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Abstract 

Derivatives have become increasingly important in finance.  Futures and options are 

now traded actively on many exchanges through the world.  Many different types of 

forward contracts, swaps, options, and other derivatives are regularly traded by 

financial institutions, fund managers, and corporate treasurers in over the counter 

(OTC).  We have now reached the stage where anyone who works in finance need to 

understand how derivatives specially options works, how they are used, and how they 

are priced.  I personally believe that this research work would only help you once you 

are aware derivates overview.  There is huge potential gain as well as huge risk is 

involved while trading derivatives. Still many are not having adequate knowledge 

about option pricing and strategies.  So in the first part, the authors would try to focus 

on basics of Option. Options are like insurance.  Options buyers have limited risk 

(max. loss is premium amount to buy the option) but having probability of unlimited 

profit whereas options seller have limited profit ( premium amount by selling option) 

but having probability of unlimited loss.  The authors have also focussed on how to 

calculate premium amount for buying or selling particular. Various Caselets add 

justification to the hypothesis. Options using and comparing various option pricing 

methodologies. A brief analysis of the very basic methods of the option pricing i.e. 

Black & Scholes and Binomial Tree Method have also been empirically discussed  

 

KEY WORDS  

1. HNWI: High Net Worth Individuals            

2. I.V & E.V: Intrinsic & Extrinsic Value  

3.  ATM, OTM and ITM: At the Money, Out of Money, In the Money 

respectively. 
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4.  FX-OS: Forex Option Seller (writer)      

5.  Teji/Mandi: Upward trend in Forex Market / Depression in Forex Market  

 

(A) INTRODUCTION  

Market deregulation, growth in global trade, and continuing technological 

developments have revolutionized the financial marketplace during the past two 

decades. A by-product of this revolution is increased market volatility, which has led 

to a corresponding increase in demand for risk management products.   . In this 

guidance, financial derivatives are broadly defined as instruments that primarily 

derive their value from the performance of underlying interest or foreign exchange 

rates, equity, or commodity prices. Financial derivatives come in many shapes and 

forms, including futures, forwards, swaps, options, structured debt obligations and 

deposits, and various combinations thereof. Some are traded on organized exchanges, 

whereas others are privately negotiated transactions. Derivatives have become an 

integral part of the financial markets because they can serve several economic 

functions. Derivatives can be used to reduce business risks, expand product offerings 

to customers, trade for profit, manage capital and funding costs, and alter the risk-

reward profile of a particular item or an entire balance sheet.  

 

Although derivatives are legitimate and valuable tools for banks, like all financial 

instruments they contain risks that must be managed. Managing these risks should not 

be considered unique or singular. Rather, doing so should be integrated into the bank's 

overall risk management structure. Risks associated with derivatives are not new or 

exotic. They are basically the same as those faced in traditional activities (e.g., price, 

interest rate, liquidity, credit risk). Fundamentally, the risk of derivatives (as of all 

financial instruments) is a function of the timing and variability of cash flows. There 

have been several widely publicized reports on large derivative losses experienced by 

banks and corporations. Contributing to these losses were inadequate board and senior 

management oversight, excessive risk-taking, insufficient understanding of the 

products, and poor internal controls. These events serve as a reminder of the 

importance of understanding the various risk factors associated with business 

activities and establishing appropriate risk management systems to identify, measure, 

monitor, and control exposure.  



IJBEMR          Volume 1, Issue 1 (2010)      ISSN-2229-4848 
 

Sri Krishna International Research & Educational Consortium 
http://www.skirec.com 

- 24 - 

The need for a derivatives market 

1. The derivatives market performs a number of economic functions: 

2. They help in transferring risks from risk averse people to risk oriented people 

3. They help in the discovery of future as well as current prices 

4. They catalyze entrepreneurial activity 

5. They increase the volume traded in markets because of participation of risk 

averse people in greater numbers 

6. They increase savings and investment in the long run 

 

FACTORS DRIVING THE GROWTH OF FINANCIAL DERIVATIVES 

1. Increased volatility in asset prices in financial markets, 

2. Increased integration of national financial markets with the international 

markets, 

3. Marked improvement in communication facilities and sharp decline in their 

costs, 

4. Development of more sophisticated risk management tools, providing 

economic agents a wider choice of risk management strategies, and 

7. Innovations in the derivatives markets, which optimally combine the risks and 

returns over a large number of financial assets leading to higher returns, 

reduced risk as well as transactions costs as compared to individual financial 

assets 

 

THE PARTICIPANTS IN A DERIVATIVES MARKET 

 Hedgers use futures or options markets to reduce or eliminate the risk 

associated with price of an asset. 

 Speculators use futures and options contracts to get extra leverage in betting 

on future movements in the price of an asset. They can increase both the 

potential gains and potential losses by usage of derivatives in a speculative 

venture. 

 Arbitrageurs are in business to take advantage of a discrepancy between 

prices in two different markets. If, for example, they see the futures price of an 

asset getting out of line with the cash price, they will take offsetting positions 

in the two markets to lock in a profit. 
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OPTIONS AS OTC (Over the Counter) Product  

An option gives the holder (buyer) of the option the right to do something, but the 

holder does not have (obligation) to exercise this right.  By contrast, in a forward or 

futures contract, the two parties have committed themselves to oblige and settle their 

trade on maturity date (or expiration date) and also it cost nothing to traders except 

the margin money to enter the contract, where as purchase of option requires an up-

front payment which is known as premium. 

 

There are basically two types of options; Call option and Put option.  A call option 

gives the holder of the option the right to buy an asset by a certain date ( maturity date 

or expiry date ) at certain pre-specified price ( exercise price or strike price ).  Buying 

a call option is always helpful when you expect market or underlying asset‟s valuation 

would be bullish (rise).  A put option gives the holder the right to sell an asset by 

certain date for a certain pre-specified date.   

 

Options can be either American Options or European Options.  American Options 

can be exercised at any time up to the expiration date, whereas European Options can 

be exercised only on the expiration date itself.  For the same European Options are 

easy to analyze than American Options.  There are two sides to every option contract.  

On one side is the investor who has taken long position (i.e., has bought the option).  

On the other side is the investor who has taken a short position (i.e., has sold or 

written the option).  The writer of an option receives the premium (cash up front) but 

has potential risk of unlimited loss.  

So there are mainly four types of option positions: 

 

A) A LONG POSITION IN A CALL OPTION (BUYING A CALL) 

Payoff from a long position in a Call option is 

  Max (ST – K, 0) - c 

This reflects the fact that the options will be exercised only if ST > K and will not be 

exercised if ST ≤ K. ‘c’ is the call premium that buyer of the call option is bound to 

pay initially to buy the option i.e. right to buy the underlying asset as price K. 
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B) A SHORT POSITION IN A CALL OPTION (SELLING A CALL) 

Payoff to the holder of a short position in a Call option is 

  c – Max (ST  –  K, 0)   OR 

  = c + Min (K – ST, 0)  

This reflects the fact that the options will be exercised only if K > ST and will not be 

exercised if ST ≥ K. ‘c’ is the call premium that holder of the call option is receive as 

his max profit as he is indulging the maximum potential risk. 

 

C) A LONG POSITION IN A PUT OPTION (BUYING A PUT) 

Payoff from a long position in a put option is 

  Max (K – ST, 0) – p 

This reflects the fact that the options will be exercised only if K > ST and will not be 

exercised if K ≤ ST. ‘p’ is the put premium that buyer of the put option is bound to pay 

initially to buy the option i.e. right to sell the underlying asset at price K. 

 

D) A SHORT POSITION IN A PUT OPTION (SELLING A PUT) 

Payoff to the holder of a short position in a put option is 

  p  –  Max (K – ST, 0)   OR 

  =  p + Min (ST  – K , 0)  

 

Final pay-off matrix of the options is : 

 Options 

P o si ti o n
  Call Put 
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Long Max (ST – K, 0) - c Max (K – ST, 0) – p 

Short c + Min (K – ST, 0) p + Min (ST  – K , 0) 

 

Position Relevance in context with underlying asset value and Strike Price:  

ATM : (No gain, no profit) 

When Strike price is equal to the underlying asset i.e. ST  =  K  

ITM :  (Gain for Option buyer, option exercised) 

(a) Call Option: The asset price is greater than strike price  ST  >  K  

(b) Put Option: The asset price is smaller than strike price ST  <  K 

OTM : (Gain for Option Seller, option not exercised)  

(a) Call Option: The asset price is smaller than strike price  ST  <  K 

(b) Put Option: The asset price is greater than strike price ST  >  K 

Intrinsic Value: 

Max of ITM amount ( i.e for call option  ST  -  K  and for put option K - ST ) and zero. 

 

OPTION TRADING STRATEGIES 

There are number of different strategies involving a single option on stock and stock 

itself.  The dashed line shows the relationship between profit and the stock price for 

the individual securities and constituting the portfolio.   

 

 

 

 

 

 

 

(a)        ( b )  
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   (c)        ( d ) 

 

1. PROTECTIVE STRATEGIES: 

( a ) Covered Call:  

Long position in a stock &  Sort position in a call option  

( b ) Reverse Covered Call: 

Long call and short stock 

(c)  Protective Put 

 Buying Put Option and Long of Stock 

(d)  Reverse of Protective Put: 

 Selling Put Options to short stock. 

 

PUT CALL PARITY RELATIONSHIP IS  

 p + S0 = c + K e 
– r T 

+ D  ……………….. ( 1 ) 

 S0  - c =  K e 
– r T 

+ D -  p 

2. SPREAD STRATEGIES: 

(a) Bull Spread : (Using Call) 
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Investor is bullish on the market and for the same this strategy is useful which 

protects him from downside risk.  Buying a call option with a certain strike price and 

selling a call option on the stock with higher strike price.  Both options have same 

expiration date.  This strategy limits the investors upside and downside risk.   

K1 = Strike Price for option that is bought.  

K2 = Strike Price for option that is sold and  (K2 > K1 ) 

Three different types of bull spread can be distinguished: 

 Both calls are initially OTM (Most Effective ) 

 One call is initially ITM; and the other call is initially OTM. 

 Both call are initially ITM. 

Buying a put with a low strike price and selling a put with high strike price. 

(a) Bear Spread : (Using Call) 

 

An investor who enters into a bear spread is hoping that the stock price will decline.   

Bear spread can be created by buying a call with Strike Price ( K1 )  and selling a 

selling with another strike price ( K2 ) and  K1  <  K2 . The profit is calculated by 

adding the initial cash flow to the payoff. 

 

3. BUTTERFLY SPREAD STRATEGIES: 

A butterfly involves positions in options with three different strike prices.  It can be 

created by buying a call option with a relatively low strike price, K1, buying a call 
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option with a relatively high strike price K3.  Generally K2 is close to the current stock 

price.  The pattern of profit if the stock price stays close to K2, but gives rise to a 

small loss if there is a significant stock price move in either direction.  It is therefore 

an appropriate strategy for an investor who feels that large stock price moves are 

unlikely.  The strategy requires a small investment initially.  The pay off from a 

butterfly spread is shown below: 

 

 

 

 

 

 

 

 

 

 

 

The investors buys one put with a low strike price, another with a high strike price, 

and sells two put with an intermediate strike price, as illustrated in above figure.  

 

A butterfly spread can be sold or shorted by following the reverse strategy.  Options 

are sold with strike prices of K1 and K3, and two options with the middle strike price 

K2 are purchased.  This strategy produces a modest profit if there is a significant 

movement in the stock price.   
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4. Calendar Spread Strategies: 

 

 

 

 

 

 

 

Calendar spreads are used in which the options have the same strike price and 

different expiration dates.  A calendar spread can be created by selling a call option 

with a certain strike price and buying a longer – maturity call option with the same 

strike price.  The longer the maturity, the more is cost of option. A calendar spread 

therefore usually requires an initial investment.  However, a loss is incurred when the 

stock price is significantly above or significantly below this strike price.   

 

In neutral calendar spread, a strike price close to current stock price is chosen.  A 

bullish calendar spread involves a higher strike price, whereas a bearish calendar 

spread involves a lower strike price.   

 

For put options, the investor buys a long-maturity put option and sells a short-maturity 

put option. A reverse calendar spread is the opposite of above figures.  The investor 

buys a short-maturity option and sells long-maturity options.  A small profit arises if 

the stock price at the expiration of the short-maturity option is well above or well 

below the strike price of the short-maturity options.   

 

5. COMBINATION STRATEGIES: 

A combination is an option trading strategy that involves taking a position in both 

calls and puts on the same stock. 
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(A)  STRANGLE :  

In strangle, sometimes called a bottom vertical combination, an investor buys a put 

and a call with the same expiration date and different strike price.  The profit pattern 

is obtained as shown in below mentioned figure.  In this strategy also, the investor is 

speculating on large change ( volatility ) in the market.  However downside risk if the 

stock price ends up at a central value is less with strangle.   

 

 

 

 

 

 

 

 

 

 

 

If the forecast of volatility based on historical prices is greater than current implied 

volatility (options under valued), you might want to buy a straddle. If your historical 

forecast is less than implied volatility you might want to sell a straddle. 

 

(B)  STRADDLE: 

Buying a call and put with same strike price and expiration.  This strategy will work 

when there is some volatility in the market.  If the stock price close to this strike price 

at expiration of the options, the straddle leads to a loss.  However, if there is a 

sufficiently large move in either direction, a significant profit will result.  A payoff 

table is below:  
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PART  II  

OPTION PRICING MODELS 

FACTORS AFFECTING OPTION PRICES: 

Several factors contribute to the value of an Option Contract thereby influencing the 

option premium or the price at which the option is traded is: 

 

 S0 : Current Stock Price 

 K : Strike Price of the Option 

 T: Time to Expiration of Option 

 σ : The volatility of the Stock Price 

 r : Continuously compounded risk-free rate of interest for an investment. 

 The dividends expected during the life of the options. 

 

Pricing Factors (If Increases) Symbol Call Put 

Current Stock Price S0 + - 

Strike Price K - + 

Time to Expiration T + + 

Volatility σ + + 

Risk Free Rate r + - 

Amount of future Dividend D - + 

+ indicates an increase in the variable causes the option price to increase; 

-  indicates an increase in the variable causes the option price to decrease; 

 

CURRENT STOCK PRICE AND STRIKE PRICE:  

If a call option is exercised at some future time, the pay off will be the amount by 

which the stock price exceeds the strike price.  Call options therefore become more 

valuable as stock price increases and less valuable as the strike price increases.  For a 

put option, the payoff on exercise is the amount by which the strike price exceeds the 

stock price.  Put options therefore behave in the opposite way from call options: they 
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become less valuable as the stock price increases and more valuable as the strike price 

increases. 

 

COMMON OPTION PRICING MODELS 

The value of an option can be estimated using a varieties of quantitative techniques 

based on the concept of risk neutral pricing and using stochastic calculus. There are 

many models to estimate the value of an option. These models are implemented using 

varieties of numerical techniques. Various option valuation models depend on the 

above factors are: 

 Black Scholes Option Pricing Model 

 Binomial Option Pricing Model 

 Roll, Geske and Whaley Analytic Solution 

 Black's approximation for American Calls 

 Barone-Adesi and Whaley Quadratic Approximation 

Black Schools Option Pricing Model and Binomial Option Pricing Model are two 

primary models. 

 

BLACK SCHOLES OPTION PRICING MODEL 

Black – Scholes model is used for valuing European call and put options on a non-

dividend paying stock. The Black-Scholes Model is used to calculate a theoretical 

Call Price (ignoring dividends paid during the life of the option) using the five key 

determinants- stock price; strike price; volatility; time to expiration and short-term 

(risk free) interest rate. It explains how volatility can be either estimated from 

historical data or implied from option prices using the model.  It shows how the risk-

neutral valuation argument can be used.  It assumes that percentage changes in the 

stock price in a short period of time are normally distributed. 

Assuming the ability to continuously and instantaneously rebalance the portfolio (no 

transaction costs or risk free assets), the value of a Call Option is as follows: 

 

Call Price = Value of upside potential – Opportunity Cost of Invested Funds 

The original formula for calculating the theoretical Call Option Price is as follows: 

    c  = S0  N( d1 ) – K e
  –r T

 N( d2 ) 

and for European put option is: 

http://en.wikipedia.org/wiki/Risk_neutral
http://en.wikipedia.org/wiki/Stochastic_calculus
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p  = K e
  –r T

 N(– d2 ) – S0  N(– d1 )  

         ln  ( S0 / K ) + ( r + σ
2 
/ 2 ) T 

d1  =  --------------------------------------- 

                  σ √ T 

 

 ln  ( S0 / K ) + ( r – σ
2 
/ 2 ) T 

d2  =  ---------------------------------------     =   d1 – σ √ T 

                σ √ T 

In=Natural Logarithm 

e = The Exponential function 

N (x) = Cumulative Probability distribution function for a standardized normal 

distribution.   

 

 

 

 

 

 

 

In other words, it is the probability that a variable with standard normal distribution, 

Φ ( 0 , 1 ), will be less than x.   

 

ASSUMPTIONS: 

The key assumptions of the Black-Scholes Model are: 

 The price of the underlying instrument is a geometric Brownian motion, in 

particular with constant drift and volatility 

 It is possible to short sell the underlying stock 

 There are no riskless arbitrage opportunities ( i.e. c ≤ S0 ) 

 Trading in the stock is continuous 

 There are no transaction costs or taxes. 

 All securities are perfect divisible (e.g. it is possible to buy 1/100th of a share) 

 There are no dividends during the life of the derivative 
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 The risk free interest rate is constant and same for all maturity dates. 

 

TIME OR TRADING DAYS ( T ): 

Volatility per annum = Volatility per trading day x  √ No. of trading days per annum 

   No. of trading days until option maturity 

  T =  --------------------------------------------------- 

           252 

VOLATILITY ( σ ) :  

The Volatility σ of a stock is measure of our uncertainty about the returns provided by 

the stocks.  Stocks typically have volatility between 15% and 60%.  The volatility of a 

stock price can be defined as the standard deviation of the return provided by the 

stock in 1 year when the return is expressed using continuous compounding.  σ √ T is 

approximately equal to the standard deviation of the percentage change in the stock 

price in time T.  

 

Suppose  σ = 0.3 or 30%, per annum and current stock price ( S0 ) is Rs. 50.  The 

standard deviation of the percentage change in the stock price in 1 week is approx  

30 x √1/52 = 4.16%.  A one-standard deviation move in the stock price in 1 week is 

therefore 50 x  0.0416, or Rs. 2.08.   

 

 

 

 

 

Where s = standard deviation 

 n = Number of Observation.   

 i = Interval of time (day, week, month or year)  

 u = return on the stock. 

But s = .σ √ T         σ = s / √ T. 

However, the volatility functions include:   

 Implied volatility calculation (American and European options, with and 

without dividends). 
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 Equally weighted historical volatility estimation using historical prices: one or 

more of high-low, closing, and open prices. 

 Exponentially weighted historical volatility estimation using the EWMA 

(exponentially weighted moving average) model or the GARCH model. These 

models give greater emphasis to more recent prices. 

 

Volatility forecasting using the GARCH model let you to see how volatility is likely 

to move in the future. The implied volatility, historical volatility, and forecast 

volatility tools are complementary.  With volatility being such a critical factor, a good 

options trader will use all three sets of tools to help form a view about the volatility to 

use in pricing options. 

 

RISK NEUTRAL VALUATION  

Unlike volatility, which is important for determining the fair value of an option, views 

about the future direction of an underlying asset (i.e. whether you think it will go up 

or down in the future and by how much) are completely irrelevant. Significantly, the 

expected rate of return of the stock (which would incorporate risk preferences of 

investors as an equity risk premium) is not one of the variables in the Black-Scholes 

Model (or any other model for option valuation). The important implication is that the 

value of an option is completely independent of the expected growth of the underlying 

asset (and is therefore risk neutral). Thus, while any two investors may strongly 

disagree on the rate of return they expect on a stock, they will, given agreement to the 

assumptions of volatility and the risk free rate, always agree on the fair value of the 

option on that underlying asset. 

 

The fact that a prediction of the future price of the underlying asset is not necessary to 

value an option may appear to be counter intuitive but, it can easily be shown to be 

correct.  Dynamically hedging a call using underlying asset prices generated from 

Monte Carlo simulation is a particularly convincing way of demonstrating 

this. Irrespective of the assumptions regarding stock price growth built into the Monte 

Carlo simulation, the cost of hedging a call (i.e., dynamically maintaining a delta 

neutral position by buying & selling the underlying asset) will always be the same, 

and will be very close to the Black-Scholes value. (The Excel add-in available from 
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this site contains a Monte Carlo simulation component which can be used for this 

purpose.) 

 

This key concept underlying the valuation of all derivatives - that fact that the price of 

an option is independent of the risk preferences of investors - is called risk-neutral 

valuation. It means that all derivatives can be valued by assuming that the return from 

their underlying assets is the risk free rate. 

 

LOGARITHMIC DISTRIBUTION  

This model is based on a normal distribution of underlying asset returns.  A lognormal 

distribution has a longer right tail compared with a normal or bell-shaped distribution. 

The lognormal distribution allows for a stock price distribution of between zero and 

infinity (i.e. no negative prices) and has an upward bias (representing the fact that a 

stock price can only drop 100% but can rise by more than 100%).  In practice, 

underlying asset price distributions often depart significantly from the lognormal.  For 

example, historical distributions of underlying asset returns often have flatter left and 

right tails than a normal distribution indicating that dramatic market moves occur with 

greater frequency than predicted by a normal distribution of returns i.e. more very 

high returns and more very low returns. 

 

A corollary of this is the volatility smile- the ways in which „At-the-Money‟ options 

often have a lower volatility than deeply „Out of the Money‟ options or deeply „In the 

Money‟ Options. 

 

These models can be used to see the impact on option prices of non-lognormal price 

distributions as measured by coefficients of Skewness (symmetry) and Kurtosis 

(fatness of distribution tails and height of peaks) and to calculate and plot the 

volatility smile implied by these distributions. 

 

ADVANTAGES 

The main advantage of the Black-Scholes Model is speed- It lets you calculate a very 

large number of option prices in a very short time. 
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LIMITATIONS 

The Black-Scholes Model has one major limitation:  it cannot be used to accurately 

price options with an American-style exercise as it only calculates the option price at 

one point in time i.e. at expiration. It does not consider the steps along the way where 

there could be the possibility of early exercise of an American option. As all exchange 

traded equity options have American-style exercise (i.e., they can be exercised at any 

time as opposed to European options which can only be exercised at expiration) this is 

a significant limitation.  The exception to this is an American call on a non-dividend 

paying asset. In this case the call is always worth the same as its European equivalent 

as there is never any advantage in exercising early. Various adjustments are 

sometimes made to the Black-Scholes price to enable it to approximate American 

option prices (e.g. the Fischer Black Pseudo-American method) but these only work 

well within certain limits and they don't really work well for puts.  

 

BINOMIAL OPTION PRICING MODEL 

The Binomial Options Pricing Model approach is widely used as it is able to handle a 

varieties of conditions for which other models cannot easily be applied.  The Binomial 

Option Pricing Model uses a "discrete-time framework" to trace the evolution of the 

option's key underlying variable via a binomial lattice (tree), for a given number of 

time steps between valuation date and option expiration. For example, the model is 

used to value American options which can be exercised at any point and Bermudan 

options which can be exercised at various points.  The valuation process is iterative, 

starting at each final node, and then working backwards through the tree to the first 

node (valuation date), where the calculated result is the value of the option. 

Option valuation using this method is a three step process: 

1. Price tree generation  

2. Calculation of option value at each final node  

3. Progressive calculation of option value at each earlier node; the value at the 

first node is the value of the option. 

 

The Binomial Model breaks down the time to expiration into potentially a very large 

number of time intervals or 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 



IJBEMR          Volume 1, Issue 1 (2010)      ISSN-2229-4848 
 

Sri Krishna International Research & Educational Consortium 
http://www.skirec.com 

- 40 - 

will move up or down by an amount calculated using volatility and time to 

expiration.  This produces a binomial 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 i.e. 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 intrinsic 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 one 

option price. 

 

To get a feel for how the binomial model works you can use the on-line binomial tree 

calculators: either using the original Cox, Ross, & Rubinstein tree or the equal 

probabilities tree, which produces equally accurate results while overcoming some of 

the limitations of the CRR model. The calculators let you calculate European or 

American option prices and display graphically the tree structure used in the 

calculation. Dividends can be specified as being discrete or as an annual yield, and 

points at which early exercise is assumed for American options are highlighted. 

 

ADVANTAGES: 

The big advantage the binomial model has over the Black-Scholes model is that it can 

be used to accurately price American options.   This is because with the binomial 

model it's possible to check at every point in an option's life (i.e., at every step of the 

binomial tree) for the possibility of early exercise. Where an early exercise point is 

found it is assumed that the option holder would elect to exercise and the option price 

can be adjusted to equal the intrinsic value at that point. This then flows into the 

calculations higher up the tree and so on.  

 

http://www.hoadley.net/options/FAQs.htm#Early Exercise
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The on-line binomial tree graphical option calculator highlights those points in the 

tree structure where early exercise would have caused an American price to differ 

from a European price. 

 

The binomial model basically solves the same equation, using a 

computational procedure that the Black-Scholes model solves using an analytic 

approach and in doing so provides opportunities along the way to check for early 

exercise for American options.  

 

LIMITATION: 

The main limitation of the binomial model is its relatively slow speed. It's great for 

half a dozen calculations at a time but even with today's fastest PCs it's not a practical 

solution for the calculation of thousands of prices in a few seconds. 

 

RELATIONSHIP BETWEEN BINOMIAL AND BLACK- SCHOLES    

The same underlying assumptions regarding stock prices underpin both the Binomial 

and Black-Scholes Models: that stock prices follow a stochastic process described by 

geometric Brownian motion.  As a result, for European options, the Binomial Model 

converges on the Black-Scholes formula as the number of binomial calculation steps 

increases. In fact the Black-Scholes Model for European options is really a special 

case of the Binomial Model where the number of binomial steps is infinite. In other 

words, the Binomial Model provides discrete approximations to the continuous 

process underlying the Black-Scholes Model.  

 

1).  A ONE-STEP BINOMIAL MODEL AND A NO-ARBITRAGE 

ARGUMENT: 

We will try to generalize the method solving one example so that we understand the 

concept and can also come to know how to use this method.  Suppose considering 

following parameters: 

Current RIL price is Rs. 2000 = S0 .    

At the end of three months i.e. T = 3 months,  

RIL would be either Rs. 2200 ( S0 u , u > 1  ) or Rs. 1800 ( S0 d , d < 1 ).   
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We are interested in valuating a European call option to by the RIL for Rs. 2100 ( 

Strike Price ) in 3 months.  

If the RIL turns out to be Rs. 2200, the value of option will be Rs 100 ( fu ).   

If the RIL turns out to be Rs. 1800, the value of option will be Rs 0 ( fd ). 

 

 

 

Assumptions: No arbitrage opportunity exits and there is no uncertainty about the 

value of the portfolio at the end of the 3 months i.e there should not be any risk 

associated with portfolio as return is equal to risk free rate. f  is the cost of setting up 

portfolio or option‟s price. Consider a portfolio consisting of a long position in  

shares of RIL and a short position in one call option.  Our task is to calculate the 

value of  which will help us to create riskless portfolio.   

 

CALCULATION:  

If there is up movement in the stock price i.e. RIL moves up from Rs 2000 to Rs 

2200, the value of the portfolio at the end of life of the option is   2200  - 100  (OR  

S0 u   -  fu) because value of shares is 2200  and the value of the option is Rs 100. 

If there is down movement in the stock price i.e. RIL moves down from Rs 2000 to 

Rs 1800, the value of the portfolio at the end of life of the option is   1800   (OR  S0 

d   -  fd ) because value of shares is 1800  and the value of the option is Rs 0. 

But for riskless portfolio,  is chosen so that the final value of the portfolio is the 

same for both alternatives i.e upside or downside movement.   

 2200  - 100  = 1800    (  S0 u   -  fu  = S0 d   -  fd ) 

     100 – 0             fu  -  fd 

 =  -----------------------------           OR           =  -----------------------------   …..  (A) 

   2200 – 1800        S0 u   -  S0 d    

  RIL = 2200 

  Option Price = 100 

RIL = 2000   

  RIL = 1800 

  Option Price = 0 

  S0 u 

  fu 

S0    

f 

  S0 d 

  fd 
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  = 0.25   

 A riskless portfolio is Long : 0.25 shares  Short: 1 option 

If the RIL price moves up to Rs 2200, the value of portfolio is 2200 * 0.25 – 100 = 

450 

If the RIL price moves down to Rs 1800, the value of portfolio is 1800 * 0.25 = 450 

So regardless of whether the stock price moves up or down, the value of the portfolio 

is Rs 450 at the end of the life of the option. 

Now suppose if ‘r’ is the risk – free rate, then the present value of the portfolio is  

(S0 u   -  fu  ) e 
– r T 

Suppose f  is the option price and S0 is the value of stock today, then 

Cost of setting up portfolio is  S0   -  f 

   S0   -  f  =  (S0 u   -  fu  ) e 
– r T 

 S0   -  f  =   S0 u  e 
– r T

 -  fu  e 
– r T 

  f = S0   -   S0 u  e 
– r T

 +  fu  e 
– r T 

  f = S0  ( 1 -    u e 
– r T

 ) +  fu  e 
– r T 

  f = e 
– r T 

[ p  fu + ( 1 – p ) fd ]       ……(B)  derived from (A) 

 

          e 
 r T 

-  d                  Upward Stock Price                  Downward Stock 

Price 

where       p =  ------------     u =  --------------------------------     d = ------------------------ 

           u – d                    Current Stock Price    Current Stock 

Price 

 

RISK NEUTRAL VALUATION: 

It is natural to interpret variable p in above equation (B) as the probability of an up 

movement in the stock price.  And variable ( 1 – p ) is then the probability of down 

movement. We now investigate the expected return from the stock when the 

probability of an up movement is p.  The expected stock price at time T, E ( ST ), is 

given by  

E ( ST ) = p S0 u +(1 -  p) S0 d 

E ( ST ) = p S0  ( u  - d) + S0 d 

E ( ST ) = S0 e 
 r T  

( derived using value of p ) ……. ( C ) 
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 p S0 u +(1 -  p) S0 d = S0 e 
 r T  

……………. ( D ) 

The above equation shows that stock price grows on and average at risk free rate. 

To calculate probability p in RIL case, if r = 12 % then, by equation ( D ) 

2200 p + 1800 ( 1 – p ) =  2000 e 
0.12 * 3 / 12 

 400 p  =  2000 e 
0.12 * 3 / 12 

- 1800  

 p = 0.6523 

Present value of the p is Rs 0.633 

2).  TWO STEP BINOMIAL TREE: 

 

 

 

 

 

 

 

 

 

 

 

 

 

(* upper node = stock price, lower node = option price ) 

 

Again taking the RIL example.  Suppose RIL current price S0 = Rs. 2000 and in each 

two time step it may go up by 10% or down by 10%.  We consider strike price K  of 

option is Rs 2100.  The objective of the analysis is to calculate the option price at 

initial node of the tree i.e. value of f.  The pay-offs at node D is 2420 and the option 

price is 2420 – 2100 = 320 and at nodes E and F, the options is OTM and its value is 

zero.    

 

At node C, the option price is zero, because node C leads to either node E or node F 

and at both of those nodes, the option price is zero.  Now we need to calculate the 

option price at node B by restricting ourselves to node D and E.  

     

    S0 u
2 

    fuu 

  S0 u   

  fu   

S0    S0 ud 

f    fud 

  S0 d   

  fd   

    S0 d
2 

    fdd 

    D 

    2420 

  B  320.00 

  2200   

A  202.57  E 

2000    1980 

128.23  C  0.00 

  1800   

  0.00  F 

    1620 

    0.00 
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So u = 1.1  d = 0.9  r = 0.12 and T = 0.25 

          e 
 r T 

-  d           

p =    -------------------------    p = 0.6523 

              u – d 

 

From equation ( B ), the value of option price at point B is given by 

 e 
– 0.12 * 0.25 

( 0.6523 * 320 + 0.3477 * 0 ) = 202.57  

Now we need to calculate option price at node A by restricting ourselves to node B 

and C.  

Option Price at node B is 202.57 and C is 0 and p = 0.6523 (same) 

e 
– 0.12 * 0.25 

( 0.6523 * 202.57 + 0.3477 * 0 ) = 128.23 

Thus the value of option at point A is Rs. 128.23 

In General,  during each time step, it moves up to u times its initial value  and d times 

down to its initial value.  The length of time step is now  t instead of T.   

 f = e 
–  r  t 

[ p  fu + ( 1 – p ) fd ]       ……….. ( E )  derived from equ. ( B) 

          e 
 r  t 

-  d           

p =    -------------------------    

              u – d 

 fu = e 
–  r  t 

[ p  fuu + ( 1 – p ) fud ]    ………………… ( F ) 

 fd = e 
–  r  t 

[ p  fud + ( 1 – p ) fdd ]  ………………… ( G ) 

 f = e 
–  r  t 

[ p  fu + ( 1 – p ) fd ]   ………………… ( H ) 

Putting value of Equation (F) and (G) in Equation (H), we get, 

 f = e 
–2  r  t 

[ p
2
  fuu + 2p ( 1 – p ) fud  +( 1 – p )

2
 fdd ]   ………..  ( I ) 

p
2
 , 2p ( 1 – p ), ( 1 – p )

2 
are the probabilities that the upper, middle and lower final 

nodes will be reached. 

 

Same is the procedure for the calculating the put option price.  Just the OTM will be 

upper moment lower move will be ITM.  So option price of upper node will be zero 

and lower node will be difference between Strike Price and Stock Price. 

 

The "binomial value" is found at each node, using the risk neutrality assumption. If 

exercise is permitted at the node, then the model takes the greater of binomial and 

http://en.wikipedia.org/wiki/Risk-neutral_measure
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exercise value at the node. The Binomial Tree also tells one about the option delta 

which is the change in the option value when the stock price changes by 1. It is also 

the number of shares that one must buy to replicate option. Since the delta changes as 

one move along the tree, the replicating portfolio also changes. In this process, one 

ends up by buying the shares at high prices and selling them at low prices. This is an 

important reason that gives more worth to the option than its intrinsic value.  

 

The tree of prices is produced by working forward from valuation date to expiration. 

At each step, it is assumed that the underlying instrument will move up or down by a 

specific factor (u or d) per step of the tree (where by definition u ≥ 1 and 0 < d ≤ 1) 

 

II >RESEARCH DESIGN 

A. STATEMENT OF PROBLEM 

To compare the various Option Pricing Models like Black Scholes Option Pricing 

model and Binomial Option Pricing Model. The comparison of the option pricing 

models helps in understanding and application of the models. 

 

B.  SCOPE OF THE STUDY 

To draw a comparison between Binomial Option Pricing Model and viz-a-viz Black -

Scholes Option Pricing Model. This comparison will help in getting the results more 

accurate and fast from the two models when we compare in the Indian Capital market 

and the International Derivative market. 

 

PART III  

OBJECTIVES OF THE STUDY   

1) To study various Option Pricing Models. 

2) To study the strategies in Option Pricing Models. 

3) Application of Pricing Models in Call and Put  Options/ 

4) Interpretation of Option Pricing Models with respect to market data available. 

5) To study the strategies and income Leads and Lags in Derivative trading. 

 

RESEARCH METHODOLOGY 

http://en.wikipedia.org/wiki/Underlying_instrument
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DATA COLLECTION 

The requisite data for the study has been collected from secondary sources of 

information. The data has been obtained from the records of the company in form of 

fact sheets and the prospectus issued by the companies. 

 

CASELET 1:  

A HNI (High Net Worth Individual) dealing with RR Financial Consultant Ltd. 

(RRFCL), Jhandewalan Branch wants to maximize the profit returns through wealth 

management. He deposits Rs. 1,00,000 into his current account and wants to book a  

European call option for 3 months at a risk free rate of 10 % . RRFCL, takes the rate 

from the RBI and devises an option giving a proper numerical relationship w.r.t. bid 

and offer. The seller or the writer (HNI) takes over his risk at a price of the premium 

paid. He is also ready to exercise his right at the strike price of Rs. 55 / USD  

The following is the working of 3 months call option 

Current spot rate 1 USD = Rs 50; Months to expiration  = 3 months;  Risk free  rate of 

interest = 10% p.a   N(d1) =0.4013  Std deviation of currency = 40% ; N(d2) =0.3264 

;  Exercise price =  Rs 55   

European Call 

 

 

WORKINGS: 

1. T = 3/12=0.25    r=0.10  
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2. 2.7182 raised to minus r multiplied by t  

3. rt = 0.25x0.10  

4.  = 0.025raised to minus 0.025 

5. 2.7182 multiply raise to 0.025 in Scientific calculator y raised to x   

=1.025314349 

6. 1/1.025314349 = 0.975310645 

7. 55x 0.975310645=53.64 

Applying Black Scholes   formula  

= 50 x Nd1- (d) x Nd2  

 50 X0.4013-53.64X0.3264 =20.06 – 17.50 = 2.56 ANS  

 

FINDINGS: 

Value maximization is Rs. 2, 56,000 3 months call option against Rs. 1,00,000 

deposited 
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CASELET 2: 

As on September 10, 2009 M/s Vardhaman Steels Ltd. want to book an option for 1 

month with RRFCL, New Delhi. RRFCL wants to price a October 2009 European 

Call Option on X currency Pd. Stg   and it is not divisible.  Here the value of the 

pound sterling is Spot (S) = Rs92, Expiration Price (X) = Rs95   t=50 days, r = 7.12 % 

p.a; SD =3.5% ND1 = 0.4570   & Nd2 = 0.4061  

 

FOLLOWING ARE THE WORKINGS TAKEN FROM RBI USING BLACK 

SCHOLES MODEL 

The present value of strike price   t=50/365=0.137 

Exercise Price X multiplied by e raised to power minus rt {take y raised power x in 

scientific calculator) 

(a) 2.7182 raised to power minus 0.0712x.1370 (0.0097544)  

(b) 1.009801833  

(c) 1/1.009801833=0.99029331 

(d) 95X .99029331 = 94.07786448 = Rs 94.08 

II. From d1  & d2  calculations we are given Nd1  & Nd2  

III. Compute  Call option by using   Black Scholes  formula  

C = 92.00 X0 .4570 – 94.08 x 0.4061 

    42.04 – 38.20 

     = 3.84 ANS   

Value of European Call option is 3.84    

This can be multiplied with the amount of money at stake. 

Thus a value of one option wil yield a result of 3.84 times . 

Ratio is 1: 3.84 pre and post exercising of the option 

 

ANALYSIS OF OPTION PRICING MODELS 

The Binomial Options Pricing model approach is widely used as it is able to handle a 

variety of conditions for which other models cannot easily be applied. Although 

slower than the Black-Scholes model, it is considered more accurate, particularly for 

longer-dated options, and options on securities with dividend payments. For these 

reasons, various versions of the binomial model are widely used by practitioners in 

the options markets. For options with several sources of uncertainty (e.g. real options) 

http://en.wikipedia.org/wiki/Black-Scholes
http://en.wikipedia.org/wiki/Dividend
http://en.wikipedia.org/wiki/Real_option
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or for options with complicated features (e.g. Asian options), lattice methods face 

several difficulties and are not practical. Monte Carlo Option Models are generally 

used in these cases. Monte Carlo simulation is however, time-consuming in terms of 

computation, and is not used when the Lattice approach (or a formula) will suffice.  

The parameters of Binomial Tree are as given below:  

 

The value of a European Option is determined by first determining its value at each 

possible stock price at maturity. The values of the option at each node are then 

obtained by moving back one step at a time, as the discounted expected value of the 

values at the two possible nodes in the next period. 

 

This is done until one comes to time i.e. t = 0. The value that one gets at this node is 

the Value of the Option. To value an American Option, one needs to make one more 

check at each node.  The value of immediate exercise of the option must be compared 

with the value of holding on to the option and the higher value must be chosen.  

 

Example:  

A value of the Currency today is $55 and the value of the same Currency after 3 days 

would be $7.20 if the risk free rate would be 1%. The graph can be shown as: 

 

PARAMETER VALUE 

∆t (length of each sub period) 1/ n 

u (up move) e^(σ*√t) 

d (down move) 1/ u 

p (risk neutral) P =[{(1+r)^∆t} – d]/ [u – d] 

http://en.wikipedia.org/wiki/Asian_option
http://en.wikipedia.org/wiki/Monte_Carlo_option_model
http://en.wikipedia.org/wiki/Monte_Carlo_simulation
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VALUE OF THE CURRENCY AFTER 3 DAYS FROM THE PRESENT DAY 

VALUE 

The CRR method ensures that the tree is recombinant i.e. if the underlying asset 

moves up and then down (u, d), the price will be the same as if it had moved down 

and then up (d, u) - here the two paths merge or recombine. This property reduces the 

number of tree nodes and thus accelerates the computation of the option price. 

This property also allows that the value of the underlying asset at each node can be 

calculated directly via formula and does not require that the tree be built first.  

The node-value will be: 

Sn = S0 * u^ (Nu – Nd) 

Where: 

Nu: Number of up ticks  

Nd: Number of down ticks  

At each final node of the tree i.e. at expiration of the option, the option value is simply 

its intrinsic, or exercise value. 

Max [(S – K), 0], for a Call Option  

Max [(K – S), 0], for a Put Option 

 

Where, K is the strike price and S is the spot price of the underlying asset  

Once the above step is complete, the option value is then found for each node, starting 

at the penultimate time step, and working back to the first node of the tree (the 

valuation date) where the calculated result is the value of the option. 

 

http://en.wikipedia.org/wiki/Option_time_value
http://en.wikipedia.org/wiki/Extreme_value
http://en.wikipedia.org/wiki/Call_option
http://en.wikipedia.org/wiki/Put_option
http://en.wikipedia.org/wiki/Strike_price
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FINDINGS 

From the comparative studies of Binomial and Black Scholes Model, the summary 

can be concluded as: 

 The comparative analysis of the Binomial Option Pricing Model and Black 

Scholes Option Pricing Model show differences when calculations are being 

done for the larger data 

 The Binomial Option Pricing Model is more flexible as one can extend the 

steps of calculations to get the exact value whereas Black Scholes Option 

Pricing Model is very limiting 

 The finite steps can be made during Binomial Option Pricing Model for large 

number of prices whereas the infinite steps can be made in Black Scholes 

Option Pricing Model 

 The Binomial Option Pricing Model values more of American Option whereas 

Black Scholes Option Pricing Model values more of European options. 

 Binomial Option Pricing Model values more of the complexity than the Black 

Scholes Option Pricing model 

 Binomial Option Pricing Model is less effective for larger number of option 

prices as compared to Black Scholes Option Pricing Model.  

 Binomial Option Pricing Model tells about the option delta which is the 

change in the option value when the stock price changes by 1. 

 In Black Scholes Option Pricing Model, as the stock prices increases, the 

option prices increases. 

 The values of the Call Option and the Values of the Put Options are opposite 

though they both are following the Brownian movement. 

 In Binomial Option Pricing Model, the rate of interest and intrinsic value plays 

a major role whereas in Black Scholes Option Pricing Model volatility 

(implied volatility) plays a major role.  

 In Incomplete markets, Binomial option pricing model is more effective in one 

step Binomial tree. 
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PLAN OF ANALYSIS AND LIMITATION OF THE STUDY 

The project will be dealing with the Option Pricing Models and the comparison has 

been studied by taking the secondary data into consideration. The comparison of the 

data by using Option Pricing Models helps in understanding the call and put options 

more easily. Benchmarks are by far the most critical aspect of the study. 

 

LIMITATIONS OF THE STUDY 

 The period of study is too short for performance evaluation. Hence, the result 

arrived at, may not be completely accurate. 

 The data collected for the comparative analysis was secondary and hence the 

accuracy may have been compromised. 

 This being an academic study suffers from cost and time constraints. 

 Dynamic market makes the study more difficult to analyze at one point.  

 

CONCLUSION 

Various kinds of Option Pricing Models are there to calculate the option price which 

includes Binomial Option Pricing Model and Black Scholes Option Pricing Model. 

These two models are the primary models and are mostly used to calculate the option 

prices of the European Options. These models have their own assumptions to act in 

the situations and to find the value of the option prices. The behaviour of these models 

changes from complete markets to incomplete markets. 

 

The value of an option can be estimated using a varieties of quantitative techniques 

based on the concept of risk neutral pricing and using stochastic calculus.  

 

The Binomial Pricing Model uses a "discrete-time framework" to trace the evolution 

of the option's key underlying variable via a binomial lattice (tree), for a given 

number of time steps between valuation date and option expiration. 

 

The Black-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 

http://en.wikipedia.org/wiki/Risk_neutral
http://en.wikipedia.org/wiki/Stochastic_calculus
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option's price: stock price, strike price, volatility, time to expiration, and short-term 

(risk free) interest rate. 
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ANNEXURE 

1. The following chart may be useful in distinguishing among participants in 

derivative markets: 

Derivative Activity Tier I 

Dealer 

Tier II 

Dealer 

Active 

Position-

Taker 

Limited 

End-User 

Provides quotes to dealers  X  

Develops new products  X  

Provides quotes to customers  X  X  

Uses complex structures  X  X  X  *  

Frequently engages in derivative 

transactions  

X  X  X  

Acts as principal  X  X  X  X  

Takes position risk  X  X  X  X  

Uses mature products  X  X  X  X  

 

*Although limited end-users generally tend to use simpler products, some have 

purchased certain structured notes that may be extremely complex and illiquid.  

 

2. Table 1. The global derivatives industry: outstanding contracts (in $ billions), 
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3. Table 2. Turnover in derivatives contracts traded on exchanges, (in US $ 

trillion) 

 


