QUESTION ONE

a)

O(n^2)

To determine the computational complexity, we focus on the dominant term in the equation, the term that grows the fastest as n increases. In this case, the dominant term is n^2 since it has the highest power of n.

Therefore, using big-O notation, we can express the computational complexity of this algorithm as O(n^2). This means that the running time of the algorithm grows quadratically with the input size n.
b)

O(1)

This complexity means that the algorithm's execution time is constant, regardless of the input size.
Code:
function printFirstElement(array):


if (array != null && array.length != 0)
    print array[0]

end function

In this pseudocode, the function printFirstElement takes an array as input and prints its first element. Regardless of the array's size, the function will always perform a single operation (accessing the first element) and complete in constant time.
O(n)

This complexity means that the algorithm's execution time grows linearly with the input size.
Code:

function findMaxValue(array):


if (array == null || array.length == 0)


return;
  max_value = array[0]
  for i = 1 to length(array) do

      if array[i] > max_value then

          max_value = array[i]
return max_value

end function
This function iterates through the input array once, comparing each element with the current maximum value found so far. The time complexity increases linearly with the size of the array, as the number of iterations grows proportionally to the array's length.
O(n^2)
This complexity means that the algorithm's execution time grows quadratically with the input size.
Code:

function bubbleSort(array):

    n = length(array) 

    for i = 0 to n-2 do

        for j = 0 to n-i-2 do

            if array[j] > array[j+1] then

                swap(array[j], array[j+1])

end function
Bubble sort involves comparing adjacent elements and swapping them if they are in the wrong order. This pseudocode uses nested loops to iterate through the array, comparing each element with the next one. The outer loop (i) runs (n-1) times, and the inner loop (j) runs (n-i-1) times, resulting in a time complexity of O(n^2). As the size of the array increases, the number of comparisons and swaps grows quadratically.
c)

The running time for a search operation in a binary search tree depends on the height of the tree. In the best case scenario, the tree is balanced, and the height of the tree is logarithmic with respect to the number of nodes in the tree. In this case, the search operation can be performed in O(log n) time, where n is the number of nodes in the tree.

However, in the worst case scenario, the binary search tree is a degenerate tree, which is essentially a linked list. In this case, the height of the tree is equal to the number of nodes in the tree, and the search operation takes O(n) time, which is the worst-case running time.

d)

A balanced tree improves upon a basic binary search tree by ensuring that the height of the tree is minimized, which in turn ensures that the time complexity of operations such as search, insertion, and deletion are all optimized. In a basic binary search tree, the height of the tree can become unbalanced, resulting in a skewed tree that can degrade the performance of these operations to O(n), where n is the number of nodes in the tree.

A balanced tree, on the other hand, ensures that the height of the tree is logarithmic in relation to the number of nodes in the tree, which means that the time complexity of these operations is O(log n).

In summary, a balanced tree improves upon a basic binary search tree by ensuring that the height of the tree is minimized, which results in optimized time complexity for search, insertion, and deletion operations.
QUESTION TWO

a)

Static memory allocation is a way of allocating memory at compile time. In this method, the memory for the data structure is allocated at the same time as the program is compiled. The size of the memory allocated is fixed and cannot be changed during the execution of the program. This type of memory allocation is suitable for data structures that have a fixed size and do not change frequently, such as arrays and structures.

Dynamic memory allocation, on the other hand, is a way of allocating memory at runtime. In this method, the memory for the data structure is allocated during the execution of the program. The size of the memory allocated can be changed during the execution of the program. This type of memory allocation is suitable for data structures that have a variable size and may change frequently, such as linked lists, trees, and graphs.

In summary, static memory allocation is suitable for data structures with fixed sizes, while dynamic memory allocation is suitable for data.

b)

A node-based linked list is a data structure consisting of a collection of nodes, where each node contains a data element and a reference (or pointer) to the next node in the list. The first node in the list is called the head node, and the last node in the list is called the tail node.

Here is an example diagram of a node-based linked list:
Head Node -> Node 1 -> Node 2 -> Node 3 -> Tail Node

In this diagram, each node contains a data element (e.g., a number or string) and a reference to the next node in the list. The arrow represents the pointer or reference between each node.

Essential operations required to manage this data structure include:

Insertion: Adding a new node to the list at a specific position (e.g., at the beginning or end of the list, or somewhere in the middle).
Deletion: Removing a node from the list at a specific position.
Traversal: Iterating through the list to access each node and its data element.
Searching: Finding a specific node in the list based on its data element.
Sorting: Rearranging the nodes in the list based on their data element.

The choice of these operations depends on the requirements of the application using the linked list. For example, if the list is used to implement a queue data structure, insertion and deletion operations are essential. If the list is used to store a collection of items that need to be sorted, the sorting operation is necessary.
c)

Code:
function delete_node(node_to_delete):

    if node_to_delete is None:

        return

    else if node_to_delete is head:

        head = node_to_delete.next

        if head is not None:

            head.prev = None

    else if node_to_delete is tail:

        tail = node_to_delete.prev

        if tail is not None:

            tail.next = None

    else:

        node_to_delete.prev.next = node_to_delete.next

        node_to_delete.next.prev = node_to_delete.prev

free(node_to_delete)
end function

Here, node_to_delete is the node we want to remove from the list. We first check if the node is None (i.e., the list is empty) and return if it is. Then, we check if the node is the head or tail of the list, and update the head and tail pointers accordingly. Finally, if the node is neither the head nor tail, we update the next and prev pointers of the surrounding nodes to remove the node.

One potential problem with this implementation is that if the list is empty, we will still attempt to free the node_to_delete, which could cause a segmentation fault. We can avoid this by adding a check at the beginning to see if the list is empty. Additionally, if the function is called with a node that is not actually in the list, it will still attempt to remove it, which could also cause issues. We can check for this by verifying that the prev and next pointers of the surrounding nodes actually point to node_to_delete.

d)

To modify a dynamic linearly linked list into a circular data structure, you need to make the last node of the list point back to the first node instead of pointing to null.

Here are the steps to implement a circular linked list from a linearly linked list:

1. Traverse the existing linear linked list to find its last node. 

2. Once you find the last node, update its next pointer to point back to the head of the list. This means assigning the reference of the head node to the next pointer of the last node.

For example, if the last node's next pointer is initially null, you would update it to point to the head node.

QUESTION THREE

a)

Both the stack and queue are abstract data types that are commonly used in computer programming to store and organize data.

A stack is a data structure that follows the Last-In-First-Out (LIFO) principle, meaning that the last item added to the stack is the first one to be removed. The essential operations on a stack are:

Push: adds an item to the top of the stack.

Pop: removes the top item from the stack.

Peek: returns the top item without removing it.

IsEmpty: checks if the stack is empty.

Size: returns the number of items in the stack.
A queue is a data structure that follows the First-In-First-Out (FIFO) principle, meaning that the first item added to the queue is the first one to be removed.  The essential operations on a queue are:

Enqueue: adds an item to the back of the queue.

Dequeue: removes the item from the front of the queue.

Peek: returns the item at the front of the queue without removing it.

IsEmpty: checks if the queue is empty.

Size: returns the number of items in the queue.
b)

function DFS(root):

    if root is null:

        return 

    stack.push(root) 

    while stack is not empty:

        current = stack.pop()

        visit(current) 

        for each child in current.children:

            stack.push(child)
end function

In this algorithm, we start by pushing the root node onto the stack. Then, while the stack is not empty, we pop the top node from the stack, visit it, and push all its children onto the stack. This process continues until the stack becomes empty.

Time Complexity:

In the worst case, each node and edge is visited once, resulting in a time complexity of O(V + E), where V represents the number of vertices (nodes) and E represents the number of edges in the tree.

Space Complexity:

The space complexity of the algorithm depends on the maximum number of nodes stored in the stack at any given time. In the worst case, when the tree is a straight line (each node has only one child), the stack can store all the nodes from the root to the deepest leaf. Therefore, the space complexity is O(D), where D represents the maximum depth of the tree.
c)
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7. 
To modify the depth-first search algorithm to perform a breadth-first search, we need to replace the stack with a queue data structure. The rest of the algorithm remains similar, with the only difference being the order in which nodes are processed.

Here's the modified algorithm for breadth-first search (BFS) using a queue:

function BFS(root):

    if root is null:

        return 
    create an empty queue

    enqueue root into the queue

    while queue is not empty:

        current = dequeue from queue

        for each child of current:

            enqueue child into the queue

end function

In BFS, instead of using a stack to explore the deepest nodes first, we use a queue to explore the nodes in the order they were encountered, level by level. We start by enqueueing the root node, and then for each node, we dequeue it from the front of the queue and enqueue its children at the back of the queue.
QUESTION FOUR

a)

To construct a binary search tree (BST) from an unordered list of numbers, we follow the rule that for each node in the tree, all values in its left subtree are smaller than the node's value, and all values in its right subtree are greater. Based on the given list [50, 25, 15, 30, 18, 75, 80, 2], we can construct the following BST:
    50
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15  30   80  

/ \

2  18

Step 1: Starting with the first number, 50, it becomes the root of the tree.

Step 2: Moving to the next number, 25, we compare it with the root (50). Since 25 is less than 50, it becomes the left child of the root.

Step 3: The third number is 15. We compare it with the root (50) and move left since 15 is less than 50. However, we encounter a node (25) on the left. So, we compare 15 with 25. Since 15 is less than 25, it becomes the left child of 25.

Step 4: The next number is 30. We compare it with the root (50) and move left since 30 is less than 50. We then compare 30 with the current node (25), and since it is greater, it becomes the right child of 25.

Step 5: The fifth number is 18. We compare it with the root (50) and move left since 18 is less than 50. We then compare it with the current node (25). Since 18 is less than 25, we move left. Finally, we compare it with the current node (15) and since it is greater, it becomes the right child of 15.

Step 6: The next number is 75. We compare it with the root (50) and move right since 75 is greater than 50. it becomes the right child of 50.

Step 7: The seventh number is 80. We compare it with the root (50) and move right since 80 is greater than 50. We then compare it with the current node (75). Since 80 is greater, we place it as the right child of 75.

Step 8: The last number is 2. We compare it with the root (50) and move left since 2 is less than 50. We then compare it with the current node (25) and move left since 2 is less than 25. We then compare it with the current node (15) and move left since 2 is less than 15. it becomes the left child of 15.
b)

post-order:
2 18 15 30 25 80 75 50

in-order:

2 15 18 25 30 50 75 80

pre-order:

50 25 15 2 18 30 75 80
c)

function delete_number_2(root):


if (root == null):



return;

if (root.left != null && root.left.value == 2)



free(root.left)



root.left = null

if (root.right != null && root. right.value == 2)



free(root. right)



root. right = null
    if 2 < root.val:

        delete_number_2(root.left)

else if 2 > root.val:



delete_number_2(root.right)
end function

