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QUESTION ONE
a)
The computational complexity of an algorithm describes how its running time grows as the input size increases. In the "big-O" notation, we focus on the dominant term that has the most significant impact on the running time as the input size grows toward infinity.

In the given algorithm, the running time is represented as Rt = n^2 + n log n + n + 3. To determine the computational complexity using big-O notation, we focus on the term with the highest growth rate as n approaches infinity.

Observing the terms in the equation, we can see that n^2 grows faster than n log n, n, or the constant term 3. Therefore, the dominant term is n^2, which signifies the quadratic growth rate.

Thus, we can express the computational complexity of this algorithm using big-O notation as O(n^2). This means that the algorithm's running time grows proportionally to the square of the input size.

It's worth noting that while the algorithm may have additional terms, the dominant term determines its overall computational complexity. In this case, the n^2 term dominates the other terms and is responsible for the algorithm's quadratic complexity.

b)
Programming structure with time complexity O(1) (constant time):
This means that the running time of the algorithm does not depend on the size of the input. Algorithms take constant time to execute regardless of the size of the input.
Example:

void printFirstElement(int array[], int n) {
     cout << array[0] << endl;
}
In this example, the printFirstElement function simply prints the first element of the array. Regardless of the size of the array, the function only needs to access and print the first element, so it takes constant time.

Programming structure with time complexity O(n) (linear time):
This complexity means that the running time of the algorithm is proportional to the size of the input. As the input size increases, the running time also increases linearly.
Example:

void printAllElements(int array[], int n) {
     for (int i = 0; i < n; i++) {
         cout << array[i] << endl;
     }
}
In this example, the printAllElements function iterates over each element in the array and prints it. The number of loops is equal to the size of the array, so the running time is proportional to the size of the array.

Programming structure with time complexity O(n^2) (quadratic time):
This complexity means that the running time of the algorithm is proportional to the square of the size of the input. As the input size increases, the running time grows exponentially.
Example:

void printAllPairs(int array[], int n) {
     for (int i = 0; i < n; i++) {
         for (int j = 0; j < n; j++) {
             cout << array[i] << " " << array[j] << endl;
         }
     }
}
In this example, the printAllPairs function nests two loops that iterate through the array once for each element. For each element i, it iterates over each element j in the array again, so the running time is proportional to the square of the size of the array.

These examples demonstrate different time complexities in pseudocode. O(1) means constant time, O(n) means linear time, O(n^2) means quadratic time. The choice of which time complexity to use in an algorithm depends on the requirements of a particular task and the desired efficiency.

c)
The running time of a search operation in a binary search tree (BST) depends on the structure of the tree and the target value being searched for. The best and worst-case running times for a search operation in a BST are as follows:
Best Case Running Time:
Time Complexity: O(1)
Situation: The best case occurs when the target value being searched for is at the root of the BST. In this scenario, the search operation can be completed in constant time by comparing the target value with the root value and determining a match.
Worst Case Running Time:
Time Complexity: O(h)
Situation: The worst case occurs when the target value is located at the deepest level of the BST or when the target value is not present in the tree. The worst-case time complexity is proportional to the height of the tree, denoted by 'h'.
Explanation: In a binary search tree, the time complexity for a search operation depends on the height of the tree. The height of a BST can vary depending on the order in which elements are inserted. If the tree is well-balanced, with elements evenly distributed, the height tends to be logarithmic about the number of nodes. However, if the tree is highly unbalanced, with elements inserted in ascending or descending order, the height can become linear, resulting in a worst-case time complexity of O(h), where 'h' is the height of the tree.
To illustrate these situations, consider the following examples:
Example 1: Best Case
        5
       / \
      3   8
     / \
    1   4
In this case, if we search for the value 5, it is present at the root node. The search operation will complete in constant time, resulting in the best-case scenario.
Example 2: Worst Case
        1
         \
          2
           \
            3
             \
              4
               \
                5
In this case, if we search for the value 5, it is located at the deepest level of the tree. The search operation will require traversing through all the nodes from the root to the target value, resulting in a worst-case time complexity of O(h), where 'h' is the height of the tree.
Overall, the running time for a search operation in a binary search tree can vary from O(1) in the best case to O(h) in the worst case, depending on the tree's structure and the target value being searched for.

d)
A balanced tree, such as an AVL tree or a red-black tree, improves upon a basic binary search tree by ensuring that the height of the tree is always logarithmic in the number of nodes. This property ensures that the worst-case time complexity of tree operations, such as insertion, deletion, and search, is guaranteed to be O(log n), where n is the number of nodes in the tree.

In contrast, a basic binary search tree can become unbalanced, with one branch of the tree growing much longer than the other, leading to a worst-case time complexity of O(n) for operations that require traversing the entire tree. This worst-case scenario can occur, for example, when inserting elements in sorted order into a basic binary search tree.

A balanced tree achieves its balance through a set of rules that govern the structure of the tree. For example, in an AVL tree, the heights of the left and right subtrees of any node can differ by at most 1, while in a red-black tree, each node is colored either red or black, and the tree is structured so that no two adjacent nodes are both red. These rules ensure that the tree remains balanced as nodes are added or removed.

Overall, the use of a balanced tree improves the worst-case time complexity of tree operations, making them more efficient and predictable than a basic binary search tree.







QUESTION TWO
a) 
In the context of data structures, static memory allocation and dynamic memory allocation refer to different ways of allocating memory for storing data.

Static Memory Allocation:
Static memory allocation is performed at compile time and the memory is allocated on the stack. In C++, when you declare a variable inside a function or a block, the memory for that variable is allocated statically. The size of the memory is determined based on the data type of the variable and is fixed during the execution of the program. The allocated memory is automatically released when the variable goes out of scope.

Dynamic Memory Allocation:
Dynamic memory allocation is performed at runtime and the memory is allocated on the heap. It allows you to allocate memory dynamically based on your program's needs. In C++, you can use the new keyword to dynamically allocate memory and the delete keyword to release the allocated memory when it is no longer needed. The size of the memory can be determined dynamically during the execution of the program.

The main difference between static and dynamic memory allocation lies in the lifetime and control of the allocated memory. Static memory allocation is determined at compile time, has a fixed size, and is automatically released when the variable goes out of scope. Dynamic memory allocation is performed at runtime, allows dynamic sizing, and requires manual release of the allocated memory using delete or delete[] to prevent memory leaks.

It's important to note that in modern C++, you should prefer using smart pointers (std::unique_ptr, std::shared_ptr) and standard library containers (std::vector, std::list, etc.) to manage dynamic memory, as they provide safer and more convenient memory management options.

b) 
A node-based linked list is a data structure where each element, called a node, consists of two parts: the data and a reference (or pointer) to the next node in the sequence. Here's a diagram illustrating a simple node-based linked list:
   +---+    +---+    +---+    +---+
   | 1 |  ->  | 2 |  ->  | 3 |  ->  | 4 |
   +---+    +---+    +---+    +---+
In this example, each node contains a data value (1, 2, 3, and 4) and a reference to the next node in the list.

Essential Operations for Managing a Node-Based Linked List:

Insertion:

Insertion at the beginning: Adding a new node at the beginning of the list, making it the new head.
Insertion at the end: Adding a new node at the end of the list, making it the new tail.
Insertion in the middle: Adding a new node at a specific position within the list.
Deletion:

Deletion at the beginning: Removing the first node, updating the head of the list.
Deletion at the end: Removing the last node, updating the tail of the list.
Deletion in the middle: Removing a node from a specific position within the list.
Traversal: Iterating through the list to access and manipulate each node's data.

Search: Searching for a specific value within the list and returning its node.

Update: Modifying the data value of a specific node in the list.

Reasoning for Choices:

Insertion: These operations allow for adding new elements to the linked list, which is crucial for dynamically growing the list as new data is added. Insertion at different positions (beginning, end, or middle) caters to different use cases and requirements.

Deletion: These operations enable removing nodes from the linked list, which is necessary for maintaining the list's integrity and managing memory resources. Deletion at different positions ensures flexibility in removing specific elements.

Traversal: Traversal is essential for accessing, reading, and manipulating each node's data in the list. It allows performing operations on the entire list or specific parts of it.

Search: Searching is crucial for finding specific values within the list, enabling operations like data retrieval, data modification, or determining the existence of a value.

Update: Updating a specific node's data is necessary for modifying the list's content without altering its structure. It allows for changing the stored values as needed.

These essential operations cover the fundamental functionalities required to create, modify, and access a node-based linked list. They provide the necessary flexibility to manipulate the list's structure and data, making it a versatile data structure for various applications.


c) 
Here's a pseudo-code algorithm for deleting an item from a doubly linked list:

function deleteNode(list, item):
    if list is empty:
        return

    current = list.head
    while current is not null:
        if current.data is equal to item:
            if current is list.head:
                list.head = current.next
            if current is list.tail:
                list.tail = current.previous
            if current.previous is not null:
                current.previous.next = current.next
            if current.next is not null:
                current.next.previous = current.previous
            delete current
            return
        current = current.next

    // Item not found in the list
    return
Explanation:

The function deleteNode takes two parameters: the doubly linked list (list) and the item to be deleted (item).
It first checks if the list is empty. If it is, there is nothing to delete, so it returns.
It initializes a current pointer to the head of the list.
It then iterates through the list by moving the current pointer to the next node until the current becomes null.
Inside the loop, it checks if the data of the current node is equal to the item to be deleted.
If a match is found, it performs the deletion steps:
If the current node is the head of the list, it updates the head pointer to the next node.
If the current node is the tail of the list, it updates the tail pointer to the previous node.
If the current node has a previous node, it updates the next pointer of the previous node to skip the current node.
If the current node has a next node, it updates the previous pointer of the next node to skip the current node.
Finally, it deletes the current node and returns.
If the loop finishes without finding a match, it means the item was not found in the list. It simply returns.
Potential Problems:

This algorithm assumes that the doubly linked list is properly constructed with correct pointers. If the pointers are not maintained correctly, the deletion process may result in dangling pointers or memory leaks.
It does not perform any error handling for invalid inputs or edge cases, such as deleting the last node or deleting the only node in the list. Additional checks and handling may be required to address such scenarios.
This algorithm assumes that the item to be deleted is unique in the list. If there are duplicate items, it will only delete the first occurrence encountered. If you want to delete all occurrences, additional modifications need to be made to the algorithm.
The algorithm does not handle memory deallocation explicitly. Depending on the language used, appropriate memory deallocation mechanisms (such as delete in C++ or garbage collection in managed languages) need to be implemented to avoid memory leaks.
It's important to consider these potential problems and adapt the algorithm accordingly to ensure a robust and safe implementation in your specific programming context.

d)
To modify a dynamic linearly linked list to implement a circular data structure, you need to establish a link between the last node and the first node, creating a loop. Here's how you can achieve this:

Create a linearly linked list: Build a dynamic linearly linked list as you normally would, where each node has a data field and a next pointer pointing to the next node in the list.

Establish the circular link: Once you have constructed the linear linked list, find the last node (i.e., the node whose next pointer is NULL). Assign the next pointer of this last node to point back to the first node of the list, effectively closing the loop.

Here's an example to illustrate the process:

Initial linear linked list:
+---+    +---+    +---+    +---+
| 1 |  ->  | 2 |  ->  | 3 |  ->  | 4 |
+---+    +---+    +---+    +---+

After establishing the circular link:
+---+    +---+    +---+    +---+
| 1 |  ->  | 2 |  ->  | 3 |  ->  | 4 |
+---+    +---+    +---+    +---+
  ^                       |
  |-----------------------|
In this example, the next pointer of the last node (node 4) is updated to point back to the first node (node 1), creating a circular data structure.

With this modification, you can now traverse the linked list starting from any node and loop through the entire list indefinitely. It enables circular operations, such as continuous iteration or cyclic data processing.

It's important to note that when implementing a circular data structure, you should handle edge cases carefully. For example, when performing operations like insertion or deletion, you need to ensure that the circular link is updated correctly to maintain the circular structure and avoid infinite loops or broken links.
QUESTION FOUR
a) 
To construct a binary search tree (BST) from an unordered list of numbers, you need to follow the rules of BST construction. The key idea is that for each node, all values in its left subtree must be less than the node's value, and all values in its right subtree must be greater than the node's value.

Here's the step-by-step construction of a BST using the given list of unordered numbers: 50, 25, 15, 30, 18, 75, 80, 2.

Start with an empty tree.

Insert the first number, 50, as the root of the tree.

     50
Insert the next number, 25, by comparing it to the root (50). Since 25 is less than 50, it becomes the left child of the root.

     50
    /
   25
Insert the next number, 15, by comparing it to the root (50) and the left child (25). Since 15 is less than both, it becomes the left child of 25.

     50
    /
   25
  /
 15
Insert the next number, 30, by comparing it to the root (50), the left child (25), and the left grandchild (15). Since 30 is greater than 25 and less than 50, it becomes the right child of 25.

     50
    / 
   25
  /  \
 15   30
Insert the next number, 18, by comparing it to the root (50), the left child (25), and the left grandchild (15). Since 18 is greater than 15 and less than 25, it becomes the right child of 15.

     50
    / 
   25
  /  \
 15   30
  \
   18
Insert the next number, 75, by comparing it to the root (50). Since 75 is greater than 50, it becomes the right child of the root.

     50
    /  \
   25   75
  /  \
 15   30
  \
   18
Insert the last number, 80, by comparing it to the root (50) and the right child (75). Since 80 is greater than both, it becomes the right child of 75.

     50
    /  \
   25   75
  /  \    \
 15   30   80
  \
   18
The reasoning for Placement:

The root node is chosen as the first number, 50.
For subsequent numbers, they are compared with the existing nodes to determine their placement. If the number is less than the current node, it goes to the left subtree. If it is greater, it goes to the right subtree.
Each number is placed in a position that maintains the BST property, where all values in the left subtree are less than the current node, and all values in the right subtree are greater.
It's important to note that there can be multiple valid BST constructions for the same set of numbers depending on the order of insertions. The construction shown above is just one of the possible valid BSTs that can be formed using the given unordered list of numbers.

b) 
To perform various traversals (post-order, in-order, pre-order) on the binary tree generated in the previous answer, let's start with the following tree:

     50
    /  \
   25   75
  /  \    \
 15   30   80
  \
   18
Post-order Traversal:
In post-order traversal, we visit the left subtree, then the right subtree, and finally the current node. The first node visited in this traversal is the leftmost leaf node (15).
The order in which the nodes are visited in the post-order traversal is: 18, 15, 30, 25, 80, 75, 50.

In-order Traversal:
In in-order traversal, we visit the left subtree, then the current node, and finally the right subtree. The first node visited in this traversal is the leftmost node (15).
The order in which the nodes are visited in the in-order traversal is: 18, 15, 25, 30, 50, 75, 80.

Pre-order Traversal:
In pre-order traversal, we visit the current node, then the left subtree, and finally the right subtree. The first node visited in this traversal is the root node (50).
The order in which the nodes are visited in the pre-order traversal is: 50, 25, 15, 18, 30, 75, 80.

Summary:
Post-order traversal: 18, 15, 30, 25, 80, 75, 50
In-order traversal: 18, 15, 25, 30, 50, 75, 80
Pre-order traversal: 50, 25, 15, 18, 30, 75, 80
It's important to note that the choice of traversal depends on the specific requirements and desired order of visiting the nodes in the tree. Each traversal has its unique characteristics and applications.

c) 
Here's a pseudo-code algorithm to delete the number 2 from the binary tree:

function deleteNode(root, target):
    if root is null:
        return root

    // Step 1: Search for the target node
    if target < root.data:
        root.left = deleteNode(root.left, target)
    else if target > root.data:
        root.right = deleteNode(root.right, target)
    else:
        // Step 2: Handle the cases when the target node is found
        if root.left is null:
            temp = root.right
            delete root
            return temp
        else if root.right is null:
            temp = root.left
            delete root
            return temp

        // Step 3: When the target node has both left and right children
        temp = findMin(root.right)
        root.data = temp.data
        root.right = deleteNode(root.right, temp.data)

    return root
Explanation:

The function deleteNode takes two parameters: the root of the binary tree (root) and the target value to be deleted (target).
The first step is to search for the target node in the binary tree using a similar comparison process as when inserting nodes.
If the target is less than the current node's value, the search continues in the left subtree. If the target is greater, the search continues in the right subtree. If the target is found, the code proceeds to handle the deletion.
In the deletion step, three cases are considered:
Case 1: The target node has no left child. In this case, we replace the target node with its right child and delete the target node.
Case 2: The target node has no right child. In this case, we replace the target node with its left child and delete the target node.
Case 3: The target node has both left and right children. In this case, we find the minimum value in the right subtree (or the maximum value in the left subtree) to replace the target node. We recursively delete the duplicate value from the right subtree.
After deletion, the modified tree is returned.
Note: The findMin function is used to find the minimum value in a subtree, starting from a given node. This function is not explicitly defined in the pseudo-code, but it can be implemented as a separate helper function.

It's important to adapt this pseudo-code to the programming language you are using, implementing the necessary data structures and memory management mechanisms to ensure the correct deletion of the target value from the binary tree.
