[image: ]






LOCATION:  SWANSEA
LEVEL 7

EXAMINATION PERIOD
MAY 2023


LLEOLIAD:  ABERTAWE
LEFEL 7

CYFNOD ARHOLIADAU MAI 2023




MODULE CODE: ACCA7003
OO PROGRAMMING

TIME: 2  HOURS





ANSWER 3 OUT OF 4 QUESTIONS.
ALL QUESTION CARRY EQUAL MARKS


Equipment or materials required –Approved Calculators; Moodle notes
Adnoddau neu ddefnyddiau sydd eu hangen -Approved Calculators

QUESTION ONE
a)     An algorithm has a running time,Rt given by:- Rt = n2 + 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]
The computational complexity represents the rate at which the resources required by the algorithm (such as time and space) increase with the increase of input size.
In this case, we can observe that the three terms in the expression are n ^ 2, nlogn, and n.
The order of the n ^ 2 term is the highest, indicating that as the input size n increases, the execution time of the algorithm will increase at a square rate.
The high order of the nlogn term indicates that as the input size n increases, the execution time of the algorithm will increase by the product level of n and logn.
The lowest order of n terms indicates that as the input size n increases, the execution time of the algorithm will increase linearly.
According to the "big O" notation, we focus on the term with the highest growth rate of the algorithm, ignoring smaller and constant terms. In this case, the computational complexity of the algorithm is O (n ^ 2).
Therefore, the computational complexity of this algorithm can be expressed as O (n ^ 2) with a large O, indicating that as the input size n increases, the execution time of the algorithm increases at the rate of a quadratic polynomial.

b)     Use pseudocode to illustrate programming structures that have complexity O(1), O(n) and O(n2) and explain your answers.
[9 marks]

1.      O(1) Complexity:
int getItemAtIndex(int* arr, int index) {
    	return arr[index];
	}
	Explanation: This code snippet accesses and retrieves a specific element from an array based on the provided index. Regardless of the size of the array, the code only performs a single operation to fetch the item at the given index. Thus, the complexity remains constant (O(1)).
2. O(n) Complexity:
void printArray(int* arr, int size) {
  	  for (int i = 0; i < size; i++) {
       		 cout << arr[i] << " ";
  	  }
	}
Explanation: This code snippet iterates through each element of an array and prints its value. The number of iterations in the loop directly depends on the size of the array, 'size'. As the input size increases, the number of iterations increases linearly, making it an O(n) complexity.
3. O(n^2) Complexity
void printMatrix(int** matrix, int size) {
   	 for (int i = 0; i < size; i++) {
      	  for (int j = 0; j < size; j++) {
       	     cout << matrix[i][j] << " ";
     	   }
    	    cout << endl;
  	  }
	}
Explanation: This code snippet prints the elements of a 2D matrix. It uses nested loops, where the outer loop iterates 'size' times and the inner loop also iterates 'size' times. Therefore, the total number of iterations is proportional to the square of the input size (n^2), resulting in an O(n^2) complexity.




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]
In a binary search tree, the running time of a search operation depends on the structure of the tree and the elements to be searched.
Best case runtime:
In the best case, the search element happens to be the root node of the binary search tree, and the time complexity of the search operation is O (1), that is, constant time. Because the root node is the element to search for, there is no need to search further in the tree.
Worst case runtime:
In the worst case, the search element is located in the deepest part of the binary search tree or on one side of the tree. At this time, the time complexity of the search operation is O (n), where n is the number of nodes in the tree. This situation occurs when the tree is imbalanced, where the height of the tree approaches the number of nodes in the tree. For example, if the binary search tree is a linear linked list structure, and all nodes have only right child nodes or only left child nodes, then the search operation will need to traverse the path of the entire tree to find the target element.
Therefore, the optimal search run time is O (1), and the worst-case search run time is O (n). The best case occurs when the target element happens to be the root node, while the worst case occurs when the tree is imbalanced and the height of the tree approaches the number of nodes. In a balanced binary search tree, the average time complexity of the search operation is usually O (log n), where n is the number of nodes in the tree.

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

Balanced tree is a data structure that improves the basic binary search tree. It can keep the balance of the tree to improve the performance of search, insert and delete operations. Here are some ways to improve the basic binary search tree using the balanced tree:
AVL tree: AVL tree is one of the first self balancing binary search tree. It maintains the balance of the tree by maintaining the balance factor of each node (i.e. the difference between the height of the left and right subtrees). After inserting or deleting nodes, if the balance of the tree is broken, adjustments are made through rotation to rebalance the tree.
Red black tree: Red black tree is a commonly used self balanced binary search tree. It maintains the balance of the tree by adding color attributes (red or black) and some adjustment rules on each node. The adjustment operation of the red and black tree includes color transformation and rotation to ensure the balance and performance of the tree.
B tree and B+tree: B tree and B+tree are a widely used balanced tree structure for file system and database indexing. They improve data storage and retrieval efficiency by allowing multiple keys and child nodes to be stored on nodes. The balance between B-trees and B+trees is maintained through node splitting and merging operations, thereby maintaining the balance of the tree.
By maintaining the balance of the tree, these balanced tree structures can reduce the imbalance of the binary search tree in some specific cases, thus improving the average and worst-case performance of search, insert and delete operations. However, the implementation of a balanced tree is relatively complex, involving operations such as node rotation, color transformation, and node splitting. Therefore, when choosing a balanced tree as a data structure, it is necessary to balance its performance and implementation complexity

Please Turn Over
QUESTION TWO

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

In data structures, memory allocation refers to the process of reserving and using memory for storing data. Static memory allocation and dynamic memory allocation are two approaches to memory allocation that are commonly used in data structures.
Static memory allocation is a compile-time allocation of memory, where the size of the memory that needs to be allocated is known at the time of compilation. In static memory allocation, the memory is allocated for the entire lifetime of the program, and the allocation happens on the program's stack or data section. Static memory allocation is often used for data structures whose size is fixed and known beforehand, such as arrays, structs, and global variables.
Dynamic memory allocation, on the other hand, is a runtime allocation of memory, where the size of the memory to be allocated is determined at runtime. In dynamic memory allocation, memory is allocated from the program's heap, and the memory can be allocated and deallocated dynamically during the program's execution. Dynamic memory allocation is often used for data structures whose size is not known beforehand, or can change during runtime, such as linked lists, trees, and hash tables.
The main difference between static memory allocation and dynamic memory allocation is that static memory allocation allocates memory during the compile-time, while dynamic memory allocation allocates memory during runtime when requested. Static memory allocation is fast, and there are no memory management overheads involved, but it has a fixed memory size and cannot be changed during runtime. Dynamic memory allocation is slower, and there are memory management overheads involved, but it allows for flexible allocation of memory during runtime.
In summary, static memory allocation is used for situations where the size of data is fixed and known beforehand, while dynamic memory allocation is used for situations where the size of data is not known ahead of time, or can change during runtime.

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]
[bookmark: _GoBack]
A node-based linked list is a data structure consisting of a set of nodes, where each node contains a data value and a pointer to the next node in the list. The first node in the list is called the head, and the last node is called the tail. The pointer in the tail node points to NULL to indicate the end of the list.
Here is an example diagram of a node-based linked list with three nodes:
[image: ]
In this diagram, each node contains a data value (3, 7, and 1) and a pointer to the next node in the list. The head points to the first node in the list, which is 3, and the tail points to the last node in the list, which is 1, and has a null pointer to indicate the end of the list.
The essential operations required to manage a node-based linked list include:

Inserting a node: This is the operation of adding a new node to the list. It can be done at the beginning, end, or middle of the list. To insert a node, the pointer of the previous node is updated to point to the new node, and the new node is set to point to the next node.
Deleting a node: This operation involves removing a node from the list. To delete a node, the pointer of the previous node is updated to point to the next node, and the deleted node is freed from memory.
Traversing the list: This operation is used to iterate through the nodes in the list to access their data values or perform operations on them.
Searching for a node: This operation involves finding a node in the list with a specific data value. It is done by traversing the list until the node with the desired data value is found.

The choice of these operations is essential because they allow us to manipulate and retrieve data from the linked list efficiently. For example, insertion and deletion operations allow us to add or remove data values from the middle or end of a list, which can be faster than copying an entire array. Traversing and searching operations allow us to iterate through the linked list without knowing its size, which is helpful when working with large amounts of data.
c)   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]
Here is a pseudocode algorithm for deleting an item from a double linked list:

deleteItem(list, item):
if list is empty:
return
if item is the head of the list:
list.head = item.next
else:
item.prev.next = item.next
if item is the tail of the list:
list.tail = item.prev
else:
item.next.prev = item.prev
deallocate(item)

In this algorithm, list is a pointer to the double linked list, and item is the node to be deleted.
The algorithm first checks whether the list is empty. If it is empty, nothing needs to be done, and the function returns.
If the item is the head of the list, the next pointer of the item becomes the new head of the list. Otherwise, the next pointer of the item's prev becomes the next pointer of the item. This step removes the item from the list.
If the item is the tail of the list, the prev pointer of the item becomes the new tail of the list. Otherwise, the prev pointer of the item's next becomes the prev pointer of the item.
Finally, the item is deallocated to free up the memory it was using.
One potential problem with this implementation is that it assumes item is in the list. If item is not found in the list, the algorithm will still attempt to remove it, resulting in errors or unintended behavior.
Another potential problem is that the function may not handle memory allocation or deallocation errors properly, leading to memory leaks or crashes. Proper error handling should be implemented to address these potential issues.
d)    Given a dynamic linearly linked list explain how it can be modified to implement a circular data structure.
[4 marks]

To modify a dynamic linearly linked list to implement a circular data structure, we can simply add a link from the last node in the list to the first node in the list. Here are the steps to transform a dynamic linearly linked list to a circular linked list:

Traverse the list to find the last node in the list.
Set the next pointer of the last node to the first node in the list.
Set the prev pointer of the first node to the last node in the list.

Here's an example of a transformation from a dynamic linearly linked list to a circular linked list:
Before transformation:
[image: ]
In the circular linked list above, the last node D is connected to the first node A through the next pointer, creating a circular link that forms a loop. The prev pointer of the first node A is set to the last node D, to maintain consistency in the doubly linked list.
With this design, if we traverse the circular linked list, we can reach all the nodes in the list by starting at any node, and can keep iterating until we reach the starting node again. 
By making the linked list circular, we can access data from any point in the list with constant time complexity, since we are guaranteed not to hit a dead end at the end of the list. Additionally, this allows us to traverse through the list indefinitely, which can be useful in certain applications.
Please Turn Over

QUESTION THREE

a)  Describe the stack and queue data structures including, with arguments for their inclusion, essential operations that are performed on each structure.
[10 marks]


b)  Provide an algorithm that implements an iterative depth first search using a stack data structure. Analyse this algorithm and hence state its space and time complexity.
[8marks]


(c)   Apply your algorithm to the graph of figure Q3c, showing the contents of the stack       after each iteration of the loop.  Explain how your depth first search algorithm might be modified to perform, instead, a breadth first search.
 (
F
)
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A
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Figure Q3

[7 marks]

Please Turn Over
QUESTION FOUR
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 construct the binary search tree, we begin by inserting the first value, 50, as the root node. Then, we insert the remaining values one by one, following the rules of a binary search tree. 
When inserting a value, we compare it to the value of the current node:
If the value is less than the current node, we traverse to the left child.
If the value is greater than or equal to the current node, we traverse to the right child.
We continue this process until we reach a leaf node, where we insert the new value as a child of the leaf node.
Here's a step-by-step diagram showing how the binary search tree is constructed for the given list of unordered numbers:
Step 1: Insert 50 as the root node
          50

Step 2: Insert 25 as a left child of 50
          50
         /
        25

Step 3: Insert 15 as a left child of 25
          50
         /
        25
       /
      15

Step 4: Insert 30 as a right child of 25
          50
         /
        25
       /  \
      15  30

Step 5: Insert 18 as a right child of 15
          50
         /
        25
       /  \
      15  30
       \
       18

Step 6: Insert 75 as a right child of 50
          50
         /  \
        25  75
       / \   \
      15 30  80

Step 7: Insert 80 as a right child of 75
          50
         /  \
        25  75
       / \   \
      15 30  80
             /
            78

Step 8: Insert 2 as a left child of 15
          50
         /  \
        25  75
       / \   \
      15 30  80
     /  /
    2  18

The placement of each value is determined as follows:
50 is the root node of the binary search tree.
25 is less than 50, so it becomes the left child of 50.
15 is less than 25, so it becomes the left child of 25.
30 is greater than 25, so it becomes the right child of 25.
18 is greater than 15, so it becomes the right child of 15.
75 is greater than 50, so it becomes the right child of 50.
80 is greater than 75, so it becomes the right child of 75.
2 is less than 15, so it becomes the left child of 15.
This ordering ensures that the binary search tree can be quickly searched for a given value, using the rules of binary search.
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]
Post-order traversal visits the nodes in the order left child, right child, parent. The first node visited in post-order traversal is the leftmost leaf node.
Here's the post-order traversal of the binary search tree:
2, 15, 18, 30, 25, 78, 80, 75, 50
In-order traversal visits the nodes in the order left child, parent, right child. The first node visited in in-order traversal is the leftmost node.
Here's the in-order traversal of the binary search tree:
2, 15, 25, 18, 30, 50, 75, 78, 80
Pre-order traversal visits the nodes in the order parent, left child, right child. The first node visited in pre-order traversal is the root node.
Here's the pre-order traversal of the binary search tree:
50, 25, 15, 2, 30,18, 75, 80 
c)   Demonstrate with the aid of program code or pseudo code the process required to delete the number 2 from the binary tree.
[7 Marks]
To delete a node from a binary search tree, we first need to search for the node to be deleted. Once we find the node, we have to restructure the binary search tree to maintain the order of the remaining nodes.
Here is a pseudocode algorithm to delete a node from a binary search tree:

deleteNode(root, value):
    if root is None:
        return root

    if value &lt; root.value:
        root.left = deleteNode(root.left, value)
    elif value &gt; root.value:
        root.right = deleteNode(root.right, value)
    else:
        if root.left is None:
            temp = root.right
            root = None
            return temp
        elif root.right is None:
            temp = root.left
            root = None
            return temp

        temp = minValueNode(root.right)
        root.value = temp.value

        root.right = deleteNode(root.right, temp.value)

    return root

In this algorithm, root is a pointer to the root node of the binary search tree, and value is the value to be deleted.
The algorithm first checks whether root is None. If it is None, there are no nodes in the tree to delete, so the function returns None.
Then, the algorithm checks whether value is less than or greater than the current node's value. If it's less, we go to the left child of the current node. If it's greater, we go to the right child of the current node.
If value is equal to the current node's value, we have found the node to be deleted. We check whether the node has one child or two children. If it has one child, we replace the node with its child. If it has two children, we replace the node with the minimum value in its right subtree, and delete the minimum value node from the right subtree recursively.
Finally, we return the root node of the tree.
Here is how the function can be called to delete the node with value 2 from the binary search tree:

root = deleteNode(root, 2)

After this function call, the binary search tree will no longer contain the node with value 2.
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