QUESTION ONE
1. The computational complexity of this algorithm can be expressed in the "big O" notation as O(n2), which means that it has quadratic time complexity. That's because in the running time expression, the highest order term is n2. When analyzing algorithm complexity, n2 grows faster than nlogn, n, or any constant term.

2. O(1):
   int i=1
   Int j =2
Int sum=i-j
Print(“sum=%d”,sum)

O(n):                      
for i = 1 to n:
 printf(i)

O(n2):
for i = 1 to n:
    for j = 1 to i:
        print(i + j)

3. The running time of a search operation in a binary search tree depends on the structure of the tree and the location of the search key.
The best case occurs when the tree is perfectly balanced, with roughly equal numbers of nodes in the left and right subtrees of each node. When a search operation is performed, each comparison halves the search space. In the best case, the height of the tree remains logarithmic, so the growth rate of search time is O(log n).
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In this case, the search key 24 is at the root node of the tree and can be found with just one comparison.
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  The worst case occurs when the tree is completely unbalanced, with one subtree having far more nodes than the other. When a search operation is performed, only one node can be removed per comparison, so the time complexity of the search is linear to the height of the tree.In this case, if you were to search for a node with a key of 4, it would take seven comparisons to find it.

4. (1)Balancing trees ensures that the height difference between the left and right subtrees of a tree is not too large by maintaining specific balancing conditions. This prevents the tree from being too tall and keeps the time complexity of search, insert, and delete operations at a logarithmic (O(log n)) rather than a linear (O(n)) level. In contrast, a basic binary search tree can become highly unbalanced, resulting in performance degradation.
(2)Because the height of the balanced tree is small and balanced, the search operation can be completed in a relatively short time. In a balanced tree, each comparison halves the search space, so the time complexity of the search operation is O(log n), which is much more efficient than the O(n) of a basic binary search tree .
(3)A balanced tree is maintained by strict balancing conditions and self-balancing operations. This self-adjusting mechanism ensures the stability and reliability of the tree. In contrast, a basic binary search tree for insert or delete operations may cause an imbalance in the tree, affecting the performance of the search operation.  
(4)The performance of the balanced tree remains consistent across operations and data sets. Regardless of search, insert, or delete operations, the time complexity of the balanced tree can be kept at a logarithmic level. In the worst case, the basic binary search tree may degenerate into a linked list, resulting in a linear level of operation time complexity.


QUESTION TWO

1.
Static memory allocation is the allocation of a fixed size of memory space at compile time or run time of a program. In static memory allocation, memory is allocated and freed at compile time or when the program starts, rather than at run time. Static memory allocation is usually done on the stack and is suitable for data structures with a fixed size and lifetime. Dynamic memory allocation allocates and frees memory space at run time as needed. In dynamic memory allocation, the allocation and release of memory is explicitly controlled by the programmer. Heap is usually used for dynamic memory allocation. Static memory allocation allocates a fixed size of memory space at compile time or program startup, and is suitable for data structures of fixed size and lifetime. Dynamic memory allocation allocates and frees memory space as needed at run time and applies to data structures of dynamic size and lifetime. Dynamic memory allocation provides more flexibility, but requires the programmer to explicitly manage the allocation and release of memory.


2.
A Node-based Linked List is a data structure in which each element (Node) contains a data item and a pointer to the next node. Nodes are connected by Pointers to form a linked list structure.Here are the basic operations of a node-based linked list:
Insertion: Inserts a new node into a list and can be performed at the beginning, end, or at a specified location. The insert operation requires modifying the node's pointer so that it is properly connected to the other nodes in the linked list.
Deletion: Deletes a node from the linked list, allowing the first, last, or node at a specified location to be deleted. The deletion operation requires changing the node pointer to maintain the continuity of the linked list.
Search: Searches for a specific node or item in a linked list. The search operation starts at the head of the list and traverses the nodes in sequence until the target node is found or the end of the list is reached.
Traversal: Accessing all nodes in a linked list in order. The traversal operation is used to examine the contents of the linked list and to access each node in turn and perform the required actions.
Access: Access to nodes or data items at specific locations in the linked list. Specific nodes or data in the linked list can be accessed by traversing or depending on the location of the node
data
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3.
function deleteNode(list, target):
    if list is empty:
        return list
    
    cur = list.head
    
   
    while current is not null:
        if cur.data == target:
            break
        cur = cur.next
    
   
    if cur is null:
        return list
    
    if cur == list.head:
     
        list.head = cur.next
        if cur.next is not null:
            cur.next.prev = null
    else if cur == list.tail:
    
        list.tail = cur.prev
        if cur.prev is not null:
            cur.prev.next = null
    else:
                cur.prev.next = cur.next
        cur.next.prev = cur.prev
    
 
    free(cur)
    
return list


This function accepts a double-linked list and the target item to be deleted. It first checks if the list is empty, and if it is, returns the original empty list directly. It then traverses the linked list from the beginning node, looking for the target node.If the target node is found, delete it based on its location. If the target node is the header node, update the header node to the next node and ensure that the precursor pointer of the next node is null. If the target node is a tail node, update the tail node to a precursor node and ensure that the successor pointer of the precursor node is null. If the target node is in the middle of the linked list, update the pointer to the precursor node and the successor node, skipping the target node.Finally, the target node's memory space is freed to avoid memory leaks.

4.
structure Node:
    data  
    next  

structure CircularLinkedList:
    head  
    tail  

function insertAtEnd(list, data):
    newNode = createNode(data)
    if list.head is null:
        
        list.head = newNode
        list.tail = newNode
        newNode.next = list.head 
    else:
        
        newNode.next = list.head
        list.tail.next = newNode
        list.tail = newNode

function deleteNode(list, target):
    if list.head is null:
        return list  
    
    current = list.head
    prev = null
    found = False
    
    while current.next != list.head:
        if current.data == target:
            found = True
            break
        prev = current
        current = current.next
    
    if current.data == target:
        found = True
    
    if not found:
        return list 
  
    
    if prev is null:
        
        list.head = current.next
        list.tail.next = list.head  
    else:
        
        prev.next = current.next
    
    if current == list.tail:
        
        list.tail = prev
    
    free(current)
    
    return list
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QUESTION FOUR


1.
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Place 50 as the root node in the empty tree. Since 25 is less than root 50, place 25 as the left child of the root. Since 15 is less than the root node 50, place 15 as the left child of the root node's left subtree. Since 30 is greater than 15 but less than 25, place 30 as the right child of the left subtree of the root node. Since 18 is less than 25 and has no left child, place 18 as the right child of the left subtree of the left subtree of the root node. Since 75 is greater than 50, place 75 as the right child of the root node. Since 80 is greater than 75, place 80 as the right child of the root node's right subtree. Since 2 is less than 50, place 2 as the left child of the left subtree of the root node.


2.
Post-order traversal:
The order of visiting nodes is: 2, 18, 15, 30, 25, 80, 75, 50.
Starting with the first visited node: 2.

In-order traversal:
The order of visiting nodes is: 2, 15, 18, 25, 30, 50, 75, 80.
Starting with the first visited node: 2.

Pre-order traversal:
The order of visiting nodes is: 50, 25, 15, 2, 18, 30, 75, 80.
Starting with the first visited node: 50.

In each traversal, we always start from the leftmost node and move towards the right. The first visited node will always be the leftmost node in the respective traversal order.


3.
function deleteNode(root, target):
    if root is null:
        return root
    
    if target < root.value:
        root.left = deleteNode(root.left, target)
    else if target > root.value:
        root.right = deleteNode(root.right, target)
    else:
        // Find the target node
        
        // Case 1: The target node is a leaf node (no child nodes)
        if root.left is null and root.right is null:
            root = null
        
        // Case 2: The target node has only one child node
        else if root.left is null:
            root = root.right
        else if root.right is null:
            root = root.left
        
        // Case 3: The target node has two children
        else:
            /* Find the smallest node in the right subtree of the target node (or the largest node in the left subtree)*/
            minValue = findMinValue(root.right)
            root.value = minValue
            root.right = deleteNode(root.right, minValue)
    
    return root



