ACCB5011 Advanced Software Development – EXAM MARKING SCHEME
STUDENT: 
Marking Scheme
	#
	Answer
	Marks

	1.a
	[image: ][image: ]Bubblesort Data:                                    Quicksort Data:
1 mark for each bullet point (max 4 per chart):
· Suitable Chart
· Correctly Labelled Y axis
· Correctly Labelled X axis
· Trendline
Estimating the correct big O notation i.e.
· Bubblesort O(n^2) [1 mark]
· Quicksort O (n log n) or O(n^2) [1 mark]
	10

	1.b
	Bubblesort [max 3 marks]:
· For each element in the array, bubble sort does n-1 comparisons
· Bubble sort performs O(n) comparisons
· The array contains n elements, it has an O(n) number of elements. 
· Bubble sort performs O(n) operations on an O(n) number of elements, leading to a total running time of O(n^2)
· Embedded loops

	3

	
	Quicksort [max 5 marks]:
Worst-case analysis
The most unbalanced partition occurs when one of the sub-lists returned by the partitioning routine is of size n − 1.  This may occur if the pivot happens to be the smallest or largest element in the list, or in some implementations when all the elements are equal. If this happens repeatedly in every partition, then each recursive call processes a list of size one less than the previous list. Consequently, we can make n − 1 nested calls before we reach a list of size 1. This means that the call tree is a linear chain of n − 1 nested calls. The ith call does O(n − i) work to do the partition, and, so in that case quicksort takes O(n2) time.
Best-case analysis
In the most balanced case, each time we perform a partition we divide the list into two nearly equal pieces. This means each recursive call processes a list of half the size. Consequently, we can make only log2 n nested calls before we reach a list of size 1. This means that the depth of the call tree is log2 n. But no two calls at the same level of the call tree process the same part of the original list; thus, each level of calls needs only O(n) time all together (each call has some constant overhead, but since there are only O(n) calls at each level, this is subsumed in the O(n) factor). The result is that the algorithm uses only O(n log n) time.
Average-case analysis
To sort an array of n distinct elements, quicksort takes O(n log n) time in expectation, averaged over all n! permutations of n elements with equal probability. We list here three common proofs to this claim providing different insights into quicksort's workings.
	5

	1.c i
	· A recursive algorithm is an algorithm which calls itself with "smaller (or simpler)" input values, and which obtains the result for the current input by applying simple operations to the returned value for the smaller (or simpler) input. 
· More generally if a problem can be solved utilizing solutions to smaller versions of the same problem, and the smaller versions reduce to easily solvable cases, then one can use a recursive algorithm to solve that problem. 
· If a set or a function is defined recursively, then a recursive algorithm to compute its members or values mirrors the definition. Initial steps of the recursive algorithm correspond to the basis clause of the recursive definition, and they identify the basic elements. They are then followed by steps corresponding to the inductive clause, which reduce the computation for an element of one generation to that of elements of the immediately preceding generation.
· In general, recursive computer programs require more memory and computation compared with iterative algorithms, but they are simpler and for many cases a natural way of thinking about the problem.
	5

	1.c ii
	· quickSort(array, start, pivot -1)
· quickSort(array, pivot + 1, end)
	2

	
	Total For Question 1
	25

	2.a
	Correct sequence of nodes (Depth First Search – assumption starting at A)
A B D E H L M N I O P C F G J K Q
Possible answers:
· If the entire graph is traversed, the temporal complexity of DFS is O(V), where V is the number of vertices.
· If the graph data structure is represented as an adjacency list, the following rules apply:
· Each vertex keeps track of all of its neighbouring edges. Let's pretend there are V vertices and E edges in the graph.
· You find all of a node's neighbours by traversing its adjacency list only once in linear time.
· The sum of the sizes of the adjacency lists of all vertices in a directed graph is E. In this example, the temporal complexity is O(V) + O(E) = O(V + E).
· Each edge in an undirected graph appears twice. Once at either end of the edge's adjacency list. This case's temporal complexity will be O(V) + O (2E) O(V + E).
· If the graph is represented as adjacency matrix V x V array:
· To find all of a vertex's outgoing edges, you will have to traverse a whole row of length V in the matrix.
· Each row in an adjacency matrix corresponds to a node in the graph; each row stores information about the edges that emerge from that vertex. As a result, DFS's temporal complexity in this scenario is O(V * V) = O. (V2).
	3


6

	2.b
	BFS - A B C D E F G H I J K L M N O P Q
1 mark per row (max 10) – Assumption starting at A
	Action
	Queue >> Front

	PUSH A to the empty queue
	[A]

	POP A, add to visited list, PUSH B, C
	[C, B]

	POP B, add to visited list. PUSH D, E
	[E, D, C]

	POP C, add to visited list. PUSH F, G 
	[G, F, E, D]

	POP D & E, add to visited list. PUSH H, I
	[I, H, G, F]

	POP F & G, add to visited list.  PUSH J, K
	[K, J, I, H]

	POP H, add to visited list.  PUSH L, M, N
	[N, M, L, K, J, I]

	POP I, add to visited list. PUSH O, P
	[P, O, N, M, L, K, J]

	POP J & K, add to visited list. PUSH Q
	[Q, P, O, N, M, L]

	POP remaining items until the queue is empty. 
	Visited List:
A B C D E F G H I J K L M N O P Q


· 
	10

	2.c
	PUSH Operation to Add
POP Operation to Remove 
	6

	[bookmark: _Hlk103855058]
	Total For Question 2
	25

	3.a
	Pre-order:  77. 40, 39, 42, 86, 85, 90
Post-order: 39, 42, 40, 85, 90, 86, 77
In-order: 39, 40, 42, 77, 85, 86, 90
	12

	3.b
	4 marks for correctly inserting 65.
· 65 is less than the root node (77) so is inserted left.
· 65 is greater than 40 so is inserted right.
· 65 is greater than 42 so is inserted right.


4 marks for correct analysis for the insert operation in BST
Worst case (O(n)): Travel from the root to the deepest leaf node in order to find an index to insert the new node. If there are N nodes in the binary search tree, we need N comparisons to insert our new node. 
Best case (O(1)): The best-case occurs when all nodes are in the root’s right subtree, the one to be inserted belongs in the left or all nodes are in the root’s left subtree, the one to be inserted belongs in the right
	4









4

	3.c
	
Two options:
Take the minimum value (39) and assign to node to be deleted (40), then delete the leaf node 39 i.e. set left pointer to null.
Take the maximum value (42) and assign to the node to be deleted (40), then delete the leaf node 42.


	5

	
	Total For Question 3
	25

	4.a
	1 mark per point (max 4)
· A hash table is another way of storing data.
· It is made up of two parts, an index and the data that is stored.
· An algorithm (known as a hash function or hash algorithm) is used to generate one of the values in the index column.
· If the data is non-numerical, then a numerical value needs to be generated from it, consider the length or the ASCII equivalent of the string that you are storing
· The hash function then needs to be applied to generate an index number
· The data is then stored in this position of the table
· This process of generating an address to store in or read from, is referred to as “hashing”
	4

	4.b
	Index = (hash(v)+i) mod m Where hash(v)= v mod m
1 mark per point (max 6)
· Hash: 36 mod 11 = 3 
· Index = (3 + 0) mod 11 = 3
· Address 3 not available i = i + 1
· Index = (3 + 1) mod 11 = 4
· Address 4 not available i = i +1
· Index = (3 + 2) mod 11 = 5
· Address 5 is available – insert 36 at 5
	6

	4.c
	Index = (hash(v)+i) mod m Where hash(v)= v mod m
1 mark per point (max 6)
· Hash: 36 mod 11 = 3 
· Index = (3 + 0^2) mod 11 = 3
· Address 3 not available i = i + 1
· Index = (3 + 1^2) mod 11 = 4
· Address 4 not available i = i +1
· Index = (3 + 2^2) mod 11 = 7
· Address 7 is available - insert 36 at 7
In this example, the appoach does solve clustering as 36 is stored in location 7, three below the last stored value 
	8

	4.d
	Separate chaining
Rather than just having space for one item in the table, a dynamic data structure [1] is used at each index position [1], allowing it to grow to accommodate data that generates the same index number when the hash function is applied [1]
In effect each position holds a linked list, that grows or shrinks as data is added or deleted from the table [1]
While solving the issue of collision [1], this technique does slow down finding [1] the data again as the linked list needs to be searched [1]
	7

	
	Total For Question 4
	25
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