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graph.cpp

/7

// Created by 423435C7 on 2023-12-02.
/7

#ifndef GRAPH_H
#define GRAPH_H

#include <algorithm>
#include <iostream>
#include <memory>
#include <random>
#include <cstring>
#include <list>

#include <map>

std: :default_random_engine engine(time(nullptr));

class MergeFindSet {

using int_ptr = std::unique_ptr<int>;

public:

const int length;
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private:

};
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explicit MergeFindSet(const int n)
length(n), elements(new int[n]) {

memset (this->elements.get(), -1, n * sizeof(int));

int find(const int index) {

return elements.get() [index] == -1

elements.get () [index] = find(elements.get() [index]);

void merge(const int a, const int b) {
elements.get () [find(b)] = find(a);

friend std::ostream& operator<<(std::ostream&out, const

MergeFindSet&merge_find_set) ;

int_ptr elements;

std: :ostream& operator<<(std::ostream&out, const
— MergeFindSet&merge_find_set) {
for (int i = 0; i < merge_find_set.length; ++i) {
out << merge_find_set.elements.get () [i] << "\t";

}

return out;
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60

VEL

*

*

*

*

*

*/

\brief ITE % %
\tparam T A EHIEA

\param high_dimension §5%§?§$+, Eii? int**, bool*** é?ﬁéfﬂﬁ@ﬁéﬁﬁ
\param length K& (F—4mKEH N —H)

\param dimensino_num % &

template<typename T>
void print(void* high_dimension, const int length, const int dimensino_num
,_,:1){

void** temp = static_cast<void **>(high_dimension) ;

%30 3tfg
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63 if (dimensino_num <= 1) {

64 for (int i = 0; i < length; ++i) {

65 std::cout << static_cast<T *>(high_dimension) [i] << "\t";
66 }

67 std::cout << std::endl;

68 return;

69 }

70 for (int i = 0; i < length; ++i) {

e print<T>(temp[i], length, dimensino_num - 1);
72 }

73 std::cout << std::endl;

m

75

76 class Graph {

77 public:

78 ~Graph() {

79 for (int i = 0; i < this->node_num; ++i) {

80 delete this->adjacencyl[i];

81 }

82 delete this->adjacency;

83 for (int i = 0; i < this->node_num; ++i) {

84 delete this->incidencel[i];

85 }

86 delete this->incidence;

87 }

88

89 explicit Graph(const int n)

90 : merge_find_set_(n) {

91 this->node_num = n;

92 std: :uniform_int_distribution<int> get_random(1l, 100);

93 this->adjacency = new int *[n];

94 this->incidence = new bool *[n];

95 for (int i = 0; i < n; ++i) {

96 this->adjacency[i] = new int[n];

97 this->incidence[i] = new bool[n];

98 memset (this->incidence[i], 0, n * sizeof(bool));

99 this->adjacency[i] [i] = INT_MAX;

100 for (int j = 0; j < i; ++j) {

101 this->adjacency[i] [j] = this->adjacencyl[j]l[i] =
— get_random(engine) ;

102 }

103 }
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void print_adjacency() const {

print<int>(this->adjacency, this->node_num, 2);

void print_incidence() const {

print<bool>(this->incidence, this->node_num, 2);

void print_merge_find_set() {

std::cout << this->merge_find_set_ << std::endl;

bool same_league(const int start, const int target) {
return this->merge_find_set_.find(start

this->merge_find_set_.find(target);

* \brief I E AR T AT AL A E| R T AT AT AP
* \param start A5
* \param target BRI

void merge(const int start, const int target) {

this->merge_find_set_.merge(start, target);

* \brief FIGICK R RAEMEZ S WAL

void start_record_incidence() {

this->incidence_had_changed = false;

* \brief FILILRXA BB X REEZETWERE
* \return * ZEEE TW AT

bool stop_record_incidence() {
const bool temp = this->incidence_had_changed;

this->incidence_had_changed = false;
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145 return temp;

146 }

147

148 friend void one_turn(Graphx*);

149

150 protected:

151 VEL

152 * \brief AMEEAEME, RTREERNMTZ (A0

153 */

154 int** adjacency; // 4F#4[%

155 VEL

156 * \brief W&

157 */

158 int node_num;

159 VEL

160 * \brief X ZHEME, EEAANRTZIEHWRAEEBEN BN true GRS,
o RERMAR) (F—E#HREAMAHME)

161 */

162 bool** incidence; // F 7 ZE[%

163 bool incidence_had_changed;

164 MergeFindSet merge_find_set_;

165 T3

166
167

16s class ComplexGraph : public Graph {

169 public:

170 ~ComplexGraph() {

171 // this->~Graph(); // TGRS BB, ~FEFFHRA
172 delete this—>alpha;

173 }

174

175 explicit ComplexGraph(const int n)

176 : Graph(n) {

177 this->alpha = new int[n];

178 std::uniform_int_distribution<int> get_random(l, n / 2);
179 for (int i = 0; i < mn; ++i) {

180 this->alphal[i] = get_random(engine);

181 }

182 }

183

184 void print_alpha() {

185 // print<int>(this->alpha, this->node_num, 1);

%60 3Lfg w
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186
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220
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224
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std: :map<int, std::1list<int>> index_to_league;
for (int i = 0; i < this->node_num; ++i) {
int ancestor = this->merge_find_set_.find(i);
if (!index_to_league.contains(ancestor)) {
index_to_league.insert({ancestor, {}});
}

index_to_league[ancestor] .push_back(i);

for (const auto&[ancestor, child]: index_to_league) {
std::cout << " MEELE { ";
for (auto value: child) {
std: :cout << value << " ";
}
std::cout << " } HUHLERLH v,

std::cout << this->get_alpha(ancestor) << std::endl;

void set_beta(const int beta) {

this->beta = beta;

VA LS
* \brief KB T 7L B B B9 AL R 2K
* \param index T F 5
* \return 3T BT £ Br B B ALAE R H
*/
[[nodiscard]] int get_alpha(const int index) {

return this—>alphal[this->merge_find_set_.find(index)];

VEZ:
* \brief WA EIRBHINERLE P 1
* \param indez I THF 5
*/

void increase_alpha(const int index) {

this->alpha[this->merge_find_set_.find(index)]++;

friend void one_turn(ComplexGraphx*) ;

private:
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VL2
* \brief &MWL R H
*/
int* alpha;
int beta = 0; // [REZ4
};

#endif //GRAPH_H

NEAEN 1.cpp

MPTBERNEARBRENEE R =77 &%

1. ERAREEWN merge % inplace_merge, .3t &THH)F;

2. FERMEEW priority_queue, MR EM LRG|, 32 H;

3. ERMEEN multiset, WHEAFEETENE S (FHEALEMIZIHN)

E?“ BRAFEFRRENLEZ, BRAERAI TR LRGN EE,
EEZEEfETsRE, BAh g MNARSZFER $n 28 £i4, WL

*

*

*

*

*

*

. i

* BANERMAE n-1 FARTULIER, HEFNI| T EEKEL AT 6%
o FHIHHERD

* EEEREZNFGRFRAE—A—AN0, MEZH merge ",

*/

/*

* W DAEAE —AAN TR, EHALT:

* % AL B, C Z MWW HER, B A 9iEB#E 4B, B ®iEBE BC, ¢ ®iEHBE c4,
. %A&ﬁﬁ%%ﬁ

* Rodt B 5vmiimymwBZ B, NWLEH AB < AC, BC < BA, CA < CB, HIt
*w<Ac<m<A&ﬁﬁw<AB%$W%%,H%Kéﬁﬁﬁﬁ%%%;

* FHE, FLHEH n MET (0 > 2) XELFER

*/

/*

* BT EHE _FANER, £F A+, BRI UEMAREEEE, H, n MET—%
o EReBET

*n FnE, T on-1 FABREERTLHER, DL REXERTHRELHER
*/

#include <iostream>

#include "graph.hpp"

=
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61

62

63

64

/) =

void one_turn(Graph* graph) {

for (int start = 0; start < graph->node_num; ++start) {

int target;
while (true) {

}

int* target_ptr = std::min_element (graph->adjacency[start],
graph->adjacency[start] +
< graph->node_num) ;
/7 WEFNEATHTIE B R INT_MAX, WA start 5 H7TH WA
~ DH#E, WTrHEE
if (xtarget_ptr == INT_MAX) {
return;
+
target = target_ptr - graph->adjacencyl[start];
/R AER AWK EN, ALEZIAEAFBTHR, £ T8 E R
o R Ak
if (graph->same_league(start, target)) {
graph->adjacency[start] [target] = INT_MAX;
continue;
}
// WmREZGERLT, MNEABAFKT
if (graph->incidence[start] [target]) {
continue;
}
/) NFEEFREABU ERIAWERL

break;

/RN, MERRER EHHENNTIEN true
graph->incidence[start] [target] = graph->incidence[target] [start]

—

= true;

// T E AT BT 7 B 6 5 B AR SR IR T BT AR B

graph->merge(start, target);

int main() {

int n;

std::cout << " B AT

std::cin >> n;

auto graph = Graph(n);
std::cout << " ALEEVIE B EHIAREEE[E A " << std::endl;
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65

66

67

68

69

70

71

72

73

74

75

76

T

78

79

80

81

82

83

84

85

86

87

88

89

920

91

92

93

graph.print_adjacency();

one_turn(&graph) ;

std::cout << " A JEHI A R T " << std::endl;
graph.print_incidence();

std::cout << " FFEEWT: " << std::endl;
graph.print_merge_find_set();

std::cout << " F[LLEE|, —HEHOLAHER, " << std

return 0O;

/7 N B 5
// %6 U R B AT B SR R

// 2147483647 69 19 14 90
// 69 2147483647 66 82 66
// 19 66 2147483647 48 8
// 14 82 48 2147483647 22
// 90 66 8 22 2147483647
/7

/E R R R T

// 0 0 0 1 0

// 0 0 1 0 0

// 0 1 0 0 1

// 1 0 0 0 1

// 0 0 1 1 0

/7

/S HEEWT:

// -1 0 0 0 0

// AUEER, —REREELHWER,

FEREIE 2.cpp

//

// Created by 423435C7 on 2023-12-02.
//

#include <tostream>

#include "graph.hpp"

/) BRPAT BT —RERT,

void one_turn(ComplexGraph* graph) {

for (int start = 0; start < graph->node_num; ++start)

%10 50 3t i 7

::endl;
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37

38

39

40

41

42
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44

45
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47

int target;
while (true) {
int* target_ptr = std::min_element(graph->adjacencyl[start],
graph->adjacency[start] +
< graph->node_num) ;
// R F/NE B AR IR B AR INT _MAX, WULEH start 5 FrA
~ B#E#, NrELR
if (xtarget_ptr == INT_MAX) {
return;
}
target = target_ptr - graph->adjacencyl[start];
/) WRER AT ERE N, AL EATRTHIR, £F T8 E 7R
o TR
if (graph->same_league(start, target)) {
graph->adjacency[start] [target] = INT_MAX;
continue;
}
// WMREEBEIT, WA BRI
if (graph->incidence[start] [target]) {
continue;
}
/) TREEZRZHU LRI F I
break;
}
const int start_alpha = graph->get_alpha(start);
const int target_alpha = graph->get_alpha(target);
/) UWMTAELR Y BHERERE A, RIAVANIZ league
// BEEE RET, TEEEMEAMRTEELE.
if (start_alpha >= graph->beta || target_alpha >= graph->beta) {
continue;
}
if (start_alpha < target_alpha) {
/7 AEANT BT, NBUFHE 2% 62
continue;
}
else if (start_alpha == target_alpha) {
/) EFARTAEAE, WEELEHERTH LS league W HE A
- ¥ H—
graph->increase_alpha(start);
}
else if (start_alpha > target_alpha) {
// EATERET, WAREE, ABAKILE

%1150 3t i
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48

49

50

51

52

53

54

55

56

57

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

T

78

79

80

81

82

83

84

85

86

87

+

/SRR, BEXRRESE ERENWATIEA true
graph->incidence[start] [target] = graph->incidence[target] [start]
— = true;

graph->incidence_had_changed = true; // R FHE T AGEEZ U717 ?
// B EAR IR T AR Bk B 6 T B AR de T AT AR Bk B

graph->merge(start, target);

int main() {

int n, beta;

std::cout << " EHP AT EVAE:

std::cin >> n;

auto graph = ComplexGraph(n);

std::cout << " FJIEHIIML T AL A " << std::endl;
graph.print_alphaQ);

std::cout << " FMARE A4 beta: ";

std::cin >> beta;

graph.set_beta(beta) ;

std::cout << " ANEEEVEE B AYAIEAE[E A " << std::endl;
graph.print_adjacency();

for (int turn_num = 1; ; turn_num++) {
graph.start_record_incidence();
one_turn(&graph) ;
/) S RRBEETERAL, WRERATHEER T, NHLHLRRE
if (!graph.stop_record_incidence()) {

break;

}
std::cout << " F" << turn_num << " BEHI A REEW T " <<
— std::endl;
graph.print_incidence();
std::cout << " HAE AL T " << std::endl;
graph.print_alpha();
std::cout << " FHEEWTT: " << std::endl;
graph.print_merge_find_set();

std::cout << std::endl;
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89

920

91

92

93

94

95

96

97

98

99

100

101

102

103

104

106

107

108

109

110

111

112

113

114

115

116

117

118

std::cout << " EA I EE" << std::endl;

return

/) BN A S 10
// IR AL

0;

// WMEERE {0 } BAEREN 2
// WTWERE {1 } BAEREN 5
/S BTEHE {2 } HAEREN 2
s/ WAEBRE {3 F MAEREAN 1
// WTERE {4 F BHAEREN 3
/S WTEHRE {5 } HAEREN 4
/BT {6 } HAERLEN 2
/BB {7 } MAEREN 2
// WTERE {8 } HAEREN 4
// WEEHERE {9 } HAEREN 3
/7 ERMARE R4 beta: 5
// W46 B BB AR B AR T A
// 2147483647 63 39 34 97 93 35 42
~ 68 29
// 63 2147483647 11 100 82 48 31 2
~ 33 58
// 39 11 2147483647 85 100 27 47 97
~ 86 91
// 34 100 85 2147483647 15 32 16 77
o 84 29
// 97 82 100 15 2147483647 4 53 63
w54 29
// 93 48 27 32 4 2147483647 25 85
-~ 86 58
// 35 31 47 16 53 25 2147483647 97
w27 88
// 42 2 97 77 63 85 97 2147483647
~ 61 91
// 68 33 86 84 54 86 27 61
2147483647 66
// 29 58 91 29 29 58 88 91 66
o 2147483647
//
//F 1 REH R REMEL T
// 0 0 0 0 0 0 0 0 0
o 1

51390 St m



IR AT HAUREE S HOR S g LSS R &

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

136

137

139

140

141

142

143

144

// 0 0 0 0 0
- 0

// 0 0 0 0 0
- 0

// 0 0 0 0 0
- 0

// 0 0 0 0 0
- 0

// 0 0 0 0 1
- 0

// 0 0 0 1 0
- 0

// 0 0 0 0 0
- 0

// 0 0 0 0 0
- 0

// 1 0 0 0 0
- 0

//

/) AR AT

/) WHFEBRE {1 F BAEREN 5
/) WHFEBRE {2 } HAERHEN 2
/) WHEBRE {45 F WAEREN 4
// WHEBRE {7 F BAEREN 2
/) WHEHRE {368 } WHEZRERN 4
/S BREHRE {09 } WHEAEN 3
/) FEEWT:

/79 -1 -1 8 5
o -1

//

/S F 2 REMARREEWT:

// 0 0 0 0 0
- 1

/7 0 0 0 0 0
o~ 0

// 0 0 0 0 0
- 0

/7 0 0 0 0 1

N
S
S
S
~
S

/|

%140 3t

=il



IR AT HAUREE S HOR S g LSS R &

145

146

147

148

149

150

151

152

154

155

156

158

159

// 0 0 0 0 1 0 0 0
- 0

// 0 0 0 1 0 0 0 0
- 0

// 0 0 0 0 0 0 0 0
- 0

// 0 0 0 0 0 0 1 0
- 0

/71 0 0 0 0 0 0 0
- 0

//

/) RAERE T

/) WEERE {1 )} WMAEREN 5
//WHERE {2 } BHEREN 2

/S WEEBRE {7 } MAERHEN 2
J/MEHEE {34568 } WHEREAN 5
// WHEBRE {09 } WAEREKA 3

/) HEEWT:

/79 -1 -1 8 8 8 8 -1
o -1

/7

/) BEBERE

CMakeLists.txt

cmake_minimum_required (VERSION 3.26)
project(chapter6)

set (CMAKE_CXX_STANDARD 23)
add_executable(graphl % ~Z{E 1.cpp)
add_executable(graph2 % <#E/EN 2.cpp)

SET (EXECUTABLE_QUTPUT_PATH R:/)

set (CMAKE_CXX_FLAGS_RELEASE -fexec-charset=GBK)
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