;

// std::cout << 7 end reduce << std::endl;
// print();

#ifndef NDEBUG

for (height_type h = 0; h < entries.size(); ) {
entryx el = entries[h];

if (el->position[0]) exit(1);
if (el->position[l] &% el->position[2]) exit(1l);

}
#endif
}

template <typename H>
void meld(eager_mark_store& other, H& heap_store) {

for (height_type h = 0; h < other.entries.size(); ht+) {
entry* el = entries[h];

entryx e2 = other.entries[h];

assert(el >matesize < 4 &% e2->matesize < 4);
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if (e2->matesize =— 2) {
Ex p = e2->position[1];
other.remove_mark(p);
other.remove_node(p);
insert_node(p);
insert_mark(p);
reduce(heap_store);

}
}

other.entries.resize(0); // “remove” all elements

}

void swap(eager_mark_store& other) {
// Precondition: The comparators are compatible.
std::swap(entries, other.entries);
std::swap(this->runs, other.runs);
// std::swap(singles, other.singles);
std::swap(this->teams, other.teams);

protected:

void insert_node(Ex q) {
// entries.push_back(q);
// std::cout << 7inserting node 7 << q << 7: 7 << entries.size() << 7/7 << (xq
). height() + 1 << std::endl;

if (height_type((*q).height() + 1) > entries.size()) {
height_type max = std::max(entries.size(), size_type((xq).height() + 1));
// // std::cout << "expanding from depth 7 << entries.size() << ” to depth ”
<< mar << std::endl;
height_type i=entries.size();
for (; i < max; i+) {
entryx e = new entry;
e->position[0] = e->position[l] = e->position[2] = O;
e->matesize = 1;
entries.push_back(e) ;
}
}

height_type nheight = q->height();
entryx e = entries[nheight];

switch ((*q).type()) {

case E!!member:
// std::cout << "newly insert member 7 << q << std::endl;
e->position[0] = q;
break;

case E:!!leader:
// std::cout << "node leader newly inserted ” << std::endl;

if (nheight) {

entryx el = entries[nheight-1];

if (el->position[0] == q->left())
break;

if (q=>left() ->type() = E::singleton) {
// std::cout << 7left 7 << g>left() << 7 is singleton ” << std::endl;
if (el ->position[l] == q->left())

el->position[l] = el->position[2];

el->position[2] = 0;
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251 el ->matesize--;

252 this >teams.unset(nheight-1);

253

254 el >position[0] = q->left();

255 q->left() >type() = E::member;

256 }

257 }

258 break;

259

260 default:

261 ;

262 }

263 }

264

265 void insert_mark(Ex q) {

266 // std::cout << 7insert mark 7 << ¢ << 7 type 7 << g>type() << std::endl;
267 // Precondition: (xq).type() must have the new value
268

269 height_type nheight = q->height();

270 entryx e = entries[nheight];

271 switch ((*q).type()) {

272

273 case E::leader:

274 // std::cout << insert leader 7 << q << std::endl;
275

276 e->position[0] = q;

277 this >runs.set(nheight);

278 break;

279

280 case E:.member:

281 // std::cout << ”error member marked 7 << std::endl;
282 exit(1);

283 break;

284

285 case E::singleton:

286 // std::cout << 7insert singleton 7 << q << std::endl;
287 e->position[0] = O;

288

289 #ifndef NDEBUG

290 if (e->matesize > 3) {

291 // std::cout << "error mate insert K< std::endl;
292 exit(1);

293

294 #endif

295

296 if (e->matesize > 1) // elect captain

297 this >teams.set(nheight);

298

299 e->position[e->matesizet+] = q;

300 break;

301

302 default:

303 ;

304 }

305 }

306

307 void remove_mark(Ex r) {

308 // Precondition: (xr).type() must have the old value
309 // std::cout << "removing mark 7 << r << std::endl;
310 height_type nheight = r->height();

311 entryx e = entries[nheight];

312

313 switch ((*r).type()) {

314 case E::leader:

315
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316 e->position[0] = 0;

317 this->runs.unset(nheight);

318 break;

319

320 case E!:singleton:

321

322 #ifndef NDEBUG

323 if (e->matesize =— 1) {

324 // std::cout << error mate remove K< std::endl;

325 exit(1);

326

327 #Hendif

328

329 if (e >matesize-- > 1) {

330 this ->teams.unset(nheight);

331 }

332

333 if(e->position[l] =)

334 e->position[1l] = e->position[2];

335 e->position[2] = 0;

336

337 break;

338 default:

339 ;

340

341 r->type() = E::unmarked;

342

343

344 void remove_node(Ex x) {

345 // std::cout << "removing node 7 << x << 7: 7 << entries.size() << /7 << (xx
). height() + 1 << std::endl;

346

347 height_type nheight = x->height();

348 entry* e = entries[nheight];

349

350 switch ((*x).type()) {

351 case E:!.member:

352 e->position[0] = 0;

353 break;

354

355 default:

356 ;

357 }

358

359 // std::cout << 7 end of remove node ” << std::endl;

360

361 Ve

362 height_type mar =

363 std::maz(entries. size(), height_type((xz).height() + 1));

364 if (max = entries.size()) {

365 entryx e = entries.back();

366 entries.pop-back();

367 delete e;

368

369 contract(); // not implemented in yirkis code

370 }

371 */

372 return,

373 assert(is_valid());

374 }

375 +

376 }

377

378 #Hendif
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9. Bit hacks

9.1 Priority-queue-frameworks/Code/bit-manipulation.h++

J*
Desc: Machine-dependant bit manipulation in terms of Intel
Hist: Imported from Vuwillemin’s priority queue
Warn: Cross-platform code
Authors: Asger Bruun, Jyrki Katajainen 2009, 2010

*/

#ifndef __CPHSTL_BIT_MANIPULATION__
#define __CPHSTL_BIT_MANIPULATION__

#Hinclude “assert.htH”
#include <climits> // CHARBIT
#Hinclude <cstddef>

namespace cphstl {

template<typename T>

std::size_t leading_zeros(T n) {

assert(n != 0);
T b(0);
while (n != 0) {
n>=1;
+b;

return sizeof(T) * CHAR_BIT - b;

}
template<typename T>

std::size_t trailing_zeros(T n) {
assert(n != 0);
T b(0);
while ((n & 1) = 0) {
n>= 1,
+b;
}

return b;

}

template<typename T>
std::size_t population_count(T n) {

assert(n != 0);

T b(0);

while (n != 0) {
b+=(n & 1);
n>= 1;

}

return b;

}
}

#ifdef _MSC_VER

#include <intrin.h> // _BitScanForward
#include <cstdlib>

namespace cphstl {

#if defined(_M_X86)
#Hpragma intrinsic(_bittest, _BitScanForward,_BitScanReverse,__popcnt)

bool bit_test(long const& n, long pos) {
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return bool(_bittest((long *) &, pos));

}

std::size_t leading_zeros(unsigned long n) {
assert(n != 0);

unsigned long index,

(void) _BitScanForward(&index, n);

return sizeof(std::size_t) % CHAR_BIT - index - 1;

H

std::size_t trailing_zeros(unsigned long n) {
assert(n != 0);
unsigned long index,
(void) _BitScanReverse(&index, n);
return index;

1
#elif defined(_M_X64)

#pragma intrinsic(_BitScanForward,_BitScanReverse,__popcnt)

bool bit_test(std::size_t const& n, std:.size_t pos) {
return bool(_bittest64((std::__int64 %) &, pos));

}
std::size_t leading_zeros(unsigned std::__int64 n) {
assert(n != 0);
unsigned long index;
(void) _BitScanForward(&index, n);
return sizeof(std::size_t) * CHAR_BIT - index - 1;
I
std::size_t trailing_zeros(unsigned std::__int64 n) {

assert(n != 0);

unsigned long index;

(void) _BitScanReverse64(&index, n);
return index;

h

std::size_t inline population_count(unsigned std::__int64 n) {
assert(n != 0);
return __popcnt64(n);
s
#Hendif

}

##elif defined(__GNUC__)

namespace cphstl {
// Ref: gcc.gnu.org/onlinedocs/gcc-4.4.0/gce/Other-Builtins. html#index -
g_t_005f-005fbuiltin_005fffs-2894

std::size_t leading_zeros(unsigned long long n) {
assert(n != 0);
return __builtin_clzll(n);

}

std::size_t trailing_zeros(unsigned long long n) {
assert(n != 0);
return __builtin_ctzll(n);

}

std::size_t population_count(unsigned long long n) {
return __builtin_popcountll(n);

"
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}

std::size_t leading_zeros(unsigned long n) {
assert(n != 0);
return __builtin_clzl(n);

}

std::size_t trailing_zeros(unsigned long n) {
assert(n !'= 0);

return __builtin_ctzl(n);
std::size_t population_count(unsigned long n) {

return __builtin_popcountl(n);

}

std::size_t leading_zeros(unsigned int n) {
assert(n !'= 0);
return __builtin_clz(n);

}

std::size_t trailing_zeros(unsigned int n) {
assert(n != 0);
return __builtin_ctz(n);

}

std::size_t population_count(unsigned int n) {
return __builtin_popcount(n);

}
}

Hendif
Hendif

9.2 Priority-queue-frameworks/Code/bit-store.h++

/%
A bit store keeps a sequence of bits in a single word. Requirement:
The length of the sequence should mot be larger than the size of a
word measured in bits.

Author: Jyrki Katajainen © 2009, 2010
*/

#ifndef __CPHSTL_BIT_STORE
#define __CPHSTL_BIT_STORE

#Hinclude “assert.htH+”

#include bit-manipulation.h”
#include <climits> // CHARBIT
#Hinclude <cstddef>

#Hinclude <iostream>

namespace cphstl {

template <typename W>

class bit_store;

template <>
class bit_store<unsigned long> {
public:

typedef bool value_type;
typedef unsigned long word_type;
typedef std::size_t size_type;
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emum {word_size = CHAR_BIT x* sizeof(word_type)};

explicit bit_store(word_type value = 0)
. word(value) {

}

operator word_type() const {
return word,;

}

size_type size() const {
return population_count(word);

}

size_type capacity() const {
return word_size;

s

template <typename I>
void set(I index) {
assert(word_type(index) < word_size);
word_type mask = word_type(l) << word_type(index);
word &= " mask;
word |= mask;

}

template <typename I>

void unset(I index) {
assert(word_type(index) < word_size);
word_type mask = word_type(l) << word_type(index);
word &= ~ mask;

}

template <typename I>

bool get(I index) const {
assert(index < word_size);
word_type v = word_type(l) << index;
v = word & v;
return (v > 0);

}

size_type least_significant_one() const {
assert(size() '= 0);
return trailing_zeros(word);

}

size_type most_significant_one() const {
assert(size() !'= 0);
return capacity() - leading_zeros(word) - 1;

}

size_type choose() const {
assert(size() !'= 0);
return most_significant_one();

}

protected:

word_type word,;

’

template <>
class bit_store<unsigned long long> {
public:
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typedef bool value_type;
typedef unsigned long long word_type;
typedef std::size_t size_type;

emum {word_size = CHAR_BIT # sizeof(word_type) };

explicit bit_store(word_type value = 0)
. word(value) {
}

operator word_type() const {
return word;
}

size_type size() const {
return population_count(word);
}

size_type capacity() const {
return word_size,

b

template <typename I>
void set(I index) {
assert(word_type(index) < word_size);
word_type mask = word_type(l) << word_type(index);
word &= 7 mask;
word |= mask;

}
template <typename I>

void unset(I index) {
assert(word_type(index) < word_size);
word_type mask = word_type(l) << word_type(index);
word &= 7 mask;

}

template <typename I>

bool get(I index) const {
assert(index < word_size);
word_type v = word_type(l) << index;
v = word & v;
return (v > 0);

}

int least_significant_one() const {
assert(size() !'= 0);
return trailing_zeros(word);

}

int most_significant_one() const {
assert(size() !'= 0);
return capacity() - leading_zeros(word) - 1;

}

int choose() const {
assert(size() !'= 0);
return most_significant_one();

}

protected:

word_type word;



160 }

161

162 #if defined(UNITTEST_BIT_STORE)
163 #include “assert.ht+”

164 #Hinclude <iostream>

165

166 template <typename T>

167 class unittest_bit_store {

168 public:

169

170 void operator() () {

171 cphstl::bit_store<T> word;

172 T n = word; // convertion operator
173 assert(n =— 0);

174 T capacity = word.capacity(); // capacity
175 assert(capacity = sizeof(T) * CHAR_BIT);
176 word.set(0);

177 word.set(0);

178 assert(word =— 1); // set

179 bool bit_zero = word.get(0);

180 assert(bit_zero =— 1); // get

181 bool bit_one = word.get(1);

182 assert(bit_one = 0);

183 bool bit_two = word.get(2);

184 assert(bit_two = 0);

185 word.set(1);

186 assert(word =— 3);

187 assert(word.size() = 2); // size
188 std::size_t i = word.choose();

189 assert(i =— 1);

190 word.set(1);

191 assert(word.size() = 2);

192 word.unset(1); // unset

193 word.unset(1); // unset

194 assert(word.size() =— 1);

195 i = word.choose();

196 assert(i = 0);

197}

198 };

199

200 int main(int, charsx) {
201 unittest_bit_store<unsigned long> s;

202 s();

203 unittest_bit_store<unsigned long long> t;
204 t();

205 return O;

206 }

207

208 #Hendif

209 #Hendif

10. Iterator

10.1 Iterator/Code/priority-queue-iterator.h++

Ve
An iterator to be used in our priority-queue framework. FEach
priority queue is a queue of perfect components. An iterator holds a
pointer to a node. To access the mext node, we call the successor
for the given node; if the node has no successor in its current
component, the first node (if any) in the following component is
returned.

© 0 N O U W N

Observe that for meldable structures only unidirectional iterators
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can be supported! Therefore, operator-- is not provided.

Author: Jyrki Katajainen © 2009
*/

#ifndef __CPHSTL_PRIRIOTY_QUEUE_ITERATOR__
#Hdefine __CPHSTL_PRIRIOTY_QUEUE_ITERATOR__
#Hinclude <cstddef> // std::ptrdiff-t

#include <iostream> // std::ostream

#Hinclude <iterator> // std::forward_iterator_tag

21 #include <string> // std::string

22

23 namespace {

24

25 // if statement for compile-time meta-programming

26

27  template <bool, typename T, typename U>

28 class if_then_else;

29

30 template <typename T, typename U>

31  class if_then_else<true, T, U> {

32 public:

33 typedef T type;

34 ;

35

36  template <typename T, typename U>

37 class if_then_else<false, T, U> {

38  public:

39 typedef U type;

40 ;

41 }

42

43 namespace cphstl {

44

45 template <typename V, typename C, typename A, typename F,

46 typename R, typename I, typename J>

47 class meldable_priority_queue;

48

49  template <typename E, typename R, bool is_const = false>

50 class priority_queue_iterator {

51 public:

52

53 // types

54

55 typedef std::forward_iterator_tag iterator_category;

56 typedef E encapsulator_type;

57 typedef R realizator_type;

58 typedef typename E::value_type value_type;

59 typedef std::ptrdiff_t difference_type;

60

61 typedef typename if_then_else<is_const, value_type const*, value_type*>:itype
pointer;

62 typedef typename if_then_else<is_const, value_type const&, value_type&>:type
reference;

63

64 typedef priority_queue_iterator<E, R, !is_const> complement;

65

66  private:

67

68 typedef typename if_then_else<is_const, E const*, Ex>:type node_pointer;

69

70  public:

71

72 // friends
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friend class priority_queue_iterator<E, R, !is_const>;

template <typename F, typename Q, bool both>
friend std::ostream& operator<<(std::ostream&, priority_queue_iterator<F, Q,

both> const&);

template <typename V, typename C, typename A, typename F, typename S,
typename I, typename J>

friend class cphstl::meldable_priority_queue;
// structors

priority_queue_iterator();
priority_queue_iterator(priority_queue_iterator<E, R, false> const&);
priority_queue_iterator& operator=(priority_queue_iterator const&);
“priority_queue_iterator();

// operators

reference operatork() const;

pointer operator->() const;

pointer operator->();
priority_queue_iterator& operator++();
priority_queue_iterator operatort+(int);
priority_queue_iterator& operator--();
priority_queue_iterator operator--(int);

template <bool both>
bool operator=——(priority_queue_iterator<E, R, both> const&) const;

template <bool both>
bool operator!=(priority_queue_iterator<E, R, both> const&) const;

private:
// converters to be used by the friends
priority_queue_iterator(node_pointer, Rsx);
operator node_pointer() const;
operator std::string() const;
node_pointer link,

1
}

#Hinclude “priority-queue-iterator.i+”
#Hendif

10.2 lterator/Code/priority-queue-iterator.i++

Ve

Implementation of cphstl::priority_queue_iterator

Author: Jyrki Katajainen © 2009, 2010
*/

#include “assert.m”
#Hinclude <sstream> // defines std::stringstream

namespace cphstl {
// default constructor

template <typename E, typename R, bool is_const>
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priority_queue_iterator<E, R, is_comst>::priority_queue_iterator()
1ink(0) {

// copy constructor

template <typename E, typename R, bool is_const>
priority_queue_iterator<E, R, is_const>:priority_queue_iterator(
priority_queue_iterator<E, R, false> const& a)
link(a.link) {

}

// assignment

template <typename E, typename R, bool is_const>
priority_queue_iterator<E, R, is_const>&
priority_queue_iterator<E, R, is_const>::operatorZ(priority_queue_iterator<E, R,
is_const> const& a) {
link = a.link;
return xthis;

}

// destructor

template <typename E, typename R, bool is_const>

priority_queue_iterator<E, R, is_const>:"priority_queue_iterator() {

// operators

template <typename E, typename R, bool is_const>

typename priority_queue_iterator<E, R, is_const>:ireference

priority_queue_iterator<E, R, is_const>>::operatorx() const {
return reference((*1link).element());

}

// operator>

template <typename E, typename R, bool is_const>

typename priority_queue_iterator<E, R, is_const>:pointer

priority_queue_iterator<E, R, is_const>>::operator->() const {
return pointer(&(*link).element());

// operator+; pre-increment

template <typename E, typename R, bool is_const>
priority_queue_iterator<E, R, is_const>&
priority_queue_iterator<E, R, is_const>::operator++() {
assert(link != 0);
node_pointer s = (*1link).successor();
if (s!=0) {
link = s;
return xthis;
}
node_pointer r = (x1link).root();
typedef typename R::heap_store_type H;
typedef typename H::heap_proxy_type P;
Px p = (Px) (*r).owner();

Px q = (*p).successor();
if (@=10) {
link = O;

return xthis;

link = (*q).root();
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return xthis;

}

// operator+; post-increment

template <typename E, typename R, bool is_const>
priority_queue_iterator<E, R, is_const>
priority_queue_iterator<E, R, is_const>:.operator++(int) {
priority_queue_iterator<E, R, is_const> temporary(xthis);
++(xthis);
return temporary,

}

// operator—

template <typename E, typename R, bool is_const>
template <bool both>
bool
priority_queue_iterator<E, R, is_const>:operator—=—(priority_queue_iterator<E, R,
both> const& a) const {
return link — a.link;

}

// operator!=

template <typename E, typename R, bool is_const>
template <bool both>
bool
priority_queue_iterator<E, R, is_const>:.operator!=(priority_queue_iterator<E, R,
both> const& a) const {
return link != a.link;

}

// parametrized constructor

template <typename E, typename R, bool both>

priority_queue_iterator<E, R, both>:priority_queue_iterator(node_pointer p, Rsx)
link(p) {

// conversion operators

template <typename E, typename R, bool is_const>
priority_queue_iterator<E, R, is_const>:.operator node_pointer() const {
return link,

}

template <typename E, typename R, bool is_const>
priority_queue_iterator<E, R, is_const>:.operator std::string() const {
std:..stringstream ss,;
std::string address;
ss << (int)(charx)((*this).link);
ss >> address;

if (is_const = false) {
return std::string(”iterator: node at ) + address;

else {
return std::string(”const_iterator: node at ") + address;

}

// pipe to an output stream

template <typename E, typename R, bool both>
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141  std::ostream&
142  operator<<(std::ostream& s, priority_queue_iterator<E, R, both> const& i) {

143 s << std::string(i);
144 return s,

145}

146

147 }

10.3 Iterator/Code/proxy-iterator.h++

1 /%

2 The proxy iterator stores a pointer to an encapsulator and a pointer
3 to a surrogate. The pointer to the encapsulator represents the

4 current position from where the value can be fetched. The surrogate
5 points to a kernel. The surrogate is used to advance the iterator,
6  where the access member function is called to get a pointer to the
7 desired encapsulator.

8

9 The idea of combining iterators and const iterators into the same
10 class is taken from [Matt Austern. Defining iterators and const

11 iterators. C/GH User’s Journal 19,1 (2001), 74-79].

12

13 Authors: Jyrki Katajainen, Bo Simonsen (© 2008, 2010

14 x/

15

16 ##ifndef __CPHSTL_PROXY_ITERATOR__

17 #define __CPHSTL_PROXY_ITERATOR__

18

19 #include <cstddef> // std::size_t and std::ptrdiff_t
20 #Anclude <iterator> // std::random_access_iterator_tag
21 #include "type.h+" // cphstl::if-then_else

22 #include <utility> // std::pair

23

24 namespace cphstl {

25

26 template <typename V, typename A, typename K, typename I, typename J>

27 class vector;

28

29 template <typename V, typename C, typename A, typename F, typename R,
30 typename I, typename J>

31 class meldable_priority_queue;

32

33  template <typename E, typename R, bool is_const = false>
34  class proxy_iterator {

35  public:

36

37 // types

38

39 typedef E encapsulator_type;

40 typedef R realizator_type;

41 typedef std::random_access_iterator_tag iterator_category;

42 typedef typename E::value_type value_type;

43 typedef std::size_t size_type;

44 typedef std::ptrdiff_t difference_type;

45 typedef typename if_then_else<is_const, value_type constx, value_type*>::type
pointer;

46 typedef typename if_then_else<is_const, value_type const&, value_type&>:type
reference;

47

48  protected:

49

50 // types

51

52 typedef typename R::surrogate_type surrogate_type;

53 typedef typename if_then_else<is_const, E const*, Ex>:type node_pointer;
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55  public:

56

57 // friends

58

59 friend class proxy_iterator<E, R, !is_const>;

60

61 template <typename V, typename A, typename K, typename I, typename J>
62 friend class cphstl::vector;

63

64 template <typename V, typename C, typename A, typename F, typename S,
65 typename I, typename J>

66 friend class cphstl::meldable_priority_queue;

67

68 // structors

69

70 proxy_iterator();

71 proxy_iterator(proxy_iterator<E, R, false> const&);

72 proxy_iterator(proxy_iterator<E, R, true> const&);

73 proxy_iterator& operator=(proxy_iterator const&);

74 “proxy_iterator();

75

76 // operators

T

78 reference operatorx() const;

79 pointer operator->() const;

80 proxy_iterator& operatort+();

81 proxy_iterator operatort+(int);

82 proxy_iterator& operator--();

83 proxy_iterator operator--(int);

84 proxy_iterator& operatort=(difference_type);

85 proxy_iterator& operator-=(difference_type);

86 proxy_iterator operatort(difference_type) const;

87 proxy_iterator operator-(difference_type) const;

88 difference_type operator-(proxy_iterator const&) const;
89

90 template <bool both>

91 bool operator——(proxy_iterator<E, R, both> const&) const;
92

93 template <bool both>

94 bool operator!=(proxy_iterator<E, R, both> const&) const;
95

96 template <bool both>

97 bool operator<(proxy_iterator<E, R, both> const&) const;
98

99 template <bool both>

100 bool operator>(proxy_iterator<E, R, both> const&) const;
101

102 template <bool both>

103 bool operator<=(proxy_iterator<E, R, both> const&) const;
104

105 template <bool both>

106 bool operator>=(proxy_iterator<E, R, both> const&) const;
107

108  protected:

109

110 // converters to be used by the container friends

111

112 proxy_iterator(node_pointer, Rx);

113 operator node_pointer() const;

114

115 void advance(difference_type n);

116

117 node_pointer position;

118 surrogate_typex surrogate;
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template<typename E, typename R, bool both>
proxy_iterator<E, R, both>
operatort+(std::ptrdiff_t, proxy_iterator<E, R, both> const&);

}

#include “proxy-iterator.iH” // implements cphstl::proxy_iterator
#Hendif

10.4 Iterator/Code/proxy-iterator.i++

Ve
Implementation of cphstl::proxy_iterator

Authors: Jyrki Katajainen, Bo Simonsen © 2008, 2010
*/

#Hinclude “assert.ht+”
#Hinclude <cstdlib>
#Hinclude <iostream>

namespace cphstl {
// default constructor

template <typename E, typename R, bool is_const>
proxy_iterator<E, R, is_const>:proxy_iterator()
: position(node_pointer()), surrogate(0) {

// copy constructor

template <typename E, typename R, bool is_const>

proxy_iterator<E, R, is_const>:!proxy_iterator(proxy_iterator<E, R, false> const&
a)

. position(a.position), surrogate(a.surrogate) {

template <typename E, typename R, bool is_const>

proxy_iterator<E, R, is_const>:proxy_iterator(proxy_iterator<E, R, true> const&
a)

. position(a.position), surrogate(a.surrogate) {

// assignment

template <typename E, typename R, bool is_const>
proxy_iterator<E, R, is_const>&
proxy_iterator<E, R, is_const>:operator=(proxy_iterator<E, R, is_const> const& a)

position = a.position;
surrogate = a.surrogate;
return xthis;

}

// destructor

template <typename E, typename R, bool is_const>
proxy_iterator<E, R, is_const>:"proxy_iterator() {

}

// operators
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template <typename E, typename R, bool is_const>
typename proxy_iterator<E, R, is_const>:!reference
proxy_iterator<E, R, is_const>:.operator*() const {

}

return reference((*position).element());

// operator>

template <typename E, typename R, bool is_const>
typename proxy_iterator<E, R, is_const>!ipointer
proxy_iterator<E, R, is_const>:.operator->() const {

return pointer(&(+position).element());

template <typename E, typename R, bool is_const>
void
proxy_iterator<E, R, is_const>::advance(difference_type n) {

}

if (n=0) {
return;
}
surrogate_type s = xsurrogate;
if (position =— 0) {
difference_type i = s.subject()->size() + n;

position = s.access(i);

else {
difference_type i = std::abs(difference_type((*position).position())) + n;
if (i >= difference_type(s.subject()>size()) || i < 0) {
position = 0;

else {
position = s.access(i);
}
}

// operator+; pre-increment

template <typename E, typename R, bool is_const>
proxy_iterator<E, R, is_const>&
proxy_iterator<E, R, is_const>:operatort+() {

}

advance(1);
return xthis;

// operator+; post-increment

template <typename E, typename R, bool is_const>
proxy_iterator<E, R, is_const>
proxy_iterator<E, R, is_const>:operator++(int) {

}

proxy_iterator<E, R, is_const> temporary = xthis;
advance(1);
return temporary;

// operator--; pre-decrement

template <typename E, typename R, bool is_const>
proxy_iterator<E, R, is_const>&
proxy_iterator<E, R, is_const>:operator--() {

}

advance(-1);
return xthis;

89
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114 // operator--; post-decrement

115

116  template <typename E, typename R, bool is_const>
117 proxy_iterator<E, R, is_const>

118  proxy_iterator<E, R, is_const>:operator--(int) {

119 proxy_iterator<E, R, is_const> temporary = x*this,
120 advance(-1);

121 return temporary;

122}

123

124 // operatort=

125

126  template <typename E, typename R, bool is_const>
127 proxy_iterator<E, R, is_const>&
128  proxy_iterator<E, R, is_const>::operatort=(difference_type n) {

129 advance(n);
130 return xthis;
131}

132

133 // operator-=
134

135  template <typename E, typename R, bool is_const>
136 proxy_iterator<E, R, is_const>&
137  proxy_iterator<E, R, is_const>::operator-=(difference_type n) {

138 advance(-n);
139 return xthis;
140  }

141

142 // operatort
143

144  template <typename E, typename R, bool is_const>
145 proxy_iterator<E, R, is_const>
146  proxy_iterator<E, R, is_const>:.operatort+(difference_type n) const {

147 proxy_iterator<E, R, is_const> temporary = x*this,
148 temporary.advance(n);

149 return temporary;

150}

151

152 // operator-

153

154  template <typename E, typename R, bool is_const>
155 proxy_iterator<E, R, is_const>
156  proxy_iterator<E, R, is_const>::operator-(difference_type n) const {

157 proxy_iterator<E, R, is_const> temporary = xthis;
158 temporary.advance( -n);

159 return temporary;

160  }

161

162 // iterator distance

163

164  template <typename E, typename R, bool is_const>
165  typename proxy_iterator<E, R, is_const>:!difference_type
166 proxy_iterator<E, R, is_const>>:ioperator-(proxy_iterator<E, R, is_const> const& a)

const {
167 if (position = 0 &% a.position = 0) {
168 return O;
169
170 else if (position = 0) {
171 difference_type n = (x(xsurrogate).subject()).size();
172 difference_type i = std::abs((*a.position).position());
173 return n - i;
174
175 else if (a.position == 0) {
176 difference_type i = std::abs((xposition).position());

177 difference_type n = (*(xsurrogate).subject()).size();
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return i - n;

else {
difference_type i = std::abs((xposition).position());
difference_type j = std::abs((*xa.position).position());
return i - j;

}

}

// operator—

template <typename E, typename R, bool is_const>
template <bool both>

bool
proxy_iterator<E, R, is_const>:.operator=—(proxy_iterator<E, R, both> const& a)
const {
return position = a.position &% surrogate = a.surrogate;

// operator!=

template <typename E, typename R, bool is_const>
template <bool both>

bool
proxy_iterator<E, R, is_const>:operator!=(proxy_iterator<E, R, both> const& a)
const {
return !(xthis = a);
}

// operator<

template <typename E, typename R, bool is_const>
template <bool both>
bool
proxy_iterator<E, R, is_const>:.operator<(proxy_iterator<E, R, both> const& a)
const {
return ((xthis) - a) < 0;

// operator>

template <typename E, typename R, bool is_const>
template <bool both>

bool
proxy_iterator<E, R, is_const>::0perator>(proxy_iterator<E, R, both> const& a)
const {
return a < xthis;

}

// operator<=

template <typename E, typename R, bool is_const>
template <bool both>
bool
proxy_iterator<E, R, is_const>:operator<=(proxy_iterator<E, R, both> const& a)
const {
return !(a < *this);

}

// operator>=

template <typename E, typename R, bool is_const>
template <bool both>
bool
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237  proxy_iterator<E, R, is_const>>:.operator>=(proxy_iterator<E, R, both> const& a)

const {
238 return !(xthis < a);
239}
240
241 // parametrized constructors
242

243  template <typename E, typename R, bool is_const>
244 proxy_iterator<E, R, is_const>:proxy_iterator(node_pointer p, realizator_type* r)

245 . position(p), surrogate((*r).surrogate) {
246

247

248 // conwertion operator

249

250 template <typename E, typename R, bool is_const>
251  proxy_iterator<E, R, is_const>:.operator node_pointer() const {
252 return position;

253}

254

255  // operatort(int, iterator)
256

257  template <typename E, typename R, bool is_const>

258 proxy_iterator<E, R, is_const> operatort+(std::ptrdiff_t n, proxy_iterator<E, R,
is_const> const& a) {

259 return a + n;

260 }

261

262 }

11. Proxies

11.1 Proxy/Code/allocator-proxy.h+-+

#Hifndef __CPHSTL_ALLOCATOR_PROXY__

#Hdefine __CPHSTL_ALLOCATOR_PROXY__

Ve

5 A generic allocator proxy class. It is actually more a real

6  encapsulator class as described in [1]. It keeps an instance

7 of the allocator, given by the parameterized constructor,

8 as a pointer. The allocator instance is allocated. The purpose of
9 this class is to perform a safe swap operation for all containers.
10 Swap must not throw an exception, so when swapping this proxy class
11 we swap pointers which cannot fail.

12 All STL containers keeps an allocator which makes this class generic.

14 [1] Pascoe, Geoffrey A. Encapsulators: a new software paradigm in
15 Smalltalk-80. SIGPLAN Notices 21(11), 1986, 341-346.

17 Awuthor: Bo Simonsen (©) 2009
18 */

20 #include <algorithm>
22 namespace cphstl {

23  template <typename A>

24  class allocator_proxy {

25 public:

26 typedef typename A::size_type size_type;

27 typedef typename A::difference_type difference_type;
28 typedef typename A::pointer pointer;

29 typedef typename A::const_pointer const_pointer;

30 typedef typename A::reference reference;

31 typedef typename A::const_reference const_reference;
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32 typedef typename A::value_type value_type;

33

34 template <class U>

35 struct rebind { typedef allocator_proxy<typename A::template rebind<U>::other >
other; };

36

37 allocator_proxy() {

38 (*this).a = new A();

39

40 allocator_proxy(A const& a) {

41 (*this).a = new A(a);

42 }

43 “allocator_proxy() {

44 delete (*this).a;

45

46 allocator_proxy(allocator_proxy const& ap) {

47 (*this).a = new A(*ap.a);

48

49 allocator_proxy(allocator_proxy& ap) {

50 (*this).a = new A(xap.a);

51

52 allocator_proxy operator—(allocator_proxy const& ap) {

53 delete (*this).a;

54 (*this).a = new A(xap.a);

55 return (xthis);

56 }

57 allocator_proxy operator=(A const& a) {

58 delete (*this).a;

59 (*this).a = new A(a);

60 return (xthis);

61 }

62 pointer address(reference ref) const {

63 return (*a).address(ref);

64

65 const_pointer address(const_reference const_ref) const {

66 return (xa).address(const_ref);

67

68 size_type max_size() const throw() {

69 return (xa).max_size();

70

71 pointer allocate(size_type s, const_pointer p = 0) {

72 return (*a).allocate(s);

73

74 void construct(pointer p,value_type const& v) {

75 (*a).construct(p,v);

76

77 void destroy(pointer p){

78 (*a) .construct(p);

79

80 void deallocate(pointer p,size_type s) {

81 (*a).deallocate(p,s);

82

83 A& subject() const {

84 return xa;

85 }

86  private:
87 Ax a;
88

89  };

90

91 }

92

93 #Hendif
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11.2 Proxy/Code/comparator-proxy.h++

Ve

A proxy for a comparator.

Authors: Jyrki Katajainen, Bo Simonsen (©) 2009, 2010
*/

7 #ifndef __CPHSTL_COMPARATOR_PROXY__
8 #define __CPHSTL_COMPARATOR_PROXY__
9

10 #include <iostream>

11

12 namespace cphstl {

13

14  template <typename C>

15  class comparator_proxy {

S TR W N =

16  public:

17

18 comparator_proxy(C const& ¢ = C()) {
19 (*this).c = new C(c);

20

21

22 comparator_proxy(comparator_proxy const& cp) {
23 (*this).c = new C(xcp.c);

24

25

26 comparator_proxy operator—(comparator_proxy const& cp) {
27 delete (*this).c;

28 (*this).c = new C(xcp.c);

29 return (xthis);

30 }

31

32 comparator_proxy operator=(C const& c) {
33 delete (*this).c;

34 (*this).c = new C(c);

35 return (xthis);

36 }

37

38 “comparator_proxy() {

39 delete (*this).c;

40

41

42 template <typename T, typename U>

43 bool operator() (T const& t, U const& u) const {
44 return (xc).operator()(t, u);

45

46

47 C subject() const {

48 return xc,

49 }

50

51  private:

52

53 Cx c;

54 };

55 }

56

57 #Hendif

11.3 Proxy/Code/vector-surrogate.h++

1 #ifndef __CPHSTL_VECTOR_SURROGATE__
2 #define __CPHSTL_VECTOR_SURROGATE__
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Ve
This surrogate keeps a pointer to a wvector and accesses its elements
on behalf of it.

Author: Jyrki Katajainen © 2010
*/

namespace cphstl {

template <typename S>
class vector_surrogate {
public:

typedef S subject_type;
typedef typename S::value_type return_type;

subject_typex& subject() {
return ptr;

}

template <typename I>
return_type access(I index) {
return (kptr)[index];

}

private:

subject_typex ptr;
I
}

#Hendif
12. Unit tests

12.1 Assert/Code/assert.h++

Ve
The assert macro is taken quite directly from the book [Steve
Maguire, Writing solid code, Microsoft Press (1993)]. This macro is
a statement that cannot be used in expression context.

The static assert is now provided by the compiler.

Author: Jyrki Katajainen © 2001, 2008
*/

#ifndef __CPHSTL_ASSERT__
#define __CPHSTL_ASSERT__

#Hinclude <cstdio> // std::fflush, std::fprintf
#include <cstdlib> // std::abort

namespace cphstl {

#ifdef NDEBUG
#define assert(condition)
#Helse

void __assert(char constx message, char const* strFile, unsigned int uLine) {
std::fflush(NULL);
std::fprintf(stderr, “\nAssertion '%s’ failed: %s, line %u\n”,
message, strFile, uline);

95
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27 std::fflush(stderr);
28 std::abort();

29

30

31 #define assert(condition) \
32 if (comditiom) { \

33 )\

34 else \

35 cphstl::__assert(#condition, __FILE__, __LINE__)
36 #Hendif

37

38 }

39

40 Hendif

12.2 Meldable-priority-queue/ Test/smoke-test.c++

Ve
Smoke test for meldable priority queues

Authors: Claus Jensen, Jyrki Katajainen © 2006, 2009, 2010
*/

7 #H#include <algorithm> // std::copy, std::equal

8 #include “assert.h”

9 #include <cstdlib> // std::size_t

10 #include “eager -mark-store.h”

11 #include “element -encapsulator.h”

12 #Hinclude “fat-weak-heap-node.h+"

13 #include <functional> // std::less

14 #Hinclude "input_generation.cH” // data generation routines
15 #include <iostream>

16 #include “lazy-mark-store.h”

17 #include “pennant -node.ht+”

18 #include "multiple-heap-framework.ht+”

19 #Hinclude “priority-queue-iterator.htH"

20 #include “proxy-iterator.hH"

21 #include “proxy-array-heap-store.h”

22 #include "proxy-list-heap-store.h”

23 #include “simple-mark-store.hH"

24 #include ”single-heap-framework.h"

25 #include ”stl-meldable-priority-queue.hH”
26 #include “top-down-binary-heap-heapifier.h’
27 #include “vector-surrogate.hH"

28 #include “weak-heap-heapifier.h"

29 #include “weak-heap-node.h++”

30

31 template <typename T>
32 void ignore_unused_variable_warning(T const&) {

U W N -

33 }

34

35 using namespace cphstl;

36

37 template <typename V, typename C, typename A, typename N, typename R,
38 typename I, typename J>

39 void test_members() {

40 typedef meldable_priority_queue<V, C, A, N, R, I, J>Q;
41

42 V in;

43

44  typename Q::value_typex p_val = (Vx) O;

45  ignore_unused_variable_warning(p_val);

46  typename Q::comparator_typex p_comp = (Cx) O0;

47 ignore_unused_variable_warning(p_comp);

48  typename Q::allocator_typex p_alloc = (Ax) O0;



49  ignore_unused_variable_warning(p_alloc);

50 typename Q::pointer p_ptr = (Vx) O;

51  ignore_unused_variable_warning(p_ptr);

52  typename Q::const_pointer cp_ptr = (V constx) 0;

53  ignore_unused_variable_warning(cp_ptr);

54  typename Q::reference p_ref = in;

55  ignore_unused_variable_warning(p_ref);

56  typename Q::const_reference cp_ref = (V const&) in;
57  ignore_unused_variable_warning(cp_ref);

58 typename Q::size_typex p_size = (std::size_tx) O;
59 ignore_unused_variable_warning(p_size);

60 typename Q::difference_typex p_diff = (std::ptrdiff_t=x)

61 ignore_unused_variable_warning(p_diff);
62
63 Q q0;

64 A al = q0.get_allocator();

65 C comp = q0.get_comparator();

66 Q qO0a(comp), qOb(comp, al);

67  assert(q0.empty() &% q0.size() =— 0);

68  assert(q0.size() <= q0.max_size());

69 assert(qOa.size() = 0 &% qla.get_allocator() =— al);
70  assert(qOb.size() = 0 &% qOb.get_allocator() = al);
71 Q ql;

72 ql.push(1);

73 ql.push(2);

74  ql.push(3);

75  assert(ql.size() = 3 &% xql.top() = 3);
76

77 Q q2(comp);

78 qg2.push(1);

79  g2.push(2);

80  qg2.push(3);

81  assert(q2.size() = 3 &% *q2.top() = 3);
82 Q q3(comp, al);

83 qg3.push(1);

84  q3.push(2);

85  q3.push(3);

86  assert(qg3.size() =— 3 &% xq3.top() =— 3);
87

88 Q 94,

89  q4.push(l);

90  qg4.push(2);

91  q4.push(3);

92 q0 = qg4;

93  q0.swap(qd);

94  assert(q0.size() = 3 &% *q0.top() = 3);
95 ql.meld(q2);

96  assert(ql.size() = 6 &% *ql.top() = 3);
97

98  typename Q::iterator p_it(q0.begin());

99  typename Q::const_iterator p_cit(q0.begin());
100

101 assert(kp_it = xp_cit);

102 q0.pop();

103 q0.pop();

104 p_it = q0.begin();

105  assert(xp_it == xq0.top());

106  p_cit = q0.begin();

107  assert(xp_cit == %q0.top());

108

109 qg0.clear();

110  typename Q::iterator p_it4 = q0.push(4);
111 assert(xp_it4d = 4);

112 typename Q::iterator p_its = q0.push(5);
113 assert(xq0.top() =— 5);
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V const c_value

= 6;

q0.increase(p_it4, c_value);
assert(xq0.top() == 6);

q0.erase(p_it4d);

assert(xq0.top() = 5);
typename Q::iterator p_it3 = q0.push(3);

q0.pop();

assert(xq0.top() =— 3);

q0.clear();

assert(q0.empty());

q0.swap(q3);

assert (!q0.empty() &% q3.empty());

q3.swap(q0);

assert(q0.empty() &% !q3.empty());

q0.clear();
gOa.clear();
qOb.clear();
ql.clear();
q2.clear();
g3.clear();
q4.clear();

}

template <typename V, typename C, typename A, typename N, typename

typename I, typename J>
void test_queue_sort() {
typedef meldable_priority_queue<V, C, A, N, R, I, > Q;

unsigned int n = 100;

V a[100];

random_sequence(a, a+ n);

V b[100];

std::copy(a, a+ n, b);

Q g5;

for (unsigned int k = 0; k < n; +k) {

q5.push(a[k]);

for (unsigned int k = 0; k < n; ++k) {
aln - 1 - k] = *qg5.top();

a5.pop();

std::sort(b, b+ n, C());
assert(std::equal(a, a+ n, b));
assert(q5.size() = 0);

}

int main() {
typedef int V;

typedef std::less<V> C;
typedef std::allocator<V> A;

typedef cphstl::
typedef cphstl::
typedef cphstl::
typedef cphstl::
test_members<V,

element_encapsulator<V, std::size_t, A> NO;
single_heap_framework<V, C, A, NO> RO,
proxy_iterator<NO, RO> IO;
proxy_iterator<NO, RO, true> JO;

C, A, NO, RO, IO, J0>();

test_queue_sort<V, C, A, NO, RO, IO, JO>();

std::cout << "binary heaps passed\n”;

typedef cphstl::
typedef cphstl::
typedef cphstl::
typedef cphstl::

element_encapsulator<V, std::ptrdiff_t, A> Nx;
weak_heap_heapifier Hx;
single_heap_framework<V, C, A, Nx, Hx> Rx;
proxy_iterator<Nx, Rx> Ix;
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typedef cphstl:
test_members<V,

iproxy_iterator<Nx, Rx, true> Jx;

C, A, Nx, Rx, Ix, Jx>();

test_queue_sort<V, C, A, Nx, Rx, Ix, Jx>();

std::cout << “weak heaps passed\n”;

typedef cphstl::
typedef cphstl:
typedef cphstl::
typedef cphstl::
test_members<V,

weak_heap_node<V, A> Ni;

‘multiple_heap_framework<V, C, A, N1> R1;

priority_queue_iterator<N1, R1> I1;
priority_queue_iterator<N1, R1, true> J1;
C, A, N1, R1, I1, J1>();

test_queue_sort<V, C, A, N1, R1, I1, J1>();

std::cout << “weak queues passed\n”;

typedef cphstl::
typedef cphstl:
typedef cphstl::
typedef cphstl::
test_members<V,

pennant_node<V, A> N2;

‘multiple_heap_framework<V, C, A, N2> R2;

priority_queue_iterator<N2, R2> I2;
priority_queue_iterator<N2, R2, true> J2;
C, A, N2, R2, 12, J2>();

test_queue_sort<V, C, A, N2, R2, I2, J2>();

std::cout << “pennants queues passed\n”;

typedef cphstl::
typedef cphstl:
typedef cphstl::
typedef cphstl::
test_members<V,

fat_weak_heap_node<V, A> N3;

‘multiple_heap_framework<V, C, A, N3> R3;

priority_queue_iterator<N3, R3> I3;
priority_queue_iterator<N3, R3, true> J3;
C, A, N3, R3, I3, J3>();

test_queue_sort<V, C, A, N3, R3, I3, J3>();

std::cout << “weak queues with fat nodes passed\n”;

typedef cphstl::
typedef cphstl::
typedef cphstl::
typedef cphstl:
typedef cphstl::
typedef cphstl::
test_members<V,

fat_weak_heap_node<V, A> N4,
proxy_list_heap_store<C, A, N4> H4;
lazy_mark_store<C, A, N4> M4;

‘multiple_heap_framework<V, C, A, N4, H4, M4> R4,

priority_queue_iterator<N4, R4> I4;
priority_queue_iterator<N4, R4, true> J4;
C, A, N4, R4, I4, J4>();

test_queue_sort<V, C, A, N4, R4, I4, J4>();

std::cout << "run-relaxed weak queues passed\n”;

3 #Hdefine RANK

typedef cphstl::
typedef cphstl::
typedef cphstl::
typedef cphstl:
typedef cphstl::
typedef cphstl::
test_members<V,

fat_weak_heap_node<V, A> N5,
proxy_list_heap_store<C, A, N5> H5;
eager_mark_store<C, A, N5> M5;

‘multiple_heap_framework<V, C, A, N5, H5, M5> R5;

priority_queue_iterator<N5, R5> I5;
priority_queue_iterator<N5, R5, true> J5;
C, A, N5, R5, I5, J5>();

test_queue_sort<V, C, A, N5, R5, I5, J5>();

std::cout << "rank-relaxed weak queues passed\n”;

#undef RANK

typedef cphstl::
typedef cphstl::
typedef cphstl:
typedef cphstl::
typedef cphstl::
test_members<V,

weak_heap_node<V, A> N6;
proxy_array_heap_store<C, A, N6> H6,

‘multiple_heap_framework<V, C, A, N6, H6> R6;

priority_queue_iterator<N6, R6> I6,
priority_queue_iterator<N6, R6, true> J6;
C, A, N6, R6, I6, J6>();
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244  test_queue_sort<V, C, A, N6, R6, I6, J6>();

245

246  std::cout << “weak queues (proxy-array heap store) passed\n”;
247

248 typedef cphstl::fat_weak_heap_node<V, A> N7;

249  typedef cphstl::proxy_list_heap_store<C, A, N7> HT7,

250 typedef cphstl::simple_mark_store<C, A, N7> M7;

251 typedef cphstl::multiple_heap_framework<V, C, A, N7, H7, M7> R7,
252  typedef cphstl::priority_queue_iterator<N7, R7> I7,

253 typedef cphstl::priority_queue_iterator<N7, R7, true> J7;

254 test_members<V, C, A, N7, R7, I7, J7>();

255  test_queue_sort<V, C, A, N7, R7, I7, J7>();

256

257  std:icout << ”simplified rank-relaxed weak queues passed\n”;
258

259

260 return (0);

261 }

12.3 Meldable-priority-queue/ Test/test-case.c++

1 #include <algorithm>

2 #Hinclude “assert.ht++”

3 #Hinclude <functional> // std::less

4 #Hinclude <memory> // std::allocator

5 #include <iostream>

6 #include <vector>

7

8 template <typename V, typename Q>

9 void test_case(int const numberofelements) {
10 V% a = new V[numberofelements];

11 for (int i = 0; i < numberofelements; it+) {
12 a[i] = 1;

13

14  srand(l);

15 for (int i=0; i < numberofelements; i+) {

16 std::swap(a[i], a[rand() % (numberofelements)]);
17

18

19  Qq;

20 stdiicout << 7 imsert ...” << "\n”;
21 std::vector<typename Q::iterator> v;

22 for (int i = 0; i != numberofelements; ++i) {
23 typename Q::iterator p = q.push(a[i]);

24 v.push_back(p);

25

26

27  delete[] a;

28

29  stdiicout << ” increase ...” << "\n”;

30 for (int i = 0; i != numberofelements; ++i) {
31 typename Q::iterator p = v[i];

32 V value = *p + numberofelements,

33 // std::cout << Vincrease: 7 << xp << 7>7 << value << "\n”;
34 q.increase(p, value);

35 // q.show();

36  }

37

38 stdiicout << 7 delete ...” << "\n”;

39 for (int i = 0; i != numberofelements / 2; ++i) {
40 typename Q::iterator p = v[i];

41 // std::cout << "delete: 7 << *xp << "\n”;
42 q.erase(p);

43 ) // q.show();



45
46
47
48
49
50
51
52
53
54

delete-min ...” << "\n”;

std::cout << "delete-min: " << xq.top() << "\n”;

std::cout << ”
while (! g.empty()) {
q.show();
q.pop();
assert(q.size() = 0);
}

55 #include <cstddef> // std::size_t

56 #include
57 #include
58 #Hinclude
59 #Hinclude
60 Hinclude
61 #include
62 Hinclude
63 #Hinclude
64 Hinclude
65 #include
66 Hinclude
67 #include
68 Hinclude
69 #Hinclude

70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

int main() {

“element -encapsulator. "
“fat -weak -heap -node. "
”lazy -mark -store. "
<memory>
“multiple-heap-framework.h+”
“pennant -node . h+"’
“proxy-iterator.hH”
”proxy-list-heap-store.htH+”
“priority-queue-iterator. k"
”simple -mark-store. "
”single-heap-framework. "
”stl-meldable-priority-queue.h+”
“weak -heap-heapifier.h+"
“weak -heap -node . h+"’

int const numberofelements = NUMBER;
std::cout << "\nn = ” << numberofelements << "\n”’;

typedef long long V;
typedef std::less<V> C;
typedef std::allocator<V> A;

typedef cphstl:
typedef cphstl:

‘weak_heap_node<V, A> Ni;
‘meldable_priority_queue<V, C, A, N1> Q1;

std::cout << “weak queue ...\n”;
test_case<V, Q1>(numberofelements);

typedef cphstl:
typedef cphstl:

‘pennant_node<V, A> N2;
‘meldable_priority_queue<V, C, A, N2> Q2;

std::cout << "pennant queue ...\n”;
test_case<V, Q2>(numberofelements);

typedef cphstl::
typedef cphstl::
typedef cphstl::
typedef cphstl:
typedef cphstl::
typedef cphstl::
typedef cphstl:

std::cout << ”

fat_weak_heap_node<V, A> N3;
proxy_list_heap_store<C, A, N3> H3;
lazy_mark_store<C, A, N3> M3;

‘multiple_heap_framework<V, C, A, N3, H3, M3> R3;

priority_queue_iterator<N3, R3> I3,
priority_queue_iterator<N3, R3, true> J3;

‘meldable_priority_queue<V, C, A, N3, R3, I3, J3> Q3;
run-relaxed weak queue ...\n”;

test_case<V, (Q3>(numberofelements);

typedef cphstl::
typedef cphstl::
typedef cphstl::
typedef cphstl::
typedef cphstl:

element_encapsulator<V, std::size_t, A> N4;
single_heap_framework<V, C, A, N4> R4;
proxy_iterator<N4, R4> I4;
proxy_iterator<N4, R4, true> J4;

‘meldable_priority_queue<V, C, A, N4, R4, I4, J4> Q4;

std::cout << ”binary heap ...\n”;
test_case<V, Q4>(numberofelements);

typedef cphstl:
typedef cphstl:

‘element_encapsulator<V, std::size_t, A> N5;
:weak_heap_heapifier H5;
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110 typedef cphstl::single_heap_framework<V, C, A, N5, H5> R5;

111 typedef cphstl::proxy_iterator<N5, R5> I5;

112 typedef cphstl::proxy_iterator<N5, R5, true> J5;

113 typedef cphstl::meldable_priority_queue<V, C, A, N5, R5, I5, J5> Q5;
114 std::cout << “weak heap ...\n”;

115 test_case<V, Q5>(numberofelements);

116

117 /x

118 typedef cphstl::fat_weak_heap_node<V, A> N6;

119 typedef cphstl::prozy_list_heap_store<C, A, N6> Hb6;

120 typedef cphstl::simple_mark_store<C, A, N6 Mb;

121 typedef cphstl::multiple_heap_framework<V, C, A, N6, H6, M6> R6;

122 typedef cphstl::priority_queue_iterator<N6, R6> 16;

123 typedef cphstl::priority_queue_iterator<N6, R6, true> J6;

124 typedef cphstl::meldable_priority_queue<V, C, A, N6, R6, 16, J6> QOb;

125 std::cout << "simplified rank-relazed weak queue ...\n”;
126 test_case<V, Q6>(numberofelements);

127 %/

128

129  return O;

130 }

12.4 Meldable-priority-queue/ Test/unittest.mk

1 CXXFLAGS = -Wall -std=ct+0x -pedantic -x ctH+ -g -DDEBUG

2 IFLAGS = -I $(HOME)/CPHSTL/Source/Assert/Code -I $(HOME)/CPHSTL/Source/Common/Code
I ../Code -I $(HOME)/CPHSTL/Source/Priority-queue-frameworks/Code -I $(HOME)/
CPHSTL/Source/Iterator/Code -I $(HOME)/CPHSTL/Source/Proxy/Code -I $(HOME)/
CPHSTL/Source/Type/Code -I .

CXX = g+
unit_tests: smoke-test larger-test comparative-test

smoke -test:
$(CXX) $(CXXFLAGS) $(IFLAGS) smoke-test.ctH+
./a.out

10 Orm -f a.out

© 00 N O U W

12 list =23# 23456 789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
29 30 31 32 33 34 35 36 37 38 39 40 41 99 100 101 #1000 10000 100000 1000000
13 larger-test:

14 for x in $(1list) ; do \

15 $(CXX) $(CXXFLAGS) -DNUMBER=$$x $(IFLAGS) test-case.ctt;\
16 /a.out #> /dev/null; \

17 # rm -f ./a.out ; \

18 done

19

20 comparative-test:

21 for x in $(list) ; do \

22 $(CXX) $(CXXFLAGS) -DNUMBER—=$$x $(IFLAGS) comparative-test.ct;\
23 Ja.out #> /dev/null; \

24 # rm -f ./a.out ; \

25 done

26

27 leak-check:

28 $(CXX) $(CXXFLAGS) $(IFLAGS) smoke-test.ctH

29 valgrind --leak-check=full --show-reachable=yes ./a.out
30

31 another-leak-check:

32 $(CXX) $(CXXFLAGS) -DNUMBER=10 $(IFLAGS) test-case.ct+
33 valgrind --leak-check=full --show-reachable=yes ./a.out
34

35 clean:

36 @rm -vf %~ a.out temp core
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13. Benchmarks

13.1 Priority-queue-frameworks/Benchmark/push-comp.c++

1 #include <algorithm>

2 #include <ctime>

3 #include <iostream>

4

5 #ifndef NUMBER

6 #define NUMBER 1000000

7 #Hendif

8

9 #include “data-structure.i++” // Q and V come from here
10

11 int main() {

12 int const number_of_elements = NUMBER;

14  Vx a = new V[number_of_elements];
15 for (int i = 0; i < number_of_elements; i+) {

16 a[i] = (V) 1i;

17

18

19 Qq;

20 for (int i = 0; i != number_of_elements; ++i) {
21 (void) q.push(a[i]);

22

23

24  double comp_count = double(comps);
25  double comp_per_operation = comp_count / double(number_of_elements);
26 std:icout << number_of_elements << ” ” << comp_per_operation << "\n”;

28 q.clear();
29  deletel[] a;
30 return O;

31 }
13.2 Priority-queue-frameworks/Benchmark/increase-comp.c++

1 #include <algorithm>

2 #Hinclude <cmath>

3 #Hinclude <iostream>

4 #Hinclude <vector>

5

6 #Hifndef NUMBER

7 #define NUMBER 1000000

8 Hendif

9

10 #include “data-structure.i+” // Q and V come from here
11

12 int main() {

13 int const number_of_elements = NUMBER;

14

15  Vx a = new V[number_of_elements];

16 for (int i = 0; i < number_of_elements; i+) {
17 a[i] = (V) 1;

18

19  srand(l);

20 for (int i = 0; i < number_of_elements; i+) {

21 std::swap(a[i], a[rand() % (number_of_elements)]);
22

23

24 Q q;

25  std::vector<Q::iterator> v(number_of_elements);
26 for (int i = 0; i != number_of_elements; ++i) {
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27 Q::iterator p = q.push(a[i]);

s vlalil] = p;

29

30

31 comps = 0;

32 for (int i = 0; i != number_of_elements; ++i) {
33 q.increase(v[i], i + number_of_elements);

34

35

36  double comp_count = double(comps);

37 double comp_per_operation = comp_count / double(number_of_elements);
38  // double factor = comp_per-operation / std::log2(double(number_of-elements));
39 std::cout << number_of_elements << ” " << comp_per_operation << "\n”;
10 /) std::icout << V(7 << factor << 7 lg n)\n”;

41

42 q.clear();

43 v.clear();

44  delete][] a;

45 return O;

46 }

13.3 Priority-queue-frameworks/Benchmark/erase-comp.c++

1 #include <algorithm>

2 #include <cmath>

3 #include <iostream>

4 #Hinclude <vector>

5

6 #ifndef NUMBER

7 #define NUMBER 1000000

8 Hendif

9

10 #include “data-structure.i+” // Q and V come from here
11

12 int main() {

13 int const number_of_elements = NUMBER;

14

15 V+ a = new V[number_of_elements];

16 for (int i = 0; i < number_of_elements; i++) {
17 al[i] = (V) 1i;

18

19 srand(1l);

20 for (int i = 0; i < number_of_elements; i++) {

21 std::swap(a[i], a[rand() % (number_of_elements)]);
22

23

24 Q q;

25 std::vector<Q::iterator> v;

26 for (int i = 0; i != number_of_elements; ++i) {
27 Q::iterator p = q.push(a[i]);

28 v.push_back(p);

29

30

31 comps = 0;

32 for (int i = 0; i != number_of_elements; ++i) {
33 q.erase(v[i]);

34

35

36 double comp_count = double(comps);

37 double comp_per_operation = comp_count / double(number_of_elements);

38  // double factor = comp_per_operation / std::log2(double(number_of-elements));
39  std::cout << number_of_elements << ” ” << comp_per_operation << ”\n”;

10 // std::cout << V(7 << factor << 7 lg n)\n”;

41

42 g.clear();
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43 v.clear();
44  deletel] a;
45 return O;
46 }

13.4 Priority-queue-frameworks/Benchmark/pop-comp.c++

1 #include <algorithm>

2 #Hinclude <cmath>

3 #include <iostream>

4

5 #ifndef NUMBER

6 #define NUMBER 1000000

7 Hendif

8

9 #include “data-structure.i++" // Q and V come from here
10

11 int main() {

12 int const number_of_elements = NUMBER;

13

14  Vx a = new V[number_of_elements];

15 for (int i = 0; i < number_of_elements; i+) {
16 a[i] = (V) 1;

17

18 srand(l);

19 for (int i = 0; i < number_of_elements; i+) {

20 std::swap(a[i], a[rand() % (number_of_elements)]);
21

22

23 Q q;

24 for (int i = 0; i != number_of_elements; ++i) {
25 (void) q.push(ali]);

26

27

28 comps = 0;

29 for (int i = 0; i != number_of_elements; ++i) {
30 q.popQ);

31

32

33  double comp_count = double(comps);
34  double comp_per_operation = comp_count / double(number_of_elements);
35 // double factor = comp_per_operation / std::log2(double(number_of-elements));

36 std::cout << number_of_elements << ” 7 << comp_per_operation << "\n”;
37 // std::cout << V(7 << factor << 7 lg n)\n”;
38

39 q.clear();
40  delete[] a;
41 return 0;

42 }
13.5 Priority-queue-frameworks/Benchmark/push-time.c++

1 #include <algorithm>

2 #Hinclude <ctime>

3 #Hinclude <iostream>

4

5 #ifndef NUMBER

6 #define NUMBER 1000000

7 #Hendif

8

9 #include “data-structure.i++” // Q and V come from here
10

11 int main() {

12 int const number_of_elements = NUMBER;

13 int repetitions = 1000000 / number_of_elements;
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14 if (repetitions < 1) {
15 repetitions = 1;

6}
18  Vx a = new V[number_of_elements];
20 for (int i = 0; i < number_of_elements; i++) {

21 al[i] = (V) 1;

24 Q* many = new Q[repetitions];
25  std::clock_t start = std::clock();

26 for (int k = 0; k != repetitioms; ++k) {

27 for (int i = 0; i != number_of_elements; ++i) {
28 (void) many[k].push(a[i]);

29

30

31 std::clock_t stop = std::clock();
32 for (int k = 0; k != repetitions; ++k) {
33 many[k].clear();

35 delete[] many;
36  delete[] a;

38  double running_time = double(stop - start)/double(CLOCKS_PER_SEC);

39 double time_per_run = 1000000.0 * running_time / double(repetitions);
40  double time_per_operation = time_per_run / double(number_of_elements);
41 std::cout << number_of_elements << ” ” << time_per_operation << \n”;

43 return O;
44 }

13.6 Priority-queue-frameworks/Benchmark/increase-time.c++

1 #include <algorithm>
2 #Hinclude <ctime>

3 #include <iostream>
4 #Hinclude <vector>

5

6 #Hifndef NUMBER

7 #define NUMBER 1000000

8 #endif

9

10 #include “data-structure.iH” // Q and V come from here
11

12 int main() {

13 int const number_of_elements = NUMBER;

14 int repetitions = 1000000 / number_of_elements;
15 if (repetitions < 1) {

16 repetitions = 1;

17}

18

19 V+ a = new V[number_of_elements];

20 for (int i = 0; i < number_of_elements; i++) {
21 al[i] = (V) i;

22

23

24  srand(1l);

25 for (int i = 0; i < number_of_elements; i++) {
26 std::swap(a[i], a[rand() % (number_of_elements)]);
27

28

29  Q* many = new Q[repetitiomns];

30  std::iclock_t start = std::clock();

31 for (int k = 0; k != repetitions; ++k) {



32 std::vector<Q::iterator> v(number_of_elements);
33 for (int i = 0; i != number_of_elements; ++i) {
34 Q::iterator p = many[k].push(a[i]);

35 v[a[i]] = p;

36

37 v.clear();

38

39  std:iclock_t stop = std::clock();
40  double dual_time = double(stop - start)/double(CLOCKS_PER_SEC);

42 start = std::clock();
43 for (int k = 0; k != repetitions; ++k) {

44 std::vector<Q::iterator> v(number_of_elements);
45 for (int i = 0; i != number_of_elements; ++i) {
46 Q::iterator p = many[k].push(a[i]);

a7 v[a[i]] = p;

48

49 for (int i = 0; i != number_of_elements; ++i) {
50 many [k].increase(v[i], i + number_of_elements);
51

52 v.clear();

53

54  stop = std::clock();

55 delete[] many;

56  delete[] a;

57

58  double running_time = double(stop - start)/double(CLOCKS_PER_SEC);

59 running_time -= dual_time,

60 double time_per_run = 1000000.0% running_time / double(repetitions);
61  double time_per_operation = time_per_run / double(number_of_elements);
62  std::cout << number_of_elements << ” ” << time_per_operation << "\n”;
63

64 return O;

65 }

13.7 Priority-queue-frameworks/Benchmark/erase-time.c++

1 #include <algorithm>

2 #Hinclude <ctime>

3 #Hinclude <iostream>

4 #Hinclude <vector>

5

6 #ifndef NUMBER

7 #define NUMBER 1000000

8 #Hendif

9

10 #include “data-structure.i+” // Q and V come from here
11

12 int main() {

13 int const number_of_elements = NUMBER;

14 int repetitions = 1000000 / number_of_elements;
15  if (repetitions < 1) {

16 repetitions = 1;

17}

18

19 Vx a = new V[number_of_elements];

20

21 for (int i = 0; i < number_of_elements; i++) {
22 al[i] = (V) i;

23

24

25  srand(1l);

26 for (int i = 0; i < number_of_elements; i+) {
27 std::swap(a[i], a[rand() % (number_of_elements)]);
28
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30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

108

Q* many = new Q[repetitions];
std::clock_t start = std::clock();
for (int k = 0; k != repetitions; ++k) {
std::vector<Q:.:iterator> v;
for (int i = 0; i != number_of_elements; ++i) {
Q::iterator p = many[k].push(a[i]);
v.push_back(p);
v.clear();
std::clock_t stop = std::clock();
double dual_time = double(stop - start)/double(CLOCKS_PER_SEC);
for (int k = 0; k != repetitions; ++k) {
many[k].clear();
start = std::clock();
for (int k = 0; k != repetitions; ++k) {
std::vector<Q::iterator> v;
for (int i = 0; i != number_of_elements; ++i) {
Q::iterator p = many[k].push(a[i]);
v.push_back(p);
for (int i = 0; i != number_of_elements; ++i) {
many[k].erase(v[i]);
v.clear();
stop = std::clock();
delete[] many;
delete[] a;
double running_time = double(stop - start)/double(CLOCKS_PER_SEC);
running_time -= dual_time;
double time_per_run = 1000000.0 * running_time / double(repetitions);
double time_per_operation = time_per_run / double(number_of_elements);
std::cout << number_of_elements << ” " << time_per_operation << "\n”;
return O;
}

13.8 Priority-queue-frameworks/Benchmark/pop-time.c++

1 #include <algorithm>
2 #include <ctime>
3 #include <iostream>

4

5 #ifndef NUMBER
6 #define NUMBER 1000000

7 #Hendif

8

9 #Hinclude “data-structure.i+” // Q and V come from here
10

11 int main() {

12 int const number_of_elements = NUMBER;

13 int repetitions = 1000000 / number_of_elements;
14 if (repetitions < 1) {

15 repetitions = 1;

16}

17

18 Qaq;

19 V¥ a = new V[number_of_elements];

20



21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64 }
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for (int i = 0; i < number_of_elements; i+) {
a[i] = (V) 1i;

srand(1);
for (int i = 0; i < number_of_elements; i+) {
std::swap(a[i], a[rand() % (number_of_elements)]);

Q* many = new Q[repetitions];
std::clock_t start = std::clock();
for (int k = 0; k != repetitions; ++k) {
for (int i = 0; i != number_of_elements; ++i) {
(void) many[k].push(a[i]);

std::clock_t stop = std::clock();
double dual_time = double(stop - start)/double(CLOCKS_PER_SEC);

for (int k = 0; k != repetitions; ++k) {
many[k].clear();

start = std::clock();
for (int k = 0; k != repetitions; ++k) {
for (int i = 0; i != number_of_elements; ++i) {
(void) many[k].push(a[i]);

for (int i = 0; i != number_of_elements; ++i) {
many[k].pop();

}

stop = std::clock();
delete[] many;
delete[] a;

double running_time = double(stop - start)/double(CLOCKS_PER_SEC);
running_time -= dual_time;

double time_per_run = 1000000.0 * running_time / double(repetitioms);
double time_per_operation = time_per_run / double(number_of_elements);
std::cout << number_of_elements << ” ” << time_per_operation << ”\n”;

return 0;

13.9 Priority-queue-frameworks/Benchmark/first-version.i++
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}

typedef long long V;
typedef counting_comparator<V> C;
typedef cphstl::meldable_priority_queue<V, C> Q;

#define FIRST_VERSION
#Hinclude ”stl-meldable-priority-queue.h+"

long long comps = 0;
template <typename T>

class counting_comparator {
public:

bool operator() (T const& a, T const& b) const {
“+comps,
return a < b;

}
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13.10 Priority-queue-frameworks/Benchmark/binary-heap.i++

#Hinclude <cstddef> // std::size_t

#Hinclude

”element -encapsulator.hi+”

#Hinclude <memory> // std::allocator

Hinclude
#Hinclude
Hinclude

"proxy-iterator. "
”single-heap-framework.h+"
”stl-meldable-priority-queue. "

#Hinclude <vector>

long long comps = 0;

template <typename T>

class counting_comparator {

public:

bool operator() (T const& a, T const& b) const {

+comps;

return a < b;

}
s

typedef long long V;
typedef counting_comparator<V> C;
typedef std::allocator<V> A;

typedef cphstl::
typedef cphstl::
typedef cphstl::
typedef cphstl::
typedef cphstl:

13.11 Priority-queue-frameworks/Benchmark/weak-heap.i++

element_encapsulator<V, std::size_t, A> N;
single_heap_framework<V, C, A, N> R;
proxy_iterator<N, R> I;

proxy_iterator<N, R, true> J;

‘meldable_priority_queue<V, C, A, N, R, I, > Q;

#Hinclude <cstddef> // std::size_t

#Hinclude

“element -encapsulator. "

#include <memory> // std::allocator

#Hinclude
#Hinclude
#Hinclude

“proxy -iterator.h+"
”single-heap-framework.h++”
”stl-meldable-priority-queue.hH+”

#Hinclude <vector>

#Hinclude

"weak -heap-heapifier.hH+”

long long comps = O;

template <typename T>
class counting_comparator {

public:

bool operator() (T const& a, T const& b) const {

+comps;

return a < b;

}
s

typedef long long V;
typedef counting_comparator<V> C;
typedef std::allocator<V> A;

typedef cphstl::
typedef cphstl::
typedef cphstl::
typedef cphstl::
typedef cphstl::
typedef cphstl::

element_encapsulator<V, std::ptrdiff_t, A> N;
weak_heap_heapifier H;

single_heap_framework<V, C, A, N, H> R;
proxy_iterator<N, R> I;

proxy_iterator<N, R, true> J;
meldable_priority_queue<V, C, A, N, R, I, > Q;
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13.12 Priority-queue-frameworks/Benchmark/weak-queue.i++
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#Hinclude ”stl-meldable-priority-queue.h+”
long long comps = O;
template <typename T>
class counting_comparator {
public:
bool operator() (T const& a, T const& b) const {
“+comps,
return a < b;
}
H
typedef long long V;
typedef counting_comparator<V> C;
typedef cphstl::meldable_priority_queue<V, C> Q;
13.13 Priority-queue-frameworks/Benchmark/run-relaxed-weak-queue.
#Hinclude “proxy-list-heap-store.htH"
#Hinclude “fat-weak-heap-node.h+"
#include “lazy-mark-store.ht+”
#include <memory>
#Hinclude “multiple-heap-framework.hH"
#Hinclude “priority-queue-iterator.ht"
#Hinclude ”stl-meldable-priority-queue.h+”
long long comps = 0;
template <typename T>
class counting_comparator {
public:
bool operator() (T const& a, T const& b) const {
+comps,
return a < b;
}
H
1 typedef long long V;
typedef counting_comparator<V> C;
3 typedef std::allocator<V> A;
typedef cphstl::fat_weak_heap_node<V, A> N;
5 typedef cphstl::proxy_list_heap_store<C, A, N> H;
typedef cphstl::lazy_mark_store<C, A, N> M;
typedef cphstl::multiple_heap_framework<V, C, A, N, H, M>R;
typedef cphstl::priority_queue_iterator<N, R> I;
typedef cphstl::priority_queue_iterator<N, R, true> J;
typedef cphstl::meldable_priority_queue<V, C, A, N, R, I, J>Q;

w
[=}

13.14 Priority-queue-frameworks/Benchmark/rank-relaxed-weak-

queue.i++

1 #include “eager -mark-store.h++”

2 #Hinclude ”fat-weak-heap-node.hH”

3 #include <memory>

4 #include “multiple-heap-framework.h++”

5 #include “priority-queue-iterator.hH"

6 #include “proxy-list-heap-store.hH”

7 #include ”stl-meldable-priority-queue.h+”
8

111

i++
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long long comps = O;

template <typename T>
class counting_comparator {
public:

bool operator() (T const& a, T const& b) const {
“+comps;
return a < b;
}
b

typedef long long V;

typedef counting_comparator<V> C;

typedef std::allocator<V> A;

typedef cphstl::fat_weak_heap_node<V, A> N;

typedef cphstl::proxy_list_heap_store<C, A, N> H;

typedef cphstl::eager_mark_store<C, A, N> M;

typedef cphstl::multiple_heap_framework<V, C, A, N, H, M> R;
typedef cphstl::priority_queue_iterator<N, R> I;

typedef cphstl::priority_queue_iterator<N, R, true> J;

typedef cphstl::meldable_priority_queue<V, C, A, N, R, I, J>Q;

13.15 Priority-queue-frameworks/Benchmark/fibonacci-heap.i++

#include <cstddef>
#include <LEDA/core/p_queue.h>
#Hinclude <LEDA/core/impl/f_heap.h>

long long comps = O;

int compare(long long const& a, long long const& b) {
“+comps;
if (b<a) {
return -1;

}
if (a<b) {
return 1;

return 0;
} // max-heap order

class empty {
public:
;mpty() {

b
template <typename V, typename C, typename R>

class meldable_priority_queue_facade {
private:
R realizator;

public:
typedef V value_type;
typedef C comparator_type;
typedef typename R::item iterator;
typedef std::size_t size_type;
explicit meldable_priority_queue_facade(C cmp = compare)

. realizator(cmp) {
}

bool empty() const {
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return realizator.empty();

}

size_type size() const {
return realizator.size();
}

iterator top() {
return realizator.find_min();
}

iterator push(V const& v) {
return realizator.insert(v, ::empty());
}

void pop() {
iterator p = realizator.find_min();
realizator.del_item(p);

}

void erase(iterator p) {
realizator.del_item(p);
}

void increase(iterator p, V const& v) {
realizator.decrease_p(p, V);
}

void clear () {
realizator.clear();
}

+

typedef long long V;

typedef int (xC) (V const&, V const&);

typedef leda::p_queue<V, empty, leda::f_heap> F;
typedef meldable_priority_queue_facade<V, C, F> Q;

13.16 Priority-queue-frameworks/Benchmark/pairing-heap.i++

#include <cstddef>
#include <LEDA/core/p_queue.h>
#include <LEDA/core/impl/p_heap.h>

long long comps = O;

int compare(long long const& a, long long const& b) {
“+comps;
if (b<a){
return -1;

}
if (a<b) {
return 1;

return 0;
} // maz-heap order

class empty {
public:
impty() {

s
template <typename V, typename C, typename R>

class meldable_priority_queue_facade {

113
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26 private:

27 R realizator;

28

29 public:

30

31  typedef V value_type;

32  typedef C comparator_type;

33  typedef typename R::item iterator;
34  typedef std::size_t size_type;

35

36 explicit meldable_priority_queue_facade(C cmp = compare)
37 : realizator(cmp) {

38 }

39

40  bool empty() const {

41 return realizator.empty();

42}

43

44  size_type size() const {

45 return realizator.size();

46}

47

48 iterator top() {

49 return realizator.find_min();

50 }

51

52  iterator push(V const& v) {

53 return realizator.insert(v, ::empty());
54}

55

56  void pop() {

57 iterator p = realizator.find_min();
58 realizator.del_item(p);

59}

60

61 void erase(iterator p) {

62 realizator.del_item(p);

63 }

64

65 void increase(iterator p, V const& v) {
66 realizator.decrease_p(p, v);

67 }

68

69 void clear () {

70 realizator.clear();

71}

72 };

73

74 typedef long long V;

75 typedef int (x#C) (V const&, V const&);

76 typedef leda::p_queue<V, empty, leda::p_heap> F;
77 typedef meldable_priority_queue_facade<V, C, F> Q;

13.17 Priority-queue-frameworks/Benchmark/benchmark.mk

1 CXXFLAGS = -DNDEBUG -Wall -std=ct+0x -pedantic -x ct+ -fno-strict-aliasing -03

HOXXFLAGS = -DDEBUG -Wall -std=ciH0z -pedantic -z ¢+ -g

3 IFLAGS = -I $(HOME)/CPHSTL/Source/Assert/Code -I $(HOME)/CPHSTL/Source/Meldable-
priority-queue/Code -I ../Code -I $(HOME)/CPHSTL/Source/Priority-queue-
frameworks/Code -I $(HOME)/CPHSTL/Source/Iterator/Code -I $(HOME)/CPHSTL/Source
/Proxy/Code -I $(HOME)/CPHSTL/Source/Type/Code -I $(LEDAROOT)/incl -I . -L$(
LEDAROOT)

4 LFLAGS = -lleda -1m

5 CXX = gh+

M
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default:
python oscilation.py >curves.log 2>&1

implementation-files:= $(wildcard x*.i++)

data-structures:= $(basename $(implementation-files))
time-tests = $(addsuffix .time, $(data-structures))
comp-tests = $(addsuffix .comp, $(data-structures))
push-time-tests:= $(addsuffix .push, $(time-tests))
push-comp-tests:= $(addsuffix .push, $(comp-tests))
increase-time-tests:= $(addsuffix .increase, $(time-tests))
increase-comp-tests:= $(addsuffix .increase, $(comp-tests))
erase-comp-tests:= $(addsuffix .erase, $(comp-tests))
erase-time-tests:= $(addsuffix .erase, $(time-tests))
pop-time-tests:= $(addsuffix .pop, $(time-tests))
pop-comp-tests:= $(addsuffix .pop, $(comp-tests))

$(time-tests): %.time: %.i++
@make -s $x.time.push
@make -s $x.time.increase
OGmake -s $x*.time.erase
@make -s $x.time.pop

$(comp-tests): %.comp: %.it++
@make -s $x.comp.push
@make -s $x*.comp.increase
@make -s $x*.comp.erase
@make -s $x*.comp.pop

list = 10000 100000 1000000

$(push-time-tests): %.time.push : %.i++
@echo $+ "time per push”
@cp $*.iH data-structure.it+
@for x in $(list) ; do \
$(CXX) $(CXXFLAGS) -DNUMBER=$$x $(IFLAGS) push-time.ct+ $(LFLAGS);\

Ja.out; \
rm -f ./a.out ; \
done

$(increase-time-tests): %.time.increase : %.i++
@echo $+ “time per increase”
Q@cp $x*.i+H data-structure. i+
@for x in $(list) ; do \
$(CXX) $(CXXFLAGS) -DNUMBER=$$x $(IFLAGS) increase-time.cH+ $(LFLAGS);\

Ja.out; \
# m -f ./a.out ; \
done

Q@rm data-structure.it+

$(erase-time-tests): %.time.erase : %.i++
@echo $* "time per erase”
Qcp $x*.i+H data-structure. i+
@for x in $(list) ; do \
$(CXX) $(CXXFLAGS) -DNUMBER=$$x $(IFLAGS) erase-time.ctH+ $(LFLAGS);\

Ja.out; \
m -f ./a.out ; \
done

Q@rm data-structure.itt+

$(pop-time-tests): %.time.pop : %.i++
Qecho $* “time per pop”
@cp $x*.i++ data-structure.i++
Q@for x in $(1list) ; do \
$(CXX) $(CXXFLAGS) -DNUMBER=$$x $(IFLAGS) pop-time.cH $(LFLAGS);\
Ja.out; \
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rm -f ./a.out ; \
done
Orm data-structure.it+

$(push-comp-tests): %.comp.push : %.it++
@echo $x “#comp per push”
Qcp $x.i+H data-structure.i++

@for x in $(list) ; do \
$(CXX) $(CXXFLAGS) -DNUMBER—=$$x $(IFLAGS) push-comp.ct+ $(LFLAGS);\
Ja.out; \
m -f ./a.out ; \

done

Q@rm data-structure.it+

$(increase-comp-tests): %.comp.increase : %.it++
@echo $x “Zcomp per increase”
Q@cp $x.i++ data-structure.i++
ofor x in $(list) ; do \

$(CXX) $(CXXFLAGS) -DNUMBER=$$x $(IFLAGS) increase-comp.ct+ $(LFLAGS);\
Ja.out; \
rm -f ./a.out ; \

done

Orm data-structure.it+

$(erase-comp-tests): %.comp.erase @ %.i+
@echo $x "#comp per erase”
Qcp $x.i+H data-structure. i+

@for x in $(list) ; do \
$(CXX) $(CXXFLAGS) -DNUMBER=$$x $(IFLAGS) erase-comp.ct+ $(LFLAGS);\
Ja.out; \
rm -f ./a.out ; \

done

@rm data-structure.it+

$(pop-comp-tests): %.comp.pop : %.i++
Q@echo $x "#comp per pop”
Qcp $x*.i+H data-structure. i+
@for x in $(list) ; do \

$(CXX) $(CXXFLAGS) -DNUMBER—$$x $(IFLAGS) pop-comp.ct+ $(LFLAGS);\
Ja.out; \
m -f ./a.out ; \

done

Q@rm data-structure.it+

clean:
@rm -vf %~ a.out temp plot.x

13.18 Priority-queue-frameworks/Benchmark/oscilation.py
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Benchmarking meldable priority queues

__author__ = ”Jyrki Katajainen”

__email __ = ”jyrki@diku.dk”

__version__ = "$Revision: 1.9 $7[11:-2]
__date__ = "$Date: 2010-03-09 00:33:19 $7[7:-2]

import benz
import os

class case(benz.case):
def __init__(self, operation, measure, data_structure, n):
benz.case.__init__(self)

self.operation = operation
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self .measure = measure
self.data_structure = data_structure
self.n =n

self.compiler = g+’

home = os.environ[ HOVE’]

leda = os.environ[ LEHDAROOT’ ]

117

self.compiler_options.extend ([’ DNDEBUG’, ’'-Wall’, ’-std=ct++0x’, ’-pedantic’, ’-

X.cH’, 7-03", 'DNUVBER=' + str(n)])
self.include_paths.extend ([
home + ’/CPHSTL/Source/Assert/Code/’ ,
home + ’/CPHSTL/Source/Meldable-priority -queue/Code/ "’ ,
home + ’/CPHSTL/Source/Priority -queue -frameworks/Code/’ ,
home + ’/CPHSTL/Source/Iterator/Code/’,
home + ’/CPHSTL/Source/Proxy/Code/’ ,
home + ’/CPHSTL/Source/Type/Code/ "’ ,
leda + ’/incl’])

compiler_options = ’.’.join(str(v) for v in self.compiler_options)
includes = '_’.join(’-1’ + str(v) for v in self.include_paths)

libraries = '-L’ + leda

file = operation + ’-’ + measure + ’.cH+’

copy = ’'cp.’ + data_structure + ’.i+_data-structure. i+’
library_options = ’-lleda.-Im’

self.compile_command = copy + ’;’ + self.compiler + ’_’ + compiler_options +
+ includes + ’'.’ + libraries + ’'.’ + file + ’_’ + library_options

self.driver_file = ’./a.out’
clean = 'rm.data-structure. i+’
self.execute_command = ’'./a.out’ +

;7 + clean

def output(self):

if self.driver_output —
return ’’

if self.driver_output = ’Segmentation_fault’:
return '’

(n, scalar) = self.driver_output.split(’.’)

if float(scalar) < 0.0000001:
return '’

return (self.n, float(scalar))

class curve(benz.curve_suite):

def __init__(self, operation, measure, data_structure, title, linetype, pointtype,

low, high):

benz.curve_suite.__init__(self)
self.title = title
self.linetype = linetype
self.pointtype = pointtype
for k in range(low, high + 1):

n=(1<< k)

delta=n / 8

for step in range(0, 8):

self.add(case(operation, measure, data_structure, n - 1+ step * delta))
self.add(case(operation, measure, data_structure, n + step * delta))

class plot(benz.plot_suite):
def __init__(self, operation, measure, low, high):
benz.plot_suite.__init__(self)

if operation = ’push’:

op = '{/Times-Italic_insert}’
elif operation = ’increase’:

op = '{/Times-Italic_decrease}’
elif operation = ’erase’:

op = '{/Times-Italic_delete}’
elif operation = ’'pop’:
op = '{/Times-Italic_delete}-{/Times-Italic_min}’

self.title = "Operation sequence: ” + op + " {/Times-Italic n}”

self.xlabel = '{/Times-ltalic_n}_[logarithmic_scale]’
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set
set
set
set
set
set
set
set
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if measure = ’comp’:
self.ylabel = 'Number_of_element_.comparisons._per_{/Times-Italic.n}’
self.gnuplot_commands += ”set ytics 0,2\n”

if measure =— ’'time’:
self.ylabel = ’Execution_time_per_{/Times-Italic_n}.[{/Symbol.m}s]’
self.gnuplot_commands += ”set yrange [0.0:x]\n”

self.add(curve(operation, measure, ’'binary-heap’, ’binary_heap’, ’linetype.l’, ’
pointtype_l’, low, high))

self.add(curve(operation, measure, ’'weak-heap’, ’'weak_heap’, ’linetype.2’, ’
pointtype_2’, low, high))

self.add(curve(operation, measure, ’'weak-queue’, ’'weak.queue’, ’linetype.5’, ’

pointtype_4’, low, high))
self.add(curve(operation, measure, ’'run-relaxed-weak-queue’, ’run-relaxed._weak.

queue’, ’linetype.9’, ’pointtype_9’, low, high))

self.add(curve(operation, measure, ’fibonacci-heap’, ’Fibonacci_heap’, ’linetype
-3, ’pointtype._3’, low, high))

self.add(curve(operation, measure, ’pairing-heap’, ’pairing_heap’, ’linetype.7’,
‘pointtype._6’, low, high))

out_file = ”set output ’"s._operationst.’-’sFomeasurest.’.ps’ .77

333333

self.gnuplot_commands += out_file +
encoding iso_8859_1

term postscript landscape enhanced color “Times” 14
key left top Left reverse samplen 4 spacing 1.25 title
data style linespoints

title '%(title)s’

xlabel ’'%(xlabel)s’

ylabel '%(ylabel)s’

logscale x

% self.__dict__

self.gnuplot_commands += "set format x '107{%L}’\n”

class suite(benz.suite):
def __init__(self):

benz.suite.__init__(self)
self.add(plot(’push’, ’'time’, 10, 22))
self.add(plot(’push’, ’comp’, 10, 22))
self.add(plot(’increase’, ’'time’, 10, 22))
self.add(plot(’increase’, ’comp’, 10, 22))
self.add(plot(’erase’, ’'time’, 10, 22))
self.add(plot(’erase’, ’comp’, 10, 22))
self.add(plot(’pop’, ’'time’, 10, 22))
self.add(plot(’pop’, 'comp’, 10, 22))

if __name__ =— ’__main__’":
benz.main(task = suite(), runner = benz.gnuplot_runner)



