QUESTION ONE

a) 
Rt = O(n^2)
The worst-case time complexity of this algorithm is O (n ^ 2). To simplify the expression and find its main term, we can remove all lower order terms and constants. The computational complexity of the algorithm is proportional to the square of the input size n. As n increases, the running time of the algorithm shows a quadratic growth.

b)
1. O(1) complexity:
The following pseudocode represents a simple program that has a constant time complexity of O(1), meaning that its running time is independent of the input size:
function print_first_element(array):
print array[0]
2. O(n) complexity:
The following pseudocode represents a program that has a linear time complexity of O(n), meaning that its running time is proportional to the size of the input:
[bookmark: _GoBack]function find_max_element(array):
    max = array[0]
    for i = 1 to length(array) - 1:
        if array[i] > max:
            max = array[i]
    return max
3. O(n^2) complexity:
The following pseudocode represents a program that has a quadratic time complexity of O(n^2), meaning that its running time grows exponentially with the size of the input:
function find_duplicates(array):
    duplicates = []
    for i = 0 to length(array) - 1:
        for j = i + 1 to length(array) - 1:
            if array[i] == array[j]:
                duplicates.append(array[i])
    return duplicates
In this example, the function takes an array as input and iterates over each element to compare it with every other element in the array. The running time of the function is proportional to the square of the size of the input array, so its time complexity is O(n^2). As the size of the input array increases, the running time of the function grows very quickly, making it inefficient for large inputs.

c)
The running time of a search operation in a binary search tree (BST) depends on the structure of the tree and the value being searched for. In the best case, the value being searched for is the root node, while in the worst case, it is a leaf node at the maximum depth of the tree.
Best case scenario:
In the best case, the value being searched for is the root node of the BST. This means that the search can be completed in constant time O(1), since the value has been found without any additional comparisons or traversals.

Worst case scenario:
In the worst case, the value being searched for is a leaf node at the maximum depth of the BST. This means that the search must traverse the maximum depth of the tree, which is proportional to the height of the tree.
The worst-case time complexity for a search operation in a binary search tree is O(h), where h is the height of the tree. In the worst case, the height of the tree can be equal to the number of nodes in the tree (if the tree is unbalanced and resembles a linear linked list), resulting in a time complexity of O(n), where n is the number of nodes in the tree.
However, in a balanced binary search tree, the height of the tree is logarithmic with respect to the number of nodes. In this case, the worst-case time complexity for a search operation is O(log n), where n is the number of nodes in the tree.
To illustrate how these situations can occur, consider the following examples:

Best case scenario:
Suppose we have the following binary search tree:
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If we want to search for the value 5, we can find it immediately at the root node, resulting in a best-case time complexity of O(1).
Worst case scenario:
Suppose we have the following binary search tree:
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If we want to search for the value 5, we must traverse the maximum depth of the tree, which is 5. This results in a worst-case time complexity of O(5) = O(n) in this unbalanced tree.

However, if we balance the tree using a self-balancing binary search tree algorithm such as AVL or Red-Black tree, the height of the tree will be logarithmic with respect to the number of nodes. This will result in a worst-case time complexity of O(log n) for the search operation.

d)
The basic binary search tree (BST) is a data structure used to store and retrieve ordered data. Although BST has good insertion and lookup performance, in some cases it may become very imbalanced, resulting in a time complexity of O (n) for search and insertion operations, where n is the number of nodes in the tree. To solve this problem, a balanced tree can be used.
The balanced tree is a self balanced binary search tree, which can ensure that the tree remains balanced after insertion and deletion operations. The purpose of a balanced tree is to maintain the search and insertion time complexity of O (log n) by limiting the height of the tree. In this way, we can ensure that the operation of the tree is completed in a relatively short time.
There are many different types of balance trees, such as AVL tree, red black tree, B tree, etc. These algorithms use different balancing strategies to maintain the height balance of the tree. For example, the AVL tree uses rotation operations to maintain tree balance. Whenever a node is inserted or deleted, the AVL tree checks the height difference of its subtree and performs the necessary rotation operations to rebalance the tree.
Another example is a red black tree, which uses color labeling and rotation operations to maintain tree balance. The insertion and deletion operations of red and black trees are based on rotation and re coloring to maintain balance.
By using a balanced tree, we can ensure that the worst-case search and insertion operations have a time complexity of O (log n), which is much faster than basic BST. Therefore, balanced trees are an efficient data structure, particularly suitable for situations that require efficient search and insertion operations, such as database indexes, compiler symbol tables, etc.


QUESTION TWO
a)
One is that the time is different. Static allocation occurs during program compilation and connection. Dynamic allocation occurs during program invocation and execution.
The second is the difference in space. Heaps are dynamically allocated, and there are no statically allocated heaps. There are two allocation methods for stacks: static allocation and dynamic allocation. Static allocation is done by the compiler, such as the allocation of local variables. Dynamic allocation is performed by the function malloc. However, the dynamic allocation of a stack is different from that of a heap. Its dynamic allocation is released by the compiler and does not require manual implementation.
Static memory allocation refers to the allocation of memory space during compilation, usually at program startup. This means that during compilation, programmers need to determine the size and position of the data structure. In static memory allocation, the size of memory space is fixed and cannot be dynamically expanded. Therefore, static memory allocation is usually suitable for situations where the size of the data structure is known and stable, such as arrays or fixed size buffers.
Dynamic memory allocation refers to allocating memory space at runtime and dynamically adjusting memory size as needed. This means that programmers can allocate and free memory space as needed. In dynamic memory allocation, the size of memory space is variable and can be dynamically adjusted as needed. Therefore, dynamic memory allocation is usually suitable for situations where the size of data structures is uncertain or requires frequent increase or decrease in size.
In data structures, dynamic memory allocation is typically used for dynamic data structures, such as linked lists, stacks, queues, or trees. The size of these data structures is not fixed and can be dynamically adjusted as needed. On the other hand, static memory allocation is typically used for static data structures, such as arrays or fixed size buffers.

b)
A node-based linked list is a data structure consisting of a collection of nodes, where each node contains a value and a reference or pointer to the next node in the list. These nodes are connected sequentially to form a linked list.
Here is an example of a node-based linked list:
Head -> Node1 -> Node2 -> Node3 -> ... -> NodeN -> Null
In this example, Head is a pointer to the first node in the list, and Null indicates the end of the list.
The essential operations required to manage a node-based linked list include the following:
1. Insertion: Add a new node to the list at a specific position.
2. Deletion: Remove a node from the list at a specific position.
3. Traversal: Traverse the entire list to access each node.
4. Searching: Find a specific node in the list based on its value.
Node-based linked lists have several advantages. They can easily grow or shrink in size as required and can be dynamically modified during runtime. This makes them ideal for situations where the size of the data set is unknown or changes frequently. Additionally, node-based linked lists can be implemented efficiently in terms of space complexity, as they only require memory allocation for the data and the pointer to the next node.
However, node-based linked lists also have some disadvantages. They have a slower search time complexity of O(n) since traversing the list to find a specific node is required. Furthermore, linked lists do not have direct access to their elements, which makes it difficult to perform operations on specific elements in the list. Therefore, node-based linked lists are most useful when operations such as insertion and deletion are performed more frequently than searching or accessing individual elements.

c)
The following is a pseudocode function that uses dynamic memory allocation and doubly linked list nodes to delete an item from the doubly linked list:
function deleteNode(value, head):
    node = head
    while node is not null:
        if node.value == value:
            if node.prev is not null:
                node.prev.next = node.next
            else:
                head = node.next
            if node.next is not null:
                node.next.prev = node.prev
            delete node
            return head
        node = node.next
    return head
In this function, we first traverse the entire linked list to find the node with the desired value. If the node is found, we check if it is the first node in the linked list. If so, we need to update the header pointer of the linked list. Then, we check whether the node is the last node in the linked list. If so, we need to update the next pointer of the previous node. Finally, we delete the node and return the updated chain header pointer.
This function uses dynamic memory allocation because it allocates memory when needed to create new linked list nodes and releases memory when nodes are deleted. This allows the size of the linked list to dynamically grow or shrink without the need to pre allocate fixed size memory space.
Potential issues include efficiency issues with memory allocation and release, as well as performance issues when searching for and deleting nodes in large linked lists. Therefore, for larger linked lists, we may need to use other data structures or optimization algorithms to improve performance.

d)
To modify the dynamic linear linked list to a cyclic data structure, the pointer end of the terminal node can be changed from a null pointer to a pointing head node, forming a loop for the entire single linked list. This means that the last node no longer points to null, but rather to the first node, forming a circular link. As shown in the figure:
[image: ]
In fact, the main difference between a single linked list and a circular linked list lies in the condition for judging an empty linked list. Originally, it was determined whether head ->next was null, but now it is determined whether head ->next is equal to head.
The following is a pseudocode function that demonstrates how to modify a dynamic linear linked list to a circular data structure:
function makeCircular(phead):
    if phead is null or phead.next is null:
        return phead
    node = phead
    while node.next is not null:
        node = node.next
    node.next = phead
return phead
First, check if the linked list is empty or has only one node. If so, there is no need to modify the linked list to a circular data structure. If not, we traverse the linked list to find the last node and point its next pointer to the first node. Finally, return the header pointer.

QUESTION THREE

a)
Stack: a Linear List that can only be operated at one end of the table. The general operation is to insert and delete. The end that allows operations is called the top of the stack. The top of the stack elements are given by the top of the stack pointer. If there are no elements, the stack is empty.Last in, first out, first in, last out
Insertion(Push)
Delete(Pop)
Void judgment
Full judgment
Retrieve the current top element of the stack
Specificity: 1. subset of general Linear List during operation; 2. Restricted insertion and deletion positions
The stack is often used in situations where last in first out is required, such as the "Back" function of the browser, the expression evaluation of the calculator, the call stack of function calls, etc.

Queue: queue is called queue for short. It is a Linear List that can only be inserted at one end and deleted at the other end. The end where the insertion is made is called the tail of the queue, represented by 'real', and the end where the deletion is made is called the head of the queue, represented by the 'front' pointer.First in, first out, last in, last out
Insertion(Enqueue)
Delete(Dequeue)
Void judgment
Retrieve current team leader elements
Create an empty team
Specificity: 1. subset of general Linear List during operation; 2. Restricted insertion and deletion positions
Queues are commonly used in scenarios that require first in, first out, such as scheduling computer tasks, message queues, caching, etc.

b)
The entire process can be seen as an inverted tree shape, pushing the root node onto the stack. Every time an element pops up from the stack, search for all elements below it and push them onto the stack. And record this element as the precursor of its next level element. End the program when the desired element is found. If the entire tree has not been found yet, end the program.
Use images to further aid in understanding the process:
[image: ]
Assuming A is the root node, place root node A on the stack. Then remove A from the stack and search for its child nodes B and C to put them on the stack. (At this point, it is at node A) 
Remove node B from the stack, search for its child node D, and place it on the stack. (At this point, it is at node B)
Take out node D, search for child node F, and place it on the stack.
Next, remove node F and repeat the above operation until the entire graph is traversed.
The time complexity of this algorithm is O (b ^ d), where b is the branching factor (average number of neighbors per node) and d is the search depth. Due to our use of iterative deepening for search, the depth of each search does not exceed the current depth limit. Therefore, the time complexity can be further simplified to O (b ^ l), where l is the maximum depth limit. The spatial complexity is O (bd), where b is the branching factor and d is the search depth, as we need to record the visited nodes and elements in the stack.

c)
We use queue data structures to achieve breadth first search. We start from the starting node and add it to the queue. Next, we start at the beginning of the queue, extract the nodes and mark them as accessed. Then, we traverse the unreachable neighbor nodes of this node and add them to the end of the queue. In this way, we can traverse the entire graph in width first order until we find the target node or traverse the entire graph.

Content after each iteration
1st iteration：ECDF
2st iteration：ECDF
3st iteration：CDF
4st iteration：BACDF
5st iteration：ACDF
6st iteration：ACDF
7st iteration：CDF
8st iteration：CDF
9st iteration：DF
10st iteration：F
If we want to modify the algorithm to perform Breadth First Search (BFS), we can use queues instead of stacks and add neighboring nodes of nodes to the end of the queue to search in width first order. The modified algorithm is as follows:
function BFS(start, target):
    visited = set()
    queue = [(start, 0)]
    while queue:
        node, level = queue.pop(0)
        if node == target:
            return level
        visited.add(node)
        for neighbor in node.neighbors():
            if neighbor not in visited:
                queue.append((neighbor, level + 1))
    return -1
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