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QUESTION ONE
a)
As n approaches infinity, the term  will dominate the running time because it grows much faster than the other terms. Therefore, we can simplify the expression to: 
When expressing the computational complexity using big-O notation, we ignore constant factors and lower-order terms. In this case, the computational complexity of the algorithm can be denoted as O().
This means that the running time of the algorithm grows quadratically with the input size. As the number of items (n) increases, the running time will increase exponentially. It is important to note that big-O notation provides an upper bound on the growth rate of an algorithm, so the actual running time could be better (faster) than O() in certain cases, but it will never be worse (slower) than that.
In summary, the computational complexity of the given algorithm is O(), indicating a quadratic growth rate with the input size.

b)
[bookmark: _GoBack]O(1) Complexity: This complexity represents a constant time algorithm where the execution time does not depend on the input size.
Pseudocode example:
void printFirstElement(int array[]) {
 	cout << array[0] << endl; 
}
Explanation: The above pseudocode function prints the first element of an array. It doesn't matter how large the array is; the execution time will always be constant because it only accesses the first element, regardless of the array's size. Therefore, it has a complexity of O(1).
O(n) Complexity: This complexity represents a linear time algorithm where the execution time grows linearly with the input size.
Pseudocode example:
void printAllElements(int array[], int n) { 
for (int i = 0; i < n; i++) {
cout << array[i] << endl; 
}
 }
Explanation: The above pseudocode function prints all the elements of an array. The execution time depends on the size of the array since it iterates over each element once. As the array grows larger, the execution time will also increase proportionally. Hence, it has a complexity of O(n).
O() Complexity: This complexity represents a quadratic time algorithm where the execution time grows exponentially with the input size.
Pseudocode 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; 
}
 } 
}
Explanation: The above pseudocode function prints all possible pairs of elements in an array. It uses nested loops to iterate over each element with every other element in the array. As the array size increases, the number of iterations grows quadratically. Therefore, the execution time will increase significantly. Hence, it has a complexity of O().

c)
Best-case running time: In the best-case scenario, the target value being searched for is located at the root of the BST. In this case, the search operation will find the value in the root node, and the running time will be O(1), i.e., constant time. This is because there is no need to traverse the tree further; the search operation immediately returns the desired value.
Worst-case running time: The worst-case scenario in a BST search occurs when the tree is unbalanced, resembling a linear chain, and the target value is located at the deepest level of the tree. In this case, the running time will be O(n), where n is the number of nodes in the tree. This is because each node needs to be visited in order to reach the desired value. As the number of nodes increases, the time complexity of the search operation grows linearly.
To illustrate how these situations can occur:
Best-case scenario: Assume you have a BST with values [1, 2, 3, 4, 5, 6, 7]. If you search for the value 4, it is located at the root, resulting in the best-case scenario with constant running time.
Worst-case scenario: Consider an unbalanced BST with values [1, 2, 3, 4, 5, 6, 7] arranged in a linear chain (left child contains smaller values, right child contains larger values). If you search for the value 7, it is located at the deepest level of the tree, requiring traversal through each node along the chain. This results in the worst-case scenario with a running time proportional to the number of nodes in the tree.
It's important to note that in a balanced BST, the average-case running time for a search operation is O(log n), where n is the number of nodes. This is because a balanced tree ensures that each level reduces the search space by approximately half, resulting in a logarithmic time complexity.
In summary, the best-case running time for a search operation in a BST is O(1), while the worst-case running time is O(n) for an unbalanced tree. The structure of the tree and the location of the target value determine which scenario occurs. A balanced tree provides an average-case running time of O(log n).

d)
The use of a balanced tree, such as a self-balancing binary search tree (BST), improves upon a basic binary search tree by maintaining a balanced structure throughout the operations performed on the tree. This balance ensures more efficient search, insertion, and deletion operations compared to an unbalanced tree. Here are a few key advantages of using a balanced tree:
1.Improved search efficiency: In a balanced tree, such as an AVL tree, Red-Black tree, or B-tree, the height of the tree is minimized, typically logarithmic in relation to the number of elements (log n). This balanced height ensures that search operations can be performed more quickly, as the search space is divided equally at each level of the tree. In contrast, an unbalanced tree may have a linear height (n), resulting in slower search times.
2.Consistent time complexity: Balanced trees maintain a consistent time complexity for operations such as search, insert, and delete, regardless of the order of insertions or deletions. In a basic binary search tree, if the elements are inserted in sorted order, the tree can become unbalanced, leading to a worst-case time complexity of O(n) for search operations. Balanced trees, on the other hand, guarantee a time complexity of O(log n) for these operations, even with various orderings of insertions or deletions.
3.Efficient insertion and deletion: Balanced trees use specific algorithms to maintain balance during insertion and deletion operations. These algorithms, such as rotations in AVL trees or color flipping in Red-Black trees, ensure that the tree remains balanced after each modification. As a result, the time complexity for these operations remains logarithmic (O(log n)), providing efficient updates to the tree's structure.
4.Handling dynamic data: Balanced trees are particularly useful when dealing with dynamic data, where elements are frequently inserted or deleted. By maintaining balance, these trees adapt to changes in the data set and preserve efficient search and update operations, ensuring consistent performance.
In summary, the use of a balanced tree improves upon a basic binary search tree by providing efficient search, insertion, and deletion operations with consistent time complexity. The balanced structure of these trees ensures logarithmic height and optimal utilization of the search space, resulting in improved performance and scalability for dynamic data sets.

QUESTION TWO
a)
Static memory allocation is the allocation of memory space for variables or data structures at program compile time. The allocated memory space does not change while the program is running. This means that statically memory allocated variables or data structures occupy the same memory space throughout the program life cycle and cannot be dynamically changed. Common static memory allocations include global variables and local static variables.
Dynamic memory allocation allocates memory space for variables or data structures at program runtime. During program runtime, dynamically memory allocated variables or data structures can be dynamically allocated or freed from memory. This means that dynamic memory allocation can adjust the memory space as needed, making the program more flexible and efficient. In dynamic memory allocation, the programmer needs to allocate memory space manually and needs to be careful to release memory space promptly after use to avoid memory leaks. Common dynamic memory allocation functions include malloc, calloc and realloc.
In data structures, static memory allocation is suitable for cases where the size and number of elements of the data structure are known and will not change with program execution. For example, static memory allocation can be used for data structures such as static arrays, fixed-size stacks, or queues. Dynamic memory allocation is used when the size and number of elements of a data structure are unknown or need to be changed dynamically. For example, dynamic memory allocation can be used for data structures such as chained tables, binary trees, and hash tables. Using dynamic memory allocation makes data structures more flexible, allowing elements to be added, deleted and modified dynamically, thus improving the efficiency and performance of the program.

b)
A node-based linked list is a data structure that consists of nodes, each of which contains a data element and a pointer to the next node.
The following is a diagram showing the structure of a node-based linked list with five nodes:


In this example, each node has a data element and a pointer to the next node. The head node is the start of the chain, the tail node is the end of the chain, and NULL indicates the end of the chain.
The basic operations required to manage a node-based chain table include:
1. Insertion: Inserts a new node at any position in the chain table. This can be done by modifying the pointer, pointing the new node's pointer to the original next node, and then pointing the previous node's pointer to the new node.
2. Deletion: Deletes a node from a specified position in the chain table. This can be done by modifying the pointer, pointing the pointer of the previous node to the next node to be deleted, and then freeing the memory space of the node to be deleted.
3. Traversal: Accesses each node in the linked table in order in order to read or process the node's data. This can be done by moving nodes one by one using a pointer.
4. Search: Finds the specified data element in the linked table and returns the corresponding node. This can be done by traversing the chain table and comparing the data of the nodes.
These operations above are considered key operations because they allow inserting, deleting, accessing and searching data in a node-based chain table. The implementation of these operations involves pointer operations on the nodes, so they are the basic building blocks of a node-based linked table.

c)
function delete_from_doubly_linked_list(list, item_to_delete):
    if list.head is None:
        // The list is empty, nothing to delete
        return
    
    current = list.head
    
    // Traverse the list to find the item to delete
    while current is not None:
        if current.data == item_to_delete:
            // Found the item to delete
            
            if current.prev is not None:
                current.prev.next = current.next
            else:
                // If the item to delete is the head node
                list.head = current.next
            
            if current.next is not None:
                current.next.prev = current.prev
            else:
                // If the item to delete is the tail node
                list.tail = current.prev
            
            // Free the memory allocated for the node
            free(current)
            return
        
        current = current.next
    
    // The item to delete was not found in the list
    return

In this algorithm, we first check if the list is empty. If it is, there's nothing to delete, so we simply return. Then, we use a pointer 'current' to traverse the list starting from the head node until we find the item to delete or reach the end of the list. If we find the item to delete, we update the previous node's 'next' pointer and the next node's 'prev' pointer to properly bypass the node being deleted. If the item to delete is the head node, we update the head pointer. If it's the tail node, we update the tail pointer. Finally, we free the memory allocated for the node.
Potential problems associated with this implementation include ensuring that the previous and next pointers of the surrounding nodes are correctly updated when deleting a node. Additionally, if the item to delete is not found in the list, the algorithm will traverse the entire list. This can result in higher time complexity, especially for large lists. Moreover, if this algorithm is not atomic, it may lead to race conditions in a multi-threaded environment.

d)
The key to modifying a dynamic linear chain table into a cyclic data structure is to point the next pointer of the tail node to the head node to form a cyclic closed ring. This enables continuous cyclic traversal through the chain table.
When creating a linked table, you need to make sure that when inserting a new node you point the next pointer of the tail node to the head node instead of pointing to NULL. This will connect the tail node of the linked table to the head node to form a loop. Similarly, when deleting a node, the next pointer of the tail node needs to be updated to ensure that it points to the new head node. This maintains the circular nature of the linked table.
It is important to note that when operating on circular linked tables, care needs to be taken in handling boundary cases, especially when the table is empty or has only one node. Also make sure that the references to the head and tail nodes are updated correctly when inserting and deleting nodes.
By modifying the dynamic linear chain table into a circular data structure, it is easier to handle loop-related operations such as loop traversal and loop queues. At the same time, care needs to be taken to set termination conditions when traversing the circular chain table to avoid infinite loops.


QUESTION FOUR
a)


For a given list of numbers, insertions are made based on the property of a binary search tree where the value of the left child node is less than the value of the parent node and the value of the right child node is greater than the value of the parent node. The following are the specific steps:
1. First, select the first number in the list, 50, as the root node.
2. Insert 25 as the left child of 50 since 25 is smaller than 50.
3. Insert 15, as 15 is less than 25, so it is the left child of 25.
4. Insert 30 as the right child of 25 as 30 is greater than 25.
5. Insert 2 as the left child of 15 as 2 is less than 15.
6. Insert 18 as the right child of 15 since 18 is greater than 15.
7. Insert 75 as the right child of 50 since 75 is greater than 50.
8. Insert 80 as the right child of 75 since 80 is greater than 75.
In this way, a binary search tree is constructed from the given list of unordered numbers.

b)
#include <iostream>
using namespace std;

// Definition for a binary tree node
struct TreeNode {
    int val;
    TreeNode* left;
    TreeNode* right;

    TreeNode(int x) : val(x), left(nullptr), right(nullptr) {}
};

// Post-order traversal
void postOrderTraversal(TreeNode* root) {
    if (root == nullptr)
        return;
    
    // Traverse left subtree
    postOrderTraversal(root->left);

    // Traverse right subtree
    postOrderTraversal(root->right);

    // Visit current node
    cout << root->val << " ";
}

// In-order traversal
void inOrderTraversal(TreeNode* root) {
    if (root == nullptr)
        return;
    
    // Traverse left subtree
    inOrderTraversal(root->left);

    // Visit current node
    cout << root->val << " ";

    // Traverse right subtree
    inOrderTraversal(root->right);
}

// Pre-order traversal
void preOrderTraversal(TreeNode* root) {
    if (root == nullptr)
        return;

    // Visit current node
    cout << root->val << " ";

    // Traverse left subtree
    preOrderTraversal(root->left);

    // Traverse right subtree
    preOrderTraversal(root->right);
}

int main() {
    // Construct the binary tree
    TreeNode* root = new TreeNode(50);
    root->left = new TreeNode(25);
    root->left->left = new TreeNode(15);
    root->left->left->left = new TreeNode(2);
    root->left->left->right = new TreeNode(18);
    root->left->right = new TreeNode(30);
    root->right = new TreeNode(75);
    root->right->right = new TreeNode(80);

    // Perform post-order traversal
    cout << "Post-order traversal: ";
    postOrderTraversal(root);
    cout << endl;

    // Perform in-order traversal
    cout << "In-order traversal: ";
    inOrderTraversal(root);
    cout << endl;

    // Perform pre-order traversal
    cout << "Pre-order traversal: ";
    preOrderTraversal(root);
    cout << endl;

    return 0;
}
Running this code will output the following results:
Back-order traversal result: 2 18 15 30 25 80 75 50
Middle-order traversal result: 2 15 18 25 30 50 75 80
Pre-order traversal result: 50 25 15 2 18 30 75 80
The first node visited in the post-order traversal is the bottom left node, the first node visited in the mid-order traversal is the leftmost leaf node, and the first node visited in the pre-order traversal is the root node.

c)
#include <iostream>
using namespace std;

// Definition for a binary tree node
struct TreeNode {
    int val;
    TreeNode* left;
    TreeNode* right;

    TreeNode(int x) : val(x), left(nullptr), right(nullptr) {}
};

// Function to find the minimum value node in a binary tree
TreeNode* minValueNode(TreeNode* node) {
    TreeNode* current = node;
    while (current->left != nullptr) {
        current = current->left;
    }
    return current;
}

// Function to delete a node from the binary tree
TreeNode* deleteNode(TreeNode* root, int target) {
    if (root == nullptr) {
        return root;
    }

    if (target < root->val) {
        root->left = deleteNode(root->left, target);
    } else if (target > root->val) {
        root->right = deleteNode(root->right, target);
    } else {
        if (root->left == nullptr) {
            TreeNode* temp = root->right;
            delete root;
            return temp;
        } else if (root->right == nullptr) {
            TreeNode* temp = root->left;
            delete root;
            return temp;
        } else {
            TreeNode* minValue = minValueNode(root->right);
            root->val = minValue->val;
            root->right = deleteNode(root->right, minValue->val);
        }
    }

    return root;
}

// Function to perform an in-order traversal of the binary tree
void inOrderTraversal(TreeNode* root) {
    if (root == nullptr)
        return;

    inOrderTraversal(root->left);
    cout << root->val << " ";
    inOrderTraversal(root->right);
}

int main() {
    // Construct the binary tree
    TreeNode* root = new TreeNode(50);
    root->left = new TreeNode(25);
    root->left->left = new TreeNode(15);
    root->left->left->left = new TreeNode(2);
    root->left->left->right = new TreeNode(18);
    root->left->right = new TreeNode(30);
    root->right = new TreeNode(75);
    root->right->right = new TreeNode(80);

    // Delete node with value 2
    root = deleteNode(root, 2);

    // Perform in-order traversal after deletion
    cout << "In-order traversal after deletion: ";
    inOrderTraversal(root);
    cout << endl;

    return 0;
}
Running this code will output the following result:
The result of a mid-order traversal after deleting node 2: 15 18 25 30 50 75 80
The code first builds the binary tree and then uses the deleteNode function to delete the node with a value of 2. Finally, the inOrderTraversal function is called to perform a mid-order traversal of the deleted node to verify that node 2 has been successfully deleted.
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