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1. You work as a quantitative analyst for the Financial Services Club (FSC), an indepen-
dent accounting firm for small businesses. In your current role, you use mathematical
methods to forecast the profit margins of your clients.

(a) The graph below shows how your colleague believes total income (£y thousand)
will vary with advertising expenditure (£ thousand) for one of FSC’s clients in

2014.
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Show that this linear income function can be written as 3y = 40x — 150.

Answer:

(3 marks]

Question 1 continued on next page Page 2 of 17
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(b) Based on this linear income function, how much should this client spend on adver-
tising in 2014 if they are to achieve a total income of at least £425,0007

Answer:

(2 marks]

(c) After a consultation with this client, you believe a quadratic relationship between
x and y might be more realistic. In particular, you specify that

y = —x®+5lx — 50.

Plot this quadratic income function on the graph in part (a), for 0 < z < 40. You
may use the table of results given below to help you, if you wish.

(3 marks]
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[This space has been left for any working you feel might be necessary/

Question 1 continued on next page
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(d) For this client you assume that, each year,
Profit = Total income — Overheads.

You also find that a suitable function for annual overheads, in terms of advertising
expenditure x, is given by

Overheads = 19x + 90.
Using your quadratic function for total income in part (c), show that
P = —2% + 32z — 140,

where P represents annual profit.
[2 marks]|

Answer:

(e) How much should your client spend on advertising in 2014 to ensure they remain
in the black (i.e. make a positive profit)?
[4 marks]

Answer:

Question 1 continued on next page Page 4 of 17
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(f) (i) Find %
[2 marks]

Answer:

dpP
dr
(ii) Hence, find your client’s optimal advertising expenditure (i.e. the advertising

expenditure which maximises profit).
[3 marks]

Answer:

iii) What can your client expect their maximum profit to be in 2014, if they spend
Y Yy
the optimal amount on advertising?
[1 mark]

Answer:

[Total Q1: 20 marks|
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2. The Monster Party Company produce two types of party pack. Their “Ghastly” party
pack contains 10 balloons and 64 sweets. Their “Devilish” party pack contains 20
balloons and 16 sweets. Each day, the company has 3000 balloons and 8000 sweets
available.

Every day, the company sells at least 50 of each type of party pack; in total, they
make and sell x “Ghastly” party packs and y “Devilish” party packs. The company
sells each “Ghastly” party pack at a profit of £1.20 and each “Devilish” party pack at
a profit of £1.80.

(a) Formulate the Monster Party Company’s situation as a linear programming prob-
lem.
[6 marks]

Answer:

Question 2 continued on next page Page 6 of 17
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(b) Complete the graph below to represent the linear programming problem you for-
mulated in part (a). Make sure you clearly indicate the feasible region, as well as
the direction of the objective function. [You may use the space underneath to show
any working you feel might be necessary/

[7 marks]

— 64x+16y=8000
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(c¢) Using your graph in part (b), find the company’s maximum daily profit, £P.
(2 marks]

Answer:

(d) Now solve this problem algebraically to verify the company’s maximum daily profit
obtained in part (c).
[3 marks]

Answer:

[Total Q2: 18 marks|
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3. In October 2010 model and celebrity Kate Moss endorsed the latest Top Shop women’s
clothing range, where she starred in an advertising campaign aimed at increasing sales
(see pictures below — (© TopShop 2010). Total sales of women'’s clothing at a selection of
Top Shop stores are summarised in the table underneath — for periods before and after

this advertising campaign.

“ The leopard dress is
one of my favourites
as it was taken from
a tee [ used to wear all
the time as a teenager
and we’ve reinvented
it for now!

KATE MOSS

Total sales Percentage Cumulative percentage
(X thousand pounds) Before | After Before | After

10<x <14 12 2 12 2

14 <z<18 32 15 44

18 <x <22 40 22 84

22<x<26 10 38 94

26 <x <30 5 17 99

30 <x <34 1 4 100

34 <x <38 0 2 100

(a) Write down the modal class for sales in each of the before and after periods.

Answer:

Modal class before

Modal class after

[1 mark]

(b) Complete the table above by calculating the cumulative percentages for sales in the

period after the advertising campaign.

Question 3 continued on next page

[3 marks]
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(¢) The graph below shows the ogive (cumulative relative frequency polygon) for sales
in the before period. On the same graph, construct the ogive for sales in the after
period.

[3 marks]
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(d) Using the ogives from part (c),

(i) estimate the median level of sales for both the before and after periods;
[2 marks]

Answer:

Median (before) =

Median (after) =

(ii) estimate the inter—quartile range for sales in the before and after periods.
[4 marks]

Answer:

(e) Using the ogives in part (c¢) and the summaries in parts (a) and (d), compare and
contrast sales at Top Shop before and after the advertising campaign.
[3 marks]

Answer:

Question 3 continued on next page Page 11 of 17
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(f) Use the percentages given in the table to show that mean sales in the after period
can be approximated as £24,900 (to the nearest hundred pound). Why is your
answer an approzimation?

[3 marks]

Answer:

(g) It can be shown that the standard deviation for sales in the after period can be
approximated as £4,800. Assuming that

X ~ N(24.9,4.8%),

find the probability that, at a randomly chosen Top Shop store, sales exceed
£35,000.
(3 marks]

Answer:

[Total Q3: 22 marks|

Question 4 continued on next page Page 12 of 17
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4. You work as an IT analyst for the Lonely Globe online travel company. One of Lonely
Globe’s travel writers has recently posted a travel video to the company’s webpage
showcasing “The best of New York City in 2013”. Suppose you are interested in Y, the
number of downloads of this video, in the first hour of it being posted.

(a) Would the binomial distribution or the Poisson distribution be the most appropriate
probability model for Y? Tick the correct box, and briefly explain your choice.
(3 marks]

Answer:

Binomial D Poisson D

(b) A similar video featuring New Orleans, uploaded last month, had 5 downloads in
the first hour of it being posted. Assuming that downloads for the New York video
will occur at the same rate, find the probability that there will be fewer than two

downloads in the first hour.
[5 marks]

Answer:

(c) Suppose you are now interested in the number of hourly downloads of the New York
video a week after it has been posted. Why might the model you used in part (b)

no longer be appropriate?
[2 marks]|

Answer:

[Total Q4: 10 marks|
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5. Before launching a new product, small businesses usually conduct market research to
assess the viability of this new product. As a business analyst, you are interested in
whether or not there is a difference in the amount spent on such market research by
small companies in Northeast and Southeast England. From a random sample of small
businesses in both regions, the table below summarises the amount spent (in thousands
of pounds):

Region | Sample size Mean Standard deviation
Northeast 15 86.4 5.8
Southeast 12 90.5 4.5

(a) The 95% confidence interval for the population mean expenditure in the Northeast
is (83.19,89.61) thousand pounds. Calculate the equivalent confidence interval for

the Southeast.
[5 marks]

Answer:

(b) Perform an appropriate hypothesis test to determine whether there is a difference in
the average amount small businesses spend on market research between the regions.

[Hint: the pooled standard deviation is s = 5.268/
[10 marks]

Answer:

Question 5 continued on next page Page 14 of 17
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[Part of this page has been left blank for your solution to the last question/

(c) Briefly explain why the confidence intervals from part (a) support your findings in
part (b).
[3 marks]

Answer:

[Total Q5: 18 marks]
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6. VIX is a trademarked stock symbol for the Chicago Board Options Exchange Market
Volatility Index, a popular measure of the implied volatility of S&P 500 index options.
For one company, daily VIX indices (x) were compared to the corresponding S&P
500 one—day returns (y) for that company, over a period of 14 days. The following

summaries were obtained:
14 14
D a;=40897 > y;=43.90
i=1 i=1

14

14 14
fo = 13612.27 ny = 166.21 ny = 1443.55
=1

i=1 i=1

(a) Perform a linear regression of y on x, clearly stating your regression equation in

the form
Yy = BO + le + €,

where € ~ N(0,0?). [ |
10 marks

Answer:

Question 6 continued on next page Page 16 of 17
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(b) Forecast the S&P 500 one day return for a company with a VIX of 30.5.
(2 marks]

Answer:

[Total Q6: 12 marks]

THE END
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