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Please note that the language used in your exam paper must correspond to the language of the title for which you registered during exam registration. I.e. if you registered for the English title of the course, you must write your exam paper in English. Likewise, if you registered for the Danish title of the course or if you registered for the English title which was followed by “eksamen på dansk” in brackets, you must write your exam paper in Danish.  

If you are in doubt about which title you registered for, please see the print of your exam registration from the students’ self-service system. 

The paper must be uploaded as one PDF document (including the standard cover and the appendices). The PDF document must be named with exam number only (e.g. ‘1234.pdf’) and uploaded to Absalon. 

Focus on Exam Cheating

In case of presumed exam cheating, which is observed by either the examination registration of the respective study programmes, the invigilation or the course lecturer, the Head of Studies will make a preliminary inquiry into the matter, requesting a statement from the course lecturer and possibly the invigilation, too. Furthermore, the Head of Studies will interview the student. If the Head of Studies finds that there are reasonable grounds to suspect exam cheating, the issue will be reported to the Rector. In the course of the study and during examinations, the student is expected to conform to the rules and regulations governing academic integrity. Academic dishonesty includes falsification, plagiarism, failure to disclose information, and any other kind of misrepresentation of the student’s own performance and results or assisting another student herewith. For example failure to indicate sources in written assignments is regarded as failure to disclose information. Attempts to cheat at examinations are dealt with in the same manner as exam cheating which has been carried through. In case of exam cheating, the following sanctions may be imposed by the Rector:


● 1. A warning

● 2. Expulsion from the examination

● 3. Suspension from the University for at limited period or permanent expulsion.



The Faculty of Social Sciences
The Study and Examination Office
October 2006 
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 Estimating the swap curve
Use the  EUR and GBP IRS and CCS market rates to estimate the forward and discount zero coupon curves for each currency using hermite interpolation. Use the knot points listed for the swaps in the data sheet.

All spot starting swaps start in 2B. Apart from that, the market rates are based on IRS and CCS products with standard conventions for each currency respectively.

Report the forward and zero coupon rates in percent with four decimals (eg 1.2345%).

Calculate the 6M forward rates in 6M spacings from 2B (i.e. spot starting) out to 30Y and plot them in one chart with one data series for EUR and one for GBP. Use the act/360 day count convention to calculate the forward rates.

1.2 Evaluating and hedging a cross currency swap
Calculate the CCS spread on a standard cross currency swap between EUR and GBP with the spread applied to the GBP leg. The swap should be 7Y forward starting with a maturity of 10Y (so it will start in 7Y and mature in 17Y).

Using the curves calibrated above, calculate the par spread for the swap in bps with 2 decimal places (eg 25.75 bps).

Based on a notional of GBP 600,000,000, calculate the model rate delta vector (both forward and discount and for both currencies) for the CCS where you are receiving the spread. The delta vector should be measured in GBP. Briefly explain the overall risk characteristics of the CCS: for each currency, is it positioned for higher or lower rates, for a steepening or flattening of curve, and for bigger or smaller spreads between forward and discounting rates?

Use the Jacobian trick to calculate the market rates delta vector (IRS and CCS in EUR and GBP) of the CCS. 

1.3 Building a VBA function
Build a VBA function to calculate the par spread of a cross currency swap between two different non-US currencies based on their respective forward and discount rates. The two currencies will be denoted the Spread Currency (the currency that the spread will be applied to) and the Non-Spread Currency (the other currency).

The function should return the actual par spread for the given swap. I.e. if the par spread is +25bps then the function should return 0.0025.

The function should have the following inputs:
· Anchor date
· Start
· Maturity
· Tenor
· Daycount basis
· Day rule
· Spread currency forward curve maturities
· Spread currency forward curve rates
· Spread currency discount curve maturities
· Spread currency discount curve rates
· Non-spread currency forward curve maturities
· Non-spread currency forward curve rates
· Non-spread currency discount curve maturities
· Non-spread currency discount curve rates
· Interpolation method
Paste the VBA code into the PDF file that you hand in for the exam. The name of the function should be: fidTwoCcyCcsSpreadX with X being your exam number. So if your exam number is 1 then the function name should be fidTwoCcyCcsSpread1.

Note: You need to paste the code as text, NOT as a picture. I.e. I 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 fidCcsSpread function as your baseline, make each of the present value calculations required using the existing fidAnalytics functions, and follow the steps you did in Excel in Question 1.2. And of course check afterwards that the function gives you the same result as you got by hand.

1.4 Pricing and risk managing an amortizing swap
You now need to price a so-called amortizing swap in EUR. 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 daycount 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.

This specific amortizing swap has the following properties:
· It’s a receiver swap
· Initial notional of EUR 450,000,000
· Spot starting (ie 2B settlement)
· 20Y maturity
· Annual payments on the fixed leg based on the 30/360 daycount convention
· Semiannual payments on the floating leg based on the Act/360 daycount convention
· Floating payments fixed in advance and paid in arrears (i.e. standard)
· Modified following day rule
Calculate the par fixed rate on the swap in percent with 4 decimal places (eg 1.2345%). Hint: you need to set up the schedule for the fixed and the floating leg separately, calculate the notional used to calculate the cash flow for each period for each leg, calculate the sum of PVs for each leg and calculate the fixed rate that gives a total PV of 0.

Next, calculate the model and market rate delta vectors for the amortizing swap. Briefly explain the intuition behind why they look as they do.


2. Swaptions
For this exercise, please use the forward and discount zero coupon rates available in sheet “2” in the exam data spreadsheet. All swaptions enter into EUR swaps with standard market conventions.

2.1 Calibrating a SABR model
Use the premia for the 5Y10Y swaptions listed to calculate the implied vol for each swaption. Present the vols in a table in percent with two decimal places (eg 12.34%) along with the strike relative to ATM.

Calibrate a SABR model for swaptions from the implied volatilities you just found. Use an alpha of 52%.

Present the parameters as percent with two decimal places and create a chart with market vol and calibrated SABR vol.

2.2 Pricing a swaption portfolio
The data sheet contains a portfolio of swaptions including the direction (long vs short). All the swaptions are on 10Y swaps. The goal is to calculate the PV of the portfolio, meaning that we need the implied vol for each swaption. One approach is to assume that the same SABR parameters that you estimated above for the 5Y10Y swaptions apply to all swaptions in the portfolio. Briefly explain why this is not fully accurate, and what issues there can be with using an incorrectly calibrated SABR model to price and hedge swaptions.

The data sheet also contains ATM vols for different expiry swaptions on 10Y swaps.

Use linear interpolation to estimate the ATM vol for each expiry date for the swaptions in the portfolio. Calculate sigma_0 for each swaption in the portfolio from the ATM vol, assume that the last three SABR parameters (alpha, epsilon and rho) are the same for all expiry dates, and use it to calculate and report the PV of the portfolio.

Note: you are welcome to report some of your calculations as well here, e.g. the ATM vol, implied vol and premium for each swaption in the portfolio. But given that it is correct then the PV of the portfolio is sufficient to get full points for this question.

2.3 Delta hedging based on SABR vs Black
Calculate the model and market rate delta vectors of the portfolio from Question 2.2 based on the Black model, i.e. keep vol constant while shifting the rate at each of the knot points.

Next, calculate the model rate and market rate delta vectors for the portfolio based on the SABR model.

Explain why the two approaches give different delta vectors.

Note: If you have not been able to find the PV of the portfolio using the approach in Question 2.2 then you can use the SABR model parameters from Question 2.1 to make the calculations.

2.4 Hedging gamma and vega with ATM straddles
For this question use the Black model, in order to simplify calculations: I.e. assume that the vol for all options is independent of the forward swap rate. 

Calculate and report the Black gamma and the vega for the portfolio.

Next, we want to hedge the gamma and vega using ATM straddles.

The straddles that are available have expiries equal to the ones we have ATM implied vol for in the data sheet (1M, 3M, … , 10Y), i.e. a total of 9 different expiry ATM straddles are available. Calculate the premium of each straddle using the relevant ATM vol, then calculate the Black gamma and vega of each. 

Next, by doing max 2 trades, choose the expiries you want to hedge with, and find the trade direction and the notional that gets you gamma and vega neutral.

Explain why you choose the expiry dates you do.

[bookmark: _GoBack]Note 1: there are several correct answers to this question, but some are still better than others.

Note 2: if you have not been able to find the PV of the portfolio using the approach in Question 2.2 then you can use the SABR model parameters from Question 2.1 to get the implied vol for each swaption in the portfolio and do the calculations based on that.

3. Constant Maturity Swaps
For this exercise, please use the forward and discount zero coupon rates as well as the SABR model parameters available in sheet “3” in the exam data spreadsheet.

3.1 Pricing a Constant Maturity Swap
Use the forward and discount curves and the SABR model parameters to price a spot starting (ie 2B) 10Y Constant Maturity Swap on the 20Y index. The swap exchanges 3M LIBOR for 20Y CMS swap fixings with a payment frequency of 3M. Fixings are done at the beginning of each period, and payments are done at the end of each period. The CMS uses the act/360 daycount convention and the Modified Following day rule. Assume that the given SABR model parameters hold for all swaption expiries.

Calculate the par spread to be paid on the 3M LIBOR leg and report it in bps with 2 decimals (eg 12.34bps). Why is the spread positive?

3.2 The intuition behind CMS pricing
Briefly explain why the SABR model parameters are needed for pricing CMS swaplets. Some points you might consider are what relevance option pricing models have for CMS swaplets, why the behavior of the smile is important, and what theoretical result is used for pricing.

Note: I am not looking for any math in the answer to this question. Instead, describe the theory and intuition.

3.3 The delta vector of a Constant Maturity Swap
Calculate the model rate delta vector for the CMS, assuming a notional of 100,000,000 where you are receiving the CMS payments and paying LIBOR plus the par spread.

Explain why it looks as it does.
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