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UNIVERSITY EXAMINATIONS
EXAMINATION FOR JANUARY/APRIL 2025/2026 FOR MASTER OF SCIENCE IN DATA SCIENCE AND COMPUTATIONAL INTELLIGENCE
MRDC 9123: FUZZY LOGIC AND EVOLUTIONARY COMPUTING
DATE: 10TH 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 THREE questions.
QUESTIONS in ALL Sections 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.


SECTION A (COMPULSORY)
QUESTION ONE (30 MARKS)
a) A surveillance drone operates in an environment with heavy fog. Its sensors provide uncertain readings such as “object distance is moderately close.” Define fuzzy logic and explain why fuzzy reasoning is more appropriate than Boolean logic for navigation under such uncertain conditions.						(5 Marks)
b) A hospital wants to classify patient risk levels using linguistic categories such as “low fever,” “moderate pain,” and “high blood pressure.” Explain how fuzzy sets model such linguistic medical variables and demonstrate TWO fuzzy set operations relevant to clinical decision-making.							(5 Marks)
c) A city deploys a fuzzy inference system to control traffic lights using rules such as:
IF congestion is high AND waiting time is long THEN extend green light duration.
Required:
d) Describe the structure of a fuzzy inference system (FIS) and analyze how approximate reasoning improves real-time traffic optimization.				(6 Marks)
e) A bank wants to cluster customers based on spending patterns. Some customers belong partially to multiple segments. Compare Fuzzy C-Means clustering and Radial Basis Function Networks in terms of learning mechanism, interpretability, and suitability for banking analytics.  								(6 Marks)
f) A fraud detection neural network achieves excellent training accuracy but performs poorly when deployed on real transaction data.				(8 Marks)
Task:
i. Define the concept of neural networks in this context. 
ii. Identify the underlying machine learning problem.
iii. Propose TWO validation/evaluation techniques to address it.
iv. Critically justify why robust validation is essential in computational intelligence applications.
SECTION B: ANSWER ANY ONE QUESTION FROM THIS SECTION
QUESTION TWO (20 MARKS)
A disaster management agency develops a fuzzy-based flood warning model using:
· Rainfall intensity (Low, Medium, High)
· River level (Normal, Alert, Dangerous)
· Flood risk output (Safe, Warning, Emergency)
a) Construct at least FOUR fuzzy IF–THEN rules for predicting flood risk.	(4 Marks)
b) Critically explain how fuzzy knowledge representation improves decision-making compared to rigid threshold-based systems.					(6 Marks)
c) Evaluate any FIVE strengths and FIVE limitations of fuzzy flood warning systems in real disaster response, focusing on uncertainty handling, interpretability and public safety implications. 								(10 Marks)

QUESTION THREE (20 MARKS)
a) An airline wants to minimize fuel costs while maximizing passenger coverage. The problem has many constraints and an extremely large search space.
i. Explain selection, crossover and mutation in genetic algorithms.	(6 Marks)
ii. Analyze how each operator contributes to solving complex airline scheduling optimization problems.							(4  Marks)
b) Propose a GA-based optimization framework for airline route scheduling, including:
· Chromosome representation
· Fitness function
· Constraint-handling strategy
Critically justify why evolutionary computing is appropriate for NP-hard optimization problems.										(10 Marks)

QUESTION FOUR (20 MARKS) 
a) A hospital develops a hybrid computational intelligence platform integrating:
· CNNs for medical imaging
· Fuzzy logic for uncertain symptom interpretation
· Genetic algorithms for feature selection and tuning
Differentiate between:
· Genetic-Fuzzy Systems
· Genetic-Neural Systems
· Neuro-Fuzzy Systems
Explain how each hybrid approach enhances intelligent medical decision-making beyond standalone models.									(10 Marks)
b) Design a conceptual architecture for the cancer diagnosis platform integrating fuzzy inference, deep learning, and evolutionary optimization.			(10 Marks)
Critically discuss key deployment challenges such as:
· Interpretability
· Model validation
· Ethical and clinical risk in healthcare AI
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