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Exam cheating is for example if you:

o Copy other people's texts without making use of quotation marks and source referencing, so
that it may appear to be your own text

o Use the ideas or thoughts of others without making use of source referencing, so it may appear
to be your own idea or your thoughts

e Reuse parts of a written paper that you have previously submitted and for which you have
received a pass grade without making use of quotation marks or source references (self-
plagiarism)

e Receive help from others in contrary to the rules laid down in part 4.12 of the Faculty of Social
Science's common part of the curriculum on cooperation/sparring

You can read more about the rules on exam cheating on your Study Site and in part 4.12 of the
Faculty of Social Science's common part of the curriculum.

Exam cheating is always sanctioned by a written warning and expulsion from the exam in
guestion. In most cases, the student will also be expelled from the University for one
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Excel settings

Please make sure to download and activate the latest fidAnalytics library from Absalon. It is the one
with no number attached to it: fidAnalytics.xla. For windows users, we have also uploaded a .bas file
if you prefer to import fidAnalytics as a module.

To ensure that we get the same results on numerical optimization problems, please set your Excel
Solver with the following settings:




- Constraint precision: 0.000001

- Automatic scaling: Yes

- Integer optimality: 5%

- Max time: 300

- Iterations: 300

- Convergence: 0.000001

- Deselect “Make Unconstrained Variables Non-negative” in the main solver-window, as we
will be working with negative interest rates.

As written in the beginning of this document, you need to upload a single PD-file. This is the
document from which your grade will be determined — and only this. You are also welcome to
upload your Excel calculations. We might take a look at these if we suspect you are on the right track
but have the wrong answer. In that sense, uploading the Excel calculations only has a positive upside
for you. The easier they are to understand the better.

Question 1: Interest rate swap basics and intuition (25%)

In this question we assume a single—curve setup.

1.1. On Monday, you enter into a 14Y payer swap. This is the only trade you did during the day. On
Tuesday, the 14Y swap rate drops 5 basis points in response to a central bank meeting. Before this,
rates were unchanged compared to when you did the swap. The forward curve is upward sloping.
Did you make or lose money on your Monday trade after the central bank meeting?

1.2. Would you change your answer had the forward curve been downward sloping? If so, please
explain why.

1.3. Your Monday swap had a notional 52.000.000 DKK. For the following question, you may ignore
discounting, day count conventions and day rules. Please approximate your profit/loss of the 5 basis
point drop in the 14Y swap rate on Tuesday.

1.4. A client of yours with little knowledge of interest rate derivatives asks you, if it is possible to
enter into a 10Y payer swap with optionality to cancel the swap in 3 years if the interest rate market
has moved against her. With your knowledge of non-linear interest rate derivatives, what structure
would you (conceptually) offer her? Please provide a short explanation of your rationale on
directions, expiries and maturities.

Hint: you need to enter into a swaption combined with a swap.

1.5. Will the client be paying a higher or lower fixed rate in the structure of question 1.4, compared
to the fixed rate she will be paying in comparable plain vanilla 10Y swap?

Hint: who sells optionality and who is buying?

1.6. Using the zero-coupon curve given in the exam data for this question, please calculate the
implied 6-month forward curve using Hermite-interpolation from two business days forward and 20
years into the future. To do this, please create a schedule of adjusted dates using the floating IRS
conventions (6M with ACT/360 day count and the modified following convention). Please include the
actual numbers with four decimals along with dates in your answer. Also, please add a plot of the
curve.



1.7. Below, you are given a risk calculation in terms of market instruments based on the curve given
in the exam data. This is risk on a 100m 2Y3Y receiver swap with standard conventions.

Risk in instrument terms
EUR pr. bp

FIXING (DEPOSIT) 2B &M 51
FRA &M &M o4
IRS 2B 2Y 20,123
IR 2B 3y -121
IRS 2B 4y -240
IRS 2B oY -50,392
IR 2B ™ 46
IRS 2B 10% -0
IRS 2B 15Y -0
IRS 2B 20v -0
Total (outright) risk g -30,479

To neutralize the bucket risk of the 2Y and 5Y point, and assuming you can only trade spot starting
swaps, what would you trade? Please provide direction, notional and maturity of your hedges.

1.8: As discussed throughout the lectures, it is convenient to view swap-risk in terms of what you
need to trade. So far, we have only considered the problem of translating the zero-coupon risk into
risk against the market instruments used as input for the curve calibration. However, there is
nothing that prevents us from translating the zero-coupon risk into a whole set of different
instruments. We refer to risk in terms of certain instruments as a “risk view”.

Below we see a risk calculation on the 2Y3Y swap from question 1.7 but translated into forward rate
risk. That is, the zero-coupon risk projected onto a strip of forward rate agreements. This risk view
tells you how much the present value of your 2Y3Y swap changes with each forward rate in the risk
output. For instance, we see that if the forward rate from 25-DEC-2023 on EURIBOR 6M increases 1
basis point, the swaps present value changes EUR -5.216.

Risk in terms of 6M EURIUBOR forward rates
Start date End date EUR pr. bp

FORWARD RATE 25-Jun-21 27-Dec-21 13
FORWARD RATE 27-Dec-21 27-Jun-22 13
FORWARD RATE 27-Jun-22 26-Dec-22 14
FORWARD RATE 26-Dec-22 26-Jun-23 -45
FORWARD RATE 26-Jun-23 25-Dec-23 -5,131
FORWARD RATE 25-Dec-23 25-Jun-24 -5,126
FORWARD RATE 25-Jun-24 25-Dec-24 -5,132
FORWARD RATE 25-Dec-24 25-Jun-25 -5,104
FORWARD RATE 25-Jun-23 23-Dec-25 -5,173
FORWARD RATE 25-Dec-25 25-Jun-26 -5,021
FORWARD RATE 25-Jun-26 25-Dec-26 0
FORWARD RATE 25-Dec-26 25-Jun-27 0
FORWARD RATE 25-Jun-27 27-Dec-27 W]
FORWARD RATE 27-Dec-27 26-Jun-28 W]
FORWARD RATE 26-Jun-28 25-Dec-28 0
FORWARD RATE 25-Dec-28 25-Jun-29 o]
FORWARD RATE 25-Jun-29 23-Dec-29 ol
FORWARD RATE 25-Dec-29 25-Jun-30 0
FORWARD RATE 25-Jun-30 25-Dec-30 0
FORWARD RATE 25-Dec-30 25-Jun-31 0
Total (outright) risk -30,6591

Please put some intuition on the following points:
e The size of the forward bucket risk from 26-june-2023 until the 25-dec-2025.



e  Why are these buckets roughly equal in size? Why negative?
o  Why is the risk roughly flat in terms of the four first forward rates?

Hint: how is the swap a function of forward rates?
Question 2: FX forwards and a fixed rate regime (25%)

In this exercise you are going to act as a market maker on the FX swaps desk responding to a client’s
wish to take advantage of a very stable EUR/DKK spot exchange rate. The Danish central bank is
mandated only to maintain the EUR/DKK within a band of +/- 2.25% from the central parity of
7.46038 within the framework of the ERMII vis-a-vis the European central bank (ECB). In practice,
however, the bank maintains a much tighter grip on the currency as shown in the chart below. As
also shown, FX forward levels can diverge quite a bit from the spot rate. This is sometimes
interesting to exploit for especially the life and pension sector.
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Before beginning calculations, we will work a bit on intuition on some topics, which, as a market
maker, is good to know in order to prepare for potential client interests.

2.1. Danish households hold very large pension savings and Denmark as a country is a large creditor
nation (net foreign assets) of which most are invested through pension funds. Are Danish pension
funds structural buyers or sellers of EUR/DKK and USD/DKK in FX forward markets?

2.2. Given your knowledge on how to hedge a FX forward, will the above structural position give rise
to a downward or an upward pressure on DKK interest rate all else equal?

Hint: First note that the market maker’s position will be opposite to that of the pension funds. Next,
consider what discounting risk the market maker obtains in DKK when doing the FX forward with the
pension funds, and in what direction we would need to trade swaps in order to mitigate that.

2.3. If DKK interest rates are higher than is the case in EUR, what does that imply for the forward
rate X(t,T)? Is it higher or lower than the spot rate S(t)?



2.4. If DKK interest rates are higher than is the case in EUR, is there a positive or negative carry
associated by being short EUR/DKK forward?

2.5. Given the answers to the above questions do you think it is possible to maintain a general high
interest rate level in Denmark relatively to EUR?

Hint: Think of the carry associated with selling EUR/DKK forward in this case.

2.6. If a client of yours sells EUR/DKK forward what spot risk would that leave you (the market
maker) with? Long or short EUR/DKK?

2.7. Assume you try to hedge your trade with the pension funds in interbank markets. However,
here only FX swaps trade. You can create a FX forward using two transactions/trades. Which are
they and what direction would you trade?

2.8. Given the relative stability of EUR/DKK do you think pension funds hedge a relatively large or
small share of the FX risk as compared to USD/DKK? The latter is more volatile.

2.9. All else equal should the pension fund buy or sell more or less USD/DKK forward in order to
maintain a fixed hedge ratio if US equity markets rally (perform)?

Hint: What happens to the USD notional it needs to hedge?

2.10. Assume that US equity markets perform strongly. What does that imply for the USD/DKK spot
rate all else equal? Will there be a downward or upward pressure?

Hint: First think about what the pension funds would do as in 2.9. Next think about what spot risk
the market maker obtains on his books reacting to the pension funds’ demand and how he could get
rid of that. No specific trades required.

The above questions should have put you in the “mood” in order to solve the rest of the exercise
where we will focus a bit more on numbers.

2.11. Use the data in the ‘data’ sheet in order to calibrate the forward and discounting curves in EUR
and DKK. Use the knot points matching the maturity dates of the input trades. Report your results in
percent with two decimal places (eg. 1.21%).

2.12. Given the EUR/DKK spot rate and calibrated discount rates compute the 20y EUR/DKK FX
forward rate and report with four decimal places.

Given the implied level and comparing to the stability of the EUR/DKK spot, what direction do you
think the client will trade? Buy or sell EUR/DKK?

Even if you get this question wrong full points will still be given for the remaining questions, as long
as you answer correctly based on the direction chosen here.

Hint: Think of the carry associated by being long or short EUR/DKK forward at the calculated level.

2.13. Why are FX forwards/swaps only liquidly traded/quoted with below 2y maturities?



2.14. The EUR/DKK spot rate is only 6 pips below the historical maximum seen over the period from
2010 (ie. the EUR is currently historically strong versus the DKK). Do you think this changes anything
for the client’s wish to trade the direction mentioned in 2.127?

Hint: What spot risk does the client take on by trading the direction in 2.12?

Assume now that the client trades a notional of DKK 100m in a EUR/DKK FX forward with a direction
as indicated in question 2.12.

2.15. Calculate the PV from the client’s perspective 12m ahead under the assumption that the spot
rate in 12m has dropped to 7.4360 and that discount curves are unchanged (note now that the trade
has a remaining maturity of 19 years). Report the result in EUR.

2.16. Calculate model and market rate delta vectors of the FX forward from your perspective (the
market maker’s) with respect to your calibration instruments: cross currency swaps and interest rate
swaps. Report your vectors in EUR.

2.17. What instruments and in what directions would you trade in order to hedge the FX forward
position taken on? No exact notionals required.

2.18. USD/DKK CCS can be somewhat illiquid. Assume that you are not able to trade cross-currency
swaps at all (also not EUR/USD). Is there a way for you to approximately hedge the long-dated FX
forward anyways? What instruments and what directions? When does this hedge not work?

Hint: The hedge involves trading a EUR/DKK FX forward.

Question 3: Pricing a capped floating rate bond (25%)

In Denmark capped floating rate bonds (from now on ‘CF’) trade quite frequently. CFs are
constructed such that the buyer of the CF is entitled to periodic cash-flows consisting of a money
market fixing L plus a fixed spread A°F. The fixing is fixed-in-advance and paid-in-arrears as standard.
However, the buyer has also sold a cap with a preset strike level, K, such that the total cash-flow
received at each payment date is:

Payment(t;) = Max[L(t;_q,t;) + A°F; K] - &y,
where &;, is the day count fraction.

In this exercise we are going to work with a 6M CIBOR CF with maturity 1/7/2026 (1 July 2026) and
K = 0.5%.

We assume that there are no redemptions/repayments and hence at maturity of the CF we will
receive back the entire notional of the bond (100).

Note that:
Payment(t;) = Max[L(t;_y,t;) + AF; K] - 8, = {(Max[L(t;_1,t;); K — AF] + A“F} - 6,

ie. we have modified the strike level by the size of the fixed spread.



Discount curve and forward curves are equal for this assignment.

A CF can be priced as the value of an ordinary floating rate bond minus the value of the cap. By an
ordinary floating rate bond we mean a floating rate bond which is not capped.

3.1. First up we need to find the fixed spread on an ordinary floating rate bond such that a floating
rate bond trading with the same maturity as the CF has a price of par. It is not always the case that
floating rate bonds with the same maturity trade in the market, so we need to replicate, a floating
rate bond by using a fixed rate bond, which typically trade liquidly in all maturities.

Explain how you can find the fixed spread AP in an ordinary floating rate bond from a fixed rate

bond of the same maturity, such that the floating rate bond has a price of par. In other words: what
instrument can you use in order to transform a fixed rate bond into a floating rate bond? No
calculations required.

3.2. In the data sheet you can find the specification of a fixed rate bond with a similar maturity as
the CF as well as zero rates. Use this data in combination with the fidAswSpread formula in order to
compute ARP Report A°RP in per cent with two decimal places.

3.3. Next you are to calibrate a SABR model to the three caplet maturities listed in the sheet. For
each expiry there is three different caplets.

First you will need to find the at-the-money (ATM) forward rates to generate relevant strikes for
each expiry. These are ATM, ATM-25bp and ATM+25bp.

Next use the function fidNormSabrAlphaZero in order to calibrate SABR parameters for each expiry.
This function has been given to you in the exam library. The function implements formula (A.70a) in
the ‘Managing smile risk’ paper of Hagan et al. That is, given parameter values it returns the normal
volatility for a chosen strike level K, time-to-expiry T and at-the-money forward rate F, to be input
into the normal (Bachelier) model. The normal (Bachelier) option pricing formula has been
implemented into fidSwaptionNormPv. However, for now only make use of the
fidNormSabrAlphaZero formula.

OBS: We only need to calibrate (o, €, p) since a is fixed at zero. Hence, a does not enter into the
calibration procedure. This is in order to allow for negative interest rates. Start with initial guesses
(00,6 p) = (0.20%, 50%, 20%) as given in the data sheet. Don’t be surprised if p doesn’t move too
much.

Report your calibrated parameters for each expiry in per cent with two decimal places.
3.4. Why do you think it is a good idea to employ the SABR model for this question?
Hint: Compare the strike level of the CF with the strike level of the caplets that are actually traded.

3.5. Next you will need to interpolate the SABR parameters for all the relevant caplet expiries using
the calibrated SABR parameters. Use Hermite interpolation.

The first caplet expiry is at 1/1/2022 and the last expires on 1/1/2026 (unadjusted). Thus, we need to
interpolate parameters for nine caplets with expiries (unadjusted) 1/1/2022, 1/7/2022, etc. As the



first caplet with expiry 1/1/2022 expires before the expiry of the first traded caplet, simply use flat
extrapolation (ie. use the same SABR parameters for 1/1/2022 as for the 6Mx6M caplet).

Before you interpolate, adjust the unadjusted expiry dates listed above using the modified following
day rule.

Report your interpolated parameter values for each adjusted expiry date in per cent with two
decimal places.

Hint: It can be an advantage to make use of the fidGenerateSchedule for this question as well as for
the next. Use Act/360 day count basis.

3.6. Next find the implied normal volatility for each expiry, again using the function
fidNormSabrAlphaZero. In order to do so first calculate at-the-money forward rates and time to
expiry for each of the nine caplets. The strike level for each expiry should be K — ACF. put ACF =
AORD £or now which you found in question 3.2.

Report your normal volatilities in per cent with two decimal places.

3.7. Finally price each caplet using the fidSwaptionNormPV and sum them to get the cap value. Use
the conventions provided. Remember each caplet has a notional of 100. Use Act/360 day count
basis. Report your results with four decimal places.

Hint: Remember that a payer swaption with a tail equal to the floating tenor (in this case 6m) is in
fact a caplet.

What we have found out now is that a 1/7/2026 CF trades at a price of 100 — PVeap, where the
buyer at each payment date receives a fixing plus a fixed spread, where we have so far assumed
ACF = AORD sometimes, however, we are interested in what ASW spread, A, makes the CF price

at par value.

3.8. We will now try and do so. In order to solve this you need to increase A°F. The higher A°F
lowers the strike level and thereby increases the PV of the cap, but at the same time the higher fixed
spread increases the PV of the fixed payments received. The latter effect dominates. Thus, you need
to increase ACF until the sum of these two effects are large enough in order to generate a PV of 100.
You can use either the solver or goal seek for this in combination with the formula below. Report
you results using four decimals.

PVcg = 100 — PV, + AnnuityORP - (ACF — A9RD) . 100

Question 4: Pricing CVA as a strip of options (25%)
Introduction

The purpose of this exercise is to test your knowledge of swap exposure by combining the theory on
general counterparty risk exposure, swap theory and volatility. As discussed in the lectures, xVAs
depends on counterparty exposure which is generally computed using complicated simulation
models. The reason is that CVA can be regarded as a short option which means that even for simple
(linear products) such as the interest rate swap, calculating swap exposure requires a volatility



model. Also it turns out, that counterparty exposure on an interest rate swap can be calculated as a
strip of sold options. As such, the exposure calculation itself is independent of the credit quality of
your counterpart, but only depends on market observables such (forward, discounting and volatility
surfaces/curves)

For the purpose of this exam question, we consider a single curve setup.

4.1. In the exam material for this question, you will find market quotes based on 3M-EURIBOR and
some swap conventions. Calibrate a zero-coupon curve from this market data and calculate the ATM
rate of a 5Y EUR swap against 3M-EURIBOR. Please present a table with your zero rates and dates
along with the 5Y ATM swap rate.

4.2. In the following questions we are looking at a 5Y receiver swap. Given the current forward
curve, what do we expect the value of this 5Y swap is in 6M given that the current forward curve is
realized? Can you put some (short) intuition on why the sign of the expected value? You are most
welcome to back your answer with an illustration although this is not required.

4.3. Construct a 3M schedule running from today to 5Y (that is in 3M increments from t=2b to T=5Y).
Please use the modified following convention and day count convention “ACT/365” for this
schedule. As in question 2, please calculate how the expected PV of the 5Y EUR swap changes over
the lifetime of the swaps given that the current forward curve is realised, and please use dates of the
schedule. We might refer to this profile as the "expected exposure" of the swap.

4.4. Please discuss how the relationship of "who is expected to owe who" (e.g. the expected
exposure profile) of a receiver swap changes with the shape of the forward curve (upward-,
downward-sloping or flat?). As before, illustrations are most welcome but not required.

4.5. Next, we want to calculate the expected positive exposure of the swap as a strip of options on
the underlying swap. For the purpose of this question, we will be using the Black-Scholes-Merton
model with a (flat) volatility of 60%. Please re-use the 5Y grid in 3M increments to calculate the
expected positive exposure from t=2B to t=5Y. Also, please use the start dates as expiry. Present a
plot and table with the expected exposure and the positive exposure.

4.6. Please comment on the moneyness of the swaptions used to approximate the expected positive
exposure: are they in-the-money, out-the-money or at-the-money? Please provide a short
explanation.

4.7. In the exam-data for this question, you have been given a credit curve in spot terms as well as a
recovery rate. The interpretation of credit spreads is that they represent the market-implied
probability of default for a corporate based on market observable CDS spreads. Using the 3M grid
created above, calculate the implied 3M forward CDS spreads. That is, the market implied
probability of default of the corporate between three and six months, six and nine months, nine and
twelve months and so forth. Please use the modified following and ACT/365 conventions along with
Hermite interpolation.

Hint: the same no-arbitrage relation between spot and forward curves holds for CDS as it holds for
Zero-coupons so you can use your existing fidForwardRate implementation for this question.



4.8. The following convenient approximation of the CVA formula allows us to discretize the integral:

CVA()=—(1-R) f ’}.EPE(t)dPD(t)
0

~—(1-R)Y EPE(t, T)PD(t,T;_y, T;)7(T;-1,T})
=1

=~ EPE-CS(t,T; 1, T)7(T; 1, T})
i=1
Use this approximation to calculate the CVA for the 5Y receiver swap considered in this set of
guestions. For the purpose of this exercise (to simplify things) we assume that the probability of
default is independent of the expected positive exposure of the swap. In practice, this might not be
the case. Can you think of a reason for why this is intuitively?

4.9. Calculate the CVA sensitivity of the 5Y market swap rate moving 1 basis point entered with the
corporate with respect to the 5Y swap rate. Can you explain the sign of the risk-number? How would
you expect the CVA of the swap vs the corporate to change with the credit spread?

4.10. Assume that you are at trader on an xVA desk and your sales team are about to enter into this
swap with the corporate. Your swap trader will handle the outright exposure to the 5Y swap rate,
but you yourself are concerned about a flattening of the swap-curve in the 5Y point in relation to
your CVA-number. What swap would you enter to neutralize this 5Y-swaprate risk?

4.11. Finally, the corporate enters into the 5Y swap. For this question, no calculations are required.
e How will the swap trader hedge the receiver swap ideally?
e Do you think it would make sense for the swap-desk and your xVA desk to exchange interest
rate risk internally in the bank before hedging any residual risk — if any — in the market?



