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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++ 96
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++ T
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.i++ 24
weak-queue.i++ 11

run-relaxed-weak-queue.i++ 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® Core™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 -Wall -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-queue 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



W = D U W N =

e e e e
W N WY = O ©

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 #include "multiple-heap-framework.h”

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

42 #include ”weak-heap-node.h{+”

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>,

53 typename J = cphstl::priority_queue_iterator<E, R>

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(K, 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
¥
// 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, 2>
meld(meldable_priority_queue<V, C, A, E, R, I, I>&,
meldable_priority_queue<V, C, A, E, R, I, I>&);

)

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



149 typename R, typename I, typename J>

150  void swap(meldable_priority_queue<V, C, A, E, R, I, J>&,
151 meldable_priority_queue<V, C, A, E, R, I, I>&);
152 }

153

154 #include ”stl-meldable-priority-queue.itt”

155 #endif

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

1 /%

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

4

5  Author: Jyrki Katajainen © 2006, 2009, 2010

7

8 namespace cphstl {

9

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

12 Ex

13 meldable_priority_queue<V, C, A, E, R, I, J>::create(V const& v) {
14 Ex p = allocator.allocate(1l);

15 try {

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

17

18 catch (...) {

19 destroy(p);

20 throw;

21 }

22 return p;

23}

24

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

27 void

28  meldable_priority_queue<V, C, A, E, R, I, J>::destroy(Ex p) {
29 p>"E();

30 allocator.deallocate(p, 1);

31}

32

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

35 template <typename K>

36 void

37 meldable_priority_queue<V, C, A, E, R, I, J>:insert(K b, K e) {
38 meldable_priority_queue q;

39 Ex d;

40 try {

41 for (K c =b; c = e; +c) {

42 d = create(*c);

43 q.realizator.insert(d);

44 }

45

46 catch (...) {

47 destroy(d);

48 q.clear();

49 throw;

50 }

51 meld(q);

52}

53

54 template <typename V, typename C, typename A, typename E,
55 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;

(*this).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>::container_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>::allocator_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>::comparator_type
meldable_priority_queue<V, C, A, E, R, I, J>::get_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>::iterator
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>::const_iterator
meldable_priority_queue<V, C, A, E, R, I, J>::begin() const {
return const_iterator(realizator.begin(), (R*) &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>::iterator
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>::const_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>::size_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>:size_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(), &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>::iterator
meldable_priority_queue<V, C, A, E, R, I, J>::top() {
return iterator(realizator.top(), &realizator);

}



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>::iterator
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>:upop() {

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, DX

248  meld(meldable_priority_queue<V, C, A, E, R, I, DX r,
249 meldable_priority_queue<V, C, A, E, R, I, X s) {
250 r.meld(s.realizator);



10

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, DX r,
257 meldable_priority_queue<V, C, A, E, R, I, .J>&s) {
258 r.swap(s.realizator);

259}

260

261 }

4. Priority-queue frameworks

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

1 /%

2 A priority-queue framework for a single array-based heap.
3

4 Authors: Stefan Edelkamp, Jyrki Katajainen © 2010

5 %/

6

7 #ifndef __CPHSTL_SINGLE_HEAP_FRAMEWORK__
8 #define __CPHSTL_SINGLE_HEAP_FRAMEWORK_
9

10 #include <algorithm>

11 #include ”allocator-proxy.hH"

12 #include "assert.ht”

13 #include ”comparator-proxy.hH"

14 #include <cstddef>

15 #include <cstdlib>

16 #include ”element-encapsulator.h”

17 #include <functional>

18 #include <iostream>

19 #include <memory>

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

22 #include ”vector-surrogate.ht”

23 #include <utility>

24

25 namespace cphstl {

26

27  template <

28 typename V,

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

30 typename A = std::allocator<V>,

31 typename E = element_encapsulator<V, std::ptrdiff_t, A>,
32 typename H = top_down_binary_heap_heapifier,
33 typename K = std::vector<Ex, A>,

34 typename S = vector_surrogate<kK>

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;



110
111
112
113

typedef std::ptrdiff_t difference_type;
typedef V& reference;
typedef V const& const_reference;

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

comparator_proxy<C> comparator;
allocator_proxy<surrogate_allocator_type> surrogate_allocator;
K vector;

H heapifier;

public:
S* surrogate;
// structors

explicit single_heap_framework(C const& ¢ = C(), A const& a = A(),
H const& h = H())
comparator(c), surrogate_allocator(a), vector(a), heapifier(h) {
surrogate = surrogate_allocator.allocate(1);
(xsurrogate).subject () = &vector;

}

“single_heap_framework() {
surrogate_allocator.deallocate(surrogate, 1);

}

// iterators

Ex begin() const {
if (vector.size() = 0) {
return (Ex) 0;

return vector [0];

}

Ex end() const {
return (Ex) 0;

}

// accessors

A get_allocator() const {
return A(vector.get_allocator());

}

C get_comparator() const {
return comparator.subject();

}

size_type size() const {
return vector.size();

}

size_type max_size() const {
typename std::vector<int, A>::allocator_type a;
size_type available_memory = a.max_size() * sizeof(int); // in bytes
return available_memory / (sizeof(E) + 2 * sizeof(Ex));

}

Ex top() const {
return vector[0];

11
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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);
Ex 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);
i (1—3) {

heapifier.siftup(comparator, vector, j);
}

vector.pop_back() ;

void increase(Ex node, V const& v) {

}

assert (! comparator(v, (*node).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(comparator7 other. comparator) ;
std::swap(surrogate_allocator, other.surrogate_allocator);
std::swap(vector, other.vector);

std::swap(heapifier, other.heapifier);

std:: swap(surrogate , other. surrogate) H

#ifdef DEBUG

size_type parent(size_type j) {

}

return ((j - 1) / 2);



179 bool is_valid() {

180 return heapifier.is_valid(comparator, vector);
181 }

182

183 void show() {

184 size_type size = vector.size();

185 std::cout << std::endl << ”size: ” << size << std::endl;
186 std::cout << ”values:” << std::endl;

187 for (size_type i = 0; i < size; ++i) {

188 std::cout << vector[i] >element() << 7 7;
189

190 std::cout << ”\n”;

191 std::cout << ”indices:” << std::endl;

192 for (size_type i = 0; i < size; ++i) {

193 std::cout << vector|[i] ->position() << 7 7;
194 }

195 std::cout << ”\n”;

196 std:icout << "\ - mmmmmm oo
197 }

198

199 #endif

200

201}

202 }

203

204 #endif

205 #ifdef UNITTEST_SINGLE_HEAP_FRAMEWORK

206

207 #include ”weak-heap-heapifier.h”

208

209 long comps = 0O;

210

211 template <typename V>

212 class counting_comparator {

213 public:

214

215 bool operator() (V const& a, V const& b) const {
216 “++comps ;

217 return a < b;

218  }

219 };

220

221 template <typename R>

222 void unittest_single_heap_framework() {

223  typedef typename R::encapsulator_type E;

224  typedef typename E::value_type V;

225  typedef std::size_t size_type;

226

227 R heap;

228

229 std::vector<Ex> v;

230 size_type number_of_elements = 1000000;

231 comps = 0;

232 size_type total = 0;

233  std::cout<< "n: ” << number_of_elements << std::endl;
234

235 for (size_type i = 0; i < number_of_elements; it+) {
236 Ex p = new E(V(rand() % 100));

237 heap.insert(p);

238 v.push_back(p);

239 assert (heap.is_valid());

240

241  std::cout << ”insert: comps per operation: ”

242 << (double) comps / number_of_elements << std::endl;
243 total += comps;

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; i++) {

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 = 0;

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 generate 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.h”

13 #include ”"blank-mark-store.hit”

14 #include ”comparator-proxy .’

15 #include <cstddef> // std::size_t and std::ptrdiff_t
16 #include ”proxy-list-heap-store.h+”

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

N O U R W N =



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

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 Ex 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 #endif

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_framework& operator=(multiple_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
*/

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

#include <climits> // LONGMAX
#include <iostream>

#include <list>

#include <vector>

#include <utility> // std::pair

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_ =10) {
return (Ex) 0;

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>::end() const {
return (Ex) 0;
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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>::get_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>::size_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>::allocator_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;

+tsize_;
#ifdef DEBUG

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

#endif

return p;

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

17



18

111 typename H, typename M>

112 void

113 multiple_heap_framework<V, C, A, E, H, M>::increase(E* p, V const& v) {
114 assert (! comparator(v, (xp).element()));

115 (*p) .element () = v;

116 mark_store.mark(p);

117 mark_store.reduce(heap_store);

118 if (comparator((xtop_).element(), (*p).element())) {
119 top_ = p;

120

121

122 #ifdef DEBUG

123

124 assert(heap_store.is_valid(mark_store));

125 assert (mark_store.is_valid());

126

127 #endif

128

120}

130

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

133 Ex

134  multiple_heap_framework<V, C, A, E, H, M>:extract() {
135 assert(size() != 0);

136 std::pair<Ex, size_type> pair = heap_store.eject();
137 assert(heap_store.is_valid(mark_store));

138 Ex q = pair.first;

139 size_type h = pair.second;

140 if (h>0) {

141 Ex ¢ = (*q).release_root();

142 heap_store.concatenate(c, h - 1, mark_store);
143

144 mark_store.reduce(heap_store);

145 assert(heap_store.is_valid(mark_store));

146 --size_;

147 if (top_ !=q) {

148 return q;

149

150 if (top_ = q && heap_store.begin() = 0) {
151 top_ = 0;

152 return q;

153

154 pair = heap_store.eject();

155 assert (heap_store.is_valid(mark_store));

156 Ex r = pair.first;

157 h = pair.second;

158 (*q) .swap_roots(r);

159 assert(heap_store.is_valid(mark_store));

160 heap_store.inject(q, h, mark_store);

161

162 #ifdef DEBUG

163

164 assert (heap_store.is_valid(mark_store));

165 assert(mark_store.is_valid());

166

167 #Hendif

168

169 return r;

170}

171

172 #ifdef FIRST_VERSION

173

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



176  void
177  multiple_heap_framework<V, C, A, E, H, M>:iextract(Ex r) {

178 assert(r != 0);

179 Ex b = extract();

180 assert(b != 0);

181 if (b!=1) {

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

183 while (p '= 0) {

184 (xr) .swap_nodes(p);

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

186

187 std::1list<Ex, A> stack;

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

189 Ex s = (xr).split(comparator);

190 stack.push_front(s);

191

192 while (! stack.empty()) {

193 Ex s = stack.front();

194 b = (*b).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) (*r).owner(), b);
199

200 if (top_=r) {

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 #endif

213

214}

215

216 #else

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(Ex 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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Ex s = q;

q
q = (*q) .parent();
r = (xr).fast_join(s, replacement, comparator, mark_store);

(*r).splice_in(hole_at_p, heap_store);
mark_store.mark(r);
mark_store.reduce(heap_store);
if (p=top_) {
top_ = heap_store.find_top();
Ex t = mark_store.find_top();
if (t != 0 && comparator((*top_).element(), (*t).element())) {
top_ = t;
}
}

#ifdef DEBUG

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

F#endif
}

Hendif

template <typename V, typename C, typename A, typename E,
typename H, typename M>
void
multiple_heap_framework<V, C, A, E, H, M>:meld(
multiple_heap_framework& other) {
// Precondition: The allocators and comparators must be compatible.
if (size_ < other.size_) {
swap (other);

heap_store.meld(other.heap_store, mark_store);
mark_store .meld(other.mark_store s heap_store) ;
size_ 4= other.size_;
other.size_ = 0;
if (other.top_ != 0&&
comparator ((*top_).element (), (*other.top_).element())) {
top_ = other.top_;

other.top_ = 0;

#ifdef DEBUG

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

#endif
}

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

void

multiple_heap_framework<V, C, A, E, H, M>::swap(
multiple_heap_framework& other) {
// Precondition: The allocators and comparators are compatible.
heap_store.swap(other.heap_store);
mark_store.swap(other.mark_store);
std::swap(top_, other.top_);
std::swap(size_, other.size_);



306}

307 }

308

309 #if def ined(UNITTEST_MULTIPLE_HEAP_FRAMEWORK)
310 #include ”blank-mark-store.hH”
311 #include ”proxy-list-heap-store.hH
312 #include ”fat-weak-heap-node.h{+”
313 #include <functional>

314 #include ”lazy-mark-store.hH”
315 #include <memory>

316 #include ”"multiple-heap-framework.h"

317 #include ”pennant-node.hi+”

318 #include "heap-proxy.h+"

319 #include ”root-list-heap-store.h”

320 #include ”weak-heap-node.hi+”

321

322 #include <algorithm>

323 #include <numeric>

324 #include <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 Ex p = allocator.allocate(1);
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—>"E();

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(1), 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 ” << (*q).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();

21
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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 h;
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());
Val] = {8, 10, 13, 1, 6, 5, 3, 7, 11, 9};
unsigned int const n = sizeof(a) / sizeof(V);

E);

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((t).element()
for (unsigned int j =
h.insert(node[j]);
Ex r = h.top();
assert((*r).element () = *(std::max_element(&a[0], &alj + 1])));

=V(8));
1; J <n;+3) {

assert(h.size() =n);

V sum = V(0);

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

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

Qg;
for (unmsigned 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);
¥
}
b

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> >:u:
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, M >::
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> Hi;
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, Mi>();

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

typedef cphstl::fat_weak_heap_node<V, A> E2; //<——
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 0O;
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499 }
500
501 #endif

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=1i;

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 ((j+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=13j;

41 j = first_child(i);

42

43 else return i;

44 }

45 return ij;

16 }

a7

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;



okey = false;

}

return okey;

}
#endif
private:

template <typename I>
I parent(I j) {
return ((j - 1) / 2);

template <typename I>
I first_child(I j) {
return (2 * j+ 1);
}
e
}

Hendif

5.2 Priority-queue-frameworks/Code /weak-heap-heapifier.h++

Ve
A weak-heap heapifier works as proposed by Edelkamp € Wegener in
their STACS paper. However, the bits are not stored as such, but a
negative index in the encapsulator denotes a 1-bit.

Authors: Stefan Edelkamp, Jyrki Katajainen © 2009, 2010
*/

#ifndef __CPHSTL_WEAK_HEAP_HEAPIFIER__
#define __CPHSTL_WEAK_HEAP_HEAPIFIER__

#include <algorithm> // std::swap
namespace cphstl {

class weak_heap_heapifier {
public:

template <typename C, typename X, typename I>
void siftup(C const& comparator, K& vector, I j) {
if (j=0) {
return;

}
while (j '= 0) {
I i = distinguished_ancestor(j, vector);
if (comparator(vector[i]->element(), vector[j]->element())) {
I tmp_i = vector[i] >position();
I tmp_j = vector[j]->position();
vector [i] >position() = -tmp_j; // flip
vector[j] >position() = tmp_i;
std::swap(vector[i], vector[j]);
j=1i;

else {
return;
}

}
}

25
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template <typename C, typename K, typename I>

I

}
#ifdef

siftdown(C const& comparator, K& vector, I n, 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 ij;

DEBUG

template <typename C, typename K>

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

}
Hendif

bool validity = true;

for (typename K::size_type j = vector.size(); j > 1;) {
ek
typename K::size_type i = distinguished_ancestor(j, vector);
if (comparator(vector[i]->element(), vector[j]->element())) {

std::cout << ”half-order violation: ” << j << ” ” << vector|[j]->element ()
<< 77\n77 ;
validity = false;
}

return validity;

// 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 = 1?

i = parent(i);
}
return ij;

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

}

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

6. Encapsulators

6.1 Priority-queuve-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__

N OO R W N =

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 {

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 }

5}

46 }

47

48 Hendif

6.2 Priority-queue-frameworks/Code/heap-node.h++
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1/

2 A heap node used as a base for wvarious specialized heap modes
3

4 Authors: Asger Bruun, Jyrki Katajainen © 2009, 2010

5 %/

6

7 #ifndef __CPHSTL_HEAP_NODE__

8 #define __CPHSTL_HEAP_NODE__

9

10 #include "assert.hf+”

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

13 #include <list>

14

15 namespace cphstl {

16

17 template <typename V, typename A, typename N>

18  class heap_node {

19 public:

20

21 typedef V value_type;

22 typedef A allocator_type;

23 typedef std::size_t size_type;

24 typedef unsigned char height_type;

25 typedef heap_node<V, A, N> self_type;
26

27 struct hole_type {

28 N* parent;

29 N#* current;

30 union {

31 N+ left;

32 void* owner;

33 b

34

35 hole_type(N* p)

36 : parent((*p).parent()), current(p) {
37 if (parent != 0) {

38 left = (xp).left();

39

40 else {

41 owner = (xp).owner();

42 }

43 }

44 e

45

46 N* parent_;

47 union {

48 N+ left_;

49 void* owner_;

50 s

51 Nx right_;

52 V value_;

53

54  private:

55

56 heap_node () ;

57 heap_node (heap_node const&);

58 heap_node& operator=(heap_node const&);
59

60  protected:

61

62 N const* const down_cast(self_type constx const b) const {
63 return static_cast<N const* const>(b);
64 }

65



95

96

97

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

125
126
127
128
129

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

}

N* const down_cast(self_typex const b) {
return static_cast<N* 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_ — 0;

}

V const& element() const {
return value_;

}

V& element () {
return value_;

}

N left() const {
return left_;

}

Ne& left() {
return left_;

}

Nx right() const {
return right_;

}

Mx& right () {
return right_;

}

Nx parent() const {
return parent_;

}

Nx& parent () {
return parent_;

}

void* owner() const {
return owner_;

}

void«& owner() {
return owner_;

29
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131 }

132

133 template <typename C, typename M>
134 N# join(Nx q, C const& comparator, M&) {
135 Nx p = down_cast(this);
136 if (comparator((*p).element(), (xq).element())) {
137 Nk ¢ = (*q).right();

138 if (¢ !=0) {

139 (%c).parent() = p;

140

141 (*p) .left() = c;

142 (*q).right() = p;

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

144 return q;

145

146 else {

147 Nx ¢ = (*p).right();

148 if (¢ !1=0) {

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

150

151 (*q).left() = c;

152 (xp) .right() = q;

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

154 return p;

155 }

156 }

157

158 template <typename C, typename M>
159 Nx fast_join(Nkx q, N%, C const& comparator, M& mark_store)
160 Nk p = down_cast(this);
161 return (xp).join(q, comparator, mark_store);
162

163

164 template <typename C>

165 N+ split(C const&) {

166 Nk p = down_cast(this);
167 assert(p = 0);

168 assert((xp).right() != 0);
169 Nx q = (*p).right();

170 Nk r = (xq).left();

171 (xp).right() = r;

172 if (r!=0) {

173 (*r).parent() = p;

174 }

175 (*q) .parent() = 0;

176 (xq).left() = 0;

177 return q;

178 }

179

180 void swap_roots(Nx q) {

181 Nk p = down_cast(this);
182 assert((xp).is_root());
183 assert((xq).is_root());
184 Nx ¢ = (*p).right();

185 N* g = (*q).right();

186 (*p).right() = g;

187 (*q).right() = c;

188 if (¢ !=0) {

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

190

191 if (g !=0) {

192 (*g) .parent () = p;

193 }

194 }



196 N# release_root() {

197 N* p = down_cast(this);

198 N+ q = (xp). right();

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

200 (*q) .parent () = 0;

201 return q;

202 }

203

204 Nx release_subheap() {

205 N* p = down_cast(this);

206 N« q = (*p).left();

207 (*p).left() = 0;

208 if (q !'=0) {

209 (*q) .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 (xthis).parent() = 0;

220 (*this).left() = 0;

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 N# p = down_cast(this);

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

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

231

232 if (hole.parent != 0 && (*hole.parent).right() = hole.current) {
233 (xhole.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 (*this).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 N* a = (%p).parent_;

257 N« b = (xp).left_;

258 N* ¢ = (*p).right_;

259 N* e = (*q).parent_;

260 Nk £ = (xq).left_;
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261 N« g = (*q).right_;

262

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

265 }

266 if (a != 0&& (xa).right_. = 1p) {
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_ =—1p) {
273 (*c) .parent_ = q;

274

275 if (e != 0&& (xe).left_ =—gq) {
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 (xp).left_ = £;

290 (xp).right_ = g;

291 (*q) .parent_ = a;

292 (xq).left_ = b;

293 (*q).right_ = c;

294

295 if (a=q&&f=p) {

296 (*p).left_ = q;

297 (*q) .parent_ = p;

298 return;

299

300 if (a=q&&g=0p) {

301 (*p).right_ = q;

302 (*q) .parent_ = p;

303 return;

304 }

305 if (b=2q) {

306 (*p) .parent_ = q;

307 (*q).left_ = p;

308 return;

309 }

310 if (c=gq) {

311 (*p) .parent_ = q;

312 (*q) .right_ = p;

313 return;

314 }

315 }

316

317 #endif

318

319 template <typename C>

320 N+ distinguished_descendant(C const&) const {
321 N const* q = down_cast(this);

322 assert(q != 0);

323 return ((xq).is_root())? (xq).right() : (*q).left();
324 }
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Nk distinguished_ancestor() const {
N const* q = down_cast(this);
assert(q = 0);
N« p = (*q).parent();
while (p != 0 && (xp).left() = q) {
q=Pp;
p = (xp).parent();

return p;

}

N* promote(Nx p) {

N* q = down_cast(this);

assert(p = (*q) .distinguished_ancestor());

if (p = (+q).parent()) {
).right() = q);
).parent();
)-left();
). left();
Nx g = (xq).right();
.parent() = q;

*q).right() = p;
f (a!l=0)

((+a).right() =p) {
(*a).right() = q;

)
)
)
).
).1left() = b;
)
(
f

else {
if (! (*p).is_root()) {
(xa).left() = q;

}

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

if (£!=0) {
(xf) .parent() = p;

if (g!=0) {
(+g) .parent () = p;

) .parent();
).left();
)-right();
) .parent();
(*q).left();
= (*q) .right();
.parent() = e;

((+a).right() — p) {
(+a).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 (*b) .parent () = q;

397

398 if (¢ !=0) {

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

400

401 if (e != 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 = (*p) .parent();

422 }

423 return p;

424 }

425

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

429 if ((*x).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 = (*p) .right();

450 h+= 1;

451 }

452 return h;

453 }

454

455 #ifdef DEBUG
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456

457 void show_tree() const {

458 N const* t = down_cast(this);

459 std::cout << (xt).element() << ” 7;
460 std::cout << ”\n”;

461 std::cout.flush();

462 t = (*t).right();

463 if (t=0) {

464 return;

465

466 std::1ist<N const+x> level;

467 level.push_front(t);

468 while (! level.empty()) {

469 typename std::1list<N constx>::iterator last = level.end();
470 --last;

471 typename std::1list<N const*>::iterator p = level.begin();
472 bool stop = false;

473 while (! stop) {

474 N constx t = *p;

475 if (p = last) stop = true;

476 ++p;

477 level.pop_front();

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

479 level.push_back((xt).left());
480 level.push_back((*t).right());
481

482 std::cout << (xt).element() << 7 73
483 }

484 std::cout << ”\n”;

485 std::cout.flush();

486 }

487 }

488

489 #fendif

490

491}

492

493

494 #endif

6.3 Priority-queuve-frameworks/Code/weak-heap-node.h++
/*
A weak-heap node

Author: Jyrki Katajainen (© 2009
*/

7 #ifndef __CPHSTL_WEAK_HEAP_NODE__

DT W N =

8 #define __CPHSTL_WEAK_HEAP_NODE__
9

10 #include "heap-node.hi+”

11

12 namespace cphstl {

13

14  template <typename V, typename A>

15  class weak_heap_node

16 : public heap_node<V, A, weak_heap_node<V, A>> {
17

18 public:

19

20 typedef V value_type;

21 typedef A allocator_type;

22 typedef weak_heap_node<V, A> N;

23



36

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 ((*t).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::cout << 7t: 7 << (*t).element() << 7 7;
56 std::cout << "right: 7 << t > right() -> element() << ” 7;
57 std::cout << "up again: " << t > right() -> parent() -> element() << ”\n”
)
58 }
59
60 if (! (xt).is_root() && ! mark_store.is_marked(t)) {
61 valid &= ! comparator((*t).distinguished_ancestor() -> element(), (xt).
element());
62
63 if (! valid) std::cout << "ancestor\n”;}
64 return valid;
65 }
66
67 #endif
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-relazed 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 #include "assert.hi”
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12 #include "heap-node.hi+”

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;

emumn 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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77 mark_type& type() {

78 assert(this != 0);

79 return type_;

80

81

82 template <typename C>

83 N+ basic_join(Nx q, C const& comparator) {
84 N+ p = this;

85 if (comparator((xp).element(), (xq).element())) {
86 Nx ¢ = (*q).right();

87 if (¢ !1=0) {

88 (*c) .parent() = p;

89 }

90 (*p) .left() = c;

91 (xq) .right() = p;

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

93 (*q) .height () 4= 1;

94 return q;

95

96 else {

97 Nx ¢ = (*p).right();

98 if (¢ !=0) {

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

100

101 (*q).left() = c;

102 (*p).right() = q;

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

104 (*p) .height () 4= 1;

105 return p;

106 }

107 }

108

109 template <typename C, typename M>

110 N# join(Nx q, C const& comparator, M& mark_store) {
111 N* p = this;

112 assert(p != 0);

113 assert(q != 0);

114 assert((*p).type() = N::unmarked);

115 assert((*q).type() = N::unmarked);

116 Bk u = up_cast(p);

117 Nx r = (*u).join(q, comparator, mark_store);
118 (*r).height() += 1;

119 Nk a = (xr).right() > left();

120 N* b = (*r).right() -> right();

121 bool a_unmarked = a =0 || (*a).type() = N::unmarked;
122 bool b_unmarked = b =10 || (*b).type() = N::unmarked;
123 int item = 2 * a_unmarked 4+ b_unmarked;
124 switch (item) {

125 case 0 /+ marked marked */:

126 (void) mark_store.sibling_transformation(a);
127 break;

128 case 1 /+ marked unmarked x/:

129 mark_store.cleaning_transformation(a);
130 break;

131 case 2 /+ unmarked marked */:

132 break;

133 case 3 /+ unmarked unmarked * /"

134 break;

135 default:

136 assert(false);

137

138 return r;

139 }

140

141 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((*p).type() = N::unmarked);
assert((*q).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 (b!=0) {
(*b) .parent() = p;
if ((#b).type() != N::unmarked) {
cleaning_necessary = true;

}

}
(xp).left() = b,

(xq).right() =

(*p) .parent() = q7

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

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

}

return q;

else {
N« a = (*p).right();
if (al=0) {
(*a).parent() = q;

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

}
}

template <typename C>

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

}

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

(xr) right() = p;
(*p) .parent() = r;
(+p)-Left() = c
(+p) right() = b;
if (b 1= 0) {
(xc).parent() = p; // be careful!
(xb) .parent() = p;
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}
(*r).height() += 1;
(*p).height() =1

)

void swap_roots(N* q) {
Bk 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();
(xthis).height() = 0;
return s;

}

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

}

#ifdef DEBUG

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

+p;

level.pop_front();

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

}
if ((*t).right() != 0) {
level.push_back((*t).right());

std::cout << 7 (7 << (xt).element() <<
77 << int((#t) .height()) <<

7,7 << int ((xt) . index()) <<

77 << (xt) type() <<7) 7

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

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

Hendif

t > parent() -> right() = t;
valid &=t -> parent() -> height() =t > height() + 1;
if (! valid) std::cout << ”error: parent\n”;

i ((+t).2eft() 1= 0) {
valid &=t -> left() -> parent() = t;
if (! valid) std::cout << "error: left\n”;

if ((xt).right() != 0) {
valid &=t -> right() -> parent() = t;
if (! valid) std::cout << "error: right\n”;

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

valid &= ! comparator((xt).distinguished_ancestor() -> element(), (xt).

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

if ((xt).is_root()) {
valid &= (*t).type() = N::unmarked;
assert((xt).parent() = 0);
if (! valid) std::cout << "error: root\n”;

else {
N constx p = (xt).parent();
N constx r = (xt).left();
if ((rp).left() =—t) {
if (mark_store.is_marked(p)) {
if (mark_store.is_marked(t)) {
valid &= (*t).type() = N::member;
if (! valid) std::cout << ”error: member\n”;

}

else {
if (mark_store.is_marked(t)) {
if (r != 0 && mark_store.is_marked(r)) {
valid &= (*t).type() = N::leader;
if (! valid) std::cout << "error: leader (left)\n”;

else {
valid &= (*t).type() = N::singleton;
if (! valid) std::cout << "error: singleton (left)\n”;
}
}
}

else {
if (r != 0 &% mark_store.is_marked(r)) {
if (mark_store.is_marked(t)) {
valid &= (*t).type() = N::leader;
if (! valid) std::cout << "error: leader (right)\n”;

else {
if (mark_store.is_marked(t)) {
valid &= (*t).type() = N::singleton;
if (! valid) std::cout << "error: singleton (right)\n”;

}
}

return valid;

41
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#endif
7. Heap store

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

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

Author: Jyrki Katajainen (© 2009
*/

#ifndef __CPHSTL_HEAP_PROXY__
#define __CPHSTL_HEAP_PROXY__
#include ”assert.h”

#include <cstddef> // std::size_t

namespace cphstl {

template <typename E>
class heap_proxy {

public:

typedef E encapsulator_type;
typedef std::size_t size_type;

heap_proxy (Ex root, size_type height = 0,
heap_proxy* next = 0,
heap_proxy* next_pair = 0)
: root_(root), height_(height), next_(next), next_pair_(mext_pair) {

}

“heap_proxy() {
}

void update(E*x root, size_type height, heap_proxyx next,
heap_proxy# next_pair)
assert(this != 0);
assert((xroot).is_root());
root_ = root;
height_ = height;
next_ = next;
next_pair_ = next_pair;
(*root).owner() = this;

}

Ex root() const {
return root_;
}

Ex& root() {

return root_;

size_type height() const {
return height_;
}

size_type& height() {



56 return height_;

57 }

58

59 heap_proxy# successor() const {
60 return next_;

61 }

62

63 heap_proxy+& successor() {

64 return next_;

65 }

66

67 heap_proxy# successor_pair() const {
68 return next_pair_;

69 }

70

71 heap_proxy+& successor_pair() {
72 return next_pair_;

73 }

74

75  protected:

76

7 Ex root_;

78 size_type height_;

79 heap_proxy* next_;

80 heap_proxy* next_pair_;

81

82 private:

83

84 heap_proxy () ;

85 heap_proxy (heap_proxy const&);
86 heap_proxy& operator=(heap_proxy const&);
87

88}

89 }

90

91 #if defined(UNITTEST_HEAP_PROXY)

92

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

94 #include ”weak-heap-node.n+”

95

96 template <typename T>

97 void test_heap_proxy() {

98  typedef std::allocator<T> A;

99  typedef cphstl::weak_heap_node<T, A> N;
100  typedef cphstl::heap_proxy<N> P;
101 Nk dummy = new N(T(0), A());

102 Px p = new P(dummy);

103 Px q = new P(dummy);

104 Px r = new P(dummy);

105

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

107 (*q).successor() =

108

109

110  assert((*p).height() = 0);

111 assert((xq).root() = dummy);

112 assert((xr).successor_pair() = 0);
(*p) - ;
(*q)- ;
(*r).

)

T
xr) .successor() = 0;

113 assert( successor() = q)
114  assert( successor () );
115 assert( successor|() );
116

117 (*r).height() = 4;

118  assert((*r).height() = 4)
119 }

120

q
r
0
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121 int main(int, charssx) {
122 test_heap_proxy<int>();
123 test_heap_proxy<char>();
124 return 0;

125 }

126

127 #endif

128 #Hendif

7.2 Priority-queue-frameworks/Code/prozy-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 #include "assert.hf+”

14 #include <cmath> // defines ilogb

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

16 #include <iostream>

17 #include <list>

18 #include "heap-proxy.h+"

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

20 #include ”weak-heap-node.hH"

[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(), 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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56 “proxy_list_heap_store() {

57 // Precondition: The heap store must be otherwise empty.
58

59

60 size_type size() const {

61 return number_of_nodes;

62 }

63

64 size_type footprint(size_type n) const {

65 return (ilogb(n) + 1) * sizeof(P) + sizeof(proxy_list_heap_store);
66 }

67

68 Px begin() const {

69 return head;

70 }

71

72 Px next(Px current) const {

73 return (xcurrent).successor();

74

75

76 Ex find_top() const {

77 P« p = begin();

78 if (p=20) {

79 return 0;

80 }

81 Ex top = (*p).root();

82 for (; p != 0; p = (*p).successor()) {

83 Ex q = (*p).root();

84 if (comparator((+top).element(), (*q).element())) {
85 top = q;

86

87

88 return top;

89 }

90

91 template <typename M>

92 void inject(Ex p, size_type h, M& mark_store) {
93 assert((*p).is_root());

94 number_of_nodes += 1 << h;

95 if (first_pair != 0) {

96 Px mate = (xfirst_pair).successor();

97 Ex o = (#first_pair).root();

98 Ex q = (%0).join((*mate).root(), comparator, mark_store);
99 Px jump = (xfirst_pair).successor_pair();
100 (#first_pair).update(q, (*first_pair).height() + 1, (*mate).successor(),
101 ;

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

103

104 Px s = (xfirst_pair).successor();

105 if (s != 0&& (xfirst_pair).height() = (*s).height()) {
106 (#first_pair).successor_pair() = jump;
107

108 else {

109 first_pair = jump;

110 }

111

112 if ((+mate).height() = (xhead).height()) {
113 (*mate) .successor_pair() = first_pair;
114 first_pair = mate;

115 }

116 head = mate;

117 return;

118

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

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

P« s = (xhead).successor();

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

return;
}
P 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 = (*f).root();
head = (xhead).successor();
if (first_pair = f) {
first_pair = (*f).successor_pair();
(x£) .successor_pair() = 0;

number_of _nodes -= 1 << (xf).height();

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

(*r).owner() = (Px) 0;

return answer;

}
template <typename M>

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

void replace(E+ new_root) {
heap_proxy_type* proxy = (heap_proxy_types*) (*new_root).owner();
(xproxy) .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::1ist<Px, A> tmp;
size_type n = number_of_nodes;
size_type m —other.number_of_nodes;
Px s = begin();
P# t = other.begin();



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

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

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

189 pop();

190

191 else {

192 tmp.push_front(t);

193 t = (xt).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, (*t).height(), mark_store);
204 destroy(t);

205 tmp.pop_front();

206 }

207 number_of_nodes = n 4 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 << "=———=\";

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

225 (xr).show_tree();

226 }

227 std::cout << "=—==V";

228 std::cout.flush();

229 }

230

231 template <typename M>

232 bool is_valid(M const& mark_store) {

233 P const* 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 = (*r).successor()) {
241 if (! (xr).is_valid(comparator, mark_store)) {
242 std::cerr << “heap-structure error: 7 << (xr).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 = (*p).successor();

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

254 std::cerr << “height violation: ” << (xp).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() != (*q).height()) {
262 std::cerr << ”pair violation: ” << (xp).height() << ”"\n”;
263 return false;

264 }

265 }

266 p = begin();

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

268 for (; 9 != 0; p=4q, 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: ” << (xp).height() << "\n”;
276 return false;

277 }

278

279 return true;

280 }

281

282 #endif

283

284  protected:

285

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

288 P* u = proxy_allocator.allocate(1l);

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

290 (xr).owner() = u;

291 return u;

292 }

293

294 void destroy(Px u) {

295 assert(u != 0);

296 (*xu)."P();

297 proxy_allocator.deallocate(u, 1);

298

299

300 void pop() {

301 P+ f = head;

302 head = (xhead).successor();

303 if (first_pair =—f) {

304 first_pair = (%f).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.hH”
314 #include <cstddef> // std::size_t



315 #include <functional>

316 #include <iostream>

317 #include <memory>

318 #include <numeric> // std::accumulate
319 #include ”weak-heap-node.hi”

320

321 template <typename E, typename H, typename M>
322 void push(E*x 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<E#, 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(1), allocator);

357

358  std::cout << ”push ”;

359  push(&m, heap_store, mark_store);

360  heap_store.show();

361  std::cout << "push ”;

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

376

377  std::cout << "push ”;

378  push(r, heap_store, mark_store);

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

304 Tal] ={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);

398 for (unmsigned 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 += (*p).element();

407

408  }

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

410 }

411

412 int main(int, charsx) {

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

415 return 0O;

416 }

417

418 #fendif

419 #endif

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 #ifndef __CPHSTL_BLANK_MARK_STORE__
9 #define __CPHSTL_BLANK_MARK_STORE__
10

11 #include <algorithm> // std::swap
12 #include "assert.hH”

13 #include ” comparator-proxy.h"

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¢ = 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(Ex p) {

60 assert(single_mark =— 0);

61 single_mark = p;

62 }

63

64 void unmark(Ex p) {

65 single_mark = (single_mark =—p) 7 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((*p).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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86 #endif
88 p = (*q).distinguished_ancestor();

90 else {
91 break;

92 }

}
94 if ((*q).is_root()) {
95 heap_store.replace(q);

97 single_mark = O;

100 template <typename H>

101 void meld(blank_mark_store& another_mark_store, H& heap_store) {
102 if (another_mark_store.single_mark != 0) {

103 another_mark_store.reduce(heap_store);

104 }

105 }

107 void swap(blank_mark_store& another_mark_store) {
108 // Precondition: The comparators are compatible and not swapped.
109 std::swap(single_mark, another_mark_store.single_mark);
110

111

112 void cleaning_transformation(Ex) {

113 }

114

115 E+ sibling_transformation(Ex) {

116 return 0O;

117 }

118

119 #ifdef DEBUG

120

121 bool is_valid() {

122 return true;

123 }

124

125 #endif

126

127}

128 }

129

130 #endif

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

1 /%

2 A lazy mark store

3

4 Author: Jyrki Katajainen © 2009, 2010
5 %/

6

7 #ifndef __CPHSTL_LAZY_MARK_STORE__

8 #define __CPHSTL_LAZY_MARK_STORE__

9

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

12 #include "bit-store.ht”

13 #include <cstddef> // std::size-t

14 #include <cmath> // ilogb

15 #include <iostream>

16 #include <vector>



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

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

23 class lazy_mark_store {
24  public:

25

26 typedef C comparator_type;

27 typedef A allocator_type;

28 typedef E encapsulator_type;

29 typedef typename E::mark_type mark_type;
30 typedef typename E::height_type height_type;
31 typedef typename E::index_type index_type;
32 typedef unsigned long word_type;

33 typedef std::size_t size_type;

34

35 protected:

36

37 C comparator;

38

39 bit_store<word_type> runs;

40 bit_store<word_type> teams;

41

42 #ifndef RANK

43

44 std::vector<Ex, A> nodes;

45 std::vector<bit_store<word_type>, A> singles;
46

47 #endif

48

49  private:

50

51 lazy_mark_store(lazy_mark_store const&);
52 lazy_mark_store& operator=(lazy_mark_store const&);
53

54  public:

55

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

58

59 #ifndef RANK

60

61 , nodes(a)

62 , singles(a)

63

64 #Hendif

65 {

66 }

67

68 “lazy_mark_store() {

69

70

71 size_type footprint(size_type n) const {
72 return (ilogb(n) + 1) * 6 x (sizeof(Ex) + 2 * sizeof(word_type)) +
73 2 * sizeof(word_type);

74 }

75

76 Ex find_top() const {

77

78 #ifndef RANK

79

80 if (nodes.size() = 0) {

81 return 0;



04

82 }

83 E* top = nodes|[0];

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

87

88 }

89 return top;

90

91 #endif

92 }

93

94 bool is_marked(E constx p) const {
95 return (*p).type() != E::unmarked;
96

97

98 void mark(Ex q) {

99 // std::cout << 7 mark called ” << ¢ << std::endl;
100 assert(q != 0);

101 if (is_marked(q) || (*q).is_root()) {
102 return;

103 }

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

105 Ex r = (*q).left();

106 word_type row = 0;

107 if (@ = (xp).left()) {

108 switch ((xp).type()) {

109 case E::unmarked:

110 row = 1;

111 break;

112 case E::member:

113 row = 2;

114 break;

115 case E::singleton:

116 row = 3;

117 break;

118 default:

119 assert(false);

120 }

121 }

122 word_type column = 0;

123 if (r!=0) {

124 switch ((xr).type()) {

125 case E::unmarked:

126 column = 1;

127 break;

128 case E::leader:

129 column = 2;

130 break;

131 case E::singleton:

132 column = 3;

133 break;

134 default:

135 assert(false);

136 }

137 }

138

139 // std::cout << 7-- mark case 7 << rowxt-column << std::endl;
140

141 switch (row * 4 4+ column) {

142 case 0:

143 mark_action_1(p, q, r);

144 break;

145 case 1:

146 mark_action_1(p, q, r);



147
148
149
150

152

165

205

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 b5:
mark_action_1(p, q, r);
break;

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

case T:
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, T);
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);

}

Ex s;
switch ((xq).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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26

unmark_action_2(p, q, r);

}

else {
assert((*r).type() = E::member);
Ex s = (xr).left();
word_type row = word_type((*p).type() = E::leader);
word_type column = 0;
if (s 1= 0) {
if ((*s).type() = E::unmarked) {
column = 1;

else {
assert((xs).type() = E::member);
column = 2;

}

//  std::cout << 7-- unmark case ” << rowk3+column << std::endl;
switch (row * 3 + column) {
case 0:
unmark_action_3(p, q, r);
break;
case 1:
unmark_action_3(p, q, T);
break;
case 2:
unmark_action_4(p, q, I);
break;
case 3:
unmark_action_5(p, q, T);
break;
case 4:
unmark_action_5(p, q, r);
break;
case 5:
unmark_action_6(p, q, r);
break;
default:
assert(false);
}

}
break;
case E::leader:

s = (xr).left();

if (s==0) {
//  std::cout << 7-- unmark action 7 << 7<< std::endl;
unmark_action_7(p, q, T);
else {
if ((*s).type() = E::unmarked) {
// std::cout << 7-- unmark action 7 << 7 << std::endl;
unmark_action_7(p, q, T);
else {
// std::cout << 7-- unmark action 7 << 8 << std::endl;
assert((*s).type() = E::member);
unmark_action_8(p, q, r);
}
}
break;
case E::singleton:
// std::cout << 7-- unmark action 7 << 9 << std::endl;
unmark_action_9(p, q, r);
break;
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 #ifndef 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((*p).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((*q).type() = E::singleton);
298 singleton_transformation(p, q, heap_store);
299 return;

300

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

302 index_type i = rums.choose();

303 Ex r = nodes[i];

304 assert((*r).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 #endif

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 #endif
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}

#ifdef 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 &= (*p).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 const* p = nodes[j];
valid &= (*p).type() = E::singleton;
if (! valid) {
std::cout << ”error: singles (7 << (xp).element() << ”)\n”;
}

}
}

return valid;

}

#endif

protected:

virtual void insert_node(Ex q) {

397 #ifndef RANK // avoids index manip

398

399
400
401
402
403
404
405

// 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;

Hendif



406

407 virtual void insert_mark(Ex q) {
408

409 #ifndef RANK // avoids index manip
410

411 // Precondition: (xq).type() must have the new value
412 switch ((xq).type()) {

413 case E::leader:

414 runs.set((*q).index());

415 break;

416 case E::singleton:

417 singles[(*q).height()].set((*q).index());
418 if (singles[(*q).height()].size() > 1) {
419 teams.set((*q).height());
420 }

421 break;

422 default:

423 ; }

424

425 #endif

426 }

427

428 virtual void remove_mark(Ex r) {
429

430 #ifndef RANK

431 // Precondition: (xr).type() must have the old value
432 switch ((xr).type()) {

433 case E::leader:

434 runs.unset ((*r).index());

435 break;

436 case E::singleton:

437 singles[(*r).height()].unset((*r).index());
438 if (singles[(xr).height()].size() < 2) {
439 teams.unset ((*r).height());
440

441 break;

442 default:

443 ;

444 }

445

446 #endif

447 }

448

449 virtual void remove_node(Ex x) {
450

451 #ifndef RANK

452

453 Ex y = nodes.back();

454 remove_mark(y);

455 nodes . pop_back() ;

456 if (x!=y) {

457 index_type i = (*x).index();
458 nodes[i] = y;

459 (xy).index() = i;

460 insert_mark(y);

461 }

462 assert(is_valid());

463

464 #fendif

465 }

466

467

468 void mark_action_1(Ex, Ex q, Ex) {
469 (*q).type() = E::singleton;

470 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)

(*r).type() = E::member;

void mark_action_5(E* p, Ex q, Ex) {
remove_mark(p);
(xp).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);
(*p).type() = E::leader;
insert_mark(p);
(*q).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);
(*p).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;
(*r).type() = E::singleton;
insert_mark(r);

}

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



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;

(#r).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);
(*q) .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;
(*r).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::

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

assert ((*p).type() = E::unmarked);
assert((*p) left() = q);

Ex r = (xp).right();
assert((*r).type() = E::unmarked);
unmark(q

)i
(*p).left() =
(+p) .right() = g;
Ex a = (xq). ;
Ex ¢ = (xr).left();
(xq) .1left()
(*r).left()
if (a!=0)

(*a).paren

}

o

endl;
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601 if (¢ !=0) {

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

603

604

605 // mark(q);

606

607 // b = (+q).parent();

608 assert ((xp).right() q);

609 assert(is_valid());

610

611 if (is_marked(p)) {

612 unmark(p);

613 // unmark(q) ;

614 typename E::hole_type hole_at_p = (*p).splice_out();
615 q = (*p).split(comparator);

616 Ex r = (*p).basic_join(q, comparator);
617 (*r).splice_in(hole_at_p, heap_store);
618 mark(r);

619

620 else {

621 // unmark(q) ;

622 typename E::hole_type hole_at_p = (xp).splice_out();
623 (void) (xp).split(comparator);
624 Ex r = (*p).basic_join(q, comparator);
625 (#r).splice_in(hole_at_p, heap_store);
626 if (q=r) {

627 mark(r);

628 }

629

630 assert(is_valid());

631 }

632

633  public:

634

635 /*

636 P P

637 /N /N

638 [a] T > r [q]

639 /N /N VANV

640 a bc d a dc b

641 */

642

643 void cleaning_transformation(Ex q) {
644 assert(is_marked(q));

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

646 assert (! is_marked(p));

647 assert((xp).left() = q);

648 Ex r = (*p).right();

649 assert (! is_marked(r));

650 unmark(q) ;

651 (xp).left() = r;

652 (xp).right() = q;

653 Ex a = (xq).left();

654 Ex ¢ = (*r).left();

655 (xq).left() = c;

656 (xr).left() = a;

657 if (a!=0) {

658 (*a).parent() = r;

659

660 if (¢ !=0) {

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

662

663 mark(q);

664 assert(is_valid());

665 }
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P [q] [r]
\ /N /N

[r] > P T D q
/N /N /N /N /N /N
d a c¢cd b

a bec d a c¢b

Ex sibling_transformation(Ex q) {
assert(q != 0);
Ex p = (*q).parent();
assert (! is_marked(p));
assert((*p).left() = q);
assert(is_marked(q));

Ex r = (xp).right();
assert(is_marked(r));
Ex a = (xq).left();
Ex b = (xq).right();
Ex ¢ = (xr).left();
Ex d = (xr).right();
Ex g = (*p).parent();
unmark(q) ;

unmark(r);

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

xr) .parent (
if ((+g) right() =p) {
(xg) right() = r;

(
( ) -
(*r).height () +=
( ) =

else {
(*g).left() = r;

1eft() =Pp;

( a) parent()
(*c) .parent ()
(*b) .parent ()
(*d) .parent ()

Q2 Qa5 'y

mark(r);
assert(is_valid());
return r;

else {

}

(¥q).left() = p;
(*q) .right() =
(*p) .parent() = q;
(+r) .parent() = q;
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(+p) deft() = a;
(xp) right() = ¢;
(*r).left() = b;
(xr).right() = d;
if (al=0) {

(xa).parent() = p;

(*c) .parent() = p;

(*b) .parent () = r;
0=

(*d) .parent

nark(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);

Ex 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) (xp).split(comparator);
Ex r = (*p).basic_join(q, comparator);
(#r).splice_in(hole_at_p, heap_store);

if (a=r1) {
mark(r);
}

}

assert(is_valid());
}
/*

P T P r [q] [s]
\ \ \ \ \ \
[q] ) [S/ > T or p ’ S or q
/\ /\ /\ /\ /\ /\
a b c d a c c a b d d b

*/

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

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

endl;
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assert(q = s

assert((*q). helght() (xs).height());
assert (! (xq).is_root() && ! (*s).is_root());
Ex p = (*q).parent();

assert(q = (xp) .right());

unmark(q)

Ex r = (xs).parent();

assert(s = (*r).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 = (xp).basic_join(r, comparator);
Ex u = (*q).basic_join(s, comparator);
if (p=1t) {

(+t).splice_in(hole_at_p, heap_store);
(*u).splice_in(hole_at_r, heap_store);

}

else

(*u

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

}

template <typename H>
void singleton_transformation(Ex q, Ex s,

// std::cout << 7 singleton trans 7 << ¢<< 7,7 << s << std::

assert(is_marked(q));

assert(is_marked(s));

Ex p = (xq).parent();

if ((+p).right() =aq) {
if (is_marked(p)) {

parent_transformation(q, heap_store
return;
if (! (xp).is_root() && is_marked((*p
sibling_transformation((*p).left())
return;
}
else {

if (is_marked((*p).right())) {
if (is_marked(p)) {
parent_transformation((*p).right(
return;
}
sibling_transformation(q);
return;

}

cleaning_transformation(q);

Ex r = (*s).parent();
if ((xr).right() =s) {
if (is_marked(r)) {
parent_transformation(s, heap_store
return;

}';f (! (*r).is_root() && is_marked(

(*r
sibling_transformation((*r).left());

return;

}

{
(*t).splice_in(hole_at_r, heap_store);
) .splice_in(hole_at_p, heap_store);

H& heap_store) {

)

)-left())) {

), heap_store);

)

)-left())) {

endl;
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}

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

if (is_marked(r)) {
parent_transformation((*r).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) {

#ifdef

Hendif

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

Ex r = (xq).left();

assert((*r).type() = E::member);

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

if ((+p).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((*p).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;
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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 };

940 }

941

942 #if defined(UNTTTEST_LAZY_MARK_STORE)
943 #include ”proxy-list-heap-store.h+”
944 #include ”fat-weak-heap-node.h”

945 #include <functional>

946 #include <memory>

947 #include “heap-proxy.hH"

948 #include "multiple-heap-framework.hH”
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(1), 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(11), 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
T
s
t

)

);
)
985  queue.insert(r);
986  queue.insert(s)
987  queue.insert(t);
988  queue.insert(u);
989  queue.insert(v);
)

990  queue.insert(w

)

3
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queue.insert(x);
queue.insert(y);

queue.insert(z);
assert(queue.size() = 11);
assert(queue.top() = 1t);

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());



1056 ~ mark_store.unmark(t);

1057  assert(heap_store.is_valid(mark_store));
1058  assert(mark_store.is_valid());

1059  mark_store.unmark(p);

1060  assert(heap_store.is_valid(mark_store));
1061  assert(mark_store.is_valid());

1062  mark_store.unmark(q);

1063  assert(heap_store.is_valid(mark_store));
1064  assert(mark_store.is_valid());

1065  mark_store.unmark(s);

1066  assert(heap_store.is_valid(mark_store));
1067  assert(mark_store.is_valid());

1068 mark_store.unmark(r);

1069  assert(heap_store.is_valid(mark_store));
1070  assert(mark_store.is_valid());

1071  mark_store.unmark(w);

1072 assert(heap_store.is_valid(mark_store));
1073  assert(mark_store.is_valid());

1074  mark_store.unmark(v);

1075  assert(heap_store.is_valid(mark_store));
1076  assert(mark_store.is_valid());

1077  mark_store.unmark(u);

1078  assert(heap_store.is_valid(mark_store));
1079  assert(mark_store.is_valid());

1080

1081  std::pair<Ex, std::size_t> small = heap_store.eject();
1082  assert(small.first =— z);

1083  assert(small.second = 0);

1084

1085  std::pair<E#, std::size_t> medium = heap_store.eject();
1086  assert(medium.first — x);

1087  assert(medium.second =— 1);

1088

1089  std::pair<E*, std::size_t> big = heap_store.eject();
1090  assert(big.first =1t);

1091  assert(big.second = 3);

1092

1093  /* The above code destroyes owners.
1094  queue.show();

1095 while (queue.size() > 0) {

1096 (void) queue. extract();

1097

1098  x/

1099

1100  destroy<V, E, node_allocator_type>(p, node_allocator);
1101 destroy<V, E, node_allocator_type>(q, node_allocator);
1102 destroy<V, E, node_allocator_type>(r, node_allocator);
1103 destroy<V, E, node_allocator_type>(s, node_allocator);
1104  destroy<V, E, node_allocator_type>(t, node_allocator);
1105  destroy<V, E, node_allocator_type>(u, node_allocator);
1106  destroy<V, E, node_allocator_type>(v, node_allocator);
1107  destroy<V, E, node_allocator_type>(w, node_allocator);
1108  destroy<V, E, node_allocator_type>(x, node_allocator);
1109  destroy<V, E, node_allocator_type>(y, node_allocator);
1110  destroy<V, E, node_allocator_type>(z, node_allocator);
1111 }

1112

1113 int main(int, charsx*) {

1114  typedef int V;

1115  typedef std::less<V> C;

1116  typedef std::allocator<V> A;

1117 typedef cphstl::fat_weak_heap_node<V, A> E;

1118 typedef cphstl::proxy_list_heap_store<C, A, E> H;
1119 typedef cphstl::lazy_mark_store<C, A, E> M;

1120
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1121  test_mark_store<V, C, A, E, H, M>();
1122 }

1123

1124 #Hendif

1125 #endif

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

/%

An eager mark store

*/

#ifndef __CPHSTL_EAGER_MARK_STORE__
8 #define __CPHSTL_EAGER_MARK_STORE__
9
10 #include ”assert.h”
11 #include "bit-store.h+”
12 #include ”lazy-mark-store.hH”
13 #include <cstddef> // std::size-t
14 #include <cmath> // ilogb
15 #include <iostream>
16 #include <vector>

1
2
3
4 Author: Stefan Edelkamp (© 2009
5
6
7

17

18 extern int ilogb(double) throw();
19

20 namespace cphstl {

21

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

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

24  public:

25

26 typedef C comparator_type;

27 typedef A allocator_type;

28 typedef E encapsulator_type;

29 typedef typename E::mark_type mark_type;
30 typedef typename E::height_type height_type;
31 typedef typename E::index_type index_type;
32 typedef unsigned long word_type;

33 typedef std::size_t size_type;

34

35 typedef eager_mark_store<C, A, E> M;

36 typedef lazy_mark_store<C, A, E> B;

37

38 struct entry {

39 encapsulator_type* position|[3];

40 word_type matesize;

41 ;

42

43  protected:

44

45 std::vector<entry*x> entries;

46

47 B const* const up_cast(M const+ const d) const {
48 return static_cast<B const* const>(d);
49 }

50

51 Bx const up_cast(M+ const d) const {

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

53 }

54

55 private:

56

57 eager_mark_store(eager_mark_store const&);
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101

103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

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(); ht+) {
entry* el = entries|h];
std::cout << 7 (P << h<< ")
<< el->matesize
<< 7 [77 ;
std::cout << el->position[0] << ”/”;
if (el->position[0])
std::cout << el->position[0] >type();
std::cout << 7,7

std::cout << el->position|[l] << 7/7;
if (el->position[1])

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

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

std::cout << el->position[2] >type();
std::cout << 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 * sizeof(word_type);

}

Ex find_top() const {
if (this->runs || this->teams) {
Ex top = 0;
for (height_type h = 0; h < entries.size(); h+) {
entryx e = entries|[h];
if (top =20) {
if (e->matesize > 1)
top = e->position|[1];

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

71
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top = e->position[1];

}

return top;

else {
return 0;
}
}

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 ((*p).type() = E::singleton);
Ex q = entries|m]->position[2];
assert((*q).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 << std::endl;
word_type m = this->runs.choose();
Ex r = entries[m] >position[0];
// entries [m] >position [0] >type() = E::leader ?
// entries [m| >position[0] : entries[m]>position[1] ;
assert((*r).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(); hi) {
entry* el = entries|h];

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

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

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

entry# 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((*q).height() + 1));
// // std::cout << "expanding from depth 7 << entries.size() << ” to depth ”
<< max << std::endl;
height_type i—entries. size() ;
for (; i < max; i) {

entryx e = new entry;

e->position[0] = e->position[l] = e->position[2] =
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(e1->position[l] = gq->left())

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

el->position[2] = 0;
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el >matesize--;
this->teams.unset(nheight-1);

el->position[0] = gq->left();
q->left() >type() = E::member;
}
}

break;

default:

)

}
}

void insert_mark(Ex q) {
// std::cout << 7insert mark 7 << ¢ << 7 type 7 << g>type() << std::endl;
// Precondition: (xq).type() must have the new value

height_type nheight = gq->height();
entry+ e = entries|nheight];
switch ((*q).type()) {

case E::leader:
// std::cout << "insert leader ” << q << std::endl;

e->position[0] = q;
this->runs.set(nheight);
break;

case E::member:
// std::cout << ”error member marked 7 << std::endl;
exit(1l);
break;

case E::singleton:
std ::cout << 7insert singleton 7 << q << std::endl;
g
e->position[0] = 0;

#ifndef NDEBUG
if (e->matesize > 3) {
// std::cout << "error mate insert K< std::endl;
exit(1);
}
Hendif
if (e->matesize > 1) // elect captain
this->teams.set(nheight);
e->position|[e->matesizet+]| = q;
break;
default:
5
}
}
void remove_mark(Ex r) {
// Precondition: (xr).type() must have the old value
// std::cout << "removing mark 7 << r << std::endl;
height_type nheight = r->height();
entry* e = entries|nheight];
switch ((*r).type()) {
case E::leader:
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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(1l);

326

327 #fendif

328

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

330 this->teams.unset(nheight);

331 }

332

333 if (e->position[l] =)

334 e->position[l] = 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 #endif
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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

*/

8 #ifndef __CPHSTL_BIT_MANIPULATION__
9 #define __CPHSTL_BIT_MANIPULATION__
10

11 #include "assert.hi”

12 #include <climits> // CHARBIT

13 #include <cstddef>

14

15 namespace cphstl {

16

17 template<typename T>

18  std::size_t leading_zeros(T n) {

N O U R W N =

19 assert(n != 0);

20 T b(0);

21 while (n != 0) {

22 n>>= 1;

23 ++b;

24 }

25 return sizeof(T) * CHAR_BIT - b;
26}

27

28  template<typename T>

290  std::size_t trailing_zeros(T n) {

30 assert(n != 0);

31 T b(0);

32 while ((n & 1) =0) {
33 n>= 1;

34 ++b;

35 }

36 return b;

37}

38

39  templatetypename T>

40  std::size_t population_count(T n) {

41 assert(n != 0);
42 T b(0);

43 while (n = 0) {
44 b4+= (n & 1);
45 n>= 1;

46 }

47 return b;

48}

49 }

50

51 #ifdef _MSC_VER

52 #include <intrin.h> // _BitScanForward
53 #include <cstdlib>

54

55 namespace cphstl {

56

57 #if defined(_M_X86)

58 #pragma intrinsic(_bittest, _BitScanForward,_BitScanReverse,__popcnt)

59
60  bool bit_test(long const& n, long pos) {
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return bool(_bittest((long *) &n, 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;

}

std::size_t trailing_zeros(unsigned long n) {
assert(n != 0);
unsigned long index;
(void) _BitScanReverse(&index, n);
return index;

}

#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 