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Chapter
4 RISK MANAGEMENT IN

DERIVATIVES

4.0 RISK IN DERIVATIVES
Though the derivatives are Risk Hedging Instruments, but they are also prone to

many risks associated to many factors. The danger posed by the derivatives comes from
leverage they provide to both hedgers and speculators. It is not only on account of users,
but also depends upon the market situation, legal and regulatory changes, systems failure
which gives rise to operational risk. The Reserve Bank of India guidelines classify the risk
associated with derivative in details as below:

(a) Credit Risk: It is the risk of loss due to counterparty, failure to perform on an
obligation to the institution. Credit risk in derivative products comes in two
forms:
(i) Pre-settlement Risk: is the risk of loss due to counterparty’s defaulting on a

contract during the life of a transaction. The level of exposure varies
throughout the life of the contract and the extent of losses will only be
known at the time of default.

(ii) Settlement Risk: is the risk of loss due to the counterparty's failure to perform
on its obligation after an institution has performed on its obligation under
a contract on the settlement date. Settlement risk frequently arises in
international transactions because of time-zone differences. This risk is only
present in transactions that do not involve delivery versus payment and
generally exists for a very short time (less than 24 hours).

(b) Market Risk:  It is the risk of loss due to advers changes in the market value
(the price) of an instrument or portfolio of instruments. Such exposue occurs
with repect to derivative instruments when changes occur in market factors
such as underlying interest rates/exchange rates/equity prices and commodity
prices or in the volatility of these factors.

(c) Liquidity Risk: It is the risk of loss due to failure of an institution to meet its
funding requirements or to execute a transaction at a reasonable price. Such
liquidity risks are of two types, viz., market liquity risk and funding liquidity
risk.
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(i) Market Liquidity Risk is the risk that an institution may not be able to exit or
offset positions quickly and in sufficient quantities at a reasonable price.
This may be due to inadequate market depth in exotic derivatives, long
dated options and market disruptions.

(ii) Funding Liquidity Risk is the potential inability of the institution to meet
funding requirements, because of cash flow mismatches at a reasonable
cost.

(d) Operational Risk: It is the risk of loss occurring as a result of inadequate systems
and control, deficiencies in information systems, human error or management
failure.

(e) Reputational Risk: It is the risk of loss arising from adverse public opinions
and damage to reputation.

4.1 PROTECTIVE PUT OPTION/COVERED CALL
An option is a price insurance contract. In option, while insuring against the worst

case scenario to the buyer also allows the flexibility to the buyer to take advantage of a
favourable movement in the cash market.

Secondly, the buyer purchases an insurance right (Put option) to protect his/her
loss by paying an option premium without having the obligations to exercise the same.

Thirdly, options are essentially over-the-counter (OTC) products except currency
options.

Thirdly, options are of two types – call/put options.
Example —
Ram Arora, an Indian investor, is bothered about the increase in the share prices of

TCS, since he wants to buy 100 shares, two months from now. Since stock options are
available in India, he can hedge himself by buying a call option to purchase 100 shares
of TCS at ` 12,900, which is the strike price. Since he has purchased the CALL OPTION,
it gives him the right, but not the obligation to purchase 100 shares of TCS at the rate of
` 12,900 per share, two months from now. He pays a premium of ` 10 per share, i.e.,
` 1,000. At the end of two months, if the spot price of the share is above
` 12,910 say ` 13,200, he would exercise his option and take delivery of the shares. He
can thereafter sell the shares and reap a total profit of ` 300 × 100 = ` 30,000 – ` 1,000 =
` 29,000 (The BEP price for the buyer is ` 12,900 + ` 10 = 12,910. Since the spot price is
` 13,200 at the end of the option period, he gets a profit of ` 290 per share and reaps a
profit of ` 29,000 on 100 shares. On the other hand, if the spot price is below the strike
price say at ` 12,800, he need not exercise the option. Instead, he can purchase the
shares in the market at ` 12,800 (ignoring transaction costs). In this case, the purchase
price would be ` (12,800 × 100) + ` 1,000 = ` 1,29,000.
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Thus, while the share price is insured at ` 12,900, the investor can take advantage
of any fall in the share price by not exercising the option and instead of purchasing them
from the cash/underlying market.
Put Options

Such are used when the investor expects to sell his/her stocks in the future but is
apprehensive of a fall in stock price during the period. If Bhagwandas, who wants to sell
100 shares for exercise two months ahead, is expecting the share price to fall, he will be
purchasing the put option on 100 shares for exercise two months from now. The strike
price is ` 130, wherein he pays a premium of ` 2 per share, i.e., ` 200 for 100 shares.
Since he has purchased a put option, it gives him the right but not the obligation to sell
100 shares of DCL, two months from now at the rate of ` 130 per share. If the cash/
market price of DCL shares (underlying) is more than ̀  130 say ` 150, he will not exercise
his right to sell under the option. Instead, he will choose to sell the shares in the market
at the rate of ` 150 and make the profit of ` 20 – 2, i.e., 18 × 100 = ` 1,800 total. However,
in the event that the cash/spot price of DCL is less than ` 130 say `120, he would
exercise the right to sell under the option. His BEP is 130 – 2 = ` 128. Since he sells at ` 130,
he makes a profit of ` 8 per share totalling ` 8 × 100 = ` 800.

4.2 INTRODUCTION TO OPTION VALUATION
What determines the pricing or premium of an option?
The pricing/valuation of an option is determined by the demand and supply factors.

Still fundamentally, there are certain basic determinants of options pricing, which are as
follows:

 Current asset price
 Strike price
 Volatility of underlying price
 Time to expiration
 Interest rates

These factors affect premium/price of both American and European options in the
similar following ways —

1. Current Asset Price Effect  Keeping all the other factors constant, if the current
market price of the asset goes up, the value of the call option increases but value of put
option diminishes. For instance, if strike price of an option is ` 100, the value of call
option at current market price of ` 100 would be less than the value of option with
current market price of the asset being ` 110. It should be remembered that the value of
the put option decreases with increasing current market price of the asset because of
decreasing intrinsic value of this option.
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2. Strike Price Effect  If the strike price of the option increases intrinsic value of
call option would go down and so it would start losing the value. On the contrary with
constant current asset price, increasing strike would increase the intrinsic value of the
put option and so it would become dearer.

3. Volatility of Underlying  The volatility of the price of underlying affects both
call and put options in the same way. As higher volatility escalates, the chances of the
option going in the money, at any point in the during the life of the contract, it increases
the risk of option seller and resultantly makes the option, both call and put , expensive.

4. Effect of Time to Expiration  Similar to the effect of volatility on the option
premium, the effect of time to expiration on both, call and put, options is the same.
Larger the maturity of the options, higher is the uncertainty and so higher the prices of
options both call and put. Therefore, the long maturity options are more expensive than
the short maturity options.

5. Effect on Interest Rates  The effect of interest rates on options is slightly
complicated mainly because interest rates affect different options differently for instance,
options on individual scrip and indices are highly influenced by interest rates but they
do not affect options on futures strongly. It should be noted that higher interest rate has
the same effect as lowering the strike price. Therefore, higher interest rate would result
in higher value of call option and lower value of put option. We may summarise the
effect of above determinants of options value as below:

Effect of an Increase in Each Pricing Factor on the Option Value
Sr. No. Pricing Factors Call Option   Put Option

1 Current asset price Increase   Decrease
2 Strike price Decrease   Increase
3 Volatility of underlying price Increase   Increase
4 Time to expiration Increase   Increase
5 Interest rate Increase   Decrease

Pricing Models Used  The Black Scholes Model and Cox, Ross and Robinstein
Binomial model are the primary pricing models. Both models are based on the same
theoretical foundations and assumptions (such as the geometric Brownian motion theory
of stock price behaviours and risk – neutral valuation).

1. Binomial Pricing or Valuation  A useful and very popular technique for pricing
an option involves constructing a binomial tree. This represents different possible paths
that might be followed by the stock price over the life of an option. The binomial model
breaks down the time to expiration into potentially a very large number of time intervals/
steps. A tree of stock prices is initially produced working forward from the present to
expiration. At each step, it is assumed that the stock price will move up or down by an
amount calculated using volatility and time to expiration. This produces a binomial
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distribution or recombining tree of underlying stock prices. The tree represents all the
possible paths that the stock price could take during the life of the option. At the end of
the tree, that is at expiration of the option – all the terminal option prices for each of the
final possible stock prices are known as they simply equal their intrinstic values. Next,
the option prices at each step of the tree are calculated working back from expiration to
the present. The option prices at each step are used to derive the option prices at the next
step of the tree using risk neutral valuation based on the probabilities of the stock prices
moving up or down, the risk-free rate and the time interval of each step. Any adjustments
to stock prices (at an ex-dividend date) or option prices (as a result of early exercise of
American options) are worked into the calculations at the required point in time. At the
top of the tree you are left with are option price.

Example —
A share price is currently ` 200 and it is known that at the end of three months it

will be either ` 220 or ` 180, X is interested in valuing a European call option to buy the
stock for ` 210 in three months. This option will have one of two values at the end of the
three months. If the stock turns out to be ` 220, the value of the option will be zero. This
situation is illustrated in the binomial tree –

X set up a portfolio of the shares and the option is such a way that there is no
uncertainty about the value of the portfolio at the end of three months. Since the portfolio
has no risk, the return it earns must equal the risk free interest rate. This enables us to
workout the cost of setting up the portfolio and therefore the options price. Because
there are two securities (the share and share option) and only two possible outcomes, it
is always possible to setup the riskless portfolio. Here is another tree for share and share
option prices in a general one step tree.

Stock price = Rs.180
Option price = Rs.0

Stock Price
= Rs.200

Stock price = Rs.220
Option price = Rs.10
Stock Price = ` 220
Option Price = ` 10

Stock Price
= ` 200

Stock Price = ` 180
Option Price = ` 0
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              Where, So = Share price
f = Option price
fu = Option price up
fd = Option price down
Sou = Price moves up share
Sod = Price moves down share

The equation is:

Riskless value share dSouSo
dfuf






While the two-step tree is depicted as below –
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So
fu
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fd

So
f

Sou

fu



118 Financial Derivatives and Risk Management

2. Risk Neutral Probabilities and Their Interpretations 
Movement in share prices is natural and there are probabilities of ups and downs

movement. The variable 1 – p is the probability of a down movement and the expression
                    P fu + ( 1 – P ) fd

is the expected pay-off from the option. With this interpretation of P states that the
value of the option today is its expected future pay-off discounted at the risk-free rate.
Setting the probability of the up movement equal to P is therefore equivalent to assuming
that the return on the stock equals the risk-free rate. In a risk neutral world, all individuals
are indifferent to risk. In such a world, investors require no compensation for risk, and
the expected return on all securities is the risk-free interest rate. Probability of an upward
movement in the share price in a risk neutral world is defined as P. We can calculate P
from equation as:

                          
du
deP

rT






where,               r = Rate of interest
                         T = Time period
                         d = Down price
                         u = Up price
3. Binomial Models Application for American Options where Underlying

Pays Dividends 
In American option, the value of the option at the final nodes is the same as for the

European option. At earlier notes the value of the option is the greater of

Value given by   fdP1PfuτΔtef 

Note: Using as two-step tree to value an American put option. At each Node, the
upper number is the share price and the lower number is the option price.

C

O

B

A

o
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C

A
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The stock prices and their probabilities are unchanged. The values for the option at
the final nodes are also unchanged. The value at node A of the option is optimal.

4. Black and Scholes Merton Model 
It was a major breakthrough in the pricing of stock options. The model has had a

huge influence on the way that traders price and hedge options. This model explains as
to how volatility can be either estimated from historical data or implied from option
prices. It shows how the risk neutral valuation can be used. This model is extendable to
deal with European call and put options on dividend paying stocks and presents some
results on the pricing of American call options on dividend paying shares. The Black
and Scholes options valuation model consists of a rather complex mathematical formula
which permits to calculate what the theoretical price of an equity option should be. The
major determinants of the value of a share option takes into account, viz., strike price/
time until expiry/volatility/prevailing risk free interest rate/dividends that are due to
be paid, etc.

The Black and Scholes model is used to calculate a theoretical call price (ignoring
dividends paid during the life of the option) using the five key determinants of an option
price,

(i) stock price
(ii) strike price

(iii) volatility
(iv) time to expiration, and
(v) short-term (risk-free) interest rate
The original formula for calculating the theoretical option price under perfect

certainty is as under —
      Option price = SN (d1) – Xe n N (d2)

      Where
tV

t
2

V
r

X

S
In

d

2

1


























                 V tdd 12 

The variables are:
S = Stock price at present
X = Strike price
t  = Time remaining until expiration, expressed as per cent of a year
r = Compounded risk-free interest rate
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 V = Annual volatility of stock price the standard deviation of the short-term returns
over one year

In = Natural logarithm
N = Standard normal cumulative distribution function
 e = Exponential function
It may be noted that a separate formula for pricing the put option was not developed

by Black and Scholes. Instead they used the concept of put call parity for deriving the
price of a put option.

Black and Scholes equation for pricing of an European call option is as below:
            C = N (d1) Se – Ret– N (d2)e– Rut

Where, C = Option premium in terms of US dollars
            Re = Rate of interest of call currency
            Ru = Rate of interest of US dollars

4.3 UNDERSTANDING WEINER AND MARKOV PROCESSES
The variables whose value changes over time in a certain way are of two types, viz.,

Continuous Variable and Discrete Variable. In a continuous variable process, the
underlying variable can take any value within a certain range, whereas in a discrete —
valuable, only certain discrete values are possible. Learning about this process is the first
step to understanding the pricing of options and other more complicated derivatives. In
practice, the stock prices are restricted to discrete values (e.g., multiples of paise/cents)
and changes can be observed only when the exchange is open.

The process followed by the variable is known as Weiner process. It is a particular
type of Markov stochastic process with a mean change of zero and variance rate of 1.0
per year.

It has been used is physics to describe the motion of a particle that is subject to a
large number of small molecular stocks and is sometimes referred to as Brownian motion.

Expressed formally, a variable Z follows a Weiner process if it has the following two
properties —

Property – 1: Change  = during a small period of time t is

ΔtEΔZ 

Where t has a standardised normal distribution (0, 1).
Property – 2:  The values of Z for any two different short intervals of time t are

independent.
It follows from the first property that Z itself has a normal distribution with mean

of Z = 0.
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Standard deviation Z = Δt

Variance of Z =t
The second property implies that Z follows Markov process. Consider the change in

the value of Z during a relatively long period of time T. This can be denoted by Z(T) –
Z(0). It can be regarded as the sum of the changes in Z in N small time intervals of length
t, where

Δt
T

N   , thus,     Δtti
N
Σ0ZTZ 

                                         ti = 1
 Where, the ti (i = 1, 2, ....., N) are distributed (0,1). We know from the second

property of Wiener processes that the ti are independent of each other. It follows that
Z(T) – Z(0) is normally distributed with:

Mean of Z(T) – Z(0) = 0
Variance of Z(T) – Z(0) Nt = T

Standard deviation of     TZTZ 0 

In ordinary calculus, it is a usual proceed from small changes to the limit as the
small changes becomes closer to Zero. Thus, dx = adt is the notation used to indicate that
X = at in the limit as t 0. We use similar notational conventions in stochastic
calculus. So, when we refer to dz as a Wiener Process, we mean that it has the properties
for z given above in the limit as t  0.

Example –
Suppose that the value of Z of a variable that follows a Wiener process is initially 25

and that time is measured in years. At the end of year 1, the value of the variable is
normally distributed with a mean of 25 and a standard deviation of 1.0. At the end of 5
years, it is normally distributed with a mean of 25 and a standard deviation of 5  or
2.236. On uncertainty about the value of the variable at a certain time in future, as
measured by its standard deviation, increases as the square root of how far we are looking
ahead. Graphically, we can show as under:
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Two intriguing properties of Wiener Processes, related to this Δt property, are as
follows:

1. The expected length of the path followed by Z in any time interval is infinite.
2. The expected number of times Z equals any particular value in any time interval

is infinite.
MARKOV PROCESS

 A Markov process is a particular type of stochastic process where only the present
value of a variable is relevant for predicting the future. The past history of the variable
and the way that the present has emerged from the past are irrelevant. Share prices are
usually assumed to follow a Markov process. Suppose that the price of TCS share is
` 1,100 now. If the share price follows a Markov process, our predictions for the future
should be unaffected by the price one week ago, one month ago, one year ago. The only
relevant piece of information is that the price is now ̀  1,100 (The particular path followed
by the share in the past is irrelevant). Predictions for the future are uncertain and must
be expressed in terms of probability distributions. The Markov Process implies that the

Smaller value of    t

Z

t

Relatively high value of    t

Z

t
Relatively high of value of  t

Smaller value of  t
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probability distribution of the price at any particular future time is not dependent on the
particular path followed by the price in the past.

The Markov process of share prices is consistent with the weak form of market
efficiency. This states that the present price of a share impounds all the information
contained in a record of past prices. If the weak form of market efficiency were not true,
technical analysis could make above average returns by interpreting charts of the past
history of share prices. There is very little evidence that they are trends to ensure that
weak form market efficiency holds. They are many, money investors watching the shares
market closely. Trying to make a profit from it leads to a situation where a share price, at
any given time, reflects the information in past prices. Suppose that it is as discovered
that a particular pattern in share prices always gave a 65 per cent chance of subsequent
steep price rises. Investors would attempt to buy a share as soon as the pattern was
observed, and demand for the share would immediately rise. This would lead to an
immediate, rise in its price and the observed effect would be eliminated as would any
profitable trading opportunities.

Example —
Suppose that a variable’s current value is 10 and the change in its value during 1

year is (0, 1) where  (;) denotes a probability distribution that is normally distributed
with mean , and standard donation  What is the probability distribution of the change
in the value of the variable during two years?

The change in two years is the sum of two normal distributions each of which has a
mean of zero and standard deviation of 1.0. Because the variables in Markov, the two
probability distributions are independent when we add two independent normal
distributions, the result is a normal distribution, where the mean is the sum of the means
and the variance is the sum of the variances. The mean of the change during two years
in the variable we are considering is therefore, ZERO and the variance of this change is

2.0. Hence, the change in the variable over two years is f  20, . Consider next the change
in the variable during six months. The variance of the change in the value of the variable
during one year equals the variance of the change during the first six months plus the
variance of the change during the second six month. We assume these are the same. It
follows that the variance of the change during a six month period must be 0.5.
Equivalently, the standard deviation of the change is 0.5 , so that the probability

distribution for the change in the value of the variable during six months is f  0.50, .

The square root signs in these results may seem strange. They arise because, when
Markov processes are considered, the variance of the change is successive time periods
are additive. The standard deviations of the changes in successive time periods are not
additive. The variance of the change in the variable in our example is 1.0 per year, so
that the variance of the change in two years is 2.0 and the variance of the change in
three years is 3.0. The standard deviation of the change in two and three year
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is 2 and 3  respectively. We should refer the standard deviation of the variable as
1.0 per square root of years.

4.4 LOG+NORMAL DISTRIBUTION
The model of share price behaviour used by Black, Scholes and Merton is the model

which assumes that percentage changes in the stock price in a short period of time are
normally distributed. We define

 : Expected return on share per year
 : Volatility of the share price per year.
The mean of the percentage change in the share price is time t is t and the

standard deviation of this percentage change is Δtσ  so that

S
ΔS

~   ΔtσμΔt;

Where S is the change in the share price S in time t and (,) denotes a normal
distribution with mean m and standard deviation s.

The Log-normal Model by equation is

IN 
oS

ST
~ 






























 TT.σ

2

σ
μ

2

  equation–I

                             or

IN ST ~ 





























 TT.σ

2

σ
μINSo

2

 equation–II

Where ST = Share price at a future time T
            So = Share price at time O
Equation II shows that InST is normally distributed so that ST has a lognormal

distribution. The mean of ST is IN SO + (– 2/2) T and the standard deviation is Tσ .

Example —
Consider a share with an initial price of ` 40, an expected return of 16 per cent p. a.

and a volatility of 20 per cent p.a. From equation-II, the probability distribution of the
share price ST in six months time is given by –
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In ST  




















 0.5.2 0.5.0

2

0.2
0.16 40IN

2

In ST ~ ( 3.759, 0.141)
 There is a 95 per cent probability that a normally distributed variable has a value

within 1.96  of its mean
3.759 – 1.96 × 0.141 < In ST <3.759 + 1.96 × 0.141
This can be written

0.1411.963.759eS0.1411.963.759e
T



             = 32.55 < ST< 56.56
Thus, there is 95 per cent probability that the share price in six months will be

between 32.55 and 56.56.
A variable that has a lognormal distribution can take any value between zero and

infinity. From equation II and the properties of the lognormal distribution, it can be
shown that the expected value E(ST) of ST is given by –

   e T
TE S So

Shape of a lognormal distribution

               

O

This fits in with the definition of as the expected rate of return.
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The variance var (ST) of ST can be shown to be given by 2

  









  1eSoSVar T

2
σT2 2e

T

Example —
Consider a share where the current price is ` 20, the expected return is 20 per cent

per annum, and the volatility is 40 per cent p.a. The expected share price, E(ST) and the
variance of the share price, Var (ST) in one year are given by:

E (ST) 2oe 0.2x1 = 24.43

  103.541e400eSVar
120.410.22

T
















The  of the share price in one year is 103.54  or 10.18

The lognormal process of share prices can be used to provide information on the
probability distribution of the continuously compounded rate of return earned on a share
between times O and T. If we define the continuously compounded rate of return p.a.
realised between times O and T as X, it follows that –

xt
e

T
SoS    so that 

O

T

S
S

In
Τ
1

X 

Thus, the continuously compounded rate of return per annum is normally distributed

with mean is – 2/2 and standard deviation  .T  As T increases, the standard deviation
of x declines. To understand the reason for this, consider two cases T = 1 and T = 20. We
are more certain about the average return per year over 20 years than we are about the
return in any one year.

Example —
A share with an expected return of 17 per cent p.a. and a volatility of

20 per cent p.a. The probability distribution for the average rate of return (continuously
compounded) realised over three years is normal with mean.

0.15
2

0.2
0.17

2



Or 15 per cent p.a. and standard deviation ()

0.1155
3

0.2




Risk Management in Derivatives 127

Or 11.55 per cent p.a. because there is a 95 per cent chance that a normally distributed
variable will lie within 1.96 standard deviations of its mean, we can be 95 per cent
confident that the average return realised over three years will be between – 7.6 per cent
and + 37.6 per cent p.a.

4.5 ITO LEMMA AND ITS APPLICATION IN STOCHASTIC PROCESS
The price of a share option is a function of the underlying share’s price and time.

More generally, we can say that the price of any derivative is a time function of the
stochastic variables underlying the derivatate and time. The behaviour of functions of
stochastic variables has been discovered by mathematician K. Ito in 1951, and is known
as Ito’s lemma.

Suppose that the value of a variable × follows the Ito process
dx = a (X, t) dt + b (x;t)dz
Where dz is Weiner Process and a and b are functions of x and t.  The variable x has

a drift rate of a and a variance rate of b2. Ito’s lemma shows that a function G of x and t
follows the process

bdz
X
G

dtbX
G
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t
G

a
X
G

dG 2
2
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where dz is the same as in Weiner process. Thus, G also follows an Ito process, with
a drift rate of

2
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 and a variance rate of 
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Ito lemma  is viewed as an extension of well-known results in differential calculus.
Application to Forward Contracts 
To illustrates Ito’s lemma, counter a forward contract on a non-dividend paying

share. Assume that the risk-free rate of interest is constant and equal to  for all maturities.
If we consider a forward contact on an investment asset with price so that provides non-
income  T is the time to maturity,  is the risk free rate, and fo is the forward price. The
relationship between fo and so is

τΤ
oeo SF 

 If Fo > so
t, arbitrageurs can by the asset and short forward contracts on the asset, if

Fo< Soe
t, they can short the asset and enter into long forward contracts on it. In the

equation above Fo is the forward price at time zero, so is the spot price at time zero and
T is the time to maturity of the forward contracts. We are interested in what happens to
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the forward price as time passes. We define F as the forward price at a genual time t and
s as the share price at time t with t < T. The relationship between F and S given by

t)r(TSeF 

Assuming that the process for S and F is given by –

     σSdzedtrseμSedF tTτtTτtTτ   





OR   σFdzFdt τμdf 

4.6  USING ITO LEMMA — TO DESIRE BLACK SCHOLES MODEL
       FOR STOCK/CURRENCY OPTIONS

Interpretating the Black Scholes pricing formulas
The B-S formulas for the prices at time O of a European call option on a non–

dividend paying stock and a European put option on a non-dividend paying stock are:
                 C = SON (d1) – Ke –T N (d2)
        and  P = Ke

-T N(-d2)- SON (-d1)
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The function N(x) is the cumulative probability distribution for a standardised normal
distribution. In other words, it is the probability that a variable with a standard normal
distribution.  (0.1) will be less than X. This is graphed in the figure down below.

[Shaded Area represents N(X)]

O X
[Shaded Area represents N(x)]
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The variables c and p are the European call and European put price, So is the stock
price at time Zero, K is the strike price,is the continuously compounded risk-free rate,
 is the stock price volatility and T is the time to maturity of the option.

One way of deriving the B-S formulas is by solving the differential equation –

τf
s

fsσ
2
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t
f

2
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When f = Max ( S – K,O) When t = T
While another way is to use Risk Neutral valuation. The expected value of the option

at maturity in a risk neutral world is
                     E [Max (ST – K,O)]
Where E = expected value in risk neutral world. The European call price C is this

expected value discounted at the risk-free rate of interest, that is
                C = e –rT E [Max (ST – K,O)]
To provide an interpretation of the terms, it can be written
               C = e-rT  [SO

N (d1) e rG-KN (d2)]
 The expression N (d2) is the probability that the option will be exercised in a risk

neutral world, so that KN (d2) is the strike price times the probability, that the strike
price will be paid. The expression SON (d1) erT is the expected value of a variable that is
equal to ST if ST> K and to zero otherwise in a risk neutral world. Since European price
equals the American price when there are no dividends, gives the value of an American
call option on a non–dividend  paying shares.

When the B-S formula is used, the interest rate r is set equal to zero coupon risk-free
interest rate for a maturity T. Time is normally measured as the number of trading days
left in the life of the option divided by the number of trading days in one year. The
number of trading days in a year is usually assumed to be 252 days (365-104 Sundays
and Saturdays + National holidays nine) for shares. The life of an option is also usually
measured using trading days rather than calendar days. It is calculated as T years where

T = 
Number of trading days until option maturity

                                        252
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