[image: image1.png]a)  Analgorithm has a running time,Rt given by:-
Rt=n?+nlogn+n+3
where n is the number of items input into the algorithm. Using “big-O” notation, state
the computational complexity of this algorithm and explain your answer.

[6 marks]



QUESTION ONE:  A)

[image: image2.png]b) Use pseudocode to illustrate programming structures that have complexity 0O(1), O(n) and
O(n?) and explain your answers.
[9 marks]




The computational complexity of an algorithm refers to the amount of time and resources it requires to solve a problem as the input size increases. Big-O notation is a way of expressing the upper bound or worst-case scenario of an algorithm's time complexity. 

In the given equation, the dominant term is n^2, since it grows faster than nlogn and n. Therefore, we can say that the time complexity of this algorithm is O(n^2), which means that the algorithm takes at most x * n^2 steps for some constant x as n becomes sufficiently large. 

This quadratic time complexity indicates that the algorithm may not be efficient for large input sizes. As the input size increases, the running time of the algorithm grows quadratically, which can quickly become prohibitively slow for very large input sizes. 

In summary, the given algorithm has a time complexity of O(n^2), meaning that it grows quadratically with the input size n.

QUESTION ONE:  B)

[image: image3.png]c) Analyse the running time for a search operation in a binary search tree giving the best
and worst case running times and show how these situations can occur.

[6Marks]




The following are some pseudocode examples and related descriptions for the three different time complexities in the problem:

1. O(1) complexity: 

   An operation that takes a constant time to execute, regardless of the size of the input.

   Example: Retrieving the first element of an array.

   Pseudocode:

   /*   function getFirstElement(array):

        return array[0]

   */
2. O(n) complexity: 

   An operation that takes a linear time to execute, proportional to the size of the input.

   Example: Finding the maximum element in an array.

   Pseudocode:

   /*  function findMaxElement(array):

       auto max = array[0]

       for i from 1 to (length(array)-1):

           if array[i] > max:

               max = array[i]

       return max

   */
3. O(n^2) complexity: 

   An operation that takes a quadratic time to execute, proportional to the square of the size of the input.

   Example: Sorting an array using bubble sort.

   Pseudocode:

   /*  function BubbleSort(array):

       n = length(array)

       for i from 0 to n-2:

           for j from 0 to n-i-2:

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

                   temp = array[j]

                   array[j] = array[j+1]

                   array[j+1] = temp

       return array

   */
In the first example, the function `getFirstElement` takes a constant time to retrieve the first element of an array, regardless of the size/length of the array. Therefore, its time complexity is O(1).

In the second example, the function `findMaxElement` takes a linear time to find the maximum element in an array, as the process requires traversing all n elements of the entire array once. Therefore, its time complexity is O (n).

In the third example, the function `BubbleSort` takes a quadratic time to sort an array, as it requires at least two layers of loop nesting, which may require traversing each element multiple times in time. Therefore, its time complexity is O(n^2).

In short, time complexity is just one aspect of evaluating the efficiency o

QUESTION ONE:  C)

[image: image4.png]d) How does the use of a balanced tree improve upon a basic binary search tree?
[4 Marks]




The running time for a search operation in a binary search tree (BST) depends on the height of the tree, which in turn depends on the structure of the tree and the order in which elements are inserted. 

In the best case scenario, the tree is perfectly balanced, with each node having two child nodes that are approximately half the size of the parent node. In this case, the height of the tree is log base 2 of n, where n is the number of nodes in the tree. Since at each level of the tree we can eliminate half of the remaining nodes, the search operation can be performed in O(log n) time.

In the worst case scenario, the tree is completely unbalanced, with each node having only one child node and the tree resembling a linked list. In this case, the height of the tree is n, where n is the number of nodes in the tree. Since we may need to traverse the entire tree to find the desired node, the search operation can be performed in O(n) time.

In practice, the actual running time for a search operation will depend on the specific tree structure and the order in which elements are inserted. For example, if elements are inserted in sorted order, the resulting tree will be completely unbalanced and the search operation will always take O(n) time. On the other hand, if elements are inserted in a random order, the resulting tree is likely to be more balanced and the search operation will usually take O(log n) time.

For example, in some cases, when the number of nodes is very large, data structures such as hash tables can be chosen as alternatives, and their search time can be faster than binary search trees.

QUESTION ONE:  D)

[image: image5.png]a) Explain the difference between static memory allocation and dynamic memory
allocation in the context of data structures.
[4 marks]




A basic binary search tree (BST) can suffer from performance issues if the tree becomes unbalanced, i.e., if the height of the tree becomes very large relative to the number of nodes. In the worst case scenario, the tree can resemble a linked list and the performance of search, insertion, and deletion operations can degrade to O(n) time complexity. This can occur if elements are inserted in a sorted order or if the tree is subject to certain patterns of insertion or deletion.

A balanced tree is a type of binary search tree that is designed to maintain a relatively balanced structure, regardless of the order in which elements are inserted or deleted. By ensuring that the tree remains balanced, the height of the tree is kept relatively small compared to the number of nodes, which in turn helps to ensure that search, insertion, and deletion operations can be performed efficiently.

There are several different types of balanced trees, each with its own algorithm for maintaining balance. Some of the most common types of balanced trees include:

① B-trees: B-trees are a type of multiway tree that can be used to store large amounts of data efficiently. They are often used for file systems and database indexing. B-trees are designed to minimize the number of disk accesses required to perform operations which means the depth of the tree that accesses the target data.

② AVL trees: AVL trees are binary search trees that are guaranteed to remain balanced by maintaining a balance factor for each node that is no greater than 1.

In general, the use of a balanced tree can significantly improve the performance of search, insertion, and deletion operations compared to a basic binary search tree.
QUESTION TWO:  A)[image: image6.png]b) Explain with the aid of a diagram the term “node based linked list.” Identify and
essential operations required manage this data structure. Provide reasons for your
choices in your answer.

[7 marks]




Static memory allocation and dynamic memory allocation are two methods of allocating memory in the context of data structures.

Static memory allocation refers to the allocation of memory at compile time, i.e., before the program execution begins. In this method, the memory for data structures is allocated at a fixed location in memory. The size of the data structure is fixed and cannot be changed during runtime. Examples of statically allocated data structures include arrays, structures, and unions. Since the memory is allocated at compile time, the amount of memory needed for the data structure is known beforehand, making it a fast and efficient method of memory allocation. However, this method can lead to wastage of memory if the size of the data structure is not known beforehand or if the data structure needs to be resized during runtime.

On the other hand, dynamic memory allocation refers to the allocation of memory during program execution. In this method, the memory for data structures is allocated at runtime using functions like `malloc` in C/C++. The size of the data structure can be changed during runtime, making it a flexible method of memory allocation. Examples of dynamically allocated data structures include linked lists, trees, and graphs. Since the memory is allocated during runtime, it can lead to memory fragmentation and slower program execution. Additionally, it is the responsibility of the programmer to allocate and free memory properly to avoid memory leaks and other memory-related issues.

In summary, static memory allocation is a fast and efficient method of allocating memory for data structures with a fixed size, while dynamic memory allocation is a flexible method of allocating memory for data structures with a variable size during runtime.

QUESTION TWO:  B)

[image: image7.png]¢) Using the ideas of dynamic memory allocation and the concept of a list node, describe
using pseudo-code a detailed algorithm for a function that will delete an item from a

double linked list. In your answer comment on any potential problems associated with
your implementation.

[10 marks]




A node-based linked list is a data structure where each element or node contains both data and a pointer to the next node in the list. The diagram below shows an example of a node-based linked list:

   ——————————————
   [1|a] → [2|b] → [3|c] → [4|d]
   ——————————————
   | 1 | → | 2 | → | 3 | → | 4 | -> NULL

   ——————————————
In this example, each node contains a data value (a, b, c, d) and a pointer(1, 2, 3, 4) to the next node in the list. The last node in the list has a pointer to NULL, indicating the end of the list.

The essential operations required to manage a node-based linked list include:

1. [Insertion]: Inserting a new node at the beginning or end of the list or at a specific 


  position within the list.

2. [Deletion]: Removing a node from the list, either from the beginning, end, or a 
 
         specific position within the list.

3. [Traversal]: Traversing the list to access and process each node in the list.

4. [Searching]: Searching the list for a specific node based on its data value.

5. [Updating]: Updating the data value of a specific node in the list.

These operations are essential for managing a node-based linked list because they allow us to add, remove, and modify nodes in the list and access the data stored in each node. Insertion and deletion operations are required to add or remove nodes from the list, while traversal and searching operations allow us to navigate through the list to access and process each node. Updating operations are required to modify the data stored in a specific node. 

In general, the node-based linked list is a flexible and efficient data structure for storing and managing a collection of data elements where the position and quantity of elements can be modified at runtime.

QUESTION TWO:  C)

[image: image8.png]d) Given a dynamic linearly linked list explain how it can be modified to implement a
circular data structure.

[4 marks]




Here's a pseudocode for a function to delete a node from a double linked list:

*/

function delete_node(aimedNode, head):

    
if aimedNode is None:  //check if aimedNode exists

        
return 0;
    
else if aimedNode.prev is None:  //aimedNode is the head node

        
head = aimedNode.next;
    
else:

        
aimedNode.prev.next = aimedNode.next  //skip means delete
    
if aimedNode.next is not None:  // aimedNode is not the tail node

        
aimedNode.next.prev = aimedNode.prev

Delete(aimedNode);
    return head;
*/

This function takes two parameters: `aimedNode`, which is the node to be deleted, and `head`, which is the head node of the double linked list.

The algorithm first checks if `aimedNode` exists. If it doesn't, the function simply returns `0`. If `aimedNode` is the head node, the head of the list is updated to the next node. If `aimedNode` is not the head node, the `prev` pointer of the node before `aimedNode` is set to `aimedNode.next`. If `aimedNode` is not the tail node, the `next` pointer of the node after `aimedNode` is set to `aimedNode.prev`. 

One potential problem with this implementation is that it assumes that `aimedNode` is a valid node in the list. If `aimedNode` does not exist in the list, the function will still try to delete it, which may result in undefined errors or program stuck. Additionally, if the list is empty, the function may not handle that scenario correctly.
Another potential issue is that this algorithm does not check for memory leaks. If the memory is not freed properly after deleting a node, it can lead to memory leaks and affect the program's performance.

QUESTION TWO:  D)

[image: image9.png]a) Show by means of a diagram how a binary search tree would be constructed given the
following list of unordered numbers:

50,25, 15, 30, 18,75, 80,2
Give you reasons for the placement of each value.
[6 marks]




To modify a dynamic linearly linked list into a circular data structure, we need to update the `next` pointer of the last node in the list to point back to the first node in the list. This creates a loop or cycle in the list, effectively making it circular. Here are the steps to modify a linearly linked list into a circular data structure:

1. Traverse the list to find the last node in the list. This can be done by checking whether the `next` pointer of a node is `None`.

2. Once the last node is found, set its `next` pointer to point to the first node in the 
list. This will creates a loop or cycle in the list.

3. Update the head pointer to point to the first node in the list.

Here's some sample code to illustrate these steps:

*/

// struct for a node in the linked list

struct Node {

    int data;

    Node* next;

};

// function to convert a linearly linked list to a circular linked list

void createCircular(Node* head) {

    Node* current = head;  //temporary pointer
    // find the last node in the list

    while (current->next != NULL) {

        current = current->next;

    }

    // set the next pointer of the last node to point to the first node

    current->next = head;

    // update the head pointer to point to the first node

    head = current->next;

}

*/

After these modifications, we can treat the circular linked list just like a linear linked list in terms of traversing, searching, and manipulating the nodes. However, the modified loop list is circular, so it is necessary to add tags such as head nodes during the traversal process to prevent the traversal from entering a dead loop. Instead, we can set a pointer to the starting node and continue traversing until we reach the starting node again, which indicates that we have traversed the entire list.

[image: image10.png]


QUESTION Four:  A)

Here is a diagram showing how the binary search tree would be constructed for the given list of unordered numbers:

************************
         50

       /    \

     25     75

    /  \      \

  15   30     80

   \      

   18     

   /

  2

************************

The placement of each value in the binary search tree is determined by the binary search property, which states that the value of any node must be greater than all values in its left subtree and less than all values in its right subtree.

Starting with the root node, we compare the first value, 50, to the root. Since there is no existing root, we set 50 as the root of the tree. Then, we compare the next value, 25, to the root node 50. Since 25 is less than 50, we place it in the left subtree of 50. Similarly, 15 is placed in the left subtree of 25 based on the comparison with their respective parent nodes. However 30 is larger than 25, so under 25 nodes, it is placed in the right subtree. Similarly, 18 is larger than 15, so it is placed in the right subtree at 15 nodes.
Next, we compare the value 75 to the root node 50. Since 75 is greater than 50, we place it in the right subtree of 50. The value 80 is also placed in the right subtree of 75 since it is greater than 75.

Finally, 2 is smaller than all other numbers, excluding 75 and 80. 2 is placed relative to 18, so 2 is placed in the left subtree of 18 nodes.

In this way, the binary search tree is constructed, satisfying the binary search property at each node.

QUESTION Four:  B)

[image: image11.png]
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[image: image13.png]b) Using the binary tree generated in part a), perform a post-order traversal of the tree
writing down the data read in the order in which the nodes are visited (ensure you

indicate which is the first node visited in your answer). Repeat this process using an in-
order and pre-order traversal.

[12 marks]



[image: image14.png]¢) Demonstrate with the aid of program code or pseudo code the process required to delete
the number 2 from the binary tree.
[7 Marks]




Using the binary search tree generated in the previous question:

*************************
         50

       /    \

     25     75

    /  \      \

  15   30     80

   \      

   18     

   /
2

*************************
a) Post-order traversal:

- Visit the left subtree of the root node

- Visit the right subtree of the root node

- Visit the root node last

Starting at the root node (50), we visit its left subtree by recursively traversing to the left child node (25), and then to its left child node (15). Since 15 has no left child, we visit its right child node (18), and then its left child node (2). Since 2 has no children, we visit its parent node (18). We then visit the parent node of 15 (25), its right child node (30), and then visit its parent node (50). Next, we visit the right subtree of the root node by recursively traversing to the right child node (75), and then its right child node (80). Finally, we visit the root node (50).

The order in which the nodes are visited in a post-order traversal is: 2, 18, 15, 30, 25, 80, 75, 50.

b) In-order traversal:

- Visit the left subtree of the root node

- Visit the root node

- Visit the right subtree of the root node

Starting from root node 50, find the leftmost subtree 15. Since 15 itself does not have a left subtree, starting from the right subtree of 15, there is only one 18 and 18 has only one left subtree. Therefore, after traversing 2, it becomes its parent node 18, followed by 18's parent node 15, followed by 15's parent node 25 and its right subtree 30, followed by root node 50, and finally 50's right nodes 75 and 80

The order in which the nodes are visited in an in-order traversal is: 15, 2, 18, 25, 30, 50, 75, 80.

c) Pre-order traversal:

- Visit the root node first

- Visit the left subtree of the root node

- Visit the right subtree of the root node

Starting at the root node (50), we visit the root node first. We then visit its left subtree by recursively traversing to the left child node (25), and then to its left child node (15). Since 15 has no children, we visit its right child node (18), and then its parent node (25). We then visit the right subtree of the root node by visiting its right child node (30) and then its parent node (25). Next, we visit the right subtree of the root node by recursively traversing to the right child node (75), and then its right child node (80).

The order in which the nodes are visited in a pre-order traversal is: 50, 25, 15, 18, 2, 30, 75, 80

QUESTION Four:  C)


To delete a node from a binary search tree, we need to perform the following steps:

1. Search for the node to be deleted.

2. If the node is a leaf node (has no children), simply delete the node.

3. If the node has one child, replace the node with its child.

4. If the node has two children, find the minimum value in its right subtree and replace the node with that value. Then delete the minimum value node.

Here is the pseudo code to delete a node with a given value from a binary search tree:

/*
function delete(root, value):

    if root is null:

        return null

    if value < root.value:

        root.left = delete(root.left, value)  //recursion
    else if value > root.value:

        root.right = delete(root.right, value)

    else:

        if root.left is null:

            return root.right

        else if root.right is null:

            return root.left

        else:

            min_right = find_min(root.right)

//Select to leave the right subtree and replace it with the root node
            root.value = min_right.value  

//If the right node of the original root node is raised by one layer, its 



corresponding subtrees must be raised by one layer
            root.right = delete(root.right, min_right.value)

    return root

function find_min(node):

    while node.left is not null:

        node = node.left  //Keep searching down the left subtree
    return node

*/
To delete the node with value 2 from the binary tree constructed in the previous question, we ultimately call the delete function and target node 2 to complete

/*
root = delete(root, 2)
  */
The resulting tree would look like this:

*************************
          50

        /    \

      25      75

     /  \       \

   15   30      80

    \
     18
***************************
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