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Abstract

This report will help you to explore the methods of swap pricing in MATLAB. It also explains how to price a swap and how to plot the curves that are used in calculations. The report also describes a swap in general. 

There are different kinds of swaps, such as: interest rate swap, currency swap, equity swap and commodity swap. Our report will focus on the interest rate swap which is a contract where a counterparty A agrees to pay a counterparty B interest at a fixed rate and receive interest at a floating rate.

We will discuss the advantages of using the interest rate swaps to transform a liability. In addition we will use Matlab to calculate the swap price of six bonds.

And finally we will discuss why our company should do a swap contract.
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1. Aim 

Our aim with this report is to explore the methods of swap pricing that are realised in the Financial Toolbox. It is also to price the swap and plot the curves that are used in calculations.

2. Introduction 

A swap is the exchange of one set of cash flows for another. It is a contract between two parties in which the first party promises to make a payment to the second and the second party promises to make a payment to the first. Both payments take place on specified dates. 

The swap market has expanded rapidly since its inception in the late 1970s from a highly structured, special-purpose capital market; to an extremely liquid and flexible market in the late 1990s and in the early 2000s. The market for swaps is several trillion dollars. They are used by corporations and financial institutions. One drawback to swaps is that they are not guaranteed by any clearing houses. Therefore, they can be defaulted. To prevent this, parties sometimes insist that collateral be posted or the account be marked to market periodically. 

There are different kinds of swaps, such as: interest rate swap, currency swap, equity swap and commodity swap. Our report will focus on the interest rate swap.  

The interest rate swap is the most frequently used swap. An interest rate swap generally involves one set of payments determined by the Eurodollar (LIBOR) rate. Although, it can be pegged to other rates. The other set is fixed at an agreed-upon rate. This other agreed upon rate usually corresponds to the yield on a Treasury Note with a comparable maturity. Although, this can also be variable. Additionally, there will be a spread of a pre-determined amount of basis points. This is just one type of interest rate swap. Sometimes payments tied to floating rates are used for interest rate swaps. The notional principal is the exchange of interest payments based on face value. The notional principal itself is not exchanged. On the day of each payment, the party who owes more to the other makes a net payment. Only one party makes a payment. In practice, it's a little simpler than in theory. 

Matlab software will be used to explore the method of pricing swap.

3.  Swaps

3.1 Contents of a swap contract 

A swap contract contains:

· A specification of the rate of interest applicable to each cash payment.

· The currency in which each cash payment will be made.

· The time table for the payments.

· Provisions to cover the contingency that a counterparty might default.

· The other issues that affect the relationship between the counterparties.

3.2 Fundamental characteristics of a swap

These are the fundamental characteristics of a swap.
· Equivalent value. The value of the swap is the sum of its components. At the beginning of the swap, the two assets swapped have the same market value.

· Market asset returns. Each party receives the market return on that asset during the life of the swap.

· Temporal shift. The swap represents a shift in ownership of assets across time. The owner of an asset prior to the start of the swap will own that asset again at the end of the swap. This only applies to foreign currency swaps and non-financial swaps.

3.3 Different kinds of financial swaps

3.3.1 Interest rate swaps

In an interest rate swap counterparty A agrees to pay counterparty B interest at a fixed rate and receive interest at a floating rate. The same notional principal is used in determining the size of the payments, and there is no exchange of principal. An interest rate swap can be used to transform a fixed rate loan extending over many years into a floating rate and vice versa.

There are also different varieties of interest rate swaps, for example index amortized swaps, constant yield swaps, rate-capped swaps, putable and callable swaps and forward swaps, sometimes referred to as deferred swaps. We are not going to explain these variants further; our purpose is just to mention these to show the complexity of the swap market.

3.3.2 Foreign currency swaps

In a foreign currency swap, one counterparty agrees to pay the second counterparty interest rate on a principal amount in one currency and receive interest on a principal amount in another currency. Principal amounts are exchanged at the beginning and the end of the life or tenor of the swap. A foreign currency swap can be used to transform a loan in one currency into a loan in another currency.

3.3.3 Commodity swaps

A commodity swap is where the exchanged cash flows are dependent on the price of an underlying commodity. 

In a commodity swap, one counterparty agrees to pay the second counterparty a fixed rate per unit for a given notional quantity of some commodity and to receive a floating rate per unit for the same notional quantity. The floating rate is usually averaged over some prespecified period. The notational quantities of the commodity are not exchanged. 

This is usually used to hedge against the price of a commodity. In this swap, the user of a commodity would secure a maximum price and usually agrees to pay a financial institution this fixed price. Then in return the user would get payments based on the market price for the commodity involved.


On the other side, a producer wishes to fix his income and would agree to pay the market price to a financial institution, in return for receiving fixed payments for the commodity. The great majority of commodity swaps involve oil.

3.3.4 Equity swaps

In an equity swap, one counterparty agrees to pay the second counterparty a fixed rate of interest based on a notional principal and to receive the total returns from some market index. There is no exchange of principal. An equity swap can be used to transform fixed income stream into an equity investment.

All of these different types of swaps have a common structure involving the mechanism for exchanging cash flows.

The most common form is a fixed-to-floating interest rate swap, where two parties agree to exchange a fixed interest cash flow over the life of the swap, for a variable money market interest rate.

4. Advantages of using interest rate swaps
There are many of advantages of using the interest rate swap; one of these advantages is to transform a liability or to transform an asset.

4.1 An Example
 of Transforming a Liability

The swap is used to transform a fixed-rate loan into a floating-rate loan.

Two companies A and B, both wish to borrow $10 million for five years and have been offered the rates shown in the Table. We assume that company a wants to borrow floating funds at a rate linked to six-month LIBOR, whereas company B wants to borrow at a fixed rate of interest. (Company B clearly has a worse credit rating than company A because it pays a higher rate of interest than company A in both fixed and floating markets.)

Table 1.1

                                                  Fixed                                               Floating

Company A                             10.0%                              6-month LIBOR + 0.3%

Company B                              11.2%                             6-month LIBOR + 1.0%

A key feature of the rates offered to companies A and B is that the difference between the two fixed rates is greater than the difference between the two floating rates. Company B pays 1.2% per annum more than company A in fixed-rate markets and only 0.7% per annum more than company A in floating-rate markets. Company B appears to have a comparative advantage in floating-rate markets, whereas company A appears to have a comparative advantage in fixed-rate markets. Company A borrows fixed-rate funds at 10% per annum. Company B borrows floating-rate funds at LIBOR plus 1% per annum. 

Company A agrees to pay company B interest at six-month LIBOR on $10 million. 

Company A has three sets of interest-rate cash flows:

· It pays 10% per annum to outside lenders.    –10.00%

· It receives 9.95% per annum from B.            + 9.95%      

· It pays LIBOR to B                                        - LIBOR

                                                                    _____________________

                                                                             -(LIBOR+0.05%)

The net effect of the three cash flows is that A pays LIBOR plus 0.05% per annum. This is 0.25% per annum less than it would pay if it went directly to floating-rate market (compare TABLE 1.1)

Company B agrees to pay company an interest at a fixed rate of 9.95%.

Company B also has three sets of interest rate cash flows:

· It pays LIBOR+1% per annum to outside lenders.   – (LIBOR + 1%)

· It receives LIBOR from A.                                       + LIBOR

· It pays 9.95% per annum to A                                   - 9.95%

                                                                                  ___________________

                                                                                        - 10.95%

     The net effect of the three cash flows is that B pays 10.95% per annum. This is 0.25% per annum less than it would pay if it went directly to fixed-rate markets (compare Table 1.1).
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Therefore they enter into a swap agreement to ensure that A ends up with floating-rate funds and B ends up with fixed-rate funds.

5. Finding the swap’s fixed rate for six bonds using MATLAB

Step 1: Specify values for the settlement dates, maturity dates, coupon rates, and market prices for 6 bonds. (Assume that all the bonds pay semi-annual coupons and that settlement occurs on a coupon payment date.)

Settle = datenum ('01-Jan-2000');

BondData = {'01-Jul-2000' 0.07000 99.95

            '01-Jan-2001' 0.07125 99.75

            '01-Jul-2001' 0.07250 99.32

            '01-Jan-2002' 0.07375 98.45

            '01-Jul-2002' 0.07500 97.71

            '01-Jan-2003' 0.08000 98.15};

Maturity =datenum(strvcat(BondData{:,1}))

CouponRate =[BondData{:,2}]'

Prices = [BondData{:,3}]'

Period = 2

Step 2: Now that the data has been specified, use the term structure function ‘zbtprice’ to calculate the zero rate. (Zero rate is the interest rate earned on an investment that starts today and lasts for n years. All the interest and principle are realized at the end of n years. There are no intermediate payments).

ZeroRates = zbtprice([Maturity CouponRate], Prices, Settle)

Step 3:From the implied zero rate, find the corresponding series of implied forward rates using the term structure function ‘zero2fwd’.( Forward Rate is the interest rate implied by current zero rate for a specified future time period. )

ForwardRates = zero2fwd (ZeroRates, Maturity, Settle)

Step 4: Now that you have derived the zero rate, convert it to a sequence of discount factors with the term structure function ‘zero2disc’.

DiscountFactors = zero2disc (ZeroRates, Maturity, Settle)

Step 5: From the discount factors, compute the present value of the variable cash flow derived from the implied foward rates.

PresentValue = sum ((ForwardRates/Period). * DiscountFactors)

Step 6: Compute the swap fixed rate by equating the present value of the fixed cash flows with the present value of the cash flows derived from the implied forward rates.

SwapFixedRate = Period * PresentValue / sum (DiscountFactors)

We saved the text above in an m-file called Swap. The file is executed in MATLAB command-window.

>> Swap

Maturity =

      730668

      730852

      731033

      731217

      731398

      731582

CouponRate =

    0.0700

    0.0712

    0.0725

    0.0737

    0.0750

    0.0800

Prices =

   99.9500

   99.7500

   99.3200

   98.4500

   97.7100

   98.1500

Period =

     2

ZeroRates =

    0.0710

    0.0739

    0.0776

    0.0827

    0.0859

    0.0878

ForwardRates =

    0.0710

    0.0768

    0.0849

    0.0982

    0.0990

    0.0973

DiscountFactors =

    0.9659

    0.9300

    0.8925

    0.8505

    0.8108

    0.7730

PresentValue =

    0.2274

SwapFixedRate =

    0.0871

In this case, the swap fixed rate for the contract of the bonds will be 8.71%, which generates the same cash flows as the coupon rates.

Plotting the Zerocurve and the Forwardcurve using MATLAB
>> plot (Maturity,ZeroRates,Maturity,ForwardRates)

>> xlabel ('Maturity')

>> ylabel('Rate')

>> title('Zerocurve and Forwardcurve')

>> legend('Zerocurve','Forwardcurve',0)
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6.Conclusion

After defining swaps, different kinds of swaps and calculating swap prices in Matlab, it becomes clear that swap agreements are very commonly used in the financial market, because users can loan in one currency and transform into another currency; transform a liability; transform an asset; transform a fixed income stream into equity investment and hedge against the price of an underlying commodity.

In this report we have focused on explaining advantages of interest rate swap and exploring the method of pricing the interest rate swap in Matlab.

The interest rate swap is a very efficient instrument. It can be constructed at extremely low cost and is probably less expensive than taking out a new fixed rate loan and using the proceeds to buy an offsetting floating rate security paying LIBOR. Technically this would accomplish the same thing but it would surely be much more costly and time consuming to set up. 

Our company should choose the interest rate swap because it has several advantages. First, interest rate swaps can be arranged at any time. Secondly, interest rate swaps do not have to be marked to market everyday. Finally, and most importantly, the interest rate swap is cheaper and requires less monitoring. 

When it comes to calculate the swap price, Matlab is becoming a more and more popular instrument, since it is easy to follow the commands and fast to obtain the result.
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