QUESTION ONE
a) 
The computational complexity of the given algorithm can be described using big-O notation as O(n^2). This means that the running time of the algorithm grows quadratically with the input size, n. The dominant term in the running time equation is n^2, while the other terms (nlogn, n, 3) and lower-order terms are considered insignificant in terms of growth rate.

b)
1. O(1) Complexity (Constant Time):
Pseudocode:
 int y=4;
Explanation:
In this example, the algorithm directly accesses the first element of the input, regardless of the input size. It performs a single operation, regardless of how many elements are present. The time complexity remains constant, O(1), as the input size doesn't affect the running time.
2. O(n) Complexity (Linear Time):
Pseudocode:
function linearTimeAlgorithm(input):
int j=0;
 for(i=5;i<100;i++){
j=x+i;
}
Explanation:
In this example, the algorithm iterates through each element of the input and performs a constant-time operation (adding the item to the sum). The number of iterations is directly proportional to the size of the input, making the time complexity linear, O(n).
3. O(n^2) Complexity (Quadratic Time):
Pseudocode:
for (x=0;x<100;x++)
				{
					for(i=5;i<100;i++)
j=x+i;
				}
Explanation:
In this example, the algorithm has nested loops that iterate over the input. For each element i in the input, it iterates over the entire input again. This leads to a total of n * n iterations, resulting in a quadratic time complexity, O(n^2). The running time grows exponentially with the input size.

c)
Best Case:
The best-case scenario occurs when the binary search tree is perfectly balanced. In this case, each level of the tree divides the remaining search space in half, leading to efficient search operations. The best-case running time for searching in a binary search tree is O(log n), where n is the number of nodes in the tree. This logarithmic time complexity arises from the fact that the height of a balanced binary search tree is logarithmic in relation to the number of nodes. 
Worst Case:
The worst-case scenario for a binary search tree occurs when the tree is heavily skewed either to the left or the right. In this case, the tree degenerates into a linked list, and the search operation becomes inefficient. The worst-case running time for searching in a binary search tree is O(n), where n is the number of nodes in the tree. This linear time complexity arises because in the worst-case scenario, we may need to traverse through all nodes of the tree, similar to a linked list, before finding the desired node.

d)
The use of a balanced tree ensures that the tree's structure is optimized for efficient operations. By maintaining balance and minimizing the tree's height, balanced trees significantly improve the time complexity of search operations, resulting in faster and more reliable performance compared to basic binary search trees.




















QUESTION TWO
a)
- Static memory allocation: Memory for data structures is allocated during the compilation or loading phase of a program. The size of the memory is determined in advance and remains fixed throughout the program's execution. Memory deallocation is automatic and handled by the system.
- Dynamic memory allocation: Memory for data structures is allocated and deallocated during runtime, as and when needed. The size of the memory can be determined dynamically during program execution. Memory deallocation is manual and needs to be explicitly handled by the programmer.
Static allocation is determined at compile time and remains fixed, while dynamic allocation allows for flexibility in managing memory during program execution.

b）
A node-based linked list is a data structure composed of nodes that are linked together sequentially. Here's a diagram illustrating a node-based linked list:
Head
 ↓
+-----+    +-----+    +-----+    +-----+
|  7  | -> |  12 | -> |  4  | -> |  9  |
+-----+    +-----+    +-----+    +-----+
Essential operations to manage a node-based linked list include:
1. Insertion and deletion: Insertion and deletion operations are necessary to maintain the dynamic nature of the linked list. They allow nodes to be added or removed as needed, providing flexibility in managing the list's content.
2. Traversal: Traversal operation is essential to access and process the data stored in each node. It allows iterating over the linked list to perform various operations on the data or to display it.
3. Searching: Searching operation is crucial when there is a need to locate a specific node or value within the linked list. It enables finding and retrieving the desired data efficiently.

c)
Here's a detailed algorithm in pseudocode for deleting an item from a doubly linked list:

function deleteFromDoublyLinkedList(list, item):
    current = list.head
 while current is not null:
        if current.data == item:
            if current.prev is not null:
                current.prev.next = current.next
            else:
                list.head = current.next

            if current.next is not null:
                current.next.prev = current.prev
            else:
                list.tail = current.prev

            deallocate current
            return
current = current.next

    // Item not found in the list
Return

Potential problems and considerations with this implementation:
1. Memory Management: This algorithm assumes that memory deallocation is handled correctly outside the scope of this function. It is essential to properly deallocate the memory of the deleted node to avoid memory leaks.
2. Updating List Pointers: The algorithm updates `list.head` and `list.tail` when deleting the head or tail nodes, respectively. If the doubly linked list is implemented as a separate structure containing these pointers, make sure to update them correctly to maintain the integrity of the list.
3. Time Complexity: The time complexity of this algorithm is O(n), where n is the number of nodes in the doubly linked list. It iterates through the list to find the target node, resulting in a linear search. Considerations for optimizing the algorithm's performance may be needed for large lists.

d)
1. Update the node structure to include a "prev" pointer along with the existing "next" pointer.
2. Adjust the insertion and deletion operations to properly update the "next" and "prev" pointers of neighboring nodes.
3. Initialize the list by setting the "next" and "prev" pointers of the first node to itself, creating a circular connection.
4. Terminate the list by updating the "next" and "prev" pointers of the neighboring nodes when removing the last node.
5. Traverse the circular list by starting from any node and continuing until you reach the starting point again, using the "next" or "prev" pointers.
QUESTION four
a)
To construct a binary search tree (BST) from the given list of unordered numbers: 50, 25, 15, 30, 18, 75, 80, 2, we can follow these steps:
1. Start with the root node as the first number in the list: 50.

      50
2. Insert the next number, 25, as the left child of 50 since it is less than 50.

      50
     /
    25

3. Insert 15 as the left child of 25 since it is less than 25.

      50
     /
    25
   /
  15

4. Insert 30 as the right child of 25 since it is greater than 25.

      50
     /
    25
   /  \
  15   30

5. Insert 18 as the right child of 15 since it is greater than 15.

      50
     /
    25
   /  \
  15   30
        \
         18

6. Insert 75 as the right child of 50 since it is greater than 50.

     

 50
     /  \
    25   75
   /  \    \
  15   30   80
        \
         18

7. Insert 80 as the right child of 75 since it is greater than 75.

      50
     /  \
    25   75
   /  \    \
  15   30   80
        \
         18
        \
         2

The placement of each value in the binary search tree follows the property that all elements in the left subtree of a node are smaller than the node's value, and all elements in the right subtree are greater than the node's value. This placement ensures efficient search, insertion, and deletion operations in the BST.

b)
Binary Tree:

      50
     /  \
    25   75
   /  \    \
  15   30   80
        \
         18
        \
         2

1.Post-order Traversal (Left - Right - Root):

2, 18, 15, 30, 25, 80, 75, 50

Explanation: We visit the left subtree first, then the right subtree, and finally the root node.

2.In-order Traversal (Left - Root - Right):

15, 18, 2, 25, 30, 50, 75, 80

Explanation: We visit the left subtree first, then the root node, and finally the right subtree.
[bookmark: _GoBack]3.Pre-order Traversal (Root - Left - Right):

50, 25, 15, 30, 18, 75, 80, 2

Explanation: We visit the root node first, then the left subtree, and finally the right subtree.

(Note: In each traversal, the first node visited is indicated at the beginning of the sequence.)

c)
Here's a pseudocode representation of the process to delete the number 2 from the binary tree:

function deleteNode(root, value):
    if root is null:
        return null
    
    if value < root.data:
        root.left = deleteNode(root.left, value)
    
    else if value > root.data:
        root.right = deleteNode(root.right, value)
    
    else:
        if root.left is null and root.right is null:
            return null
        
        if root.left is null:
            return root.right
        if root.right is null:
            return root.left
        
        minValue = findMinValue(root.right)
        root.data = minValue
        root.right = deleteNode(root.right, minValue)
    
    return root

The pseudocode outlines a recursive approach to delete a node from the binary tree. It handles three cases: when the node to be deleted has no children (leaf node), when it has only one child, and when it has two children. In the case of two children, the function finds the smallest value in the right subtree (or largest in the left subtree) to replace the value of the node to be deleted.
You would call this `deleteNode` function with the root of the binary tree and the value you want to delete (in this case, 2). The function will traverse the tree, perform the deletion, and return the updated root node.



