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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.
To ensure that we get the same results on numerical optimization problems, please set your Excel Solver for the following settings:
· Constraint precision: 0.000001
· Automatic scaling: Yes
· Integer optimality: 5%
· Max time: 300
· Iterations: 300
· Convergence: 0.000001

1. The swap curve
1.1 Swap curve intuition
Before turning to calculations, let us have a look at some swap curve intuition.
You should motivate your answers to all of the below questions.
Consider a setup where we do NOT have dual curves. That is, we use the same curve for calculating forward and discounting rates. Assume that this yield curve is flat at 2.00%. Use conventions for the EUR market.
1.1.1 What will the 2Y par swap rate roughly be? What about the 10Y par swap rate?
1.1.2 Will par swap rates increase or decrease if we change the day count convention on the fixed leg from 30/360 to Act/360?
1.1.3 If you have entered a 5Y payer swap at market, what will the sign of your profit be if rates (the entire yield curve) move up by 1 basis point? Is your profit/loss linear for small parallel moves in rates? What if rates moved by 100 basis points?
Let us now introduce a dual curve setup. Look at the risk output in sheet ‘1.1’ of the exam data.
1.1.4 What interest rate swap could give rise to such a risk picture? Interpret both the forward and discounting curve risk.
Let us say you hedged this swap with the corresponding at-the-money swap (i.e. having the same start date and maturity, but with zero PV).
1.1.5 Would the hedge need a smaller or larger notional than the original trade?
1.2 Detecting a calibration error
In the following use the EUR IRS and CCS market rates in sheet ‘1.2’.
1.2.1 Estimate the forward and discount zero coupon curves using hermite interpolation. Use knot points matching the maturity dates of the input trades.
1.2.2 Report the forward and discount zero coupon rates in percent with four decimals (e.g. 1.2345%).
1.2.3 Calculate the 6M forward rates in 6M spacings out to 30Y and plot them in one chart along with the zero coupon forward and discounting rates.
Something has clearly gone wrong! One of your input quotes for the calibration must be wrong. Inspecting your market data together with your curves should tell you which quote is erroneous.
1.2.4 Replace the erroneous input quote, by interpolating linearly in the neighboring points.
1.2.5 Repeat your calibration with the cleaned market data. Calculate the 6M forward rates in 6M spacings out to 30Y and plot them in one chart along with the zero coupon forward and discounting rates.
1.3 Evaluating and hedging a swap portfolio
Sheet ‘1.3’ contains the details of a portfolio of swaps. A client has approached the bank where you work, wanting to offload this portfolio.
1.3.1 Using the curves calibrated above, calculate the “mid-market” present value of the portfolio.
1.3.2 Calculate the model rate delta vector (both forward and discount) for the portfolio. Briefly explain the overall risk characteristics of the portfolio: is it positioned for higher or lower rates, for a steepening or flattening of the curve, increased or decreased curvature, and for bigger or smaller spreads between forward and discounting rates?
1.3.3 Use the Jacobian trick to calculate the market rates delta vector (IRS and CCS) of the portfolio. 
1.3.4 Using only the IRS and CCS instruments for which you have market quotes, and doing max 4 trades, how would you hedge the portfolio? I.e. which instruments would you trade, which direction and which notional? Note: There is no single correct answer to this question, and no hedge will be anywhere close to perfect. Use the concepts learned in class and think about which risks are the most important ones to hedge.
1.3.5 What is the model rate and market rate delta vectors of the portfolio plus the hedges?
1.4 Building a VBA function
An amortizing swap has a notional that amortizes (decreases) over the life of the swap.
On each leg, the notional used for a given payment is the initial notional multiplied by the ratio between the coverage from the adjusted start date of the swap until the adjusted start date of the given period and the total coverage from the adjusted start date until the adjusted end date of the swap. All coverages are calculated using the day count convention used for the specific leg of the swap. In mathematical terms, using the fidCvg() fidAnalytics function:


So if the Coverage between the adjusted start and end date of the swap is 10 and the coverage between the adjusted start date of the swap and the adjusted start date of a specific period is 2, then the initial notional should be multiplied by 1 – 2 / 10 = 0.8.
1.4.1 Build a VBA function to calculate the PV of an amortizing EUR swap.
The function should return the PV for the given swap.
The function should have the following inputs:
· Anchor date
· Start
· Maturity
· Float Tenor
· Float Daycount basis
· Fixed Tenor
· Fixed Daycount basis
· Day rule
· Fixed Rate
· Type (pay/rec)
· Initial Notional
· Fwd Curve Maturities
· Fwd Curve Rates
· Interpolation Method
· Disc Curve Maturities
· Disc Curve Rates
Paste the VBA code into the PDF file that you hand in for the exam. The name of the function should be: fidSwapPvAmortX with X being your exam number. So if your exam number is 1 then the function name should be fidSwapPvAmort1.
Note: You need to paste the code as text, NOT as a picture. I.e. we need to be able to copy and paste your code. If you hand in code in the format of a picture you will get 0 points for this question.
Hint: Use the existing fidSwapPv function as your baseline, and modify the existing fidAnalytics functions required (e.g. fidFloatingPv, etc.). You need to hand in the code for all altered functions.
1.5 Pricing and risk managing amortizing swaps
1.5.1 Use your newly developed function fidSwapPvAmortX to find the PV of an amortizing spot starting EUR receiver swap with a maturity of 10Y. The initial notional is EUR 250M, and the Fixed Rate is 4.0000%.
1.5.2 Calculate the model and market rate delta vectors for the amortizing swap.
1.5.3 Calculate the model and market rate delta vectors for the corresponding non-amortizing (i.e. standard) swap with the same fixed rate. 
1.5.4 Briefly explain the intuition behind how and why the risk differs.
2. Swaptions
This exercise is intended to test your intuition about swaptions and interest rate markets in general. The exercise does not require any numerical computations, but you are encouraged to verify your answers using the fidAnalytics library and use the numerical results to support your answers.
If you do not think there is sufficient information to give an answer, you are welcome to make any assumptions you need – but state clearly the assumptions you make.
You are a senior trader at a large bank. You have just sold a 20Y10Y ATM payer swaption on a €100mm notional to a client and are now looking to hedge your risk.
2.1 You use the SABR model to compute the swaption greeks that you base your hedges on. Explain briefly why the SABR greeks are usually better than the Black greeks.
2.2 You start by hedging your delta in the swap market. Should you pay or receive fixed in the underlying 20Y10Y swap?
2.3 Intuitively, how large should the notional in your delta hedge be – close to zero, close to €50mm or close to €100mm? Will the notional in the delta hedge be constant over time?
2.4 Suppose interest rates fall right after you set up your delta hedge. How should you adjust the notional of your delta hedge – up or down?
Having set up your delta hedge, you now look at the other greeks. Since you sold a long-dated option, you’re mostly concerned about the vega.
2.5 You choose to hedge your vega using 20Y10Y ATM straddles. Should you buy or sell straddles?
2.6 Suppose interest rates rise right after you set up your vega hedge. How should you adjust your hedge – buy or sell straddles?
2.7 Suppose that, instead of using ATM straddles to hedge your vega, you manage to get another client to sell you a 20x30 ATM cap. Is this a good hedge? In your answer, please ignore any differences in conventions (day count etc) between caps and swaptions.
You trade all your hedges with Morgan Stanley, but immediately after your trades are confirmed you learn that Morgan Stanley has just filed for bankruptcy. Thus, the payer swaption you just sold is now completely unhedged.
Before you are able to reestablish your hedges with another dealer, you learn that the ECB intends to increase the scope of its QE program. Specifically, the ECB says it intends to buy corporate and government bonds – of all available maturities – for an additional amount of €10bn/month for the next 12 months.
2.8 How do you think this will affect the PV of your unhedged swaption position? Will you gain or lose? Hint: Think about the total DV01 of a short payer swaption.
Alas, Germany will not approve the ECB's plan to buy more bonds outright, since it cannot accept any additional increase to the central bank's balance sheet. Instead, Germany suggests that the ECB extend the maturity of its portfolio by buying 30Y bonds and simultaneously selling an equal amount of 20Y bonds.
2.9 How do you think this operation will affect the long end of the yield curve? Will it flatten or steepen?
2.10 How do you think this will affect the PV of your unhedged swaption positon? Will you gain or lose? Hint: Think about the market rate delta vector of a short payer swaption.
At this point, you’re uncertain about what the ECB will do in the near future and you anticipate that implied volatility will increase in the short term. To benefit from the expected increase in implied volatility you buy short-dated ATM straddles.
2.11 Is this primarily a gamma or a vega trade? Should you worry about delta?
Back to the 20Y10Y payer swaption that you sold. You have now reestablished all your hedges at the new market levels with JP Morgan and plan to take a break. Unfortunately, the head of trading drops by the desk. He has just attended a conference on counterparty credit risk and is worried about your trades. He says your hedge trades with JP Morgan doesn’t worry him because they are fully collateralized, but your client trade – the short 20Y10Y payer – is problematic from a credit risk perspective because the bank doesn’t have a collateral agreement with this client.
2.12 Is the head of trading right to worry about the credit risk of the client trade? Hint: You have already received the swaption premium from the client and the swaption is cash settled.
It turns out that you have other trades with this client and on a net basis the client owes you a large amount of money. To assess the credit quality of the client, you ask the bond desk to quote a par-par asset swap spread for one of the client’s bonds, a 10Y fixed-rate non-callable DKK bond. They quote you Cibor6m + 295 bps (bid) / + 305 bps (offer).
2.13 What does this quote tell you about the credit quality of the client relative to the Cibor panel banks?
2.14 If you were to buy the par-par asset swap package (buy the bond and pay the swap) from the bond desk, what spread above Cibor6m would you pay in the asset swap?
3. The SABR model
For this exercise, please use the forward and discount zero coupon rates available in sheet ‘1.4’ in the exam data spreadsheet. Assume standard EUR conventions throughout.
3.1 Calibrating a SABR model
The purpose of this section is to calibrate a SABR model based on the listed premia in sheet ‘1.4’ of the exam data spreadsheet.
3.1.1 [bookmark: _Ref418675433]Use the listed premia for the 20Y10Y swaptions to calculate implied Black vol for each swaption. Present the Black vols in a table in percentage terms with two decimal places (e.g. 12.34%) along with the strike relative to ATM.
3.1.2 Calibrate a SABR model for 20Y10Y swaptions from the implied Black volatilities you just found. Use alpha equal to 80.00%.
3.1.3 Present the calibrated SABR parameters in percentage terms with two decimal places and make a chart with market vol from above and calibrated SABR vol.
3.2 Pricing a zero-cost collar
You work in the Treasury department of a company planning a large take-over of a competitor. You know that you need to borrow €500mm for 10 years if the deal goes through and you expect the take-over to happen a year from now.
You choose to hedge your interest-rate risk with a zero-cost 1Y10Y collar which consists of a long position in an OTM 1Y10Y payer and a short position in an OTM 1Y10Y receiver (both physically settled) with the strikes chosen in such a way that the PV of the structure is zero. The idea is that you want protection against the downside of higher rates and finance it by selling off some of the upside of lower rates. 
Your CFO instructs you that the deal should be financed at a fixed rate of no more than 2.5%. Currently, the company can finance itself at a swaps + 50 bps in 10Y. Thus, you decide that the payer swaption in the collar should be struck at 2%.
3.2.1 What are you implicitly assuming regarding your company’s credit quality compared to the Euribor panel banks?
3.2.2 Using the forward and discount curves in sheet ‘1.4’ and a SABR model with parameter vector , solve for the strike in the receiver swaption that makes the PV of the collar equal to zero. Report the strike in percentage terms with four decimal places.
4. Digital options
4.1 Digital basics
Consider a digital caplet with strike K written on a future Libor rate L.
4.1.1 Intuitively, what feature of the volatility skew is most important for the price of a digital caplet – level, slope or curvature?
We know that the price of a digital caplet is directly related to the implied probability of the underlying Libor rate L fixing at or above the strike K. Specifically, the implied probability of L ≥ K is equal to the PV of the digital caplet divided by the discount factor times the coverage factor – see Eqn. (5.31) in Linderstrøm (2013).
4.1.2 Under what probability measure is the last statement true? What is the numeraire in this measure?
Suppose we price an ATM digital caplet in the Black model. Intuitively, the implied probability derived from the ATM digital caplet should be about 50% as the forward Libor rate – called F in the following – is in some sense the “middle” of the distribution. However, the implied probability of L ≥ F will not be exactly equal to 50% (you can verify this yourself using fidDigitalCapletPV).
4.1.3 Will the implied probability of L ≥ F be above or below 50%? Hint: F – the ATM rate – is the mean of the market-implied distribution which is lognormal in the Black model. Think about how the median relates to the mean in the lognormal distribution.
Suppose instead we price the ATM digital caplet in the normal model.
4.1.4 Will the implied probability of L ≥ F be above 50%, exactly 50% or below 50%? Hint: In the normal model L is normally distributed. The normal distribution is symmetric, i.e. the mean is equal to the median.
4.2 Pricing a structured note
Consider the attached term sheet for a 5Y structured note issued in USD.
4.2.1 Explain how you can decompose the coupon payments as a combination of
· a fixed annuity
· a digital cap
· a digital floor
4.2.2 Price the structured note using the zero rates and the caplet vols given in sheet ‘1.5’ in the exam data spreadsheet. We assume a single curve setup for this exercise. Please use an offset of 10 bps when pricing digitals.
Hint: One line of attack might be:
· Extract the relevant information from the term sheet: start date, maturity date, notional, payment frequency, day count basis, day rule, upper bound of range, lower bound of range and coupon size within the range
· Generate the schedule
· Find the relevant caplet vols from the quoted matrix for each expiry date – you need to interpolate in the strike dimension to find the appropriate vols for use in fidDigitalCapletPV, but there is no need to interpolate in the expiry dimension as the expiries in the quoted matrix include the expiry dates in the note
· Price the digital cap as the sum of the caplet PVs and price the digital floor as the sum of the floorlets PVs
· Find the PV of the fixed rate annuity
· Find the PV of the final notional payment
· Price the structured note based on what you have found above
4.2.3 The note is issued at par, i.e. investors pay USD 10mm for the note. What is the structuring fee charged by the issuer?
 (
5Y Structured Note
Terms and Conditions
Issuer 
ACME Bank
Rating 
AA3/A+/AA
Nominal 
Amount 
USD 10,000,000
Issue Date 
04
 
May 2015
Maturity Date 
06 May 2020
Coupon Amount 
An amount in 
USD
 paid on
 the last day of the Coupon Accrual Period
 
calculated as 
Coupon Amount = Coupon Rate 
x
 
Nominal Amount
 
x
 
Coverage
Coupon Rate
 
3
.00% if Reference Interest Rate observed two business days before the start of the Coupon Accrual Period
 fixes within the Range, otherwise 0.00%
Reference Interest Rate 
6
 Month 
USD LIBOR
Range 
0.50% - 3.75
%
Coupon Accrual Period 
Each period from (and 
including
) a Coupon Accrual Date to (and including
) the next Coupon Accrual Date
Coupon 
Accrual
 Dates 
Each 06
 
May
 and
 06
 November, starting o
n and including the 06 May 2015 until and including 0
6 
May 2020
, subject to a
djustment of these dates by the 
Business Day Convention
Day Count 
Basis
 
30/360
Business Days Convention 
Following
Governing Law 
English Law
)
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