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class TreeNode {
public:

int val;

TreeNode* left;

TreeNode* right;

int height;

TreeNode(int x) : val(x), left(nullptr), right(nullptr), height(0) {}
b
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int getHeight(TreeNode* node) {
if (node == nullptr) return -1;

return node->height;

void updateHeight(TreeNode* node) {
if (node == nullptr) return;
node->height = 1 + std::max(getHeight(node->left), getHeight(node->right));
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int getBalanceFactor(TreeNode* node) {
if (node == nullptr) return 0;
return getHeight(node->left) - getHeight(node->right);
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TreeNode* rotateLeft(TreeNode* y) {
TreeNode* x = y->right;
TreeNode* T2 = x->left;
x->left = y;
y->right = T2;
updateHeight(y);
updateHeight(x);

return x;

TreeNode* rotateRight(TreeNodex* x) {
TreeNode* y = x->left;
TreeNode* T2 = y->right;
y->right = x;
x->left = T2;
updateHeight(x);
updateHeight(y);

return y;
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TreeNode* balance(TreeNode* node) {
if (node == nullptr) return nullptr;
int bf = getBalanceFactor(node);
if (bf > 1) {
if (getBalanceFactor(node->left) == 0) {
return rotateRight(node); // LL case
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} else {
node->left = rotateLeft(node->left); // LR case: first left rotate left child

return rotateRight(node);

1
if (bf < -1) {
if (getBalanceFactor(node->right) <= 0) {
return rotateLeft(node); // RR case
} else {
node->right = rotateRight(node->right); // RL case: first right rotate right
<~ child

return rotateLeft(node);

}

return node; // no need to balance
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TreeNode* insert(TreeNode* node, int key) {
if (node == nullptr) {
return new TreeNode(key);
1
if (key < node->val) f{
node->left = insert(node->left, key);
} else if (key > node->val) {
node->right = insert(node->right, key);
} else {
return node; // duplicate keys not allowed
1
updateHeight(node);

return balance(node);
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TreeNode* remove(TreeNode* node, int key) {
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if (node == nullptr) return nullptr;
if (key < node->val) f{
node->left = remove(node->left, key);
} else if (key > node->val) {
node->right = remove(node->right, key);
} else {
if (node->left == nullptr || node->right == nullptr) {
TreeNode* temp = node-=left ? node-=left : node->right;
delete node;
return temp;
} else {
TreeNode* temp = node->right;
while (temp->left != nullptr) {
temp = temp->left;
!
node->val = temp->val;

node->right = remove(node->right, temp->val);

1
updateHeight (node);

return balance(node);
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bool search(TreeNode* node, int key) {
if (node == nullptr) return false;
if (key == node->val) return true;
if (key < node->val) return search(node->left, key);

return search(node->right, key);
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#include <iostream>
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#include <algorithm=>

void inOrder(TreeNode* node) {
if (node == nullptr) return;
inOrder(node->1left);
std::cout << node->val << " ";
inOrder(node->right);

1

int main() {
TreeNode* root = nullptr;

insert(root, 10);

root
root = insert(root, 20);
root = insert(root, 30);
root = insert(root, 40);
root = insert(root, 50);

insert(root, 25);

root

std::cout << "In-order traversal: ";

inOrder(root); // should output sorted values

std::cout << "\nHeight of tree: " << getHeight(root) << std::endl; // should be
— small

// Test deletion if implemented

root = remove(root, 30);

std::cout << "After deletion, in-order: ";

inOrder(root);

std::cout << std::endl;

return 0O;

}
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