QUESTION 1
1) The computational complexity of this algorithm is O(n^2), according to the formula, the n^2 item has the highest order, and as n grows, the influence of nlogn and n items gradually decreases, so they can be ignored, and the constant term 3 does not affect the complexity of the algorithm.
2) 1. O(1)
function printMessage():
		print “Hello world!”

The function printMessage code only needs to print a message without traversing any data structures. Therefore, the time complexity of this function is always O(1) no matter how many times it is executed.

2. O(n)
function printArray(array):
    for i in array:
      print i

The function printArray prints all the elements in an array (one-dimensional array). The time complexity of the code is O (n), where n is the number of elements in the array. Because the code needs to traverse the entire array and perform a printout operation for each element, the time complexity is proportional to the number of elements in the array.

3. O(n^2)
function print2Array(array):
    for i in array:
        for j in array:
            print i, j
This function prints the elements of a two-dimensional array. The function print2Array needs to nest two loops to traverse the entire array and print each pair of elements. Then, the complexity of this function is O(n^2).

3)
The running time of performing a search operation in a binary search tree depends on the depth of the tree and the position in the tree of the target element of the search.

Worst case: When the target element is at the deepest level of the tree, the running time of the search operation is O(n), where n is the number of nodes in the tree

Best case: When the target element is the root node, which means I don’t need to traverse any other nodes to find the target element. The running time is O(1)



4) 
Compared with the basic binary search tree, the balanced tree has the following advantages:

Improve worst-case performance: In a basic binary search tree, if the tree is unbalanced and similar to a linked list, the worst-case performance may be O (n). In contrast, the worst-case performance of a balanced tree is O (log n), as the height of the tree is proportional to the logarithm of the number of elements in the tree.

Faster insertion and deletion: Because balanced trees are balanced, insertion and deletion operations can be performed more efficiently than imbalanced trees. Especially, rebalancing operations such as tree rotation are less likely to occur.


QUESTION2


1) Static memory allocation allocates a fixed size of memory space for data structures during compilation, which is fixed throughout the entire program's runtime. Dynamic memory allocation, on the other hand, allocates memory space for data structures as needed during program execution, and the size of these spaces can be adjusted according to actual needs.

2) The node in a node-based linked list contains data and a pointer to the next node. The head node of the list stores the starting location of the list , and the tail node points to NULL or empty.

The operations of a node-based linked list include inserting, deleting, modifying, and searching. 
· Adding: Inserting a new node into any position in the linked list.
· Deleting: Removing a node from the linked list.
· Modifying: Changing the data of a node in the linked list.
· Searching: Finding a node in the linked list that contains specific data, which is achieved by traversing the entire list and comparing the data of each node.
These operations are the basic operations of a node-based linked list, and they can be used to implement various complex operations, such as sorting, reversing, merging, and so on.

3) 
function deleteNode(list, nodeToDelete):
    if list is empty or nodeToDelete is NULL:
        return

    if nodeToDelete is list.head:
        list.head = nodeToDelete.next
    else:
        nodeToDelete.previous.next = nodeToDelete.next

    if nodeToDelete is list.tail:
        list.tail = nodeToDelete.previous
    else:
        nodeToDelete.next.previous = nodeToDelete.previous

    free(nodeToDelete)
	
This function shows how to remove a node from a bidirectional linked list. 
First, the function checks whether the list is empty or whether the node to be deleted is NULL. If is true, the function simply returns without making any changes to the list. 
Next, the function checks whether the node is the head node of the linked list. If is the head, points the head pointer to the next node. Otherwise, the next pointer of the previous node points to the next node.
Then, the function checks if the node is the tail node of the list. If so, the tail pointer of the list is updated to point to the previous node in the list. If the node is not the tail node, the function updates the previous pointer of the next node to point to the previous node before the one being deleted. 
Finally, the function frees the memory space by using the free() function.

4)
1. Traverse to the end of the linked list.
2. Change the last node's next pointer to point to the head of the linked list instead of NULL.
3. Update the list and point to the new head.


QUESTION3


1)
	Stacks use the Last-In-First-Out (LIFO) method to insert and delete data, while queues use the First-In-First-Out (FIFO) method to insert and delete data.

The basic operations of a stack are push, pop, top, and empty.
1. Push: Adds an item to the top of the stack.
2. Pop: Removes the item at the top of the stack.
3. Top: Returns the value of the item at the top of the stack without removing it.
4. Empty: Checks if the stack is empty.
 
The meaning of the stack is to provide a temporary storage space during the function call. Due to the characteristics of the stack, it can ensure that the local variables and parameters of the function will not be tampered with by other functions during the execution of the function, thus ensuring the correctness and reliability of the function.

The operations of a queue are enqueue, dequeue, front, isFull, and isEmpty. 
1. Enqueue: The process of adding an element to the rear end of the queue is called enqueue. It is added to the end of the queue, and the size of the queue is increased by one.
2. Dequeue: The process of removing an element from the front end of the queue is called dequeue. It is removed from the front of the queue, and the size of the queue is decreased by one.
3. Front: The element at the front end of the queue is called the front. It is the next element that will be dequeued from the queue.
4. IsEmpty: This operation checks whether the queue is empty or not. If the queue is empty, it returns true, otherwise, false.
5. IsFull: This operation checks whether the queue is full or not. If it is, it returns true, otherwise false.

Queue are used to manage and process data in a specific order, such as in task scheduling, job queues, and network packets. What’s more, it is also important in high concurrency situations.



2)
The algorithm starts from the initial node and pushes it into a stack.
Then it pops the top node from the stack to traverse its neighbors, and pushes its unvisited neighbors into the stack. 
This process repeats until the target node is reached or the stack is empty.

time complexity is O(n+E), where n is the number of nodes and E is the number of edges in the graph being traversed. Because the algorithm visits each node once and each edge once,
The space complexity of the algorithm is O(n), as it uses a stack to store the visited nodes, and the maximum size of the stack is the number of nodes in the graph. 


3)
First, push the root node F onto the stack

Stack: [F]

Pop up the top element F of the stack and mark it as accessed

Stack: [], accessed: F

Push the child nodes E, C, and D of F onto the stack (in order from left to right)

Stack: [E, C, D]

Pop up element D at the top of the stack and mark it as accessed

Stack: [E, C], accessed: F, D

Push the child nodes of D onto the stack (where D has no child nodes, so skip)

Pop up element C at the top of the stack and mark it as accessed

Stack: [E], accessed: F, D, C

Push the child nodes B and A of C onto the stack (in order from left to right)

Stack: [E, B, A]

Pop up element A at the top of the stack and mark it as accessed

Stack: [E, B], accessed: F, D, C, A

Push the child nodes of A onto the stack (where A has no child nodes, so skip)

Pop up element B at the top of the stack and mark it as accessed

Stack: [E], accessed: F, D, C, A, B

Push the child nodes of B onto the stack (where B has no child nodes, so skip)

Pop up the top element E of the stack and mark it as accessed

Stack: [], accessed: F, D, C, A, B, E

The result for DFS is F, D, C, A, B, E
The algorithm might be modified by replacing the stack used in DFS with a queue data structure. The key idea of BFS is to traverse the graph level by level, visiting all nodes at the current level before moving on to the next level.
1. Create an empty queue and enqueue the starting node.
2. [bookmark: _GoBack]While the queue is not empty:
a. Dequeue the first node from the queue.
b. If the node has not been visited, mark it as visited and process it.
c. Enqueue all unvisited neighbors of the node into the queue.
3. Repeat step 2 until the queue is empty.

The result for BFS is F, E, C, D, B, A.

