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SCHOOL OF COMPUTING SCIENCES
EXAMINATION FOR MASTER OF SCIENCE IN DATA SCIENCE AND
COMPUTATIONAL INTELLIGENCE
MRDC 9124: ADVANCED MACHINE LEARNING


DATE:  5TH AUGUST 2026	                                                                                  	TIME: 2 HOUR 
GENERAL INSTRUCTIONS: 

Students are NOT permitted to write on the examination paper during reading time. 
This is a closed-book examination. Text book/Reference books/notes are not permitted. 

SPECIAL INSTRUCTIONS: 
1. Write your REGISTRATION NO. Clearly on the answer booklet(s). 
1. Answer Question One and ANY other TWO questions.
1. Questions in all sections should be answered in answer booklet(s) 
1. PLEASE start the answer to EACH question on a NEW PAGE.
1. For the questions, write the number of the question on the answer booklet(s) in the order you answered.
1. Write on both sides of each leaf and indicate number of each question at the top of each page.
1. Write the answers in a paragraph form unless stated otherwise. 
1. Marks allocated to each question are shown at the end of the question. 
1. All rough work must be done on the answer booklet and crossed through!
1. Use supplementary pages only when you have exhausted those in this book
1. Fasten the supplementary pages to the inside back cover of this booklet

QUESTION ONE (Compulsory) — (20 Marks)
a) Explain the difference between supervised learning, unsupervised learning, and reinforcement learning. For each learning paradigm, provide one suitable real-world application in business, health, finance, or cybersecurity. 			(6 marks)
b) Explain the concept of model generalization in machine learning. Using a fraud detection system as an example, discuss how underfitting and overfitting affect the performance of a machine learning model. 								(7 marks)
c) Discuss three common challenges encountered during machine learning model development, such as missing values, irrelevant features, data leakage, class imbalance, noisy data, or insufficient training data. For each challenge, explain its effect on model performance and propose one appropriate mitigation strategy. 					(7 marks)

QUESTION TWO — (20 Marks)
a) Explain how a decision tree algorithm makes decisions when classifying data. In your answer, describe the role of entropy, information gain, or Gini impurity in selecting the best splitting attribute. Use an example of loan approval prediction. 		(7 marks)
b) Decision trees are easy to interpret but may suffer from overfitting. Explain two reasons why decision trees overfit and describe two techniques that can be used to reduce overfitting.       												(6 marks)
c) A bank wants to predict whether a customer is likely to default on a loan using attributes such as income level, credit history, age, employment status, and previous loan repayment behaviour. Explain how a random forest model would improve prediction stability and accuracy compared to a single decision tree. 					(7 marks)

QUESTION THREE — (20 Marks)
a) Differentiate between a hard-margin Support Vector Machine and a soft-margin Support Vector Machine. Explain why soft-margin SVMs are often more useful in real-world classification problems. 								(7 marks)
b) Explain the role of the kernel trick in Support Vector Machines. Using a suitable example, show how a kernel enables SVMs to handle data that is not linearly separable. (6 marks)
c) A cybersecurity company is developing a system to classify network traffic as normal or suspicious. Discuss why SVMs may be suitable for this problem and explain the effect of the regularisation parameter C on the classification boundary. 			(7 marks)
QUESTION FOUR — (20 Marks)
a) Compare bagging and boosting as ensemble learning techniques. Use Random Forest and Gradient Boosting or AdaBoost to illustrate how they differ in model training, treatment of errors, and final prediction. 							(7 marks)
b) Define accuracy, precision, recall, and F1-score. Explain why accuracy may be misleading when evaluating a model trained on an imbalanced dataset. 			(7 marks)
c) A hospital is building a machine learning model to detect a rare but serious disease. The dataset contains many more healthy cases than disease cases. Recommend suitable evaluation metrics for this model and justify your answer. 			(6 marks)

QUESTION FIVE — (20 Marks)
a) [bookmark: _GoBack]A logistics company wants to predict whether deliveries will be delayed using historical data on weather, traffic, distance, vehicle condition, driver behaviour, and delivery route. Describe three key steps that should be followed from data preparation to model validation before deploying the model. 							(7 marks)
b) A machine learning model performs well during testing but performs poorly after deployment in a new geographical region. Explain two possible causes of this performance drop and propose appropriate remedies. 						(6 marks)
c) A manufacturing company wants to identify defective products on a production line in real time. Discuss the factors that should guide the choice between using a supervised classification model and an anomaly detection model. 				(7 marks)
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