Actuarial Society of South Africa

EXAMINATION
18 May 2020

Subject A211 — Financial Mathematics
Time allowed:
Two hours and fifteen minutes – exam time
20 minutes (at the end of the exam) – scan and upload time

INSTRUCTIONS TO THE CANDIDATE
1. Ensure that you have logged into your ProctorU account before you attempt the exam.
Your PC must be placed so that your writing area is visible to proctor.
2. Ensure that you have your candidate number handy to input as part of the exam. Write
your candidate number at the top of each page. (DO NOT WRITE YOUR NAME.)
3. Your cell phone that will be used to scan your final answer scrip must be switched OFF
during the 2hours and 15 minutes exam time. Place your cell phone at the top of your
exam pad / writing pages in view of the proctor.
4. Questions are only available in this Moodle learning platform and may not be printed.
5. You are required to write your answers on a clean A4 exam pad. Write only on 1 side of
the paper.
6. Attempt all questions, beginning your answer to each question on a new page and
numbering your answers clearly.
7. Write in black or dark blue pen.
8. You should show calculations where this is appropriate.
9. You MAY NOT use any computer program (e.g. email, MS Word or Excel), files or open
any other browsers during the examination time.
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10. You have 15 minutes at the start of the exam to read the questions. You are strongly
encouraged to use this time for reading only, but notes may be made. You then have two
hours to complete the paper.
11. Mark allocations are shown in brackets.
12. You may use additional scrap paper to make notes where this is appropriate. This paper
MUST NOT BE SCANNED as part of your answer script.
13. Assume that months are all of equal length, unless otherwise stated.
14. At the end of the 2 hours and 15 minutes exam time, the exam part will close, and you will
have 20 minutes to scan and upload your answer script into the Moodle learning
platform.
15. Access to your PC will be opened-up after the exam time so you can access your scanned
file. You may now also switch on your cell phone to scan.
16. Scan ALL your answer pages to .pdf so that your candidate number at the top of the page
is clear.
17. Save your .pdf scanned file using your candidate number as file name. (DO NOT USE
YOUR NAME AS FILE NAME)
18. Transfer your .pdf script to your PC and click on the UPLOAD ANSWERS link below the
exam paper link.
19. Upload your answer file into the Moodle Learning Platform and ensure you click on
FINISH below the upload box and again on FINISH all and SUBMIT, before the
20 minute upload time is up. (If the status on the summary page indicates “Answer
saved” your file was uploaded. You can click on Review attempt to see the file you’ve
uploaded.)
Note: The Actuarial Society of South Africa will not be held responsible for loss of data
where candidates have not followed instructions as set out above.
END OF INSTRUCTIONS
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QUESTION 1
i.

List six drawbacks of models that must be understood when interpreting the output from a
model.
[4]

ii.

When analysing the output from a model against results of a real-world system, a ‘Turing’
test may be used.
Briefly describe a Turing Test and how it can be used to improve a model.

[3]
[Total 7]

QUESTION 2
i.

Describe the cashflows involved for the issuer of an interest-only loan, referring to
certainty of payment, timing of payment, sign of the payments (+’ve or –‘ve) and relative
magnitude of cashflows.
Ignore the possibility of default in your answer.

ii.

[4]

Company X is an aerospace company that pays annual dividends on ordinary shares.
Dividends are payable each year on 1 July if approved by the Board of Company X.
On 28 June 2016, an investor purchased 10,000 shares, ex-dividend, in Company X at a
price of R5.50 each. A dividend of 55c per share was declared on 1 July 2016. Due to the
development of a new cost-effective alloy, Company X generated greater profits and
subsequent dividend declarations increased by 10% every year. On 1 August 2019, the
investor sold his holding of Company X shares for a 50% capital gain on the initial price
paid.
Show the investor’s cashflows and dates thereof, in a table.

[3]
[Total 7]

QUESTION 3
Explain the principle of consistency in the context of time value of money.
Define any notation used.

[Total 4]

PLEASE TURN OVER
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QUESTION 4
An individual deposits R20,000 into a bank account. He earns interest at j% per annum convertible
quarterly for the first four years and at 3  j% per annum convertible monthly, thereafter. He has
accumulated R50,000 in his account after eight years.
Calculate how much the individual has in the bank account after four years.
[Total 4]
QUESTION 5
The table below sets out the annual inflation index of a certain country, which is published on
1 January from 2010 to 2021.
2010 2011 2012 2013

2014 2015 2016 2017 2018 2019

2020 2021

102

110

122

104

106

108

112

114

116

118

120

124

The government issued a 10-year index-linked bond on 1 January 2011, with a 1-year time lag.
The bond pays nominal coupons of 10% per annum in arrears and is redeemable at par.
i.

Calculate the coupon payable, on a R100 nominal, on 1 January 2015 in money and real
terms.
[2]

Assume that an investor purchased the bond at issue for a price equal to par and that the investor
will hold the bond until maturity.
ii.

Comment on the effect that the time-lag in the coupon calculation will have on the real
yield earned by this investor.
[4]
[Total 6]
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QUESTION 6
Assume that spot interest rates are given by the following function, where t is measured in years:
𝑡2

𝑦𝑡 = 0.04 + 1,000
i.

Calculate the continuous-time 3-year spot rate.

[1]

ii.

Calculate the instantaneous forward rate, 𝐹3 .

[4]

iii.

Calculate the 3-year par yield.

[4]
[Total 9]
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QUESTION 7
A company has the following liability payments in the future:
•
•
•
•
•

R10,000 immediately
R20,000 after nine months
R25,000 after one year
R40,000 after two years
R40,000 after four years

i.

Calculate the present value of the liability payments using an effective interest rate of
9% per annum.
[1]

ii.

Calculate the discounted mean term of the liability payments using an effective interest rate
of 9% per annum.
[3]

The company wishes to immunise its asset-liability portfolio at an effective interest rate of 9% per
annum by investing in two assets:
Asset A: A fixed-interest security that pays annual coupons of 5% in arrears and is redeemable at
par in four years’ time.
Asset B: A 1-year zero-coupon bond.
iii.

Calculate the amounts that should be invested in asset A and B to ensure immunisation of
the asset-liability portfolio. (You must assume that assets can be bought and sold in
fractions of a unit.)
[10]

iv.

Confirm whether the asset-liability portfolio is immunised when the amounts, as calculated
in (iii), are invested in assets A and B.
[4]
[Total 18]

PLEASE TURN OVER
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QUESTION 8
A company issued a bond that is redeemable at 110% of par. The bond pays coupons of 10% per
annum, quarterly in arrears. The company may redeem the bond at their own discretion on any
coupon date between five and ten years from the date of issue. An investor subject to 35% income
tax and 20% capital gains tax purchased the bond at issue on 1 April 2010.
Calculate the price that the investor would have agreed to pay for the bond if he required a
minimum net yield of 11% per annum effective. The investor pays all taxes due on income and
capital gains, over the previous 12 months, on 1 May each year.
[Total 15]
QUESTION 9
Consider a R1 million, 5-year loan that is issued at a flat rate of interest of 5% per annum.
Repayments are made monthly in arrears.
i.

Calculate the monthly repayment on the loan.

[1]

Assume the monthly repayment on the loan is R20,800.
ii.

Calculate, through linear interpolation, the annual percentage rate of return applicable on
the loan.
[3]

iii.

Calculate the number of payments required, after which the capital outstanding will be
less than half of the original loan.
[4]

Consider the number of payments required to repay half of the capital, as calculated in (iii).
iv.

Explain why this value is not equal to half the total number of repayments required.

[3]

[Total 11]
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QUESTION 10
A small hydroponics company sets up a new venture on 1 January 2020. The initial investment
on 1 January 2020 is R2 million with a further R1.5 million required on 1 August 2020. The
running costs for the venture start immediately in 2020 at R150,000 per annum payable quarterly
in arrears. The running costs will increase at an effective rate of 4% per annum compounded. The
increases will occur every second year with the first increase taking place at the start of the third
year.
It is expected that on 1 January 2022, income will begin at the rate of R300,000 per annum and
that the rate will increase by R100,000 per annum on 1 January of each subsequent year. It is
assumed that the income will be received continuously throughout the project.
The company expects to sell the business on 1 January 2032 for R3 million.
i.

Calculate the net present value of the venture on 1 January 2020 at a rate of interest of 6%
per annum, convertible half-yearly.
[16]

The original effective internal rate of return on the project was 9.55% per annum. However, it is
now assumed that the following two additional cashflows will be incurred:
▪
▪

the project will require a further investment of R1 million on 1 January 2021 and,
due to increased popularity of hydroponic farming techniques, the income in the final year
of the project will increase by R1 million.

ii.

Discuss, without further calculations, the combined effect of the additional cashflows on
the effective internal rate of return, both in terms of the magnitude and direction of change.
[3]
[Total 19]
[GRAND TOTAL: 100]

END OF EXAMINATION
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