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Study unit 4: Cption markets and contracts

LO 4.1: Identify the basic elements and characteristics of option contracts.

LO 4.2: Assess European option, American option, meneyness, payoff, intrinsic
value, and time value.

LO 4.3: Differentiate between exchange-traded options and over-the-counter
options.

LO 4.4: Identify the different varieties of options in terms of the types of instruments
underlying them.

LO 4.5; Compare and contrast interest rate options with forward rate agreernents
(FRAS).

LO 4.6: Determine option payoffs, and differentiate between inferest rate option
payoffs and payoffs of other types of options.

LO 4.7: Contrast interest rate caps and floors.

LO 4.8: Identify the minimum and maximum values of European options and
Amarican options.

LO 4.9: lllustrate how the lower bounds of European calls and puts are determined
by censtructing portfolio combinations that prevent arbitrage and calculate an
Opticn’s lower bound.

LO 4.10: Determine the lowest prices of European and American calls and puts
based on the rules for lower bounds.

L0 4.11: lllustrate how a portfolio (combination) of options establishes the
relationship between options that differ enly by exercise price.

LO 4.12: Determina how option prices are affected by differences in the time to
expiration.

LO 4.13: lllustrate how put-call parity for European options is established by
comparing the payoffs on a fiduciary call and a protective put and use the result to
create synthetic instruments. Argue why an investor would want to do so.

LO 4.14: lllustrate how viclations of put-call parity for European options can be
exploited and how those violations are eliminated.

LO 4.15; Compare American options with European options in terms of the lower
bounds on and the possibility of early exercise.

LO 4.16: Assess how cash flows on the underlying asset affect put-call parity and
the lower bounds on option prices.

LO 4.17; [dentify the directional effect of an interest rate change on an option's price.
1O 4.18: Determine an opfion price and illustrate how an arbitrage opportunity can
be exploited in a one-period binomial model.

LO 4.1%; Determine an option price in a two-stage binomial model.

LO 4.20: Calculate prices of opfions on bonds and interest rate options in one- and
two-period binomial models.

LO 4.21: Determine how the binomial model value converges as time pernods are
added.

LO 4.22: Identify and assess the assumptions underlying the Black-Scholes-Merton
modeal.

LO 4.23: Calculate the value of a European option using the Black-Scholes-Merton
model.

LO4.24: Determine how an option price, as represented by the Black-Scholes-
Merton model, is affected by each of the input vales (the Greeks).
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LO 4.25: Wustrate and interpret the cancept of an option’s delta and how it is used in
dynamic hedging.

LO 4.26: Determine the gamma effect on an option’s price and delta.

LO 4.27: Determine how cagh flows on the underlying asset affect an option's prica.
LO 4.28: Identify and illustrate the two methods of estimating the volatility of the
underlying.

LO 4.29: lllustrate how put-call parity for options on forwards (ar futures) is
established.

LO 4.30: ldentify the similarities in American options on forwards and futures, and
differentiate them from European options.

LO 4.31: Calculate the value of a European option on forwards (or futures) using the
Black model.

LO 4.32: Calculate the value of a European interest rate option using the Black
model.

LO 4.33: Evaluate the role of options markets in financial systems and society.

Study unit 5: Swap markets and contracts

LO 5.1: Identify the characteristics of swap coniracts.

LO 5.2: Demonstrate how swaps are terminated.

LO 5.3: ldentify the types of currency swaps.

LO 5.4: Calculate the payments on a currency swap.

LO 5.5: Classify a plain vanilla interest rate swap.

LO 5.6: Calculate the payments on an interest rate swap.

LO 5.7: Id=ntify the types of equity swaps.

LO 5.8: Calculate the payments on an equity swap.

LO 5.9: Distinguish between the pricing and valuation of swaps.

LO 5.10: lllustrate the equivalence of swaps to combinations of other instruments,
LO 5.11: Determine how interest rate swaps are equivalent to a series of off-market
forward rate agreements (FRAs).

LO 5.12: Determine how a plain vanilla swap is equivalent to a combination of an
interest rate call and an interest rate put.

LO 5.13: Determine the fixed rate on a plain vanilla interest rate swap and the
market value of the swap during its life.

LO 5.14: Determine the fixed rate, if applicable, and the foreign notional principal for
a given domestic notional pringipal on a currency swap, and determine the market
values of each of the different types of currency swaps during their lives.

LO 5.15: Determine the fixed rats, if applicable, on an equity swap and the market
values of the different types of equity swaps during their lives.

LO 5.16: Identify and interpret the characteristics of swaptions, including the
difference between payer and receiver swaptions.

LO 5.17: Determine why swaptions exist and identify their applications.

LO 5.18; lllustrate how the payoffs of an interest rate swaption are like those of an
option on a coupen-bearing bond.

LO 5.19: Calculate the value of an interest rate swaption on the expiration day.
LO 5.20: Contrast the different ways in which the market value of a swapticn at
expiration can be received.

LG 5.21: Evaluate forward swaps and distinguish betwsen forward swaps and
swaptions.
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LO 1.8: Evaluate the purposes and criticisms of derivative markets.

Purposes:

- Price discovery

- Facilitating risk management

- Making markets more efficient

- Lowering of transaction costs
The greatest criticism of derivatives is that through leverage (a topic discussed more
fully later} unknowledgeable participants can get inio serious financial distress. A
typical example of this was the demise of Barings Bank and more recently the
blaming of the global credit crisis on derivatives. Warren Buffet has been quoted as
saying that “derivatives are the weapons of mass destruction” in the financial
markets. in my opinion he was referring to the use or misuse of derivatives by
individuals and institutions that lack the knowledge to effectively use these
instruments.
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Study unit 2: Forward markets and confracts

LO 2.1: Distinguish between the positions held by the long and short parties to
a forward contract.

Long means to own an asset or your intention is to buy an asseti.e. if | say [ am _o_._m
2 contra Lown 2 contracts. If | say 'm geing to go long 2 contracts it

means I'm geing to buy 2 contracts

Short.means not to own or your infention is to sell. If | say I'm_short 3 contracts it
contracts it means that

means that | do not own them. If I say I'm

I'm m_o__._m_ to mm__ m contracts

Now let's consider these _uom:_.o:m with the use of 2 payoff diagram. (You will find
these diagrams extremely useful in you study of the theory and a good knowledge

and understanding of the diagrams is extremely important)

A payoff off diagram looks as follows:

. oprofit | L

L

We see from the above diagram that the x axis measures the spat price of the
underlying asset. We simply abbreviate the axis title to “spat” instead of writing "spot
price of the underlying asset” We note aiso that the lowest that a spot price can ever
go.is zero i.e. the underlying spot price can never be a negative number

The y axis measures profit above the zero and loss below the zero

Now consider Mr A who goes.long (i.e. buys) a share for R100. The payoff diagram
wauld look like the following: il
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LO 2.3: Demonstrate how a party to a forward contract can terminate a

position prior to expiration and how credit risk is affected by the way in which
a position is terminated.

A party to a forward contract can terminate the position by taking an opposite
position with the same counterparty or with counterparty. If the party is long she can
go short and vice versa.

LO 2.4: Differentiate between a dealer and an end user of a forward contract.

A dealar is an institution that makes a market in derivatives i.e. they will buy and sell
instruments. An end user buys or sells derivatives to dealers usually to hedge a
particular risk exposure.

LO 2.5: Identify the essential characteristics of equity forward contracts.

Equity forward contracts can be written on individual shares (stocks) or portfolios of
shares or on share indexes. We will see later that the pricing and value of equity
forward contracts must take into account the possibility that the undertying shares
may pay dividends. We will learn how to adjust for dividend payments when
calcuiating price and value later in the course

LO 2.6: Identify the essential characteristics of forward coniracts on zero-
coupon and coupon bonds.

A forward contract on a bond must mature before the maturity of the underlying
bond. The forward contracts can be based on individual zero coupon bands or
individual coupon bands or on bond portfolios or on bond indices.

Zero coupon bonds pay their return by discounting the face value (usually using a
360 day year)

A forward contract on a bond can be affected by embedded options in the bonds e.g.
callable bonds or convertible bonds.

LO 2.7: Identify the characteristics of the Eurodollar time deposit market.

There is a large global market for fime deposits in various currencies issued by large
creditworthy banks.

This market is primarily centered in London but also exists elsewhere, THOUGH
NOT IN THE USA.

The primary time deposit instrument is called the EURODOLLAR, which is a dollar
deposited outside the USA

Baniks borrow dollars from other banks by issuing Eurodollar time deposits which are
essentially short term unsecured loans

In London the rate on such doliar loans is called the LIBOR (London Inter Bank Offer
Rate)
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Even though it represents a loan cutside the USA LIBOR is considered to be the
best representative rate on a dollar borrowed by a private i.e. nongovernmental high
quality borrower
Trading in Euros and Euro deposits ocours in most world cities and two similar rates
on such euro deposits are commonly quoted.
One called EUROLIBOR is complied in London by the British Bankers Association
and the other is called Euribor and is compiled in Frankfurt and published by the
European Central Bank.
Euribor is the most widely used.

LO 2.8: Interpret LIBOR and Euribor.

LIBOR is the rate_at which London banks are willing to lend to other London banks
Euribor is the rate af which banks loan to other banks in Frankfort in which the

currency is euro

LO 2.9: Identify the essential characteristics of forward rate agreements
(FRAs).

A Forward Rate Agreement is a forward coniract in Ezn:ﬁ:m_gmum%m.mqmmmﬁo
pay a fixed interest rate ata future date and receive an interest payment at a rate to
be determined at expiration. ﬂmr ¥

FRA’s are described by a special notation e.g. & 6 x 8 FRA expires in six months and
the underlying is a Eurodollar deposit that bagins in six months and ends three
manths later or nine months from now.

A6 X 12 FRA expires in six months and the underiying is a Eurodollar deposit that
begins in six months and ends 12 months later or 12 months from now

LO 2.10: Calculate the payment at expiration of an FRA and evaluate each of
the component terms.

EXAMPLE

A FRA is based on the 80 day LIBOR and will expire in 30 days time. (This is
referred o as a 1x4 FRA since it expires in one month’s time and the period that its
interest rate relates to is the three months after expiry i.e. from the end of month 1 to
the end of month 4. The FRA is quoted at 6%. An investor buys the FRA based on a
notional principal of $1m

Scenario 1

If in 30 days time, the 90 day LIBOR is trading at 4% calculate the payments made
under the FRA

Scenario 2

If in 30 days tirme, the 90 day LIBOR is trading at 7% calculate the payments made
under the FRA

Scenario 1 Answer
The payment made is based on the differences between the FRArate and the
underlying rate for 90 day LIBOR on the day the FRA expires
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LO 2.13: Determine the price and value of a forward coniract at initiation,
during the life of the contract and at expiration.

Before we begin let us establish the notation that we will use in this course

{TODAYY

.

The diagram above sets out a typical time line starting now i.e. point 0 going through

to time T i.e. some point in the future. Time t is some randem point between now and
point T 1n the future.

We are going to find the following on various forward contracts:
- The price and value at inception of the contract
- The price and value at some random point t
- The price ad value at termination i.e. point T

Let us start by developing a generic madel on a forward contract on an underlying
asset that produces no income.

.Notation

F, = Forward price at inception{Delivery price or contract price)
S, = Spot price at | inception

r = Risk free rate

F, = Forward price gt some random point.t

S, = Spot price at some randem price

F; =Forward price at expiration

S = Spot price at expiration

Generi¢ Pricing Modal — where the underlying is a non income producing asset

Example 1:

Mr Lennon purchases a one year forward contract on an asset that produces no
income, has a spot price of RS0 and the risk free rate is 10% p.a.

i) Find the price and the value of the contract at inception?
i) It is now 5 months later and the spot price of the underlying is R60 and the

risk free rate is still 10% p.a. What is the price and value of the forward
contract at this time?

18 — LECTURE NQTES PREPARED BY J.R. LAMBSON JANUARY 2014

i) Want is the price and value of the contract at expiration is the spot price of
the underlying is R727

At Inception

S, =50
r=10%o0r0.10
T=1

Price
F uwcﬁ_+_.v4nmoﬁ._.._9a =55

Value

Remember that the value of a contract is zero at inception
The following calculation serves as proof

V, =8, \bﬂum0| mmd =50-50=0
(1+r} (1.1
i) Five months later
8,=60

r=10%cr0.10

T=7-- -05833
12

Price
F, = S,(1+1)""=60(1.10)*%* = 60(1.0572)=63.5301

Value

R 60— % . 60— S 60 -51.9701=8.0209

V, =S, -
U en™ (1.0 1.0583

i} At termination
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- |t gives a good idea of termination value should one party wish to terminate

the position
P ol (ol ks &
LO 2.15: Contrast an off-market forward contract with the standard type of
forward contract.
fik O
We have already seen that forward contracts at inception have a value of zero.
However there is an excepticn and this is known as an off market forward contract.
This an off market forward contract has a non zero value at inception which is
negotiated between the contracting parties. The contact may have a positive of
negative value at inception. A positive value is paid by the long to the short and vice

Vel sd.

LO 2.16: Calculate the price and value of an equity forward contract, given the
different possible patterns of dividend payments.

Firstly note the following about equities:
- Not ali'equities pay dividends i.e. some equities are non income praducing
assets (In fact companies are under no legal obligation to pay dividends)
- Forward contracts can be taken out on individual equities, portfolios of
equities or equity indexes
- If an equity produces income it is in the form of a dividend and the amount is

in doliars (rands) Howaver income on equity portfolios and indexes are quoted
as yields

We now deal with each of the above menticned situations with the aid of
examples

LO 2.16.1:.Price and value of a forward coniract on an equity that pays no
fncome (dividend)

At Inception
Price
F, =S, (1+r)T Remember that when the deal is struck then this price becomes the

delivery price (or contract price)
Value

Value of a forward contract at incepfion is zero

At some random point between inception and expiration

Price
F =501+
Value
—u
< “m -0
TN (1en)™
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H 5
AR RILITE e
e e
At expiration
Price

Fr=Sr

Value
<4 = m._. quo

Example:
Mr Pepper purchases a forward contract on a non dividend paying share when the

share price is R245, the risk free rate is 8% and the term of the contract is six
months

Calculate the following:
i) Price and value at inception
i) It is now three months later and the spot price of the share is R270.What

would the forward price be on & new contract and what is the value of the
contract?

iii} What is the price and value of the contract at expiration if the spot price of
the share is R265

Answer
i} Price and value at inception
Price
F, = So(1+1)7 = 245(1,.08)°° = 245(1.0392) = 2546115
Value

The value of the forward contract at inception is zero
i) Three months later
Price
F, =S, (1+r)™"=270(1 .omvm =270(1.08)°% =270(1.0194) = 275.2452

Value

V, =5, - Fo = 270~ 254.61 w_m = m&OlmmA.mﬁm =270-249.7660 = 20.2340
{14y (1.08)2 1.0184

)}  Atexpiration

Price
F; =8, =265

Value
Vv, =8, -F, =265 -254.6115 =10.3885
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FLOZ AYVONYT NOSSINYT YT A8 d38V¥d3dd STLON J4N1037 97

N

FO61L 7L = 9808'Glz-0eZ = H—-1g=1A

anjep

0£z="'8=4
90114
uonesdx3 3y

Buipunol o} enp saUBIBYIA £10Z°81Z= Z8¥0'C - 66¥Z 02Z= Z9V0'Z — 2,(1°1)0kz= Y

e

\wao.w =(IPZ01IZ = gpezoll LT = 5L )T = (NO)A
€
(naind- i+l's=14

=[o]

—

8661 °8L2=(88P0"LLPO 80T = qoueoll LILLPO'80Z)= & (11} 62ZS6L-0LZl =

4%

all’h)
RS+ R () B
= = = = (Al
B286°L = Z Z (na) Ad
’ n DA - 18] =
4 oL

laye] syjuow xig

0J9Z S| Uoidadur I 108J1UCD PIEMIO) B JO 8N|BA 8t
anjep

9E08'S1T = ¥O6LY ~02Z = pO6L ¥ — (L L)ooz =
VOBL'Y =28v0'Z +Zerl Z=(lre0 e +(tpL0 1= 0 2+ o0 11z = (Ma)Ad
€ 8

(na@Ag—,(1+1)°s="4
HO

ge08'51e = (L Ltheel'gsl = (L' L6rLec—o0zl=

. . . . ) aly
WLOL LWZ0L  aosoll D) cosmolll) g

= L+ L= + = = =
6FL8'E = 0298 | + 62S6'L > - z  tT g =t (nand
L4+ L{Mp)AG - O8] =
ao1d
uondeour 1y
i P ocred e r ey
e m:‘_-%m

V4,

Y102 AYVNNYT NOSAINYT W' A9 A34vd3dd SZLCN IHNLOTT c7

s
\\omwm st @leys ay} jo aoud
10ds ay} uonendxs 1 J) J9RIHUOD RPIBMICY U] JO anjBA pus soud o StIBUM,

FALEN o)
PIEAUO) BU} JO aNjeA SU) pUE 20Ud SU) 818 JRUAA %01 IBS S! 238l 98]
Y81 3L} pUB 0LZY SI 812ys 8Y) Jo 20ud Jods U} JSIE| SUIUOL § MOU S5 | (n
uodaoul 1B PIRBMIOY 8U) JO SN|EA PUE 221id (1
2e|noen

%0L
S| 8}2J 9244 YSU JUSAING 3lf) "SUUOTT § U) UleBe pue SUIUOL £ Ul F5 JO pusplAp & Aed

1w JBUL 00ZY 1B paoud seys B U0 I0RRUOD PIBMIOY JBSA SU0 B O] SI8us AqBry siwy

ajdwexg

Y tg=1p
anjep
o=y
a3ld
uonesidxa 3y

LU

{naInd 5

g="A

10

, FMF:ZQE 'g]=

(Na)Ad - (A+)e=d
10
L (naind - sl =
asud
uoneundxs pue uondasu] usamaq Jujod Wopuel awWoS 1y

QJ8Z 5] UoNUSOU] 1B 15BIUOD PIBMICY B JO 3NjBA
anjep
(soud wenuod Jo) 8911d A19ASP &L} sewoeq
soud siLl ueyl Xonas S| B8 sU) uaym 1BY3 Jaquiswsy (1 + ) [(AQ) Ad - 8] = ©
ERITR
uondsou) 3y

— {(awoour umouy e) puspialp
B m>mn 1euy Aynbae ue uo uuwh:oo PIemio] e Jo sN[eA pue asitd Z'9L'Z O1

WA f sk )

R utqw&ml -



,,m LITE s
PR
LO 2.16.3: Price and value of a forward contract on an equity portfolic whose
income is quoted as a continuously compounded rate

First let's discuss continuously compounded rates

If we have two points in time and space, say point A and Point B we can measure
the distance between Point A and Point B in terms of Miles or in terms of km's.
Although the units of measure are different the physical distance between the two
points is the same

We can say the same time about measuring interest rates. We can measure interest
in terms of discrete rates or in terms of continuous rates

Example 1
Invest 100 at 12%pa for one year. What is the future value of the investment?
FV=PV(1+ )7 =100(1.12)' =112

Now we can do the same calculation using a continuous interest rate. First we have
to convert the discrete rate into a continuous rate as follows:

5 —.n
i* =mLn{1+— ¢}
m
Where:
r® =Continuous rate
m=number of compounding periods per year
r =Discreet rate

Lo = Natural Log

In our example

d
¢ =min| 1+~ | =1Ln ?Euuo.:mm
m 1

FV =PVe" =100 (2:24831"""* =100 (1.12) =112
Note that the value of “e” in any formula = WHBﬂ

Formulas
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Ty i
N

mme BLLTE sz,

At inception

Price

Fo =[S,e e

The term in the square brackets is the share price discounted at the dividend yield
rate which is equilivant to the share price minus the present value of the dividends.
This valug is then compounded at the risk free rate over the life of the contract just
as we have dane previously.

Value

The value of a forward contract at inception is zero

At some point between inception and expiration

Price
ﬂn - ﬁm mlmna._‘lcu_m..nﬁ.ls
—= t
Value
_ o 8T - (T-h)
V=8 _Fe

At Expiration

Price
F. =8y

Value g
V=8, -F,

Example
A portfolio manager expects to purchase a porifolio of shares in 90 days. In order to
hedge against a potential price increase over the next 90 days she decides to take a
_long position on a 90 day forward contract on the S&P 500 share index. The index is
currently at 1245. The continuously compounded yield is 1.75 percent The discreet
risk free rate is 4.25%
i} Calculate the no-arbitrage forward price on this contract at inception and
the value at inception
i} It is now 28 days since the manager entered into the contract. The index
value is 1325. Calculate the value of the contract 28 days into the contract.
i) At expiration, the index is 1335. Calculate the value of the forward contract

Answer
First calculate the continuous rate for the risk free rate as follows:

d

r¢ =mLn ?W =Ln(1.0425) = 0.0416

o ——
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Example

A 6% Treasury bond is trading at $1,044 per $1,000 of face value. It will make a
coupon payment 98 days from now. The yield curve is flat at 6% over the next 150
days. Calculate the forward price per $1,000 of face value for a 120 day forward
contract.

e e

Answer
™
Coupon = 1000x0.06=60/2 =30
30 30 30
v< o ni= = = ”N@@O@N
(Cpn) % (1.05)°F% 10132

(1.05)%5

120

F, = (S, —PV(Cpn))[1+1]™ =(1044 — 29.6092)(1.05)% =1014,3908(1.05)**® =1030.7951

LO 2.17.3: Galculate the price and value of a forward contract on a portfolio of
bonds and a bond index

Formulas
At Inception

Price

_Ho - mmn_mumn._.“_m.j.

The term in the square brackets i the hond price discounted at the coupon vield rate
which is equilivant to the bond price minus the present value of the coupons. This
value is then compounded at the risk free rate over the life of the contract just as we
have done previously.

Value

The value of a forward contract at inception is zero

At some point between inception and expiration

Price

m — _“mﬂmlm"n.?”v“_mqnﬁls
Value

<~ - m_nm,.._.l: - _unmn_.n (T-1)

At Expiration

Price

Value

V, =5;-F,
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LO 2.18: Om_o..__mﬂm;\n.:m price and value of an FRA.

TR
. (EXPIRATION)

..cl...ufz
(TODAY)

i H i : c i i

0 = Contract inception

g = Some random point between inception (o) and FRA expiration (h)

h = FRA Expiration date

m= The term of the underlying

h+m = the time from FRA expiration fo until the maturity date of the underlying
instrument on which the FRA is based

Now let's consider the nature of FRA's The best way to consider FRA’s is to use and
exarmple. Assume that you are the freasurer of a company that wants to borrow $2
million in 90 days time for a period of 180 days. You would be concerned that in 90
days time when you borrow the money the interest rate wouid have risen thus
making your borrowing more expensive. You therefore decide to enter into a FRA in
order to lock in the interest rate in 90 days time which rate would apply for the 180

day period. We can consider our scenario on a time line as follows:

1 J B
. 90+180=270

SR B i

(TODAY) | (EXPIRATION)

©,270/30=0

"The FRA that you will enter into is known as a 3X9 FRA

it}

This FRA would lock in the rate today starling in 90 days time for a period of 180
days T )

At expiry of the FRA (j.e. 90 days time):
If the ruling underlying rate i.e. spot rate is above the FRA rate then the broker
pays you
If the ruling underlying rate i.e. spot rate is below the FRA rate then you pay
the broker

Now let us consider an example
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Lok artee Ty st B A P P
After Fry 2+

h=180 4 S deays h=180
m=180 T~ m=180
g=45 L 1ae (M) =Ly50(180) = 0.0625
h-g=180-45=135
L+m-g=315 (L 37%?%%&

FRA, =
Ly {h—m)=L 5{135)=L,,(0.0590) e hhu
Ls(h+m-g)=L,(315)=0.0615 "\ 360

{0.0625-0.0603] ﬁv\mmu
2
; ._+_u_“~>omlm.1u FRA 4 = , 180
v, = L —- mw_o ?o.ommmmgw
-4 +m-g
1+L (h-g) — L _
*hal eh mmou trbylhem Qh 360 u cra - (0.0022)0.5)
180 —
180 1.0313
ro.omowmllu "0.0.0011
1 360 FrA, =20
Vis = - 18 71 0313
1100590 138 4 315 :
+0.0590) =) 1+0.0615 0y FRA 5, = 0.001067
1 1.0302 On a notional principal of $10m

Vs =T 5221 " 1.0538 10,000,000 x0.001067 =10,670
Vs =0.9784-0.9776 Mow because the spot rate at expiration (6.25) is greater than the FRA rate (6.03%)
vV, =0.0008 the dealer pays you

For a $10m notional
10,000,000 x0.0008 = $8,000

LO 2.19: Calculate the price and value of a forward contract on a currency.
Answer d)

In this section we assume that foreign exchange rates are quoted on the basis of a
direct quote which means how many units of domestic currency per unit of foreign
currency

Clearly an indirect quote is how many units of fareign currency per unit of domestic
currency

The price (i.e. exchange rate) of a forward contract on a currency is the spot rate
discounted at the fareign interest rate over the life of the contract and then
compounded at the domesiic interest rate to the expiration of the contract

35
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Answer c)

_ (T8 4 (Tt
V, = —mam ¢ T Fe Y
85

gL -0,6698(2.7183)

-0 Dwmnﬁ

0.65(27183) wosea{ )

265

<
1l

=<
il

[0.65(2.7183) 252070 | _ 0,698 (2.7183) * 170
v, =]0.65(27813)°%7 |- 0.6698(2.7183) "

V, = (0.65)(0.9930) — 0.6898(1.0105)

V, =0.6455-0.6629

V, =-$0.0174

LO 2.20: Determine how gredit risk arises in a forward contract and how
market value Is a measure of the credit risk to a party in a forward contract

Credit risk in a forward contract arises when one of the parties owes a large amount
to the other. The market value of the contract is a measure of the net amount the
one party owes the other. Remember that derivatives are a zero sum game. Market
values can change resuliing in the credit risk reducing or in fact moving to the other
party

AHPRLITE s

ks itite § it d et

Study unit 3: Futures markets and contracts .

LO 3.1: Identify the institutional features that distinguish futures contracts

from forward contracts

FORWARD CONTRACTS

| FUTURES CONTRACTS L

Contracts are traded on commodities, interest
bearing securities, shares, and currencies

Contracts exist against the same underlying assets
as forward contracts, but there are also contracts on
notional assets such as share and bond indices

Exist worldwide in all open ecanomies

Exist in most well developed financial centers

Deals are concluded through any acceptable
communication method such as the telephone,
Reuters dealing system and the internet

Deals can only be concluded on a formal exchange
either telephonicaily, through open outery on an
exchange floor, or through an electronic network-
trading platform

Participants are usually banks, large companies or
co-operatives. Brokers are active in facilitating
trade between counter-parties

Participarnits are similar to those in the forward
market, although the general public has access to
the futures market. Participants must either be
members of the exchange or transact as clients of
member firms

Default risk exists between the parties to the
contracts

The clearing-house of the exchange guarantees the
coniracts

There is very little secondary market trade in these
contracts

These contracts trade actively in the secondary
market

The size , delivery terms and expiry of contracts,
are tailored to suit the counter-parties

Size, delivery terms and expiry of contracts are
standardised by the exchange

Usually terminate with physical delivery of the
underlying asset

Most contracts are cash settled with very few
terminating in physical delivery of the underlying
asset

Traded for any maturity, but most trades occur for
periods up to one year

Trade for matusity’s of up to one year with few
exceptions

Contracts are very rarely subjected to marpining

All contracis are margined

The markets are generally seli-regulated

The markets are strictly regulated

39
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LO 3.2: Determine the origins of modern futures markets.

Japanese Rice markets in 18" century
Mid 1800's Chicago (CBQT)
Clearing house in 1820's

LO 3.3: Identify the primary characteristics of futures contracts.

These contracts have generally accepted terms and the exchange standardises the
instruments. They are liguid with a well developed secondary market (can easily be

bought and sold) with very littie credit risk

LO 3.4: Differentiate between margin in the securities markets and margin in

the futures markets

In the stock markat margin means that a loan is taken using the portfolio as collateral

40 — LECTURE NOTES PREPARED BY J.R. LAMBSON JANUARY 2014
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LO 3.13: ldentify the primary characteristics of the following types of futures
contracts: Treasury bill, Eurodoliar, Treasury bond, stock index, and currency
futures.

Eurodoliar futures:

Are based on 90 day LIBOR which is an interest add on instrument. The price is
quoted as 100 — annualised LIBOR in percent

These contracts settle in cash and the minimum [rice change is on tick whichi is a
price change of 0.0001 = 0.1% or $25 per $1 million contract

Treasury Bond (T bond) futures
Are traded for T Bonds with a maturity of 15 years or more. The contract is
deliverable with a face value of $100,000

{The short in the contract has the option to deliver any of several bonds which satisfy
the delivery terms of the contract. This option has value to the short and is known as
the delivery option. Each bond is given a conversion factor which is used to adjust
the longs payment at delivery so that the more valuable bonds receive a higher
payment. These factors are muitipliers for the futures price at settlement. The long
pays the furures at expiry multiplied by the conversion factor}

Stock Index Futures
Are hased on the level on an equity index such as Dow Jones industrial Average

Currency futures

Are set in units of foreign currency and the price is stated in US dollars per unit of
forign currency

LO 3.14: Argue why the futures price must converge to the spot price at
expiration.

The futures price must converge io the spot price to avoid an arbitrage opportunity in
which one can buy the asset and sell a futures or sell an assat and buy a futures to
capture an immediate profit at no risk

LO 3.15: Determine the value of a futures contract.

Because of the mark to market process the value of a futures contract just prior to
the marking to market process is the accumulated price change since the last mark
to market. The value of a futures contract immediately after the mark to market
process is zero

LO 3.16: Contrast forward and futures prices.

LO 3.17: Demonstrate how an arbitrage transaction is constructed to derive
the futures price.

43 — LECTURE NOTES PREPARED BY J.R. LAMBSON JANUARY 2014

LO 3.18: ldentify the different types of monetary and nonmonetary benefits and
costs associated with holding the underlying asset, and determine how they
affect the futures price.

LO 3.19: Contrast backwardation and contango.

Contango — The situation where the futures price exceeds the spot price
Backwardation — The situation where the futures price is less than the spot price

LO 3.20: Argue whether futures prices equal expected spot prices.

The most likely likely situation is that futures prices are not predicyors of future spot
prices

LO 3.21: Demonstrate how to price Treasury bill futures.

LO 3.22: Assess the concept of an implied repo rate.

LO 3.23: ldentify and illustrate the difficulties in determining the price of

Eurcdollar futures.

LO 3.24: Identify and illustrate how to price Treasury bond futures.

LO 3.25: ldentify and illustrate how to price stock index futures.

LO 3.26: ldentify and illustrate how to price currency futures.
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Intrinsic value of a call option = MAX(0,S, - x.v.
Intrinsic value of a put option = MAX{0,X-5,)

[The above expression is read as follows:

LO 4.2: Assess European option, American option, moneyness, payoff,
intrinsic value, and time value.

n

Options are referred to as “in th ot th » “out th » For the intrinsic value of the call “The maximum of O or Spot minus Strike”
£ in the money”, “at the money” and “out f1 Monay And for the put “The maximum of zero or Strike minus Spot” This means that the
Call options 4 intrinsic value cannot be a negative number]
If S is the stock price (spot) and 1&is the sirike price then: i
If S >K'the option is in the money fiimeggaluo — o
If S =K the option is at the money Time value reflects the amount of premium in excess of the intrinsic value that you
IfFS < _w the option is out the money would be prepared to pay in the hope that the option wilt be worth exercising before it
expires.
L Even out-the-money options command a price because they may move into the
Option money at some point during the life of the option
Value Time vaiue does not erode evenly over the life of the option, and the time decay at

At the money

Decay of Time Value

Time

Value

Cut the money In the money
K Spot

Put Options

'l Days to expiry

If S is the stock price (spot} and K is the strike price then:
If § <K the option is in the money

If S =k the option is at the money

If S > K the option is out the money

the beginning of a long term option is minimal, but increases faster as the option
approaches expiry.
The reason for this is that as the option approaches expiry, the likelihood of material

~ price changes diminishes greatly
Option Example ) )
value - You purchase a call option on XYZ share with a strike price of R3.00
- The current market price of the-share 8. R3.20 w4 2.
- Youpay a premium of 50c e N Sz =
Al the money The following can be deduced
_ The call aption strike price is below the market price and the option is
/ therefore in the money
tn the money Out the money . The difference between the strike price and the market price is the intrinsic
K muoL value i.e. 20c Se -¥

The balance i.e. 30¢ [i.e. 50c — 20c = 30¢] is referred to as time value

[

Intrinsic value , (S——— -t The factors affecting the time value Mﬂamzo_&o:man
It is possible to assess an options value by assessing its intrinsic value and its time a) Volatiity T

value ty

. . , ) . ) b) Time to expiry of the option
Intrinsic value is the difference between the opl ce and the spot price of ¢) Strike price of the option in refation to the spot price of the under-lying
the underlying, or zero iy - S

d) The risk free interest rate B h
e) Income derived from the under-lying asset

s
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LO 4.9: lllustrate how the lower bounds of European calls and puts are
determined by constructing portfolio combinations that prevent arbitrage and
calculate an Option’s lower bound.

In LO 4.8 above we saw that the options value at expiration is known as its payoff.
Now we will determine the options value at some point prior to expiry

Minimum and Maximum Values

The minimum value of an option

The minimum value of any option is zero

The maximum value of an option.

The maximum valug of a call is the current value of the underlying

Cp £5,.Cp =5,

A call is a means of buying the underlying. It would not make sense to pay more for
the right to buy the underlying than the value of the underlying itself

For put optiens it makes a difference as to whether the put is European or American

The best outcome for a put holder is that the underlying goes to zero. Then the
holder could sell a worthless asset for X.

For an American put option the holder could sell it immediately and capture a value
of X.

For a European put option the holder would have to wait until expiration,
consequently we must discount X fram the expiration day to the present.

Thus the maximum value of a Europsan put is the present value of the exercise
price. The maximum value of an American put is the exercise price

X
<——— BX
Po 1+ 0
In Summary:
Option Minimum Maximum
Value Value
European Call ¢ 20 Cp 5 S,
American Call C,z0 Cy =5,
European Put 20 X
Iy PoS———
1 Q + wv
American Put P =20 PzX
51

LECTURE NOTES PREPARED BY J.R. LAMBSON JANUARY 2014

m@mr: e

P e

LO 4.10: Determine the lowest prices of European and American calls and puts
based on the rules for lower bounds.

LOWER BOUNDS

We can establish a lower bound on the opfion price
For American options, which are exercisable immediately, we can state that the
lower bound of an American option price is its current intrinsic value

C, =Max (0,5, - X}
P, = Max{0,X-5;)

For European call options the lower bound is either zero or the underlying price
minus the present value of the exercise price, whichever is the greatest

mc X
0T

For European put options the lower bound is the greater of either zero or the present
value of the exercise price minus the underlying price

X
Py 2 ?._NXhO_Alml_.vl.ﬂlme

G, 2Max| 0

Example

Consider call and put options expiring in 80 days, in which the underlying is at 62
and the risk free rate is 5%. The underlying makes no cash payments during the life
of the options

a. Find the lower bounds for Europsan calls and puts with exercise prices

of 60
b. Find the lower bounds for American calls and puts with exarcise prices
of 60
Answer
a) European Options

Lower bound of European Call Option

52 — LECTURE NOTES PREPARED BY J.R. LAMBSON JANUARY 2014



0T AJVONYT NOSSINY dT A8 03dvd3Idd STLON 3dNLo3T

2]

uopdo 1nd ueedoing
L8} Japoys sy} UeYy} ss3| Jo Jsjealb og Aew uoydo nd ueadoing uuay 1abBuo) ay |
suondo jnd ueadoing 104

(uondo wusy 1apoyg) o = {ucnde uus) Jabuo)?o
suondo |jes uesuawy 104

(uondo wue) Jepous)?o = (uondo vwust 1abuc)’s
suondo jjes ueadoiny o4

221d suondo sy} uo Alunyew

0} aw} 3o 1oedwyy 8y} Bunapisuad usym sajnu Buismocijo) sy} S1BIS JSABMOY UED BAA
Asuow sy vl Buisg uondo syl jo Angeqoud Jejealb & s susy) ssnedeq uondo paep
J2HoYS B UBY} 2J0W YoM 3 0} uondo ung) 1abuo) e 1aadxa pinom am AaAalniy|

‘uopelidxa
0} sun} a1y} w seaussayip Aq pejoaye ale sesud uondo moy auluialeq ZLv O1

-oo11d asioaaxe Aq Ajuo Japip ey suondo usamiaq diysuonejad
ay} saysi|qelsa suondo jo (ucpeuiquios) ojoplod e moy ajensn|)] iLLy O

0=d
fz—"olxww=d
[29-09°0]XvIN = d
[°s =X 0]xvI=d

uonpdQ Ind vesLBWY Ue JO pUNog Jemo

vezealxvn = "0
[6594 85 - 29'0]XviN= "D

LZLoL e

ﬁ go C90 XvI=°0

w90V oo, | Xvi=°3
09 |
(G0 1

08 _ 3 =0

05 290 |Xwn="0

1+
FAx:.L:o,,o xep="0

ey foneero v

¥i-02 AVNNYT NOSANY "Y' A9 GIHYd3dd S3LON IHNL037T

£g

=

uondQ ||BD UEIISWY UB JO PUNOQ JaMOT]

Aunyew o soud "o°f Afiea yasse Bujonposd awosui uou

e uo uondo jjes uesuBWY LR BSIDIaXa 0} [RRdO I8AaU S 3 J8Y) 90U 9SES|S

o rptinginy
it

s HL17T

i3,

suondQ ueaawy (q

g=d
{esviz-"0lxwvn=d
[zo- 2282859 0l xvIn=d

T?Ed-xﬂzla
09

0:(50°1)
B =d
29 o0 [ X

O+,
"s-450 xvi=¢

uondQ ind uesdong e jo punoq JamaoT

Iyeze'olxvin=2
[659L 85 —29'0]XwiN="2

LZLo'L .
———— ¢80 XVIN=2

09
@S0V oo o=
08
(GO
s g =0
o5 TEo0 [Xvi
(4+1)
L - %g'g |Xep=0
<~ 'S0 e



r ]

rM:,_MMrnM...E:.lEu!
For American put options
P,(Longer term option) = F,{Shorter term option}

LO 4.13: lllustrate how put-call parity for European options is established by
comparing the payoffs on a fiduciary call and a protective put and use the
result to create synthetic instruments. Argue why an investor would want to do
50.

Fiduciary Call

A fiduciary call is a strategy consisting of a European call and a risk free bond that
has a maturity date equal to the calls naturity date and a face value equal to the
strike price of the call.

If at expiry the spot price is less than the strike price then the option 1s worth zero
and the bond is worth its face value. Combining the positions we have a net amount
of X [(0)+X=X]

If at expiry the spot price is greater than the strike price then the option is worth the
spot price minus the strike price and the bond is worth its face value. Combining
these positions we see that the combination is worth a net amount of 8 [(8-X)+X=8]

Protective Put

A protective put is a strategy consisting of a European put and the underlying asset.
If at expiry the spot price is less than the strike price then ihe put is worth X-5 and
the underlying is worth S Combining these positions we see that the combinantion is
worth a net amount of X [(X-8)+5=X

If at expiry the spot price is above the strike price the the option is worth zero and the
underlying is worth spot Combining the positions we see that the combination is
worth S [{0}+8=5]

From the above we see that:

Cq + |V1At4. =either Xor Spot
1+
py + S, =either X or spot
Thersfare
Cog+————=Py +5
Q :._n 3._. Ua Q

Thigis known as the put call parity theorum
Synthetics

By rearranging the variables in the above equation we are able to create synthetic
positions as follows
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v Prtie  Tirmag o dhcancm

Synthetic call
X
Cyp=Pp+Sy——=
0 =Po+90 A+r)

Synthetic pui

X
=t

(1+1})

Synthetic Spot

Po =Co Sy

X
TA+nT
Synthetic Bond(cash)

X
(1)

Sp=Pg %o

=Py +5;—Cy

LO 4.14: lustrate how violations of put-call parity for European options can be
exploited and how those violations are eliminated.

Note that the put call parity therom is an equation which tells us that the equation
must aiways balance. If the equation does not balance then there is an arbitrage
opportunity. The best way to demenstrate this is to consider the following example:

European put and call options with an exercise price of 45 expires in 115 days. The
underlying is priced at 48 and makes no cash payments during the life of the apticns.
The riek free rate is 4.5%. The put is selling 3.75 and the cali is selling for 8.00
a. Ildentify the mispricing by comparing the price of the actual call with the price
of the synthetic call
b, Based on your answer in a. demonstrate how an arbitrage transaction is
executed

Firstly we test to see if the put call parity holds

X
(+0)’

m+|hmlnw.ﬂm+hm

E

(1.045)%
45

L 45
A._.Ob‘mvc.u_m._

84— _51.75

1.0141
8+44.3743 =51.75
52.3743% 51.75

Now we will apply the oldest trading rule in the world that tells us to “buy low and sell
high™

Co =py + 5,

8 =51.75
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LO 4.18: Determine an option price and illustrate how an arbitrage opportunity
can be exploited in a one-period binomial model.

Binomial suggests two alternatives viz. the underlying price can either increase or
decrease and in this case over one period (i.e. this is a one period binomial model)

Notation

S, =Current spot price
S*=0ne period later price moves up

5™ =0One period later price moves down
X=Strike price
r=Risk free rate

-
C+/P+
s
c/P
5=
C-/P-
m+
U=—
S
S
S
d<{1+r)<u

We start by constructing an arbitrage portfolio by shorting one call option and
purchasing an unspecified number of the underlying. Let that number be n. We can
caiculate the value of n (which is sometimes referred to as the hedge ratio)

The porifolio’s current value is H where:

H=nS-c

One peariod later the portfolio will be either H" orH
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SR

I-T "0m+ _ O-r
H =c¢8™ -c¢”
We can choose the value of n. Let's do sa by setfing H" = H”

Thus

H* =H~ which means that:

nS*-¢*=nS -c¢”

Therefore

c'-c”

St -8°

The partfolio is thus hedged and should grow at the risk free rate of return. Thus
H* =H{1+r)or

H =H(1+r1)

We know thatH* =nS* —¢*H =nS~ —¢ " ,andH=nS-c.

We also know the values of n,8",87,¢",¢"andr.

8y Substitution we obtain the value of a call option as follows :

n=

Value of a European Call Option
o= e+ (1-me”
(1+n)

Where
_(14r)-d
u-d

m

Using the same logic we can obtain the Value of a European Put Option
_wpt+(1-mp~

b=
Where
_{1+n-d
T u-d

m

Example
Consider a one period binamial mede! in which the underlying is at 65 and can go up
by 30% or down by 22%. The risk free rate is 8%
a. Determine the price of a European call option with an exercise price of 70
b. Assume that the cali is selling for 9 in the market. Demonstrate how to
execute an arbitrage transaction and caiculate the rate of return. Use 10,000
call options in your calculations.

a. Value the call
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u=1.30
d={1-0.22)=0.78
§* =Su=65(1.30)=84.50
S~ =5d=65(0.78)=50.70
Therefore
p* =Max (0,70 - 84.50)=0
p~=Max (0,70 - 50.70)=19.30
The risk neutral probability is
~1.08-0.78
T 1.30-0.78
(1-m)=1-0.5768=0.4231
The callprice todayis

np” +{(1-n)p” 0.5769(0) + 0.4231(16.30
- :m: Pmc- : U._.om o756

id =0.5769

p

LO 4.19; Determine an option price in a two-stage binomial model.

Example
Consider a two period binomial model in which the underlying is at 30 and can go up
by 14% or down by 11% each period. The risk free rate is 3 % per period.
a. Find the value of a European call option expiring in two periods with an
exercise price of 30
b. Find the number of units of the underlying that would be required at each
point in the binamial tree to construct a risk free hedge using 10,000 calls

a. Value the call

First find the underlying prices in the binomial tree. YWe have u=1.14 and
d=(1-0.11) = 0.88

S*=5u=30(1.14)=34.20

§™=8d4=30{0.89)=26.70

S* =8Su” =30(1.14)* =38.99

S* = Sud =30(1.14)(0.89)=30.44

§7 =847 =30(0.89)* =23.76
Then find the option prices at expiration

63 LECTURE NOTES PREPARED BY J.R. LAMBSON JANUARY 2014

PERNE S,

o = Max (0,38.99 — 30)=8.99
™ =Max(0,30.44-30)=0.44
¢ = Max (0,23.76-30y=0
We need the value of #

1.03-0.89

1.14-0.89
(1-7)=(1-0.56)=044
I o A (8.99)+0.44(0.44) ~5.08

T= =0.56

o =

a+r 1.03
P (Y 0.56(0.44)+0.44(0) ',
(147 1.03

The price today is
e =T 0.56(5.08)+044(0.24) , o0
d+7 1.03

b. Arbitrage opportunity

The number of units of the underlying at each point in the tree is found by first
computing the value of n

_gt-c” _ 5.08-024
Su—Sd 34.20-26.70

0= cT-¢" _ 8.99-0.44 -1.00

Suu-Sud 3B.99-30.44
-_& T-cT 0.44-0 - 0.0650

Sud-Sdd 30.44-23.76
The number of units of the underlying required for 10,000 calls would thus be 6,453
today, 10,000 at time 1 if the underlying is at 34.20 and 659 at time 1 if the
underlying is at 26.70

n

=0.6453

n

LO 4.20: Calculate prices of options on bonds and interest rate options in one-
and two-period binomial models.
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and the volatility is 0.15. The effect of cash flows on the underlying is indicated below
for two alternative approaches :

a. The present value of the cash flows over the life of the option is 19.72

b. The continuously compounded dividend yield is 2.7%

Solutions
a. Adijust the price of the underlying to 225-19.72=205.28
2
_:ﬁlmom.mmu;‘ 0.0525 + 0.15 3.0
200 2
d, = =0.8364

0.15V3.0
d, =0.8364 - 0.1540.15 = 0.5766
N(0.84) = 0.7995
N(0.58) = 0.7190
¢ = 205.28(0.7995) — 200e™*25301(0 7150} = 41.28

b. Adjust the price of the underlying to 5, =225¢ %99 =207.49

207.49 0.15%
in| == 052 )
_‘_m 200 u._. 0} 5+ > 3.0

%= 0.15y3.0 =0.8778
d, =0.8776 - 0.154/3.0 = 0.6178

N(0.88) = 0.8106

N(0.82) = 0.7324

¢ = 207.49(0.8106)— 200" %#RN((,7324) = 43.08

LLO 4.28: Identify and illustrate the two methods of estimating the volatility of
the underlying.

Volatility can be estimated by calculating the standard deviation of the continuously
compounded retums from a sample of recent data for the underlying. This is called
the historical volatility.

An alternative measure, called the implied volatility, can be obtained by setting the

Black Scholes Merton model price equal to the market price and inferring the

volatility. The implied volatility is a measure of the volatility the market is uding to
price the option

LO 4.29: lllustrate how put-call parity for options on forwards {or futures) is
established.

Condm e 1 g vt ezom

The payoffs of a call on a forward contract and an appropriately chosen zero coupon
bond are equivalent to the payoffs of a put on the forward contract and the forward
contract, Thus, their current values must be the same. For this equality to cceur, the
call price plus the bond price must equal the put price, The appropriate zero coupon
bond is one with a face value equal to the exercise price minus the forward price.
This relationship is called the put call forward (or futures} parity

Portfolio Combination for Equivalent Packages of Puts, Calls and
Forward Contracts (Put-Call Parity for Forward Contracts)
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Value at Value at
expiration if expiration if
SpEX Sp>X
Transaction Current Value
Call and Bond
Buy call Cq 0 5. -X
Buy bond X-FoD) X-F(@O,T X-F(O,T
A\_uT._.v._; |—Hﬁou v n A 1 v
Total
X-F(0,T) X-FO.T) 8. -FOT)
Co+
(1+r1)
Put and Forward
Buy put Po X-S5; 0
Buy Forward 0 S, -FOT) S, -F0T)
Contract
Total Po X-F{0T S, -F0.T)
68
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b mr: s

139.19 (0157

+ (0.5890
125 2

d, = -0.9916
! 0.15+/0.5890

d, = 0.9916-0.15+/0.5890 =0.8765

N(0.99)=0.8389

N(0.88)=0.8108

¢ = @ 0080580 [13g 10(0.8389) - 125(0.8106)] = 15.06
b. The forward price on the underlying (with ne cash flows) is

F(0,T}=S.e""

By adjusting the formula we get the spot price
S, =F(0,Tle™" =139.19e **#00 = 13575

Now using the BSM model we get

In

2
113578 wMMm + 0.0425 + o;mm (0.5890)
d, = =0.9916
! 0.15+/0.5890

d, =0.9916 - 0.15+0.5890 = 0.8765
These are as per above thus N(d,)andN{d, }are the same

¢ =135.75(0.8389) — 125 405590 8106) = 15.06
This price is the same as part a.

LO 4.32: Calculate the value of a European interest rate option using the Black
model.

The Black model can be used to price European options on interest rates by entering
the forward interest rate into the madel for the forward or futures price and the
exercise rate for the exercise price

Example

Use the Black madel to price an interest rate put that expires in 280 days. The
forward rate is currently 6.8%, the 280 day continuously compounded risk free rate is
6.25%, the exercise rate is 7% and the volatility is 0.02. The option is based on a
180 day underlying rate, and the notional principal is $10 millian

Solution

71 — LECTURE NOTES PREPARED BY J.R. LAMBSON JANUARY 2014

ARARLITE =

bomiam e ThiBgmF Bastin

The time fo expiry is T=280/365=0.7671

2
1n 2068 | 19927 |4 7671
0.07 2

d, = = 1.6461
! 0.024/0.7671

d, =1.6461-0.027/0.7671 = 1.6636

N(—1.65) = 1~ N(1.65) = 1- 0.9505 = 0.0485
N(-1.66)=1-N(1.86}=1-0.9515=0.0485

P, = &%= [0,07(1- 0.0485) - 0.0681(1- 0.0495)]= 0.00187873

This formula assumes the option payoff is made at expiry. For an interest rate option
this assumption is false. This is a 180 day rate, 50 the payoff is made 180 days later.
Therefore, we discount the payoff over 180 days using the forward rate

—0.088{10

e %5 (0.00187873) = 0.00181677

interest rate option prices must reflect the fact that the rate used in the formula is
quoted as an annual rate. S,we must multiply by 180/360 because the transaction is
based on a 180 day rate.

0.00181677 ﬁ@w = 0.00090839
360

Then we multiply the notional principal

10,000,000 x (0.0090839) = $9,084

LO 4.33: Evaluate the role of options markets in financial systems and society.

3_
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LO 5.6: Calculate the payments on an interest rate swap.

The payments on an interest rate swap are calculated by multiplying the notional
principal by the fixed or fioating rate times the day count adjustment. The respective

amounts are netted so that the party owing the greater amount makes a net payment
to the other

Example

Determine the upcoming payments in a plain vanilla interest rate swap in which the
notional principal is $70 million. The end user makes semi-annual fixed payments at
the rate of 7% and the dealer makes semi-annual variable payments at Euribor
which was 6.25% on the last settlement period. The variable payments are made on
the basis of 180 days in the settlement period and 360 days in & year. The fixed
payments are made on the basis of 180 days in the settlement period and 365 days

in a year. Payments are netted, so determine which party pays which and what
amount

Solution
Fixed : $70 million (0.07)(180/365) = $2,416,438
Variable: $70 million (0.0625)(180/360) = $2,187,500

The net payment to be made by the party paying fixed is
2,416,438 — 1,187,500 = $ 228,938

LO 5.7: Identify the types of equity swaps.

Equity options involve one party paying a fixed rate, a variable rate or the return on
an equity, while the other party pays an equity return.

This means that an equity swap is a swap in which at least one of the parties pays
the return on a share or on a share index

LO 5.8: Calculate the payments on an equity swap.

The equity payment {or payments if both sides of the swap are related to an equity
return) is calculated by muttiplying the return on the stock over the settlement period
by the notional principal.

If there is a fixed or variable payment then it is calculated as for interest rate swaps
Payments in single currencies are netted

Example

A mutual fund has arranged an equity swap with a dealer. The swaps notional
principal is $100 million and payments are made semi-annually. The mutual fund
agrees to pay the dealer the return on a small cap stock index, and the dealer
agrees to pay the mutual fund based on one of the two specifications given below.
The small cap index starts off at 1,805.20 and six months later is at 1,796.15
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A The dealer pays a fixed rate of 6.75% to the mutual fund with payments made on
the basis of 182 days in the period and 365 days in a year. Determine the first
payment for both parties, under the assumption of netting, determine the net
payment and which party makes it

B The dealer pays the return on a large cap index. The index starts off at 1155.14
and six months later its at 1148.91. Determine the first payment for both parties and,
under the assumption of netting, determine the net payment and which party makes
it

Solution
A The fixed payment is $100 million (0.0675)(182/365) = $3,365,753

1796.15
1805.20
Because the fund pays the equity return and the equity return is negative, the dealer
must pay the equity retumn. The dealer also pays the fixed return so the dealer
makes both payments which will add up to $3,365,753+501,328 =

3,867,082. The net payment is paid by the dealer to the fund

The equity payment is ﬁ - Qfoouooo,ooo =-$501,329

B The large cap equity payment is

114891 Qsobopo% =-$539,329
1155.14

The fund owes -501,329, 50 the dealer owes the fund 501,329. The dealer owes -
$539,329 so the fund owes the dealer 539,328. Therefore the fund pays the dealer
the net of 539,329 — 501,329 = $38,000

LO 5.9: Distinguish between the pricing and valuation of swaps.

Let us use a plain vanilla swap as an example. One party agrees to pay floating and
receive fixed. At inception of the swap, the fixed rate (i.e. the swap rate or price) is
selected such that the present value of the floating rate payments is equal to the
present value of the fixed rate payments. This means that the swap has a zero value
at inception. This is known as the swap rate and is equifivant to the “price” of the
swap.

Now as rates change over the life of the swap, the value of the swap to one party will
be positive (an asset) and negative to the other party (a liability)

Stated in a different way:

Swap pricing means to determine the fixed rate and any relevant terms, such as the
foreign notional on a currency swap, at the start of the swap.

Valuation means to determine the market value of the swap, which is the present
value of one stream of payments less the present value of the other stream of
payments.

The market value of a swap is zero at the start but will change to positive for one
party and negative for the other during the life of the swap, as market conditions
change and time passes

Interest rate swaps
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Calculating and intrepreting the fixed rate on a plain vanilla interest rate swap
and the market value during its life.

We can price a plain vanilla {fixed for floating) rate swap by making the assumption
that the swap is equilivant to issuing a fixed rate bond and buying an otherwise
identical variable rate bond. The fixed rate (the swap rate or price) is set so that the
values of the floating rate bond and the fixed rate bond are the same at inception
Lethe value of the swap at inception is zero.

The value of a variable rate bond at inception of the bond is its face value. This value

changes over the life of the bond since this rate is reset to the market rate at each
payment date and the value returns to par on each of those dates

o | | NN
Parvalue @ . ‘Coupon ! Caupon |
AL Payment | [ _iPayment !

Date Date _

From the above diagramme we see that the variable rates value at inception is zero.
The very next day the bond starts accumulating interest until the coupon payment
date is reached (point 1) This coupon is then paid to the bond holder and the bonds
value resats to par and the rate for the bonds coupon is reset for the next period.
The hond then starts accumulating interest after the last payment date until the next
coupon payment date {point 2) At this point the accumulated interest is paid to the
bond holder and the bonds value at the coupon payment date resets to par and the
bonds coupon rate is reset for the next period and so forth

Thus the variable rate bond will have a value of its par at incaption and at each of its
interest payment (reset) dates.

Now lets price and value an interest rate swap by using an example;

Example 1

Consider a one year swap with quarterly payments on day 90,180,270 and 360. The
underlying is 90 day LIBOR. The annualised LIBOR spot rafes today are:
L,{90)=0.0345

Lo(180) = 0.0358
L(270) = 0.0370
L,(360) = 0.0375

77 LECTURE NOTES PREPARED BY J.8. LAMBSON JANUARY 2014

The present value factors are obtained as follows:

First we calculate the discount rates from the givern rates as follows:

1

Ba(80) - ———— < ~0.9914
1+0.0345( 29
360
B,(180) - — — 1 — - 09824
1+0.0358 [w
ﬁmmo
1
B,(270) = =0.9730
1+ o.owsﬁgw
360
.
B, (360)= - 0.9639
14 o_owaﬁ@w
360

The fixed payment is found as follows:

1-0.9639

F, =
" 0.9914 + 0.9824 + 0.9730 + 0.9639

={0.0092

Now we calculate the value as follows:

Suppose we entered into the swap and it 60 days later. The new term structure is a
follows

Lep{30)=0.0425

L. (120) = 0.0432

Lg(210) = 0.0437

L& (300) = 0.0444

First we calculate the discount rates as follows:
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B,(180)= =0.9653

1+0.072 ﬁ@

360
]

B,(360) = -0.6259

1+0.08 ﬁ@u

360

b 109289 ;oo

= (0.9663 + 0.6259)
The fixed payment would be 0.9826 per $1 per notional principal

The annualised rate would be:

360
0.9826| —— =0.0784
Tmou

Ninety days later
Now calculate the new discount rates as follows:

By, (90} = L =0.9826
90
1+0.071
360
Be{270}= 1 T 0.9474°
1+0.074
ﬁwmow

The present value of the remaining fixed payments plus hypothetical $1 principal is:

0.0392 (0.9826 + 0.9474)+1(0.9474)=1.0231
Calculate the present value of the variable rate

The 180 day rate at inception was 7.2% so the floating rate payment to be received

Amoamﬁwo:i_..m_.:émmo.o.\m T@u =0.036

360
The present value of the $1 dollar notional plus interest will be;

1.036(0.9826)=1.080

The market value of the pay floating receive fixed swap is
-1.080 (negative for outflow i.e. pay) + 1.0231 {positive for inflow)=0.0051

For a notional principal of $15 million the market value is
$15,000,000 x 0.0051 = $76,500

LO 5.14: Determine the fixed rate, if applicable, and the foreign notional
principal for a given domestic notional principal on a currency swap, and

e . e f g o im

determine the market values of each of the different types of currency swaps
during their lives.

With currency swaps there are two yield curves and two swap rates i.e. one for each
currency.

The principal amounts must be adjusted for the exchange rate. For example, given a
USD/GBP exchange rate of $2/GBP1 and a notional principal of $40 million then the
notional amount in GBP would by GBP 20 million

This means that the domestic party (assume US) would pay $40 million to the UK
counterparty and the UK counterparty would pay the US counterparty and amount of
GBP 20 million at contract inception. This transaction would be reversed at contract
termination

Example
Consider a two year currency swap with semi-annual payments. The domestic
currency iss UD and the floating currency is GBP. The currenct excahnge rate is

$1.41 per GBP

A Calculate the annualised fixed rates for dollars and pounds given the following
term structures:

UsD term USD rate GBP term GBP rate
180 5.85% 180 4.93%
360 6.05% 360 5.05%
540 6.24% 540 : 518%
720 6.65% 720 5.51%

B. Maving forward 120 days. The new exchange rate is $1.35 and the term
structures are as follows:

83 m LECTURE NOTES PREPARED BY J.R. LAMBSON JANUARY 2014

USD term USD rate GBP term GBP rate
60 6.13% 60 517%
240 6.25% 240 5.32%
420 6.53% 420 5.68%
500 6.97% 600 5.83%
Calculate the market value of the fixed leg and the variable leg for both the USD's
and GBP's
Solution
Part A.
First calculate the discount factors
Dollars
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