QUESTION ONE
a)
Considering the dominant term, which is n^2, we can ignore the other terms when determining the big-O notation. Therefore, we can express the computational complexity of this algorithm as O(n^2)

b)
O(1)
Public void help(int[] nums){
   System.out.println(nums.length)
}
Explanation: The provided pseudocode has a constant time complexity of O(1). It doesn't depend on the size of the input array. Regardless of how large the array is, the algorithm only performs a single operation (accessing the first element) and completes in a constant amount of time
O(n)
function linearSearch(array, target):
    for element in array:
        if element == target:
            return true
return false
Explanation: The given pseudocode represents a linear search algorithm that iterates through each element in the array until it finds the target value. The time complexity of this algorithm is O(n), where n is the size of the input array. As the size of the array increases, the number of iterations also increases linearly, resulting in a linear growth rate.
O(n^2)
function bubbleSort(array):
    n = length(array)
    for i from 0 to n-1:
        for j from 0 to n-i-1:
            if array[j] > array[j+1]:
                swap array[j] and array[j+1]
Explanation: The provided pseudocode illustrates the bubble sort algorithm. It compares adjacent elements in the array and swaps them if they are in the wrong order. The algorithm repeats this process multiple times until the entire array is sorted. The time complexity of bubble sort is O(n^2) because it requires nested loops. For each element in the array, it needs to compare it with every other element, resulting in a quadratic growth rate

c)

The running time for a search operation in a binary search tree (BST) depends on the structure and balance of the tree. Let's analyze the best-case and worst-case scenarios for a search operation and see how they can occur
1. Best-case running time: In the best-case scenario, the binary search tree is perfectly balanced, meaning that the left and right subtrees of each node have an equal number of nodes (or differ by at most one). In such a case, the search operation can achieve a time complexity of O(log n), where n is the number of nodes in the tree.
2. Worst-case running time: In the worst-case scenario, the binary search tree is unbalanced, meaning that one subtree is significantly larger than the other. This can occur when nodes are inserted into the tree in a sorted or nearly sorted order. In such cases, the tree essentially degenerates into a linked list, with all nodes aligned in a single branch.
In an unbalanced BST, the worst-case running time for a search operation is O(n), where n is the number of nodes in the tree. The reason is that in this scenario, the tree does not provide the efficient division of subtrees as in the balanced case. Each comparison only eliminates one node, resulting in a linear growth rate.

d)
The use of a balanced tree improves upon a basic binary search tree (BST) by maintaining the balance of the tree structure. A balanced tree ensures that the height of the tree remains relatively small, which leads to improved search, insertion, and deletion operations.
Here are a few key ways in which a balanced tree improves upon a basic binary search tree:
1)Reduced worst-case time complexity;2) Improved search performance;3) Better insertion and deletion performance;4) Consistent performance.
  
QUESTION TWO
a)
Static memory allocation involves allocating memory for data structures at compile-time or during program initialization, while dynamic memory allocation involves allocating memory at runtime as and when needed. Static memory allocation provides fixed-size data structures with fast and efficient memory access but lacks flexibility. Dynamic memory allocation allows for dynamic sizing of data structures but introduces the overhead of memory management. The choice between static and dynamic memory allocation depends on the specific requirements and characteristics of the data structures being used.

b)
A node-based linked list is a data structure consisting of nodes where each node contains data and a reference (or link) to the next node in the list. It forms a linear sequence of nodes, and the connections between the nodes allow traversal from one node to another
1(head)->2->3->4->5
In this example, each node contains a value (1, 2, 3, 4, 5) and a reference to the next node. The arrow indicates the direction of traversal.
1) Insertion: Insertion at the beginning: Adds a new node at the beginning of the list, updating the reference of the new node to point to the current head node. Insertion at the end: Adds a new node at the end of the list, updating the reference of the current last node to point to the new node. Insertion at a specific position: Inserts a new node at a specific position in the list, updating the references of adjacent nodes accordingly
2) Deletion: Deletion of the first node: Removes the first node in the list, updating the reference of the head node to point to the next node. Deletion of the last node: Removes the last node in the list, updating the reference of the new last node to null. Deletion of a specific node: Removes a node at a specific position in the list, updating the references of adjacent nodes accordingly.
3) Searching: Searching for a specific value: Traverses the linked list from the head to find a node with a particular value. Searching for a specific position: Traverses the linked list to locate a node at a specific position.
4) Traversing: Iterating through the linked list: Allows visiting each node in the list sequentially, from the head to the last node, to perform operations on the data or retrieve values.

c)
class ListNode {
    int data;
    ListNode prev;
    ListNode next;
}

class DoubleLinkedList {
    ListNode head;
    ListNode tail;
    
    // Other methods for the double linked list
    
    void deleteNode(int item) {
        if (head == null) {
            // List is empty
            return;
        }

        ListNode currentNode = head;

        while (currentNode != null) {
            if (currentNode.data == item) {
                if (currentNode == head) {
                    if (head == tail) {
                        // Deleting the only node in the list
                        head = null;
                        tail = null;
                    } else {
                        // Deleting the head node
                        head = currentNode.next;
                        head.prev = null;
                    }
                } else if (currentNode == tail) {
                    // Deleting the tail node
                    tail = currentNode.prev;
                    tail.next = null;
                } else {
                    // Deleting a node in the middle
                    currentNode.prev.next = currentNode.next;
                    currentNode.next.prev = currentNode.prev;
                }

                // Free memory for the deleted node (Java garbage collection will handle this automatically)
                return;
            }

            currentNode = currentNode.next;
        }

        // Item not found in the list
    }
}
Potential problems with this implementation:
1) Memory management: In Java, memory management is handled by the garbage collector, so explicit memory deallocation is not required. The deleted node will be automatically garbage collected if there are no other references to it. However, care should be taken to avoid creating memory leaks by ensuring that there are no unintended references to the deleted nodes
2) Null pointer checks: The algorithm assumes that the prev and next references of the nodes are properly maintained. It's important to ensure that these references are correctly updated during insertions and deletions to avoid null pointer exceptions.
3) Maintaining the integrity of the doubly linked list: When deleting a node, it's essential to properly update the prev and next references of the neighboring nodes to maintain the integrity of the doubly linked list. Failing to do so can lead to inconsistencies in the list structure.
4) Handling edge cases: The algorithm should consider edge cases, such as deleting the only node in the list, deleting the head or tail node, and handling cases where the item to be deleted is not found in the list. These cases should be appropriately handled to ensure the correctness of the algorithm.
d)
1) Update the Node Structure: In a linear linked list, each node typically contains a data element and a reference to the next node in the list. To implement a circular data structure, you need to modify the node structure by adding an additional reference to the previous node, creating a doubly linked list structure.
2) Adjust Insertion and Deletion Operations: When inserting a new node, you need to ensure that the circular connections are correctly established. For example, when inserting a node at the beginning of the circular list, the "next" pointer of the new node should point to the current head node, and the "previous" pointer of the new node should point to the current tail node. Additionally, you need to update the "next" pointer of the current tail node to point to the new node and update the "previous" pointer of the current head node to point to the new node. Similar adjustments need to be made for inserting a node at the end or at a specific position in the circular list. Deletion operations will also need to update the "next" and "previous" pointers of the adjacent nodes to maintain the circular connections.
3) Update Traversal and Termination Condition: In a linear linked list, the termination condition for traversal is typically reaching the end of the list, where the "next" pointer is null. In a circular data structure, the termination condition should be modified to ensure that the traversal can loop back to the beginning of the list. You can use a loop or a specific condition to determine when to stop traversing the circular list, such as reaching the starting node again.


QUESTION FOUR
a)
Step 1: Insert 50 (root node)
      50
Step 2: Insert 25 (left child of 50)
      50
     /
25
Explanation: Since 25 is smaller than 50, it becomes the left child of 50.
Step 3: Insert 15 (left child of 25)
      50
     /
    25
   /
  15
Explanation: Since 15 is smaller than 25, it becomes the left child of 25.
Step 4: Insert 30 (right child of 25)
      50
     /
    25
   /  \
  15   30
Explanation: Since 30 is greater than 25, it becomes the right child of 25.
Step 5: Insert 18 (left child of 30
      50
     /
    25
   /  \
  15   30
       /
      18
Explanation: Since 18 is smaller than 30, it becomes the left child of 30.
Step 6: Insert 75 (right child of 50)
      50
     /  \
    25   75
   /  \    \
  15   30   80
       /
      18
Explanation: Since 75 is greater than 50, it becomes the right child of 50.
Step 7: Insert 80 (right child of 75)
      50
     /  \
    25   75
   /  \    \
  15   30   80
       / \
      18
Explanation: Since 80 is greater than 75, it becomes the right child of 75.
Step 8: Insert 2 (left child of 15)
      50
     /  \
    25   75
   /  \    \
  15   30   80
 /     / 
 2    18

b)
public class Test {
    public static void main(String[] args) {
        TreeNode1 root=new TreeNode1(50);
        TreeNode1 n2=new TreeNode1(25);
        TreeNode1 n3=new TreeNode1(75);
        root.left=n2;
        root.right=n3;
        TreeNode1 n4=new TreeNode1(15);
        TreeNode1 n5=new TreeNode1(30);
        n2.left=n4;
        n2.right=n5;
        TreeNode1 n6=new TreeNode1(80);
        n3.right=n6;
        TreeNode1 n7=new TreeNode1(2);
        TreeNode1 n8=new TreeNode1(18);
        n4.left=n7;
        n5.left=n8;
    }
    
    public void preOrderRecur(TreeNode1 root) {
        if (root == null) {
            return;
        }
        System.out.print(root.val);
        preOrderRecur(root.left);
        preOrderRecur(root.right);
    }
    public void midOrderRecur(TreeNode1 root) {
        if (root == null) {
            return;
        }
        preOrderRecur(root.left);
        System.out.print(root.val);
        preOrderRecur(root.right);
    }
    public void afterOrderRecur(TreeNode1 root) {
        if (root == null) {
            return;
        }
        preOrderRecur(root.left);
        preOrderRecur(root.right);
        System.out.print(root.val);
    }
}

class TreeNode1 {
    int val;
    TreeNode1 left;
    TreeNode1 right;

    TreeNode1() {
    }

    TreeNode1(int val) {
        this.val = val;
    }

    TreeNode1(int val, TreeNode1 left, TreeNode1 right) {
        this.val = val;
        this.left = left;
        this.right = right;
    }
}
The algorithm traverses the binary tree through the preorder, inorder and postorder written by java. The postorder traversal is 2, 15, 30, 25, 18, 30, 80, 75, 50.

c)
public class BinaryTree {
    private TreeNode root;

    private class TreeNode {
        int val;
        TreeNode left;
        TreeNode right;

        public TreeNode(int val) {
            this.val = val;
            this.left = null;
            this.right = null;
        }
    }

    public void deleteNode(int key) {
        root = deleteNode(root, key);
    }

    private TreeNode deleteNode(TreeNode root, int key) {
        if (root == null) {
            return null;
        }

        if (key < root.val) {
            root.left = deleteNode(root.left, key);
        } else if (key > root.val) {
            root.right = deleteNode(root.right, key);
        } else {
            if (root.left == null) {
                return root.right;
            } else if (root.right == null) {
                return root.left;
            }

            TreeNode successor = findSuccessor(root.right);
            root.val = successor.val;
            root.right = deleteNode(root.right, successor.val);
        }

        return root;
    }

    private TreeNode findSuccessor(TreeNode node) {
        while (node.left != null) {
            node = node.left;
        }
        return node;
    }
}
To remove a node from a binary tree, there are several cases to consider: The node to remove is a leaf node: simply delete the node. The node to be removed has a child: connect the child to the parent node of the removed node. The node to be deleted has two children: the successor or predecessor of the deleted node needs to be found, its value copied to the deleted node, and the successor or predecessor node deleted.
When deleting 2, 2 is a coconut node and can be deleted directly.
