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 EGT2 

 ENGINEERING TRIPOS PART IIA 

______________________________________________________________________ 

 

 Thursday 2 May 2024        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 (a) BeCool, one of the most popular cafés in Trapani, has a single drive-thru lane. 

Customers arrive at the lane, place their orders, wait for their drinks to be prepared, and 

then pick them up and leave. BeCool management team wants to understand how long 

customers wait on average and how many baristas they need to schedule to provide good 

service. It is known that customers arrive with an average of 10 customers per hour (0.167 

per minute). The coefficient of variation of arrival times is 1. There is 1 barista working, 

who takes an average of 3 minutes to prepare a drink. Customers cannot leave the queue 

until their drinks are ready.  

 (i) What is the queuing system description of BeCool? Explain it in terms of 

arrivals, departures, and queues.   

 (ii) How many baristas should BeCool schedule to ensure that average waiting 

time is no more than 2 minutes?   

 (iii) BeCool management team decides to add a separate lane for priority 

customers (e.g., delivery services) employing 1 skilled barista. Priority customers 

arrive at the same rate as regular customers, but their drinks take only 2 minutes to 

prepare on average. The coefficient of variation of arrival times of priority 

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 priority 

customers under the new system? 

(b) The historical monthly sales data (January to June) for a small retail store is 50, 60, 

55, 70, 65, 80. 

 (i) Using the 3-month simple moving average, forecast the sales for July. Show 

your calculations.  

 (ii) Using exponential smoothing, forecast the sales for July. Use a smoothing 

factor of α = 0.3. Show your calculations. Interpret the smoothing factor.

   

 (iii) In time series analysis and forecasting, define key terms including trend 

components and cyclical patterns. Illustrate your understanding by presenting a 

practical example.   

(c) Describe a Markov chain with a practical example. 
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2 (a) Answer the following two questions in a context of portfolio management.   

 (i) Draw a typical case in a risk return-chart. Use the chart to explain the 

classification of investment options depending on the risk. Explain the factor that 

influence your preferred strategy to invest.  

 (ii) Let’s suppose now the case of two statistically independent shares in the 

portfolio, X and Y, each costing £10/share. The distributions of returns are  

X ∼ N ( =12, 2 =9) and Y ∼ N ( =11, 2 =16), hence the portfolio return is also 

normally distributed. What is the probability of 50-50 portfolio losing 25% or more 

of its value? Compare it to a 100% investment in Y. Which is safer? Why?  

(b) As the founder of a tech start-up you invested £100,000 in developing a prototype 

for a new software product. To bring the product to market, an additional investment of 

£150,000 is needed for marketing, testing, and user feedback implementation. If the 

product is launched, it is successful (i.e. ‘favourable condition’) with probability 0.6, 

bringing a revenue of £400,000. However, it can also be unsuccessful (i.e. ‘unfavourable 

condition’), in which case the revenue will only be £50,000. You still can choose not to 

launch the product to the market and recover £75,000. 

 (i) Develop a decision tree that represents your options and potential outcomes. 

Assess the financial feasibility of moving forward with the product launch.  

 (ii) Analyse how changes in the probability of positive market response would 

impact your decision to proceed or abandon the project. Specify the threshold 

probability at which your decision would change.   

 (iii)  Determine the threshold cost at which you would reconsider launching the 

product.     

 (iv) Given potential uncertainties in the market, an external market research firm 

provides additional insights from the national software assessment department. The 

department provides evaluations of ‘desirable’ and ‘undesirable’ conditions, 

conditional to the market status they find, ‘favourable’ and ‘unfavourable’, with 

conditional probabilities: P(‘desirable’ ∣ ‘favourable conditions’) = 0.8; and 

P(‘undesirable’ ∣ ‘unfavourable conditions’) = 0.9. Given a ‘desirable’ assessment 

under ‘favourable conditions’, what is the maximum amount you should be willing 

to pay for acquiring additional market research insights?   

(c) Identify and describe three main pitfalls encountered in the field of data analytics. 

Provide examples or explanations for each pitfall.   
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3 (a) Consider a scenario where a marketing analyst is studying the relationship 

between advertising expenditure (X) and sales (Y) for a retail company. The analyst 

collects data from different regions and performs a linear regression analysis. The 

following ANOVA table (Table 1) summarises the results.   

Table 1 
Source Sum of 

Squares 

Deg. of 

freedom 

Mean 

Square 

F-

Statistic 

p-

value 

Regression 120,000 1   p < 0.05 

Residual 80,000 18    

Total      

 (i) Fill in the blanks, marked by , in the ANOVA table. State the null hypothesis 

for the F-test in the context of this regression analysis. Given the degrees of freedom 

for regression and residual, determine the sample size used in the analysis.  

 (ii) Calculate the coefficient of determination (R2) for this regression analysis. 

Interpret its meaning in the context of the study. List the main steps of a hypothesis 

test for the effect of advertising on sales, including the null and alternative 

hypotheses and interpret the p-value.   

 (iii) Provide a 95% confidence interval for the slope (regression coefficient) in the 

model, assuming the estimated slope coefficient from your model is 20.   

(b) Consider the case of an engineering student, Taylor, who runs a small 3D printing 

service on their university campus. Taylor plans to optimise the production of 3D-printed 

prototypes, at a production cost of £10 per unit, to maximise profits while minimising the 

risk of excess inventory. He decides to sell each prototype at  £15 unit. The probability 

distribution of the demand for 3D-printed prototypes is a normal distribution of mean 50 

and standard deviation 6. Taylor, who knows about the newsvendor problem, targets an 

order quantity initially of Q = 55.   

 (i) Taylor assumes that any unsold 3D-printed prototypes can be sold to the 

biological sciences laboratory after the production cycle. If the biological sciences 

laboratory buys entire leftover prototypes at £v per prototype, where v is less than 

the production cost, what is the value of v?   

 (ii) Suppose the salvage value for unsold prototypes is such that the underage and 

overage costs are equal. What would you recommend to Taylor as optimal order 

quantity? Provide a brief explanation for your answer.   
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 (iii) Taylor learns that there is an upcoming engineering project with tight 

deadlines, likely increasing the demand for 3D-printed prototypes. Based on this 

information, Taylor comes up with the discrete demand distribution of Table 2. 

What is the optimal order quantity under this new demand forecast, considering that 

all unsold prototypes can be salvaged at the engineering laboratory for £7 per 

prototype? 

Table 2 

Q   50 60 70 80 90 100 

P(X = Q) 0.15 0.20 0.25 0.18 0.12 0.10 

      

(c) Define the term “bottleneck” in the context of process analysis. How can bottlenecks 

negatively impact a business? How can they be identified? What steps should be taken to 

identify their root causes?   

 

END OF PAPER 
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2 May 2024, Module 3E3, Questions 1-3. 

 
 

SPECIAL DATA SHEET 
 

 

Standard Normal distribution table: Areas under the standard normal curve beyond z*, 

i.e., shaded area. 
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t-distribution table:  

 

 
 

 

 

 

 
 



Version MH/6 
 

Page 3 of 5 

 

 

 
 

 

 

 

 



Version MH/6 
 

Page 4 of 5 

Inventory management: 

 

(Q,R) model - optimal solution:   

     𝑄 =  √
2𝜆[𝐾+𝑝𝑛(𝑅)

ℎ
 ;       𝐹(𝑅) = 1 −

𝑄ℎ

𝑝𝜆
 

 
 

Newsvendor model: 

𝐹(𝑄∗) =  
𝑐𝑢

𝑐𝑢 + 𝑐𝑜
 

 

Queuing theory: 

 

 
Multi-server waiting in queue 

𝑊𝑞 =  
1

𝜇𝑠
 
𝜌√2(𝑠+1)−1

1 − 𝜌
 
𝐶𝑉𝑎

2 + 𝐶𝑉𝑠
2

2
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Variance of a portfolio: 
 

 
 

 

Covariance, correlation, and regression: 

 

 


