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Question One

A) 

The complexity of this algorithm is O(N2). This is because the largest section in this algorithm is n2. This means that as the input increases, the running time will grow quadratically. The other sections in the algorithm do not have as big of an impact as n2 which is why the complexity is O(N2) which is a quadratic running time.


B) 
The first complexity is O(1). This complexity has a constant running time which means that the running time does not depend on the input size. An example of a programming structure that has an O(1) complexity is printing the first number of an array. This is because regardless of the size of the array, the running time is constant as it is only printing the first number of the array.
Pseudocode:
Displayfirstnumber(arr) {
Return arr[0];
}

The second complexity is O(n). This complexity has a linear running time. This means that the running time increases proportionally with the size of the input. An example of a programming structure that has an O(n) complexity is finding a specific number in an array. This is because as the size of the array increases, the running time will increase linearly with the size of the input.
Pseudocode:
Specific number(arr, value) {
If arr(i) = value;
Return i
}


The third complexity is O(n2). This complexity has a quadratic running time. This means that when the input is doubled, the running time increases by four. An example of a programming structure that has an O(n2) complexity is an array that contains a nested loop. This is because, for every value in the outer loop, the inner loop must go through the whole array. For example, printing possible pairs.
Pseudocode:
Printingpairs (arr) {
For A = 0 length(arr) - 2
	For B = 0 length(arr) - 2
		Print (arr[A], arr[B])


C)
The best case for a running time of a search operation in a binary tree is O(1). This is because the value that you are searching for could possibly be at the root of the tree which means that you have found the value immediately which means that you would not have to traverse the tree.
The worst case for a running time of a search operation in a binary tree is O(n) where n is the depth of the tree. This is because you may have to traverse the whole tree. The deeper the tree goes, the longer the running time will take.


D) 
A balanced tree improves upon a basic binary search tree as it can help to make searching for a specific value faster. This is because the tree is not as deep which means that the worst case when searching for a value can go from 0(n) to O(log n). It can also help to make it faster to insert or delete values. This is because balanced trees automatically balance themselves which reduces the complexity of the tree.


Question Three

A)
The stack data structure is used in the depth-first search. It is useful for tracking the order of values in a last-in-first-out method. One reason why it should be used is for undoing any changes. This is because you are able to use the stack to backtrack to previous nodes. One essential operation of a stack is being able to add an element to the top of the stack. Another operation is being able to remove the top element on the stack. 
The queue data structure is used in the breadth-first search. Unlike the stack, it is used in the first-in-first-out method. When using a queue, the first value that is added is the first one that is removed. A queue is useful for making sure that the order of the values is not changed. One essential operation is being able to add an element to the end of the queue. Another essential element is being able to remove an element from the front of the queue.

B)
Currentnode = I
While (!stackisempty())
{
Currentnode=pop();
Pushneighbournode stack(currentnode);
}

The space complexity of the algorithm is dependent on the depth of the search. The time complexity is dependent on the number of nodes and edges which would give it a complexity of O(V + E).




C) 
This is the stack after each iteration of the loop.
	Iteration
	Stack


	1
	F

	2
	F,E

	3
	F

	4
	F,C

	5
	F,C,B

	6
	F,C

	7
	F,C,A

	8
	F,C

	9
	F

	10
	F,D

	11
	F

	12
	



To modify the depth-first search to perform a breadth-first search, the adjacent nodes can be pushed onto the stack in a reverse order. This means that by reversing the order of the neighbouring nodes, it ensures that the next node that is going to be explored is the one that was added last which would allow for a depth-first search.

Question Four:
A)       	50, 25, 15, 30, 18, 75, 80, 2
50


2
80
75
18
30
15
25








The reason why the values were placed in this order is because in a binary search tree, the smaller values go to the left, and the bigger values go to the right. 25, 15, 30, 2, and 18 are smaller than 50 so they go to the left of 50 in their respective positions. 75 and 80 are bigger than 50, so they go to the right of 50 in their respective positions.


B) 
(First node visited is 50)
Post-order traversal – 2, 18, 15, 30, 25, 80, 75, 50
In-order traversal  –  2, 15, 18, 25, 30, 50, 80, 75
Pre-order traversal – 50, 25, 15, 2, 18, 30, 75, 80	




C) 
Because the number 2 is a leaf node, it can be removed with no effect.

Pseudo Code:
If number < root.number
node.left
  If number = 2 
   If node.left == NULL and node.right == NULL
Else node.left
Delete (node.left)
