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Extra-ordinary Examination 
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Instructions 
 You have 3 hours to complete this examination. 
 Neither electronic devices nor written material are allowed in the 

examination room. 
 This examination consists of 10 questions. Each question is worth 10 

marks. You must obtain at least 50 marks to pass. 
 Do not write any answers on this question paper—answers written on 

the question paper will be ignored by the examiner. Write all your 
answers on the writing paper provided. 

 Do not write your answers in pencil and do not use a pen with red or 
green ink. Use a pen with blue or black ink. 

 Hand in no more than one answer to each question. 
 Do not turn over until you are told to do so by the invigilator. 
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Question 1 
For each of the following equations, state whether it is true or false. 

a) 5𝑛 + 2𝑛 log (𝑛 ) + 100 =  Θ(𝑛 ) 

b) 9𝑛 log (𝑛 ) = Θ(𝑛 log 𝑛) 

c) 4𝑛 log 𝑛 = 𝑂(𝑛 ) 

d) 2 = 𝑂(𝑛 ) 

e) 0.0001𝑛 = Ω(𝑛 ) 

f) 4𝑛 + 2𝑛 = 𝑜(𝑛 ) 

g) 3𝑛 log (𝑛 ) = 𝑜(𝑛 log 𝑛) 

h) 5𝑛 + 𝑛 + 4𝑛 + 𝑛 log 𝑛 + 1 = 𝜔(𝑛 log 𝑛) 

i) 4𝑛 log 𝑛 = 𝜔(𝑛 ) 

j) 𝑛 = Ω √𝑛 log n  

[1 mark for each correct part] 
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Question 2 
The Master Theorem is stated as follows: 
 

 
 
Given the Master Theorem, as stated above, write down the order of growth in 
terms of Θ notation for each of the following recurrences. 

a) 𝑇(𝑛) = 3𝑇(𝑛/4) + 𝑛 log 𝑛 
b) 𝑇(𝑛) = 𝑇(2𝑛/3) + 1 
c) 𝑇(𝑛) = 9𝑇(𝑛/3) + 𝑛 
d) 𝑇(𝑛) = 7𝑇(𝑛/2) + 𝑛  
e) 𝑇(𝑛) = 2𝑇(𝑛/2) + 𝑛 

 
[2 marks for each correct part] 
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Question 3 
a) Which one of the following statements is true? 

A. The POP operation on a stack removes and returns the first 
element saved in the stack. 

B. The PUSH operation on a stack can lead to stack underflow. 
C. The ENQUEUE operation on a queue can lead to queue overflow. 
D. The DEQUEUE operation on a queue removes and returns the 

element at the tail of the queue. 
b) Which one of the following statements is true? 

A. It takes constant time to search for a given key in a doubly-linked 
list. 

B. It takes linear time to find the minimum key in an unsorted 
doubly-linked list. 

C. It takes linear time to insert a new element at the head of a doubly-
linked list. 

D. It takes quadratic time to delete an element from a doubly-linked 
list. 

c) Which one of the following statements is true? 
A. It takes linear time to carry out an inorder tree walk on a binary 

search tree. 
B. It takes Θ(log 𝑛) time in the worst case to search for a value in a 

binary search tree. 
C. It takes Θ(𝑛) time on average to find the minimum value in a 

binary search tree. 
D. It takes constant time to insert an element into a binary search 

tree. 
d) Which one of the following statements is true? 

A. In the worst case, any comparison sort must make 𝑂(𝑛 log 𝑛) 
comparisons. 

B. In the worst case, any comparison sort must make Ω(𝑛 log 𝑛) 
comparisons. 

C. In the worst case, any comparison sort must make ω(𝑛 log 𝑛) 
comparisons. 

D. In the worst case, any comparison sort must make o(𝑛 log 𝑛) 
comparisons. 

e) Suppose we have an array A of n integers such that the maximum value is 
max and the minimum value is min and k = max – min + 1. Suppose that 
we have enough memory to allocate an array of size k. Which one of the 
following algorithms can we use to sort A in linear time? 

A. Counting sort 
B. Bucket sort 
C. Merge sort 
D. Quicksort 

 
[2 marks for each correct part] 
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Question 4 
 
Study the following program and answer the questions that follow it. 
 

 
 

a) What does this program print to the console? 
b) In this program, how many thread blocks are there in each grid and how 

many threads are there in each block? 
c) Is the array, a, (defined in line 15) stored in GPU memory or CPU 

memory? 
d) Does the pointer dev_a point at a region of device memory or host 

memory? 
e) In which line is the GPU memory deallocated? 

 
[2 marks for each correct part] 
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Question 5 
a) Write down the three dictionary operations. 
b) In the context of hash tables, explain what is meant by the term collision. 
c) Briefly describe one way in which collisions can be handled in a hash 

table. 
d) What is the average asymptotic running time for dictionary operations in 

a hash table? 
e) Explain the terms load factor and simple uniform hashing. 

 
[2 marks for each correct part] 
 

Question 6 
For each of the following statements, say whether it is true or false. 

a) In a supervised learning model, a machine learning algorithm is trained 
with a labelled training set, producing a predictive model which is used to 
predict a label for previously unseen test data. 

b) In k-fold cross validation, the same observation (data point) can appear in 
the test set in more than one fold. 

c) Ensemble methods are used to combine models to increase classification 
accuracy. 

d) Boosting is where the predictions from multiple classifiers are averaged. 
e) Bagging emphasises observations misclassified by previous classifiers. 

 
[2 marks for each correct part] 
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Question 7 
a) Consider the following diagram which shows a multi-layer perceptron. 

 
X, Y and Z need to be replaced with the correct labels for their respective 
layers in the network. Write down these three correct labels. [3 marks] 

b) Study the following code and answer the questions that follow it. 

 
i. What kind of activation function is used in the input layer? Sketch 

this activation function. [2 marks] 
ii. What is the defining characteristic of a dense layer? [1 mark] 

iii. What kind of loss function does this network use? Name one other 
loss function that could have been used. [2 marks] 

iv. How many nodes are there in the output layer of the network? [1 
mark] 

v. How many epochs is the network trained over? [1 mark] 
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Question 8 
For each of the following statements, say whether it is true or false. 

a) Mutation is an operator in an evolutionary algorithm that is applied to 
two or more individuals from the initial population (parents) and results 
in one or more new individuals (children). 

b) Crossover is an operator in an evolutionary algorithm that performs a 
random alteration in a candidate solution and produces one new 
individual. 

c) When working with an evolutionary algorithm, a candidate solution is 
also called a phenotype and the parameters of the candidate solution 
form its genotype. 

d) The fitness function in an evolutionary algorithm defines what we mean 
by “improvement” and forms the basis for selection. 

e) Mutation of a bit-string can be performed by flipping bits; mutation in 
integer and float genes can be performed by adding a unit Gaussian 
distributed random value to the chosen gene. 

 
[2 marks for each correct part] 
 

Question 9 
a) Name and briefly describe the three models of cloud computing. Give an 

example of each model. [3 marks] 
b) What is an Amazon Machine Image (AMI)? [1 mark] 
c) What is AWS Rekognition? [2 marks] 
d) What is an AWS Region? [2 marks] 
e) What is AWS S3? [2 marks] 

 

Question 10 
a) What is eventual consistency and how is it used in cloud computing? 
b) What is database sharding? 
c) What is AWS IAM? 
d) What is a keypair and where do you use it in AWS EC2? 
e) What is serverless computing and what Amazon service can you use for 

this? 
[2 marks for each correct part] 
 
 

END OF EXAMINATION 


