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 EGT2 

 ENGINEERING TRIPOS PART IIA 

______________________________________________________________________ 

 

 Thursday 7 May 2026        14:00 to 15:40 

______________________________________________________________________ 

 

 

 Module 3E3 

 

 MODELLING RISK 

 

 Answer not more than two questions. 

 

 All questions carry the same number of marks. 

 

 The approximate percentage of marks allocated to each part of a question is 

indicated in the right margin. 

 

 Write your candidate number not your name on the cover sheet. 

 

STATIONERY REQUIREMENTS 

Single-sided script paper 

 

SPECIAL REQUIREMENTS TO BE SUPPLIED FOR THIS EXAM 

CUED approved calculator allowed 

 Attachment: 3E3 Modelling Risk data sheet (5 pages). 

 

10 minutes reading time is allowed for this paper at the start of the 

exam. 

 

You may not start to read the questions printed on the subsequent 

pages of this question paper until instructed to do so. 

 

You may not remove any stationery from the Examination Room. 
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1  Sansberry is a national supermarket chain operating in the UK and providing a wide 

range of products to its customers. Their management team has decided to launch an in-

store sushi product line in selected stores. Sushi has a very short shelf life and must be 

sold on the same day it is prepared. Any unsold sushi is discarded at the end of the day, 

creating both financial losses and waste.  

As part of the launch decision, store managers at Sansberry are reviewing their 

operational setup to understand the risks associated with inventory availability, staffing 

capacity, and waste. In particular, they want to assess whether expected demand can be 

met reliably under current operating conditions and whether existing inventory policies 

are appropriate for the new product line.  

Sansberry estimates that the mean demand 𝜇 for sushi trays for the new product line will 

be approximately 7,500 boxes per month with a standard deviation (𝜎) of 500. The fixed 

cost of placing an order with the supplier is £45 per order (regardless of order size). The 

cost of holding inventory is estimated at £0.05 per box per month. 

(a) (i)   Calculate the economic order quantity (EOQ). [5%] 

 (ii) Calculate the expected number of orders per month and the average cycle 

inventory.   [5%] 

 (iii)  Calculate the reorder point (ROP), assuming constant daily demand and a lead 

time of 6 days.  [5%] 

(b) Each sushi box is sold at a price of £5.50. The (fixed) cost of producing one sushi 

box (including fish, rice, labour, and packaging) is £3.20. Any leftover sushi boxes 

need to be discarded and have a waste handling cost of £0.80 per sushi box. 

 (i)  Calculate the optimal order quantity using the Critical Fractile (F). [10%] 

 (ii) Calculate the expected profit from the new sushi line. [10%] 

(iii) Explain how yield losses and supply–demand mismatch create operational, 

financial, and strategic risks for a business.  [15%]
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(c) Sansberry prepares fresh sushi boxes in-store using a manual, multi-step process. Each finished 

sushi box must contain 800 g of ingredients to meet quality standards. Production runs for one 10-

hour shift per day and follows five sequential stages: preparation, chopping, wrapping, packaging, 

and labelling. Each stage is staffed by a dedicated team, and each employee has a fixed processing 

capacity, measured in kilograms of ingredients per hour. Ingredients move through the stages in 

order, and some material is lost at each stage due to trimming, handling errors, and quality 

rejections.

 

Yield losses occur throughout the process for quality and operational reasons. In preparation, 

around 10% of ingredients are lost during washing, trimming, and removal of unusable raw 

material. During chopping, a further 5% is lost through offcuts and small fragments discarded 

when cutting to size. The wrapping stage has the highest loss (around 20%) due to misaligned 

rolls, overfilling, or damaged seaweed sheets that fail quality checks. In packaging, approximately 

15% of output is lost because of damaged containers, incorrect portioning, or sealing errors. 

Finally, in labelling, about 5% of products are discarded due to incorrect labels, missing allergen 

information, or scanning errors. A summary table below provides the staffing allocations and 

processing capacities for each stage. 

 

  Table 1 – Summary of the Sushi Making Process at Sansberry 

Each sushi box requires 800 grams of ingredients 

Process Step 
Preparation 

(kg ingredient  

per hour) 

Chopping 

(kg ingredient 

per hour) 

Wrapping 

(kg ingredient 

per hour) 

Packaging 

(kg ingredient 

per hour) 

Labelling 

(kg ingredient per 

hour) 

Capacity per 

Employee  
9 8 8 6 10 

Number of 

Employees 
4 4 4 6 3 

Total Hours 

Worked 
10 10 10 10 10 

            

Capacity (boxes / 
day)  

          

Mass/Yield Loss           
Remaining Yield           
Effective Capacity           
Bottleneck           

Inflow           
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(i) Define and calculate the effective capacity for the sushi production system at 

Sansberry (Please draw your own table in your answer sheet).  [10%] 

(ii) Which step is the system bottleneck? Why? What is the throughput of the 

above process in the number sushi boxes per day?  [10%] 

(d) (i)  Sansberry provided you with the following two graphs. Figure 1 illustrates 

how the sales trend for the past months and the following sales estimates for 

Oct-26: 8000, Nov-26:8200, Dec-26: 8400 for sushi boxes. Figure 2 plots the 

relationship between the sushi box sales and the total revenue. Estimate the 

total revenue Sansberry should expect to achieve in October 2026, November 

2026 and December 2026, and comment on the limitations of using linear 

regression for this exercise.  [10%]

 

Figure 1 – Sales Trends for Sushi Boxes in 2026 

 

                   Figure 2 – Number of Sushi Boxes Sold vs Total Revenue 
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(ii)  Using Figure 2, explain the limitations of using regression in forecasting and 

evaluate Sansberry’s expectations. [10%] 

(iii) What actions Sansberry should consider, to increase its capacity to the 

estimated rates October through December (Hint: Consider your throughput 

and bottleneck calculations in (c(ii)) [10%]
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2 You have been appointed as an operations analyst for a regional water utility 

company, ClearFlow Utilities. The company is considering alternative strategies to 

manage increasing variability in water demand caused by climate change and 

consumption patterns. ClearFlow evaluates investments over a 4-year planning horizon 

and uses a discount rate of 8% per year. All cash flows occur at the end of each year 

unless stated otherwise. ClearFlow is considering the following mutually exclusive 

options. The company predicts a 0.4 chance of high demand growth and 0.6 probability 

that the demand growth will be low. 

 

Option A: Expand reservoir capacity 

ClearFlow can invest £3,000,000 at Year 0 (t = 0) to expand an existing reservoir (the 

upfront cost is not discounted). The project then generates net benefits at the end of each 

year in Years 1–4 (t = 1, 2, 3, 4), which are discounted back to Year 0 at 8% per year. If 

demand growth is high (probability 0.4), net benefits are £1,300,000 per year in Years 1–

4 due to reduced water shortages and emergency purchases. If demand growth is low 

(probability 0.6), net benefits are £600,000 per year in Years 1–4. 

 

Option B: Invest in demand management programmes 

Alternatively, ClearFlow can invest £1,200,000 at Year 0 (t = 0) in water efficiency 

programmes (smart meters, pricing incentives, and public awareness), with the upfront 

cost not discounted. The programme generates net benefits at the end of each year in 

Years 1–4 (t = 1, 2, 3, 4), which are discounted back to Year 0 at 8% per year. If demand 

growth is high (probability 0.4), net benefits are £900,000 per year in Years 1–4. If 

demand growth is low (probability 0.6), net benefits are £500,000 per year in Years 1–4. 

 

Option C: Delay investment 

ClearFlow may choose not to invest at Year 0 and instead wait one year to observe early 

demand trends. At the end of Year 1 (t = 1), demand growth (high or low) is revealed 

with certainty, and ClearFlow then chooses either Option A or Option B.

 

However, delaying investment has two consequences: 

1. Any chosen investment cost is incurred at the end of Year 1 (t = 1) and is discounted 

once back to Year 0 at 8% per year. No benefits are received in Year 1; benefits



Version EG/3 

 Page 7 of 8  (TURN OVER  

are only received at the end of Years 2–4 (t = 2, 3, 4) and are reduced by 10% (i.e., 

multiplied by 0.9) due to early capacity constraints and customer dissatisfaction. 

(a) Draw a decision tree representing Options A, B, and C. The tree should clearly show 

decision nodes, chance nodes, timing of information, probabilities, and cash flows.  [20%] 

(b) Using discounted cash flow analysis: 

(i) Calculate the expected net present values for all options (Hint: For Option C 

assume that at the end of Year 1 ClearFlow chooses the option with the higher 

NPV given the realised demand state). [20%] 

(ii) Based on your results, recommend the preferred strategy. Justify your 

recommendation.  [10%] 

(c) After presenting your recommendation, senior management considers commissioning 

a detailed demand forecast study.

Demand forecast study  

Before choosing any option, ClearFlow can commission a forecasting study at a cost of 

£400,000 paid immediately (Year 0). The study does not change demand outcomes, but 

it provides imperfect information: 

If demand growth is actually high, the study predicts “high demand” with probability 0.8. 

If demand growth is actually low, the study predicts “low demand” with probability 0.7. 

ClearFlow must decide whether to commission the study before making its investment 

decision. 

(i) Calculate the expected value of the information from the forecast study. [15%] 

(ii) Discuss whether ClearFlow should commission the study. Clearly state your 

decision rule.  [15%] 

(iii) Explain the role of decision trees in risk-adjusted decision making. How do 

these models ensure that resource allocation remains consistent with an 

organization’s purpose during periods of high volatility? Discuss the 

technical and practical limitations of decision trees and how these can affect 

corporate strategy. [20%] 
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3 A regional transport authority is planning to install a public electric vehicle (EV) 

charging hub located near M11 motorway. The hub will provide fast-charging services 

for passenger cars and larger commercial vehicles. Vehicles will arrive at the hub, join 

the queue if chargers are occupied, and leave once charging is complete. Drivers must 

wait until their vehicle is fully charged before departing. It is known that passenger 

vehicles arrive at the charging hub at an average rate of 12 vehicles per hour. The 

coefficient of variation of inter-arrival times is 1. The charging time at a fast charger is 

exponentially distributed with a mean of 18 minutes per vehicle. 
 

(a) (i) Describe the queuing system at the EV charging hub in terms of arrivals, service 

process, and queue structure. State your assumptions. [15%] 

(ii) How many fast chargers should be installed at the hub to ensure that the average 

waiting time in the queue is no more than 4 minutes? [20%] 

(iii)The local authority introduces a separate charging area for commercial fleet 

vehicles, equipped with 3 chargers reserved for fleet use. Fleet vehicles arrive at an 

average rate of 4 vehicles per hour, and their charging times are exponentially 

distributed with a mean of 25 minutes per vehicle. The coefficient of variation of fleet 

vehicle inter-arrival times is also 1. Passenger vehicles continue to use the original 

chargers with unchanged charging times. Estimate the expected waiting times in 

queues for private vehicles and fleet vehicles under this new system.  [20%] 
 

(b)  The transport authority has collected monthly data on the number of EV charging 

sessions over the past six months, January to June: 1,200, 1,350, 1,300, 1,420, 1,390, 

and 1,520 charging sessions. 

(i) Using a 3-month simple moving average, forecast the number of charging sessions 

for July. Show your calculations.  [15%] 

(ii) Using exponential smoothing with a smoothing factor α = 0.3, forecast the 

number of charging sessions for July. Show your calculations and explain the role 

of the smoothing factor.  [15%] 

(c)  Using the EV Charging example explain the concept of a Markov chain and the 

Markov property. Discuss how Markov chains can be used to model state transitions 

in a service system specifically focusing on the transition between idle, occupied, and 

maintenance states. Explain how this can help identify risks related to congestion, 

reliability, or system performance over time.   [15%] 

     

END OF PAPER
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Standard Normal distribution table:  

Areas under the standard normal curve beyond z*, i.e., shaded area.  
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t-distribution table: 
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