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UNIVERSITY EXAMINATIONS
EXAMINATION FOR JANUARY/APRIL 2025/ 2026 FOR MASTERS OF SCIENCE IN DATA SCIENCE
MRDC 9113: ADVANCED ARTIFICIAL INTELLIGENCE
DATE 13TH APRIL 2026		TIME: 2 HOURS
GENERAL INSTRUCTIONS:	
Students are NOT permitted to write on the examination question paper during examination time.
This is a closed book examination. Text book/Reference books/notes are not permitted. 
SPECIAL INSTRUCTIONS:	 
This examination paper consists Questions in Section A followed by section B.
Answer Question 1 and any other two  questions.
QUESTIONS should be answered in answer booklet(s).  
1. PLEASE start the answer to EACH question on a NEW PAGE. 
2. Keep your phone(s) switched off at the front of the examination room.
3. Keep ALL bags and caps at the front of the examination room and DO NOT refer to ANY unauthorized material during the course of the examination.
4. ALWAYS show your working.
5. Marks indicated in parenthesis i.e. ( ) will be awarded for clear and logical answers.
6. Write your REGISTRATION No. clearly on the answer booklet(s).
7. For the Questions, write the number of the question on the answer booklet cover page in the order you answered them.  
8. DO NOT use your PHONE as a CALCULATOR.
9. YOU are ONLY ALLOWED to leave the exam room 1 hour to the end of the Exam.
10. DO NOT write on the QUESTION PAPER. Use the back of your BOOKLET for any calculations or rough work.



QUESTION ONE     									(20 MARKS)
A Large Language Model (LLM) is an advanced artificial intelligence system trained on massive amounts of text data to understand, generate, and predict human-like language. Most modern LLMs are built on the Transformer architecture and rely on several key concepts to achieve their powerful capabilities.
Explain the following core concepts used in Large Language Models. For each concept 
· Provide a clear definition.
· Explain how it works or why it is important for LLMs.
· Give one specific example or real-world implication in current LLMs (e.g., models like GPT, Claude, Gemini, Grok, Llama, etc.).
i. Transformer architecture
ii. Self-Attention mechanism
iii. Tokenization
iv. Pre-training
v. Context window (or context length)
					     					
QUESTION TWO   							 		(15  MARKS)
A retail store wants to identify customers who are likely to become high-value customers (defined as those with average monthly spending above KSh 15,000) so it can target them with special loyalty programs and personalized offers. The available customer data includes age, average monthly spending, and number of visits per month. A binary target variable has been created: HighValue = 1 if average monthly spending > KSh 15,000, else 0.
i. Explain how the logistic regression algorithm can be used to predict whether a customer is a high-value customer (HighValue = 1). Your answer should include a clear discussion of the following aspects:
ii. The purpose and mathematical form of the logistic (sigmoid) function in this context, including why linear regression is not suitable for binary classification problems.
iii. The logistic regression model equation, clearly showing how the logit (log-odds) relates to the features (age, average monthly spending, number of visits) and the interpretation of the model coefficients (β₀, β₁, β₂, β₃) in terms of odds ratios and probability changes.
iv. How the model coefficients are estimated during training, including the role of maximum likelihood estimation (MLE) and why gradient-based optimization (e.g., gradient descent) or iterative methods are typically used.
v. How the predicted probability of a customer being high-value (P(HighValue = 1)) is calculated for a given set of features, and how a classification threshold is chosen and applied to make the final binary prediction (discuss the default 0.5 threshold and why it might be adjusted in a retail/business context, e.g., considering costs of false positives vs. false negatives).
vi. At least two appropriate evaluation metrics for this classification task (especially considering potential class imbalance or the business priority of identifying true high-value customers), and briefly explain what each metric measures and why it is suitable here.
vii. Two important practical considerations or assumptions when applying logistic regression to this dataset (e.g., linearity in the logit, independence of observations, multicollinearity among features like spending and visits, or the need for feature scaling/standardization), and how violations might be detected or addressed.
QUESTION THREE  								 (15 MARKS)
A bank wants to determine whether a new loan applicant should be classified as "low risk" (likely to repay) or "high risk" (likely to default) based on historical customer data. The dataset contains attributes such as annual income (in KSh), credit score, and loan repayment history (categorized as good/poor), with each past customer already labeled as low risk or high risk.
If a new customer applies for a loan, explain how the K-Nearest Neighbors (KNN) algorithm can be used to classify this applicant as low risk or high risk. Your answer should address the following points in detail:
i. Outline the overall purpose of KNN in this supervised classification context and why it is considered a non-parametric, instance-based (lazy learning) method.
ii. Describe the key steps involved in applying KNN to classify a new applicant, including:
iii. What information from the dataset is required before making a prediction (training data, features, labels).
iv. The importance of preprocessing the features (e.g., handling different scales of annual income vs. credit score, normalization or standardization, dealing with categorical variables like repayment history).
v. Explain how distance is calculated between the new applicant and past customers. Specify:
vi. The most commonly used distance metric in this scenario (Euclidean distance) and its mathematical formula for three features.
vii. One alternative distance metric that could be suitable if features include categorical variables (e.g., Manhattan, Minkowski, or Hamming distance), and when it might be preferred.
viii. Describe how the algorithm selects the K nearest neighbors and how the final class label ("low risk" or "high risk") is determined for the new applicant (include majority voting and briefly mention weighted voting as an option).
ix. Discuss the critical role of the hyperparameter K (number of neighbors):
x. How a very small K (e.g., K=1) vs. a very large K (e.g., close to the dataset size) affects the model (bias-variance trade-off, risk of overfitting vs. underfitting).

QUESTION FOUR 							  		( 15 MARKS)	
A healthcare analytics team is developing a machine learning system to predict the likelihood of patients being readmitted within 30 days after discharge. The dataset is complex and imbalanced, containing both structured clinical data (vitals, lab results, demographics) and unstructured text from doctor notes. Initial experiments using individual models (Random Forest, SVM, and Gradient Boosting) show moderate performance, but each model performs better on different patient subgroups.
Design an ensemble learning approach that could improve predictive performance. In your answer, discuss:
1. Which ensemble method(s) (bagging, boosting, stacking, or hybrid) would be most appropriate and why.
2. How final predictions would be combined and evaluated.
3. Potential challenges and how you would mitigate them.
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