QUSETION ONE
a) 
O(n2+nlogn+n+3) = O(n2)
Since we are more concerned with orders of magnitude than specific values when using the "big O" notation, we can think of n as infinite and just take its maximum order of magnitude, which in this case is n2.

b)
O(1) means that the loop within the function is a constant number of times or there is no loop.
For example, int i=1;
O(n) means that there is only one loop within the function, and there can be multiple concurrent loops but no loop nesting. 
For example, for(int i=0;i<100;i++);
O(n2) is generally found within functions that have loops nested within them. 
For example, for(int i=0;i<100;i++){For(int j;j<100;j++)}.

c) 
The worst case of binary search tree search is that the whole tree is a single branch with maximum depth, when the time complexity is O(n); the best case is that the distribution of this binary tree is balanced and the depth value is minimum, when the time complexity is O(log n).

d)
In the process of constructing a binary search tree, whenever a new node is inserted, first check whether the balance of the binary sorted tree has been destroyed by the insertion of the new node, if so, find the least unbalanced subtree in it, adjust the link relationship between the nodes in the least unbalanced subtree while maintaining the characteristics of the binary sorted tree, and rotate it accordingly to make it a new balanced subtree.

QUESTION TWO
a)
There are two main differences, the first is the timing, static allocation occurs when the program is compiled and linked, while dynamic allocation occurs when the program is called in and executed; the second is the space, static allocation of space will be prepared when the program is compiled, while dynamic allocation will be dynamically allocated according to the demand during the running of the program to improve the space utilization.

b)
A node-based linked list illustrates that the base unit of a linked list is the node. The node consists of two parts, the data field, which holds the information stored in the node, and the pointer field, which holds the address information of the next node. This is a node diagram.
[image: ]
Unlike a normal list, a linked list is interconnected by pointers between nodes, so when inserting, deleting or finding a list, it is done by pointers between nodes.
[image: 图片包含 图标

描述已自动生成]
As an example of insertion, the header insertion method with a header node is used here.
[image: 图片包含 图示

描述已自动生成]
We need to give the address information stored in the head node to the new node first and then connect the new node to the head node. This completes a node insertion operation. From here we can see that for a linked list, insertion and deletion can be done by modifying the address information stored in the node.

c)
void deleteNode(int val) {  // Delete node function, val indicates the value of the node
	Node* temp = head; // Traversal from the head node
	while (temp != NULL) {
		if (temp->data == val) { // Find the node
			if (temp == head) { // If the node is the head node, delete the node and modify the precursor of the new head node to null
				head = temp->next;
				head->pre = NULL;
			}
			else if (temp == tail) { // If the node is a tail node, delete the node and modify the new tail node's backdrive to null
				tail = temp->pre;
				tail->next = NULL;
			}
			else { // Normally, it is only necessary to give the back driver of the node to the previous node and the front driver of the node to the next node
				temp->pre->next = temp->next;
				temp->next->pre = temp->pre;
			}
			delete temp;
			return;
		}
		temp = temp->next;
	}
}

d)
First find the tail node of the single-linked list, i.e. the node pointing to NULL, point the pointer of the tail node to the head node, so that the single-linked list forms a ring, and finally modify the judgment condition of the tail node in the code to determine whether the current node is equal to the head node.

QUSETION FOUR
a)
First take 50 as the root node, compare 50 with 25, 25 is small, then as the left subtree of 50; compare 15 with 50, 15 is small, then compare 15 with 25, 15 is small, then 15 as the left subtree of 25, and so on to get the graph.
[image: ]

b)
Post-order traversal: left subtree ---> right subtree ---> root node.
So 2 is the first node, followed by 18, 15, 30, 25, 80, 75, 50.
Pre-order traversal: root node ---> left subtree ---> right subtree.
So 50 is the first node, followed by 25, 15, 2, 18, 30, 75, 80.
In-order traversal: left subtree ---> root node ---> right subtree.
So 2 is the first node, followed by 15, 18, 25, 30, 50, 75, 80.

c)
// This function deletes a node from the binary search tree
TreeNode* deleteNode(TreeNode* root, int val) {
	// If the root is null, return null
	if (root == NULL) {
		return root;
	}
	// If the value to be deleted is less than the root value, delete from the left subtree
	if (val < root->val) {
		root->left = deleteNode(root->left, val);
	}
	// If the value to be deleted is greater than the root value, delete from the right subtree
	else if (val > root->val) {
		root->right = deleteNode(root->right, val);
	}
	// If the value to be deleted is equal to the root value
	else {
		// If the root has no left child, replace the root with its right child
		if (root->left == NULL) {
			TreeNode* temp = root->right;
			delete root;
			return temp;
		}
		// If the root has no right child, replace the root with its left child
		else if (root->right == NULL) {
			TreeNode* temp = root->left;
			delete root;
			return temp;
		}
		// If the root has both left and right children, replace the root with the minimum value in the right subtree
		TreeNode* temp = minNode(root->right);
		root->val = temp->val;
		root->right = deleteNode(root->right, temp->val);
	}
	return root;
}
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