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AREGIR

1  #pragma once

2  #include<iostream>

3  #include<algorithm>

4

5 template<class K>

6 struct BSTNode

7 A

8 K _key;

9 BSTNode<K>* _left;

10 BSTNode<K>* _right;
11

12 BSTNode (K key)

13 :_key (key)

14 , _Lleft(nullptr)
15 , _right(nullptr)
16 {}

17}

18

19 // Binary Search Tree
20  template<class K>
21 class BSTree
22 {
23 typedef BSTNode<K> Node;
24  public:
25 bool Insert(const K& key)
26 {
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= cur->_right;

= cur->_right;

27 /) EH
28 if (_root == nullptr)
29 {
30 _root = new Node(key);
31 return true;
32 }
33
34 Node* cur = _root;
35 Nodex parent = _root;
36 while (cur != nullptr)
37 {
38 parent = cur;
39 if (key > cur->_key) cur
40 else if (key < cur->_key) cur = cur->_left;
41 else // BIRFTZFFHENEFE
42 {
43 std::cout << "ZRRARZFHENMEEFE" << std
44 return false;
45 }
46 }
47
48 cur = new Node(key) ;
49 if (key > parent->_key) parent->_right = cur;
50 else parent->_left = cur;
51
52 return true;
53 }
54
55 bool Find(const K& key)
56 {
57 Node* cur = _root;
58 while (cur != nullptr)
59 {
60 if (key > cur->_key) cur
61 else if (key < cur->_key) cur = cur->_left;
62 else return true;
63 }
64
65 return false;
66 }
67

AezE

1 bool Erase(const K& key)

2 {

::rendl;
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if (!Find(key)) return false;

Node* cur = _root;

Node* parent = _root;

while (cur != nullptr)

{
if (key > cur->_key)
{
parent = cur;
cur = cur->_right;
}
else if (key < cur->_key)
{
parent = cur;
cur = cur->_left;
}
else break;
}

// XfcurB9%ZF5 09718 21716

/) 4. TEERFYIFNE, XEGITREH T FIEIRELERRER
if (cur->_left != nullptr && cur->_right != nullptr)

{
if (_root->_left != nullptr)

{
Nodex R = _root->_left;
while (R->_right != nullptr)
{
parent = R;
R = R->_right;
}
std: :swap(R->_key, cur->_key);
cur = R;
}

else if (_root->_left == nullptr && _root->_right != nullptr)
{
Nodex L = _root->_left;
while (L->_left != nullptr)
{
parent = L;
L = L->_Tleft;



50 }

51

52 std::swap(L->_key, cur->_key);

53 cur = L;

54 }

55 }

56

57 // 1. curftfZF

58 if (cur->_left == nullptr && cur->_right == nullptr)

59 {

60 if (parent->_left == cur) parent->_left = nullptr;

61 else parent->_right = nullptr;

62

63 delete cur;

64 cur = nullptr;

65 }

66

67 // 2. curBHa#EF

68 else if (cur->_right != nullptr && cur->_left == nullptr)
69 {

70 if (parent->_left == cur) parent->_left = cur->_right;
71 else parent->_right = cur->_right;

T2

73 delete cur;

74 cur = nullptr;

75 }

76

77 // 3. curBLE#ZF

78 else if (cur->_left != nullptr && cur->_right == nullptr)
79 {

80 if (parent->_left == cur) parent->_left = cur->_left;
81 else parent->_right = cur->_left;

82

83 delete cur;

84 cur = nullptr;

85 }

86

87 return true;

ARG ER

1 void InOrder()

2 {

3 if (_root == nullptr) return;
4 _InOrder(_root);

5 std::cout << std::endl;

6



private:

void _InOrder (Nodex root)

10 {

11 if (root == nullptr) return;

12 std::cout << root->_key << " '
13 _InOrder (root->_left);

14 _InOrder(root->_right);

15 }

16

17  private:

18 Node * _root = nullptr;

19 1;

7. ZX#EZERikeyfkey/valuefERIHE

7.1 key#ERi75

keyfF AKX BIEEFEELEHT, BRGBIRRIXELDkeySIFRELERNE (BiiZkey) , B#EIR
RAFZHfkeyBEFE. keyWWERPFLIMPW -_RIEEMZFEME, BREAXEN, EkkeyER
BRSNS RV o

7.2 key/valuel$ EiH=

F— K EBkeyEE— XA Evalue, valuer] IBEMEET R, WHEHT (ER) BRTEE
FtiEkeyd, REFMEXNNAvalueld, 1B/MI/EERE UkeyEBEMBIRN EHITLLR, BIAREEILE
keyXtRZHJvalue, key/valueMIEFRIZRLIMHI —RIERMZIFHEN, BRFEEEkkeyE, ENXHF
SR B BR,

7.3 key/valuehRZsBSTreet= 4L

ARIBIR

1 #pragma once

2  #include<iostream>

3

4  template <class K, class V>
5 struct BSTNode

6 {

7 K _key;

8 V _value;
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BSTNode<K, V>* _left;
BSTNode<K, V>x _right;
BSTNode(const K & key, const V & value)
:_key (key)
, _value(value)
, _Lleft(nullptr)
, _right(nullptr)
{}

template<class K, class V>

class BSTree

{

typedef BSTNode<K, V> Node;

public:

BSTree() = default;

BSTree(const BSTree<K, V>& t) { _root = Copy(t); 1}

BSTree<K, V>& operator=(BSTree<K, V> t)
{

std::swap(_root, t._root);

return *this;

~BSTree() { Destroy(_root); }

bool Insert(const K& key, const V& value)
{
V=
if (_root == nullptr)
{
_root = new Node(key, value);

return true;

}
Nodex cur = _root;
Nodex parent = _root;

while (cur != nullptr)
{
parent = cur;
if (key > cur->_key) cur = cur->_right;
else if (key < cur->_key) cur = cur->_left;
else
{
std::cout << "ZRRAERZFHBENEFE" << std

return false;

::rendl;
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cur = new Node(key, value);
if (key > parent->_key) parent->_right = cur;
else parent->_left = cur;

return true;

Nodex Find(const K& key)

{
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Nodex cur = _root;

while (cur != nullptr)

{
if (key > cur->_key) cur = cur->_right;
else if (key < cur->_key) cur = cur->_left;
else return true;

}

return false;

bool Erase(const K& key)

{

if (!Find(key)) return false;
Node* cur = _root;

Node* parent = _root;

while (cur != nullptr)

{

if (key > cur->_key)
{

parent = cur;

cur = cur->_right;
}
else if (key < cur->_key)
{

parent = cur;

cur = cur->_left;
}

else break;
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// XfcurB9#ZF7 09f1E 21716
/) 4. EARFIHITNT, XEBIILRBIEL FIE R GLERFER
if (cur->_left != nullptr && cur->_right != nullptr)

{

}

if (_root->_left != nullptr)

{

else if (_root->_left == nullptr && _root->_right != nullptr)

{

Nodex R = _root->_left;
while (R->_right != nullptr)
{

parent = R;

R = R->_right;

std: :swap (R->_key, cur->_key);

std: :swap(R->_value, cur->_value);

cur = R;

Nodex L = _root->_left;
while (L->_left != nullptr)
{

parent = L;

L = L->_Tleft;

std::swap(L->_key, cur->_key);
std::swap(L->_value, cur->_value);
cur = L;

// 1. curt#F
if (cur->_left == nullptr && cur->_right ==

{

if (parent->_left == cur) parent->_left

else parent->_right = nullptr;

delete cur;

cur

= nullptr;

// 2. curB&aHEF
else if (cur->_right != nullptr && cur->_left ==

nullptr)

= nullptr;

nullptr)
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if (parent->_left == cur) parent->_left = cur->_right;
else parent->_right = cur->_right;

delete cur;

cur = nullptr;

// 3. curBEZEF
else if (cur->_left != nullptr && cur->_right == nullptr)

{
if (parent->_left == cur) parent->_left = cur->_left;
else parent->_right = cur->_left;

delete cur;
cur = nullptr;
}

return true;

void InOrder() { _InOrder(_root); }

private:

void _InOrder (Node*x root)

{
if (root == nullptr) return;
_InOrder (root->_left);
cout << root->_key << '":'" << root->_value << endl;
_InOrder (root->_right);
std::cout << std::endl;

+

void Destroy(Node* root)

{
if (root == nullptr) return;
Destroy(root->_left);
Destroy(root->_right);
delete root;
root = nullptr;

+

Nodex Copy(Nodex root)
{
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if (root

Nodex newnode = new Node(root->_key, root->_value);

== nullptr) return;

newnode->_left = Copy(root->_left);

newnode->_right =

return newnode;

private:

}s

Node*x _root

nullptr;

Copy (root->_right);






