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Thursday 8 May 2025 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 Related Formulas and 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. 



 

 Page 2 of 8 (cont. 

 
1 You have been appointed as the chief financial officer of a growing technology 

firm called SmartCookie Ltd. The company is considering multiple investment options to 

enhance its AI capabilities in order to remain competitive. However, each option involves 

financial risk, market uncertainty, and potential operational constraints. Additionally, 

SmartCookie Ltd. maintains an inventory of computing resources (GPUs, cloud 

processing credits, etc.) that are used to support existing customers. Investment in AI 

infrastructure could improve inventory efficiency, but failing to invest might lead to 

shortages and lost customers. The company's investment options are: 

 
Choice A: Invest in a large-scale AI infrastructure upgrade, which requires an initial 

investment of £2,000,000. Market research suggests a 60% chance of achieving a high 

return of £5,000,000 through improved efficiency and market expansion. There is 25% 

chance that partial adoption with improved inventory turnover may yield £3,000,000. 

There is a 15% chance of achieving only £1,500,000 in returns due to market uncertainty 

and adoption challenges. 

Choice B: Choose a moderate AI system upgrade with an investment of £750,000, which 

is a more cost-effective option than Choice A but may yield lower returns. There is a 50% 

chance of achieving £2,500,000, a 30% chance of moderate success with a return of 

£1,500,000, and a 20% chance of earning only £900,000. 

Choice C: Continue operations without investment in AI. This option has 30% chance of 

causing £500,000 revenue drop due to market stagnation, 50% chance of causing 

£1,000,000 revenue drop due to competition, and 20% chance that market competition 

drives a severe revenue drop of £2,000,000. 

 
(a) (i) Draw a decision tree that outlines all three choices and their 

corresponding investment costs, expected returns, and probabilities. Label 

each choice with costs, pay-offs, and probabilities. [20%] 

 
(ii) Calculate the Expected Monetary Values (EMVs) for each investment  
choice. [10%] 

 
(iii) Based on the EMVs recommend the most financially viable option to 
the owner of SmartCookie Ltd. [10%] 



Version EG/4 
 

 Page 3 of 8 (TURN OVER  

 
(b) (i) Identify how the EMV of Choice A changes if the probability of high 

returns (currently 60%) varies between 50% and 70%. (Hint: assume that the 
other two outcomes adjust proportionally and maintain their ratio.) [20%] 

 
After you submit your recommendations, the owner informs you that they have spoken 

to an AI strategy consultant, who suggests launching a targeted marketing campaign to 

boost the adoption and success of AI solutions. The consultant estimates a 70% chance 

that the campaign will ensure high returns for both Choice A and B. (Hint: If the campaign 

fails, probabilities revert to original conditions.) 

 
(c) Assess the impact of the proposed AI marketing campaign: 

 
(i) Draw a revised decision tree incorporating the additional probability of the 
marketing campaign's success. [15%] 

 
(ii) Calculate the new expected values for Choices A (EMV(A)Campaign) and B 
(EMV(B)Campaign) considering the new probability of the marketing campaign 
ensuring high returns. [15%] 

 
(iii) Determine the maximum amount SmartCookie Ltd. should be willing to 
pay for the AI marketing campaign to ensure profitability. [10%] 
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2 Dream Catcher is a fishing company operating in the Black Sea Region in Turkey. 
Dream Catcher operates a single fishing fleet in an open-access fishery and directly sells 
to customers at their local store. Customers arrive at the store, use online dashboards to 
place their orders, take a seat at the waiting area while their fresh orders are prepared, and 
pick up their orders when their number is called. 

 
It is known that customers arrive with an average of 20 customers per hour (0.33 per 
minute). The coefficient of variation of arrival times is 1, following a Poisson arrival 
process. There is 1 fishmonger preparing orders, taking an average of 6 minutes per order 
and service times follow an exponential distribution. Customers cannot leave the store 
until their orders are ready. 

 
(a) What is the queuing system description of Dream Catcher? Explain it in terms 

of arrivals, departures, and queues, considering the fish stock renewal rate as a key 
parameter.   [10%] 

 
(b) (i) How many fishmongers should Dream Catcher schedule to ensure that 

the average waiting time is no more than 3 minutes? [15%] 
 

(ii) Dream Catcher management decides to add a separate counter with a 
separate queue for bulk orders (e.g., restaurants), employing 3 experienced 
fishmongers. Bulk order customers arrive with an average of 8 customers per 
hour, but their orders take 12 minutes to prepare on average. The coefficient 
of variation of arrival times of bulk order customers is also 1. Regular 
customers still experience the same preparation time as before. What is the 
expected waiting time in queue for regular and bulk order customers under 
the new system? (Hint: use the minimum number of fishmongers you 
identified in (i) for the regular customers) [15%] 

 
(c) The historical monthly sales data (January to June) for Dream Catcher’s store 

are 200, 250, 230, 270, 260, and 310 units. 
 

(i) Using the 3-month simple moving average, forecast the sales for July.       
Show your calculations. [15%] 

 
(ii) Using exponential smoothing, forecast the sales for July. Use a 
smoothing factor of α = 0.3. Show your calculations. Interpret the smoothing 
factor. [15%] 

 
(iii) Dream Catcher receives fresh fish deliveries at a rate of 50 kg per hour. 
Customers arrive at the store at an average rate of 20 per hour, each ordering 
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an average of 3 kg of fish. The fish replenishment follows a Poisson process, 
and the service time of a single fishmonger follows an exponential 
distribution with a mean of 4 minutes per order. Assuming the system follows 
an M/M/1 queue, what is the probability that the store will run out of stock? [15%] 

 
(d) Besides customer flow, Dream Catcher also needs to manage its fish 

inventory. Assume that the fish stock is replenished periodically, and the 
number of fish available fluctuates based on customer demand. How can you 
model this inventory system using a Markov chain. [15%] 
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3 Raymour Foods (RF), a successful sandwich manufacturer based in the East of 

England, is currently experiencing rapid business growth. This growth is driven by a 

recent hygiene-related incident involving one of its competitors. As a result, RF has begun 

exploring ways to enhance its production capacity to meet the increasing market demand. 

The Continuous Improvement team at RF has analysed their process and reached out to 

you for recommendations. To simplify the process, RF has focused on sandwich bread 

and other ingredients as two critical resource groups. Each sandwich requires 2 slices of 

bread and 200 grams of ingredients to pass the quality control tests. RF currently runs on 

a single shift which takes 12 hours. (For RF, 1 day = 1 shift = 12 hours). Their basic 

process flow includes: 

Goods-In: Employees in this section are responsible for the arrival and storage of bread 

loaves. RF receives 1,500 loaves of bread per employee per shift and 5 tonnes of 

ingredients per employee per shift. In goods-in area, 10 people work with bread loaves 

and 6 employees manage other ingredients. Every loaf has 20 slices of bread. Bread loaves 

arrive from a single supplier and a review of the past deliveries illustrated that 10% of the 

bread loaves received are crushed during transport and are unsuitable for sandwich 

making. Furthermore, due to challenges with correct-stock-rotation 5% of other 

ingredients are discarded without being used (excluding bread loss). Bread and ingredient 

operations run in parallel and do not affect each other in this step. 

Work-in-Progress (WIP): 26 Employees are working for the preparation of ingredients 

in WIP. These ingredients undergo a series of preparation steps such as chopping, slicing, 

mixing, and whipping. Prepared ingredients are placed on to the trolleys and sent to 

production lines to be used in sandwiches. Each WIP employee can prepare 80 kilograms 

of ingredients per hour. During the preparation process, other ingredients are subject to 

25% manufacturing loss (the industry standard is 10%, which is unavoidable with current 

available technologies) and another 5% of the ingredients are wasted due to production 

planning and miscommunication problems. 

Production Lines: RF has 5 production lines, and each line works for 12 hours every day. 

All lines have the same capacity and can produce up to 2,500 sandwiches per hour. During 

the production bread slices fall onto the floor and some ingredients are overused. RF 

estimated these losses to be around 15% of the produced sandwiches from each line. 
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Goods-Out: Once the sandwiches are packed into the boxes, they reach the Goods-Out 

section through the conveyor belt. In this section, employees prepare customer orders 

based on order sheets. Goods-Out can pack and ship 215 sandwiches per hour per 

employee at each production line. Records show that 5% of the time customers are sent 

the wrong sandwiches which are later discarded as waste. 

Table 1 – Summary of Operations at Raymour Foods 
 

Each sandwich requires 2 slices of bread and 200 grams of ingredients 
(1 Bread Loaf = 20 Slices of Bread, Number of Lines = 5) 

 

Process Step ➔ 

 
Goods-In 

(Bread 
Loaves/shift) 

 
Goods-In 

(tonnes 
Ingredients/shift) 

 
Work-in-Progress 

(kg        
Ingredients/hour) 

Production 
Lines 

(Sandwiches/ 
Hour/Line) 

 
Goods-Out 

(Sandwiches/ 
Hour/Line) 

Capacity per 
Employee 1,500 5 80 45 215 

Process Time 
(1 Shift = 12 

hours) 
1.00 1.00 0.083 0.083 0.083 

Number of 
Employees 10 6 26 50 10 

      

Capacity 
(Sandwiches/ day) 

     

Mass/Yield Loss      

Remaining Yield      

Effective Capacity      
Bottleneck      

Inflow      
 

(a) Calculate the effective capacity of the production system at RF. (You can use 
the table above for your calculations.) [20%] 

 
(b) Which step is the system bottleneck? Why? What is the throughput of the above 
process in the number of sandwiches per day? [10%] 

 
(c) (i) Explain the business risks associated with yield losses. [15%] 

 
(ii) RF is considering investing in new technologies to increase its capacity. 
Technology A eliminates the losses in the Goods-In process, while 
Technology B improves picking accuracy and eliminates Goods-Out losses. 
Evaluate the potential of these technologies and explain how they would 
affect the overall system capacity. [20%] 
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(d) (i) If the cost of each sandwich is calculated as £1, what is the annual cost 

(1 year =240 working days) of yield losses at RF? [15%] 
 

(ii) RF is expecting to produce Jan-25: 79,900; Feb-25: 69,741, and Mar- 
25: 95,600 packs of sandwiches as shown in Figure 1. Estimate the total 
waste amount for these months using Figure 2. [10%] 

 
(iii) Using Figure 2, explain the limitations of using regression in 
forecasting.  Which of the forecasts for Jan-25, Feb-25 and Mar-25 has a 
greater chance of being inaccurate and why? [10%] 

 

 
Figure 1 –Total Number of Sandwiches Produced and Planned 

 

 
Figure 2 –Number of Sandwiches Made vs Total Waste Produced 

 

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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