QUESTION ONE 
a) O(n^2)   
By taking the derivative of n ^ 2, nlogn, and n over n, the growth rate of the three numbers can be obtained, and n ^ 2 has the fastest growth rate. Therefore, its algorithm complexity is O (n ^ 2)

b) 
[bookmark: _GoBack]complexity O(1)
function time(n):
print("1")
No matter what you input n, it will not affect its output, and it will only go through once internally

complexity O(n)
function time(n):
    for i from 1 to n:
        print(i)
The running time of the algorithm is linear, increasing linearly with the increase of input size n. The number of cycles printed from 1 to n is proportional to n.

complexity O(n2)
function time(n):
    for i from 1 to n:
        for j from 1 to n:
            print(i, j)
The running time of the algorithm is quadratic time, which increases in a square order with the increase of input size n. It nested two loops, each with a number of times proportional to n.

c) 
The best case runtime: O (1)
This situation occurs when the searched element happens to be at the root node of the tree.

The worst case runtime: O (n)
N is the number of nodes in the tree. If the tree is a diagonal tree (with only one child node per node), in the worst-case scenario, the search operation requires traversing the entire tree's nodes to find the desired element.

d)
Because the basic binary search tree will degenerate into a linear structure in the worst case, the balanced tree will automatically perform balancing operations after inserting and deleting elements to maintain its balance. This ensures a low average and worst-case time complexity for search, insert, and delete operations.


QUESTION TWO 
a) 
The main difference between static memory allocation and dynamic memory allocation lies in the life cycle and flexibility of memory. Static memory allocation is determined before the program runs and remains unchanged throughout the entire program execution period. Dynamic memory allocation allows for dynamic allocation and release of memory during program execution, adapting to different data structure requirements.

b) 
Node 1                      
 Data                     
 Next -->    Node 2
 Data 
 Next -->  Node 3       
In a node based linked list, each node contains two parts:
Data: Stores the actual data elements.
Pointer section (Next): Pointer to the next node, forming a link between nodes.
The basic operations of node based linked lists include:
Insertion: Insert a new node into a specific location in the linked list. You can insert nodes at the head, tail, or middle of a linked list. The insertion operation requires updating the pointers of the corresponding nodes to maintain the connectivity of the linked list.
Delete: Remove a node from the linked list. You can delete the head, tail, or middle nodes of the linked list. The deletion operation requires updating the pointers of the corresponding nodes to maintain the connectivity of the linked list.
Search: Find specific data elements in the linked list. Start from the head of the linked list to traverse the nodes and compare the data elements of the nodes one by one until a matching element is found or the end of the linked list is reached.
Traversal: Access each node in the linked list in order to obtain or process the data elements of the node. You can start traversing from the head of the linked list and sequentially access each node until the end of the linked list.

c) 
function deleteLinkedList(list, item):
   

    current = list.head 
    while current is not null:
        if current.data == item:
            if current is list.head: 
                list.head = current.next 
                if list.head is not null:
                    list.head.prev = null 
            else if current is list.tail: 
                list.tail = current.prev
                if list.tail is not null:
                    list.tail.next = null
            else:
                current.prev.next = current.next 
                current.next.prev = current.prev 
            deallocate current 
            return 
        current = current.next 

       return 
When using dynamic memory allocation, you need to ensure that the relevant memory space is released after the node is deleted to avoid memory leak.
When updating the predecessor and successor pointers of nodes, it is necessary to handle boundary situations carefully, such as deleting the head and tail nodes.
Ensure that the references to the head and tail nodes of the double linked list are updated correctly to reflect the state of the linked list after the deletion operation.
Ensure handling of empty linked lists and avoid accessing null pointers

d)
Modify the definition of a linked list node: The definition of a linked list node requires the addition of an additional pointer to the next node (Next) and a pointer to the previous node (Prev).
Modify insertion operation: When inserting a new node, it is necessary to update the Next pointer of the previous node and the Prev pointer of the following node to point to the newly inserted node. At the same time, it is necessary to update the Next and Prev pointers of the newly inserted nodes, pointing them to the next and previous nodes to ensure circular connectivity.
Modification and deletion operation: When deleting a node, it is necessary to update the Next pointer of the previous node and the Prev pointer of the following node, connecting them to each other to ensure a circular connection. At the same time, attention should also be paid to handling the situation of the head and tail nodes.





QUESTION FOUR
a) 
Select the first number 50 as the root node.
   50

Insert the second number 25. Since 25 is less than 50, it becomes the left child node of 50.
       50
      /
     25
Insert the third digit 15. Since 15 is smaller than 50 and 25, it becomes the left child node of 25
       50
      /
     25
    /
   15
Insert the fourth digit 30. Since 30 is greater than 25 but less than 50, it becomes the right child node of 25
       50
      /
     25
    /  \
   15   30
Insert the fifth digit 18. Since 18 is less than 25 and greater than 15, it becomes the right child node of 15.
       50
      /
     25
    /  \
   15   30
    \    
     18
Insert the sixth digit 75. Since 75 is greater than 50, it becomes the right child node of 50.
       50
      /  \
     25   75
    /  \
   15   30
     \   
      18
Insert the seventh digit 80. Since 80 is greater than 50 and 75, it becomes the right child node of 75
       50
      /  \
     25   75
    /  \    \
   15   30   80
     \    
      18
Insert the last digit 2. Due to 2 being less than 50, 25, and 30, it becomes the left child node of 15.
       50
      /  \
     25   75
    /  \    \
   15   30   80
  /  \
 2   18

b)

In-order traversal:
The first node visited in in-order traversal is the leftmost node, which is 2. The order in which the nodes are visited is as follows:
2, 15, 18, 25, 30, 50, 75, 80

Pre-order traversal:
The first node visited in pre-order traversal is the root node, which is 50. The order in which the nodes are visited is as follows:
50, 25, 15, 2, 18, 30, 75, 80

c) 
#include <iostream>

struct TreeNode {
    int value;
    TreeNode* left;
    TreeNode* right;
    
    TreeNode(int val) {
        value = val;
        left = nullptr;
        right = nullptr;
    }
};

TreeNode* deleteNode(TreeNode* root, int key) {
    if (root == nullptr)
        return root;
    
    if (key < root->value)
        root->left = deleteNode(root->left, key);
    else if (key > root->value)
        root->right = deleteNode(root->right, key);
    else {
        if (root->left == nullptr) {
            TreeNode* temp = root->right;
            delete root;
            return temp;
        }
        else if (root->right == nullptr) {
            TreeNode* temp = root->left;
            delete root;
            return temp;
        }
        
        TreeNode* temp = findMin(root->right);
        root->value = temp->value;
        root->right = deleteNode(root->right, temp->value);
    }
    
    return root;
}

TreeNode* findMin(TreeNode* node) {
    TreeNode* current = node;
    while (current->left != nullptr) {
        current = current->left;
    }
    return current;
}

int main() {
    TreeNode* root = new TreeNode(50);
    root->left = new TreeNode(25);
    root->right = new TreeNode(75);
    root->left->left = new TreeNode(15);
    root->left->right = new TreeNode(30);
    root->left->left->left = new TreeNode(2);
    root->left->left->right = new TreeNode(18);
    root->right->right = new TreeNode(80);
    
    std::cout << " 50 25 15 2 18 30 75 80" << std::endl;
    
    root = deleteNode(root, 2);    
    return 0;
}





