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GENERAL INSTRUCTIONS:


Students are NOT permitted to write on the examination question paper during exam time.
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This examination paper consists Questions in Section A followed by section B.

Answer Question 1 and any Other Two questions.
QUESTIONS in ALL Sections should be answered in answer booklet(s).  

1. PLEASE start the answer to EACH question on a NEW PAGE. 
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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 1hour 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 (30 MARKS)

MediCare Hospital is a large regional healthcare facility serving over one million people, and its emergency department (ED) is one of the busiest units in the region. Every week, the ED treats approximately 500 patients with conditions ranging from minor injuries to life-threatening emergencies. Despite the dedication of its medical staff, the department struggles with overcrowding, long patient waiting times, and inefficient use of doctors, nurses, and treatment rooms. These operational pressures not only affect staff performance but also reduce the quality of patient care and satisfaction.

Patient arrivals at the emergency department are highly unpredictable. Some days are relatively calm, while others experience sudden surges in critical cases. Treatment times vary widely depending on the severity of illness, availability of equipment, and access to specialized medical staff. Bottlenecks frequently occur when laboratory test results are delayed, when specialists are unavailable, or when patients occupy treatment beds longer than expected. These delays create a chain reaction, increasing congestion and slowing the overall flow of patients through the system.

Recognizing the growing strain on emergency services, hospital management decides to adopt computer simulation and modelling to better understand how the ED operates before making costly operational changes. Instead of experimenting directly in the real environment where mistakes could risk patient safety the hospital uses simulation as a safe, virtual testing ground. Through simulation, administrators aim to estimate patient waiting times under both current and alternative staffing schedules, helping them determine whether adjustments in shift patterns could reduce congestion.

The simulation study also focuses on optimizing the allocation of medical staff and treatment rooms so that resources are used more efficiently. One key proposal is the introduction of a triage system that prioritizes critical patients, ensuring that life-threatening cases receive immediate attention while less urgent cases are managed appropriately. By running multiple “what-if” scenarios in the model, management can test the effects of adding temporary treatment rooms, increasing the number of doctors during peak hours, or adjusting nurse assignments without disrupting real hospital operations.

Ultimately, the simulation project is designed not only to solve short-term overcrowding but also to support long-term strategic planning. By understanding patient flow patterns and system bottlenecks, MediCare Hospital hopes to improve emergency department capacity, enhance operational efficiency, and significantly raise patient satisfaction. The initiative represents a shift toward data-driven decision-making, where technology supports healthcare leaders in delivering faster, safer, and more reliable emergency care.

Using the case study, answer the following questions:

a) Describe computer simulation and modelling in the context of MediCare Hospital, and explain their role in solving real-world problems in the ED. 

(4 Marks)
b) Describe three  advantages of using computer simulation to analyze ED operations instead of experimenting with the real hospital system. 


(6 Marks)
c) Explain two major steps involved in conducting a simulation study for patient flow and resource allocation in the hospital. 





(4 Marks)
d) Using the ED as an example, explain how simulation can be applied to model the queuing system of patients waiting for treatment. Include how different scenarios, such as staffing changes or triage implementation, can be analyzed.



 (4 Marks)
e) Briefly explain three  limitations of using simulation models in hospital EDs. (3 Marks)
f) Discuss how simulation can help hospital management in decision-making for staffing, scheduling, and resource allocation . 





(4 Marks)
g) Explain  three ways how output analysis and validation of a simulation model ensure the reliability of the results before implementing changes in the ED. 

(5 Marks)
QUESTION TWO (15 MARKS)

a) Discuss Five  concept of a system and its environment in simulation modelling.
                                                                                                                      (5 Marks)
b) Describe three main components of a system model used in simulation studies.
                                                                                                                      (6 Marks)
c) Distinguish between a deterministic model and a stochastic model in Simulation and Modelling                                                                                                     (4 Marks)
QUESTION THREE (15 MARKS)

a) Describe Monte Carlo simulation and state three  areas where it is commonly applied.
(5 Marks)

b) Describe a single-channel queuing system and illustrate its operation using a simple diagram or explanation.






(6 Marks)
c) State two assumptions commonly made when modelling queuing systems.
(4 Marks)
QUESTION FOUR (15 MARKS)

a) Explain the meaning of discrete-event simulation.



(5 Marks)

b) Describe three event-scheduling (time-advance) algorithm used in discrete-event simulation.








(6 Marks)
c) State two advantages of discrete-event simulation compared to continuous simulation.










(4 Marks)
QUESTION FIVE (15 MARKS)

a) Explain three  importance of random numbers in simulation modelling.
(5 Marks)
b) Describe three  desirable properties of random numbers used in simulation(6 Marks)

c) Explain two reason why verification and validation are necessary in simulation modelling










(4 Marks)
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