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Amity School of Business
OptionsOptions y

• A call option is an option to buy a 
certain asset by a certain date for acertain asset by a certain date for a 
certain price (the strike price)

• A put option is an option to sell a 
certain asset by a certain date for acertain asset by a certain date for a 
certain price (the strike price)



Amity School of BusinessAmerican vs European OptionsAmerican and European OptionsyAmerican vs European Options

• An American option can be exercised at 
any time during its lifey g

• A European option can be exercised only 
at maturityat maturity 



Amity School of BusinessOption PositionsOption PositionsOptions position yOption PositionsOption Positions

• Long callg
• Long put
• Short call• Short call
• Short put
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Amity School of BusinessExchanges Trading OptionsExchange trading OptionsyExchanges Trading Optionsg g

• Chicago Board Options Exchange
• American Stock ExchangeAmerican Stock Exchange
• Philadelphia Stock Exchange
• Pacific Exchange
• LIFFE (London)• LIFFE (London)
• Eurex (Europe)
• and many more (see list at end of book)



Amity School of BusinessTypes of TradersTypes of traders yTypes of Tradersy

• Hedgers

• Speculators

A bit• Arbitrageurs

Some of the largest trading losses in derivatives haveSome of the largest trading losses in derivatives have 
occurred because individuals who had a mandate to be 
hedgers or arbitrageurs switched to being speculatorshedgers or arbitrageurs switched to being speculators 
(See for example Barings Bank, Business Snapshot 1.2, 
page 15)page 15)



Amity School of BusinessHedging ExamplesHedging exampleyg g pg g

• An investor owns 1,000 Microsoft  
h tl th $28 h Ashares currently worth $28 per share. A 

two-month put with a strike price of 
$27.50 costs $1. The investor decides 
to hedge by buying 10 contractsto hedge by buying 10 contracts 
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Value of Microsoft Shares with and 

O
y

without Hedging Options
40,000 Value of 

Holding ($)

30 000

35,000

No Hedging
H d i

25,000

30,000 Hedging

20,000
20 25 30 35 40

Stock Price ($)

20 25 30 35 40



Amity School of BusinessSpeculation ExampleSpeculation exampleySpeculation Example

• An investor with $4,000 to invest feels 
that Amazon.com’s stock price will p
increase over the next 2 months. The 
current stock price is $40 and the pricecurrent stock price is $40 and the price 
of a 2-month call option with a strike of 
45 is $245 is $2

• What are the alternative strategies? g



Amity School of BusinessHedge FundsHedge funds yHedge Funds 

H d f d t bj t t th l

g

• Hedge funds are not subject to the same rules as 
mutual funds and cannot offer their securities publicly. 

• Mutual funds mustMutual funds must 
– disclose investment policies, 
– makes shares redeemable at any time,
– limit use of leverage
– take no short positions. 

• Hedge funds are not subject to these constraints• Hedge funds are not subject to these constraints.
• Hedge funds use complex trading strategies are big 

users of derivatives for hedging, speculation and g g, p
arbitrage



Amity School of BusinessLong CallLong CallLong Call yLong CallLong Callg

Profit from buying one European call option: option 
price = $5, strike price = $100, option life = 2 months

30 Profit ($)

20

10

0
70 80 90 100

Terminal
stock price ($)

0
-5 110 120 130

p ( )
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Amity School of BusinessShort CallShort CallShort Call yShort Call  Short Call  

Profit from writing one European call option: option 
price = $5, strike price = $100

5 110 120 130

Profit ($)

0
5

70 80 90 100

110 120 130

Terminal
$

20

-10 stock price ($)

-30

-20
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Amity School of BusinessLong PutLong PutLong Put yLong Put Long Put g

Profit from buying a European put option: option 
price = $7, strike price = $70

30 Profit ($)

20

10

0

Terminal
stock price ($)

0
-7

70605040 80 90 100
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Amity School of BusinessShort PutShort PutShort Call y

Profit from writing a European put option: option 
price = $7, strike price = $70

7 605040

Profit ($)
Terminal

$
7
0

70

605040

80 90 100
stock price ($)

20

-10

-30

-20
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Amity School of BusinessPayoffs from OptionsPayoffs from OptionsPayoffs from Options-What is the 
O C ?

yy py p
What is the Option Position in Each Case?  What is the Option Position in Each Case?  
K = Strike price S = Price of asset at maturity

Option Position in Each Case? 
K = Strike price, ST = Price of asset at maturity

Payoff Payoff

ST STK
K

ST STK

Payoff PayoffPayoff Payoff

K
ST STK
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Amity School of BusinessAssets Underlying Exchange yy g g
Traded Options - Short Call

• Stocks
• Foreign Currencyg y
• Stock Indices
• Futures• Futures
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Amity School of BusinessSpecification of Exchange TradedySpecification of Exchange Traded 
Options

• Expiration datep
• Strike price
• European or American• European or American
• Call or Put (option class)
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Amity School of BusinessTerminologyTerminologyTerminology yTerminologyTerminologygy

Moneyness :
At th ti–At-the-money option
• c :   S = K p : S = K

–In-the-money option
• c : S > K p : S < K

–Out-of-the-money option
• c : S< K p : S > Kp
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Amity School of BusinessTerminologyTerminologyTerminology ygygy
(continued)(continued)

gy

• O ti l• Option class 
• Option series
• Intrinsic value c: max(S-K,0)  p:max(K-S,0)
• Time value = option value – intrinsic valueTime value  option value intrinsic value
• Position limits

E i li it• Exercise limit.
• Offsetting orders
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Amity School of BusinessAdjustingAdjustment yAdjusting 

Di id d

j

• Dividends
• Stock splitsp

Suppose A call option to buy 100 shares 
of a company for $30 per share Companyof a company for $30 per share. Company 
makes a 2 for 1 stock split the term and 
condition will be changed in a mannercondition will be changed in a manner. 
Suppose a company declares a cash 
di idend of Rs13 50 per common sharedividend of Rs13.50 per common share 
and the market price is Rs60.  



Amity School of BusinessMarket MakersMarket MakersMarket makers yMarket MakersMarket Makers

• Most exchanges use market makers to facilitate 
options trading

• A market maker quotes both bid and ask prices 
when requested

• The market maker does not know whether the 
individual requesting the quotes wants to buy orindividual requesting the quotes wants to buy or 
sell
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Amity School of BusinessWarrantsWarrantsWarrants yWarrantsWarrants

W t ti th t i d b• Warrants are options that are issued by a
corporation or a financial institution

• The number of warrants outstanding is 
determined by the size of the original 
issue and changes only when they are 
exercised or when they expire
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Amity School of BusinessWarrantsWarrantsWarrants y

(continued)(continued)

• The issuer settles up with the holder 
when a warrant is exercisedwhen a warrant is exercised

• When call warrants are issued by a 
corporation on its own stock exercisecorporation on its own stock, exercise 
will usually lead to new treasury stock 
being issuedbeing issued
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Amity School of BusinessExecutive Stock OptionsExecutive Stock OptionsExecutive stock optionsyExecutive Stock OptionsExecutive Stock Options

• Executive stock options are a form of 
remuneration issued by a company to its 
executives

• They are usually at the money when issuedy y y
• When options are exercised the company issues 

more stock and sells it to the option holder formore stock and sells it to the option holder for 
the strike price
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Amity School of BusinessExecutive Stock Options Executive Stock Options Executive stock optionsy
continuedcontinued

• They become vested after a period of time 
(usually 1 to 4 years)(usually 1 to 4 years)

• They cannot be sold
Th ft l t f l 10 15• They often last for as long as 10 or 15 years

• Accounting standards now require the 
expensing of executive stock options
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Amity School of BusinessConvertible BondsConvertible BondsConvertible bondsyConvertible BondsConvertible Bonds

• Convertible bonds are regular bonds that• Convertible bonds are regular bonds that 
can be exchanged for equity at certain 
times in the future according to atimes in the future according to a 
predetermined exchange ratio

• Very often a convertible is callableVery often a convertible is callable
• The call provision is a way in which the 

issuer can force conversion at a timeissuer can force conversion at a time 
earlier than the holder might otherwise 
choose
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Option Pricing: Binomial ModelOption Pricing: Binomial Model
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NotationNotations y

• c : European call • C : American Call optionc : European call 
option price

• p : European put

C : American Call option 
price

• P : American Put option p : European put 
option price

• S0 : Stock price today

price
• ST :Stock price at option 

maturity0 p y
• K : Strike price
• T : Life of option 

maturity
• D : Present value of 

dividends during option’s p
• : Volatility of stock 

price

g p
life

• r : Risk-free rate for 
t it T ith tmaturity T with cont comp



Amity School of BusinessEffect of variable on option pricingy g

c p C PVariable c p C PVariable
S0 + + ––
K
T

+
? ? + +
– – +


r + + + ++ – + –
D – + – +



Amity School of BusinessAmerican vs European OptionsAmerican Vs European optionsyAmerican vs European Options

An American option is worth 
at least as much as the 
corresponding European 
optionoption

C  c
P  p



Amity School of BusinessCalls: An arbitrage opportunityyg y

• Suppose that 
c = 3 S0 = 20 
T = 1 r = 10% 
K = 18 D = 0

• Is there an arbitrage opportunity?



Amity School of BusinessActionsActions yActions

• Short the stock and buy the call
• Cash Flow is 20-3=17
• Invest it @10% for 1 yr
• Cash Flow at the end of 1 yr =17e 0.1x1• Cash Flow at the end of 1 yr =17e 
=18.79 (Due to the investment of this cash)
• If the price after a yr is more than 18, then the 

option is exercised and profit is 0.79
• If the price is less than 18,  more profit. 



Amity School of BusinessTerminologyTerminologies yTerminologyg

• Upper bound
– C : stock pricep
– P : Strike  price (K)

L b d• Lower bound
– C : S0 – Ke-rt

– P : Ke-rt – S0



Amity School of BusinessA Simple Binomial ModelA simple Binomial ModelyA Simple Binomial Model

• Assumptions
– Arbitrage opportunity does not existsg pp y
– No uncertainity about the value of the portfolio 

exists after 3 monthsexists after 3 months.



Amity School of BusinessA Simple Binomial ModelA simple Binomial ModelyA Simple Binomial Model

• A stock price is currently Rs20
• In three months it will be either Rs22 orIn three months it will be either Rs22 or 

Rs18

Stock Price = Rs22

Stock price = Rs20

Stock Price = Rs18



Amity School of BusinessA Call OptionA European call optionyA Call Option

A 3-month call option on the stock has a strike price of 
21.

Stock Price = Rs22

21. 

Stock Price = Rs22
Intrinsic value = Rs1

Stock price =

Stock Price = Rs18

Stock price = 
Rs20
Option Price=?

Intrinsic value = Rs0
p



Amity School of BusinessSetting Up a Riskless PortfolioSetting up a riskless portfolioy

C id th P tf li l  h

Setting Up a Riskless Portfoliog

• Consider the Portfolio: long  shares
short 1 call option

22– 1

18
• Portfolio is riskless when  22– 1 = 18 or  

 = 0 25

18

 = 0.25



Amity School of BusinessValuing the PortfolioValuing the portfolioyValuing the Portfolio
(Risk-Free Rate is 12%)

g

• The riskless portfolio is: 
long 0 25 shareslong 0.25 shares
short 1 call option

• The value of the portfolio in 3 months is 
22  0.25 – 1 = 4.50

• The value of the portfolio today is 
4 5e – 0 120 25 = 4 36704.5e 0.120.25 = 4.3670



Amity School of BusinessValuing the OptionValuing the optionyValuing the Option

• The portfolio that is

g

• The portfolio that is 
long  0.25 shares
short  1 option

is worth 4 367is worth 4.367
• The value of the shares is  

5.000 (= 0.25  20 )
• The value of the option is thereforeThe value of the option is therefore  

0.633 (= 5.000 – 4.367 )



Amity School of BusinessGeneralizationGeneralisation yGeneralization 

A derivative lasts for time T and is 
dependent on a stockp

S0u
ƒƒuS0

ƒ S0d
ƒd

ƒ

ƒd



Amity School of BusinessGeneralizationGeneralisation yGeneralization
(continued)

• Consider the portfolio that is long  shares and short 1 
derivative

S0u– ƒu

• The portfolio is riskless when S u– ƒ = S d– ƒ or
S0d– ƒd

• The portfolio is riskless when S0u– ƒu = S0d– ƒd or

dSuS
fdu

00 



ƒ

00



Amity School of BusinessGeneralizationGeneralisation yGeneralization
(continued)

• Value of the portfolio at time T is 
S u ƒS0u– ƒu

• Value of the portfolio today is 
(S0u – ƒu)e–rT

• Another expression for theAnother expression for the 
portfolio value today is S0– f

• Hence 
ƒ = S0– (S0u– ƒu )e–rTƒ 0 ( 0 ƒu )



Amity School of BusinessGeneralizationGeneralisation yGeneralization
(continued)

• Substituting for  we obtain
ƒ = [ pƒu + (1 – p)ƒd ]e–rT

where   

p e drT


p

u d



Amity School of BusinessIrrelevance of Stock’s ExpectedIrrelavence of stock’s expected yIrrelevance of Stock s Expected 
Returnreturns 

• When we are valuing an option in terms of the 
th i f th d l i t ththe price of the underlying asset, the 
probability of up and down movements in the 
real world are irrelevantreal world are irrelevant

• This is an example of a more general result 
stating that the expected return on thestating that the expected return on the 
underlying asset in the real world is irrelevant 



Amity School of Business
A Two-Step ExampleA two step exampley

24.2
22

20 19.8

18
16 2

• Each time step is 3 months

16.2

Each time step is 3 months
• K=21, r=12%
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Valuing a Call OptionValuing a call optiony

24.2
3 2D

g

20

22
3.2

19.82 0257
B

20
1.2823 18

19.8
0.0

2.0257A

C

E

• Value at node B 
16.2
0.0

0.0
F

= e–0.120.25(0.65233.2 + 0.34770) = 2.0257
• Value at node A 

= e–0.120.25(0.65232.0257 + 0.34770)
=  1.2823



Amity School of Business
Valuing a Call OptionValuing a call optiony

S0u2

fD

g

S0

S0u
fuu

S0udf
B

S0
f S0d

S0ud
fud

fuA

C

E

S0d2

fdd

fd
F

ƒ = [ p2ƒuu + 2p(1 – p) ƒud + (1 – p)2ƒdd]e–2rT



Amity School of BusinessA Put Option Example; K=52Valuing a put optionyA Put Option Example; K 52

K 52 ti t 1

g

K = 52, time step = 1yr
r = 5% 72

60

72
0

B

D

50
4.1923 40

48
4

1.4147A E
0

32
20

9.4636
C

F 20



Amity School of BusinessValuing a American put optionyg

72
D

50

60
0

481 4147
B

D

50
5.0894 40

48
4

1.4147A

C

E

32
20

12.0
C

F
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The Black-Scholes-Merton ModelThe Black Scholes Merton Model



Amity School of Businessy

• Before Black and Scholes, there was a 
widespread belief that the expected growth of 
the underlying ought to affect the option price.

• Black and Scholes demonstrate that this is not 
true. It tells us what is important and what is not

• It doesn’t promise to produce the exact pricesIt doesn t promise to produce the exact prices 
that show up in the market, but certainly does a 
remarkable job of pricing options within theremarkable job of pricing options within the 
framework of assumptions of the model.
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It k th ti ll d G t i• It works on the equation called Geometric 
Brownian Motion - lognormal distribution that the 
logarithm of the stock’s return will follow thelogarithm of the stock s return will follow the 
normal (bell shaped) distribution.

• option’s price is determined byy
– time and the
– underlying stock price.

F t d ff t th i f ti b t t• Factors do affect the price of option but not 
allowed to change

the volatility– the volatility
– the exercise price
– the risk–free rate



Amity School of Businessy

B f i tf li i ti f l• By forming a portfolio consisting of a long 
position in stock and a short position in 
calls, the risk of the stock is eliminated. 
This hedged portfolio is obtained by 
setting the number of shares of stock 
equal to the approximate change in the 
call price for a change in the stock price. 
This mix of stock and calls must be 
revised continuously, a process known as 
delta hedgingg g



Amity School of Businessy

It t h ti l l t hi h d fi h• It uses stochastic calculus to which defines how 
the option price changes in terms of the change 
in the stock price and time to expiration Thisin the stock price and time to expiration. This 
hedged combination should grow in value at the 
risk–free raterisk free rate.

• The result then is a partial differential equation.
• The solution is found by forcing a condition• The solution is found by forcing a condition 

called a boundary condition which makes the 
option price to converge to the exercise value atoption price to converge to the exercise value at 
expiration.



Amity School of BusinessThe Stock Price AssumptionThe stock price assumptionyThe Stock Price Assumption

• Consider a stock whose price is S
• In a short period of time of length t, the p g

return on the stock is normally distributed:

 S

where is expected return and is volatility

 tt
S
S


  ,

where   is expected return and  is volatility



Amity School of BusinessAssumptionsAssumptions yAssumptions

• Short selling of securities with full use of 
proceeds is permitted

• There is no security tax or transaction cost.  
• The securities are divisibleThe securities are divisible
• There are no dividend during the life of the 

derivativederivative
• There is no riskless arbitrage opportunity
• Risk free rate is constant for all maturity
• Security trading is continuous



Amity School of BusinessBlack-Scholes Model InputsBlack Scholes models inputsyBlack Scholes Model Inputs 

• Current prices
• The option's strike priceThe option s strike price
• Length of time until the option expires 

thlworthless
• An estimate of future volatility known as est ate o utu e o at ty o as

implied volatility
Risk free rate of ret rn• Risk free rate of return 



Amity School of BusinessProblems of Black ScholesProblems of Black ScholesyProblems of Black Scholes

Fi t th Bl k S h l M d l th t th i k• First, the Black-Scholes Model assumes that the risk-
free rate and the stock's volatility are constant.

• Second the Black-Scholes Model assumes that stockSecond, the Black-Scholes Model assumes that stock 
prices are continuous and that large changes (such as 
those seen after a merger announcement) don't occur. 

• Third, the Black-Scholes Model assumes a stock pays 
no dividends until after expiration.

• Fourth analysts can only estimate a stock's volatility• Fourth, analysts can only estimate a stock's volatility 
instead of directly observing it, as they can for the other 
inputs.p

• Fifth, the Black-Scholes Model tends to misprice options 
that involve high-dividend stocks 
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