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QUESTION ONE
a)
The computational complexity of this algorithm can be expressed as O(n^2), which means that the algorithm's running time grows at most quadratically with the input size n. This is because the dominant term in the expression for Rt is n^2, which becomes increasingly larger as n grows. The other terms, such as nlogn and n, are smaller in comparison and can be ignored for large values of n. Therefore, the algorithm's performance is limited by the quadratic term, and it is said to have a worst-case time complexity of O(n^2).

b)
A programming structure with complexity O (1) usually involves operations that use constant time, such as accessing elements in an array or performing simple mathematical operations. Here is an example:
int a = 1;
int b = 2;
int c = a + b;
A programming structure with O (n) complexity usually uses a loop or a recursion to iterate over a data structure or perform an operation. Here is an example:
for(int i = 0; i < n; i++)
{
//Perform certain operations
}
A programming structure with an O (n ^ 2) complexity usually uses a nested loop to go through a two-dimensional data structure or perform an operation. Here is an example:
for(int i = 0; i < n; i++)
{
for(int j = 0; j < n; j++)
{
//Perform certain operations
}
}

c)
The running time of the search operation of the binary search tree depends on the height of the tree. In the best case, the tree is balanced, where the left and right subtree of each node are highly equal, so that the time complexity of the search operation is O (logn). In the worst case, the tree is non-balanced, where the difference between the left and right subtree height of each node is large, so that the time complexity of the search operation is O (n). This can occur with an improper order of insertion, such as inserting elements in ascending order, resulting in a tree height of n. Therefore, in practical applications, measures need to be taken to ensure the balance of trees, such as using balanced binary search trees or red and black trees.

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 tree remains balanced as nodes are added or removed. This means that the height of the tree is kept relatively small which in turn ensures that search, insertion, and deletion operations can be performed in O(log n) time, where n is the number of nodes in the tree. In contrast, a basic binary search tree can become unbalanced if nodes are added or removed in a way that causes the tree to become skewed.In this case, the height of the tree can become much larger than log n, which slows down search, insertion,and deletion operations to O(n) time in the worst case. By using a balanced tree, we can ensure that the performance of these operations remains efficient even as the number of nodes in the tree grows. This makes balanced trees a popular choice for implementing data structures such as sets and maps in programming languages and databases.




QUESTION TWO
a)
One is that it happens at different times. Static assignments occurs when the program is compiled and connected. Dynamic allocation occurs when the program is called in and executed.
Second, the space occupied is different. Heaps are all dynamically assigned, without static allocation. The stack has two allocation methods: static allocation and dynamic allocation. Static assignment is done by the compiler, such as the assignment of local variables. Dynamic assignments are assigned by the function malloc. However, the dynamic allocation of the stack is different from the stack. His dynamic allocation is released by the compiler without us manually.

b)
A node-based linear link list data structure is a common data structure that consists of a series of nodes, each containing a data element and a pointer to the next. Common basic operations in this data structure include:
Insert: insert a new node anywhere in the link list. The insertion operation requires modifying the pointer to the corresponding node in the link table so that it points to the new node.
Delete: Remove a node from the table. The deletion operation requires modifying the pointer to the corresponding node in the link list so that it points to the next node or the previous node.
Search: Find a specific node in the linked table. The search operation requires each node in the table until the target node is found or at the end of the list.
Pass-through: traverse the entire link table to access the data elements of each node. Traversal operations can be used to implement other operations, such as finding and deleting.
Reverse: reverse the order of nodes in the list. The inversion operation requires modifying the pointer to each node in the link table so that it points to the previous node.
These basic operations can be used in combination to achieve more complex functions, such as sorting, merging, splitting, etc. In practice, linked table data structure is often used to implement data structures such as queue, stack, and hash tables.

c)
void deleteFromList(List* list, int itemToDelete) 
{
if (list->head == nullptr)
{
        return;
    }
    Node* node = list->head;
while (node != nullptr)
{
        if (node->data == itemToDelete)
{
            if (node->prev == nullptr)
{
                list->head = node->next;
            }
else
{
                node->prev->next = node->next;
            }
            if (node->next == nullptr)
{
                list->tail = node->prev;
            }
else
{
                node->next->prev = node->prev;
            }
            delete node;
            return;
        }
        node = node->next;
    }
    return;
}
This algorithm traverses each node in the checklist until it finds the node containing the item to be deleted. Once a node is found, it updates the "prev" and "next" pointers of adjacent nodes to skip the node to be deleted. Finally, it frees up the memory associated with the node.A potential problem with this implementation is that it assumes that the items to be deleted are unique in the linked table. If there are multiple nodes containing the same item, only the first one will be deleted. To remove all nodes containing the project, the algorithm needs to be modified to traverse the entire link list and remove all matching nodes.Another potential problem is that the algorithm does not handle the case where the linked table is empty or does not find the item to be deleted in the linked list. In these cases, the function simply returns without doing anything.

d)
To modify a dynamic linearly linked list to implement a circular data structure, we need to make the last node in the list point to the first node instead of pointing to null. This creates a loop in the list, allowing us to traverse the list from any nod to any other node. Here are the steps to modify a linearly linked list into a circular linked list:
1.Traverse the list to find the last node.
2.Set the next pointer of the lase node to point to the first node in the list.
3.Update any references to the old last node to point to the new last node.
4.Optionally, update the head pointer to point to any node in the list.
Here is an example implementation:
void makeCircular(List* list)
{
if(list->head == nullptr)
{
return;
}
Node* lastNode = list->head;
while(lastNode->next != nullptr)
{
lastNode = lastNode->next;
}
lastNode->next = list->head;
list->tail = lastNode;
list->head = list->head;
}




QUESTION FOUR
a)
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The first value,50, is inserted at the root of the tree.
The next value, 25, is less than 50 so it is inserted as the left child of 50.
The next value,15, is less than 25 so it is inserted as the left child of 25.
The next value, 30, is greater than 25 so it is inserted as the right child of 25.
The next value, 18, is less than 25 but greater than 15 so it is inserted as the right child of 15.
The next value,75, is greater than 50 so it is inserted as the right child of 50.
The next value, 80, is greater than 75 so it is inserted as the right child of 75.
The last value, 2, is less than 50 so it is inserted as the left child of 25.However, it is also less than 15 so it is inserted as the left child of 15.

b)
Using the binary tree generated in the previous answer, here are the results of post-order, in-order, and pre-order traversals:
Post-order traversal: 2,18,15,30,25,75,80,50.The first node visited in this traversal is 2.
ln-order traversal: 15,2,18,25.30,50,75,80. The first node visited in this traversal is 15. 	 Pre-order traversal: 50,25,15,2,18,30,75,80.The first node visited in this traversal is 50.
In post-order traversal we visit the left subtree, then the right subtree, and finally the root node. In the example tree, this means we visit nodes 2,18,15,30,25,75,80 and 50 in that order.
In in-order traversal we visit the left subtree, then the root node, and finally the right subtree. In the example tree, this means we visit nodes 15,2,18,25,30,50,75 and 80 in that order.

In pre-order traversal we visit the root node, then the left subtree, and finally the right subtree. In the example tree, this means we visit nodes 50,25,15,2,18,30,75 and 80 in that order.


c)
Node* deleteNode(Node* root, int key)
{
if (root == nullptr)
{
        return root;
    }
if (key < root->data)
{
        root->left = deleteNode(root->left, key);
}
else if (key > root->data)
{
        root->right = deleteNode(root->right, key);
}
else
{
        if (root->left == nullptr)
{
            Node* temp = root->right;
            delete root;
            return temp;
        }
else if (root->right == nullptr)
{
            Node* temp = root->left;
            delete root;
            return temp;
        }
        Node* temp = minValueNode(root->right);
        root->data = temp->data;
        root->right = deleteNode(root->right, temp->data);
    }
    return root;
}
Node* minValueNode(Node* node)
{
    Node* current = node;
while (current->left != nullptr)
{
        current = current->left;
    }
    return current;
}
To remove the node with number 2 from the binary search tree, we can simply call the deleteNode function with the root of the tree and the value to remove:
root = deleteNode(root,2);
This will remove the node with number 2 from the tree, and return the new root node of the tree.
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