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Learning Objectives

¸ Understand what an option is and how itôs different from a forward in 
terms of risk and pricing

¸ Have a glimpse of the option market

¸ Understand the put-call parity

¸ Have a overall idea of how the Black-Scholes argument works, 
particularly, the roles of the no-arbitrage principle, Delta-hedging and 
replication

¸ Understand the significance of the terms in the Black-Scholes PDE 
and formula

¸ Be aware of the shortcomings of the Black-Scholes model due to its 
assumptions and the phenomenon of the volatility smile
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Section 1: 
Options Basics
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What are options?

¸ Options are financial derivatives

¸ ñFundamentalò derivatives: forwards, swaps, options

¸ Uses

ï Risk Management

ï Speculation/Investment

¸ Most basic (vanilla): European call/put option

¸ A little less basic but still vanilla: American call/put option

¸ Other (exotic) options: American, Bermudan, barrier, digital, 
basket, etc.
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Option parameters

¸ Call or put?

¸ Strike price

¸ Maturity

¸ Underlying asset

¸ Buyer, seller
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Call option payoff

¸ Payoff to option holder

Terminal

stock price ($)

Payoff ($)

100

Cash settlement
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Call option P&L

¸ Profit for option holder

-5

Terminal

stock price ($)

Profit ($)

Option

premium

100

110 120

90
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Options: Textbook definition

¸ A call option gives the holder the right to buy an asset 

on a certain date (maturity) for a certain price (strike 

price)

¸ A put option gives the holder the right to sell an asset 

on a certain date (maturity) for a certain price (strike 

price)

¸ What the link between this definition and the prior 

one?
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Example scenario: call option

¸ Investor buys a European call option on 100 eBay 

shares at strike price of $100 per share and which 

expires in 4 months

¸ On maturity, if eBay stock price is $105, he would 

exercise the option to purchase the 100 eBay shares 

at $100 per share; if he were to sell off the shares 

immediately, he would make a profit of $5 per share

¸ On maturity, if eBay stock price is $95, option is 

allowed to lapse (not exercised)
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Ways of thinking about call options

¸ Itôs a contract that entitles the holder to earn the 

excess over the strike of the stock price at maturity

ï Options can actually be cash-settled: the option holder 

receives the profit in cash rather than the underlying stock

ï Payoff = Max(ST-K,0)

¸ Itôs a protection against price hikes in the underlying 

stock

¸ Itôs a cheaper way of investing in the stock when 

possessing the view that the stock price will rise 
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Put option payoff

¸ Payoff to option holder

Terminal

stock price ($)

Profit ($)

100

Cash settlement
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Put option P&L

¸ Profit for option holder

-2

Terminal

stock price ($)

Profit ($)

Option

premium

90 100 11080
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Example scenario: put option

¸ Investor buys a European put option on 100 eBay 

shares at strike price of $100 per share and which 

expires in 4 months

¸ On maturity, if eBay stock price is $95, he would 

exercise the option to sell the 100 eBay shares at 

$100 per share; if he were to buy back the shares 

immediately, he would make a profit of $5 per share

¸ On maturity, if eBay stock price is $105, option is 

allowed to lapse
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Ways of thinking about put options

¸ Itôs a contract that entitles the holder to earn the 

excess of the strike over the stock price at maturity

ï Options can actually be cash-settled: the option holder 

receives the profit in cash rather than the underlying stock

ï Payoff = Max(K-ST,0)

¸ Itôs a protection against price falls in the underlying 

stock

¸ Itôs a tool to speculate that the price of the underlying 

will fall
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Buyer vs seller

¸ The party who buys the option and therefore owns the 
right is said to be in a long position in the option

¸ The party who sells (or writes) the option and therefore 
becomes obligated is said to be in a short position in 
the option

¸ The payoffs at maturity for the long/short positions in 
European call/put options may be mathematically 
expressed as:
ï Long position in a call option: max(ST-K,0)

ï Short position in a call option: min(K-ST,0)

ï Long position in a put option: max(K-ST,0)

ï Short position in a put option: min(ST-K,0)
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Underlying asset

¸ Stocks

¸ Currencies

¸ Indices

ï Equity

ï Volatility 

¸ Futures

¸ Options

¸ Interest rates

¸ Swaps

¸ Where does it trade?

ï Exchanges

ï OTC
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European vs American

¸ Itôs all got to do with when you may exercise the option

¸ European: only on the stipulated maturity date

¸ American: anytime on or before the stipulated maturity 
(early exercise feature) 

¸ Which is worth more? European option or American 
option?

¸ American Nobel Laureate in Economics Paul 
Samuelson (also the person who proposed the use of 
GBM to model stock prices) coined the terms
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Section 2: 
The Options Market



20

Chicago Board Options Exchange

Source: http://www.cboe.com/
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CBOE options

Source: http://www.cboe.com/
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CBOE options specifications

Source: http://www.cboe.com/
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CBOE options specifications

Source: http://www.cboe.com/
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Terminology

¸ A call option is said to be

ï At the money if S (current stock price) = K

ï In the money if S > K

ï Out of the money if S < K 

¸ A put option is said to be

ï At the money if S = K

ï In the money if S < K

ï Out of the money if S > K
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Expiration dates and strike prices

¸ Stock options expires 

on Sat right after 3rd

Fri

¸ Stock options are on 

Jan, Feb or Mar cycle

ï 1/4/7/10

ï 2/5/8/11

ï 3/6/9/12

ï Before expiry in 

Jan, 1,2,4,7

ï After expiry in Jan, 

2,3,4,7

¸ LEAPS ïLonger term 

equity anticipation 

securities

¸ Exchange usually 

offers options with 

stikes close to current 

stock price

Source: http://www.cboe.com/
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Options quotes

What is AAPL?

Which column is put?

Which column is call?

At which strike are the

options concentrated?
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Options quotes
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Options quotes



29

Variations

¸ Warrants, executive stock options, convertible 

bonds: leads to more shares being issued by 

company

ï Warrants: call options that are included with bond 

issues to make bonds more attractive

ï Executive stock options: call options issued to 

executive for motivation

ï Convertible bond: bond that can be converted to stock
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Adjustments for stock splits

¸ A stock split is when existing shares are split into more 

shares

¸ E.g.

ï A 2-for-1 split means that 2 new shares are issued to replace 

each existing one

ï If each share is worth $100 before the split, after the split, 

each share is worth $50; but if you were holding 100 shares 

before the split, you hold 200 shares after the split

ï If a call option gives the right to buy 100 shares of Company X 

at $100 each before the split, after the split, the call option is 

changed to give the right to buy 200 shares at $50 each
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Adjustments for stock dividends

¸ When a company issues stock dividends, there would 

be more shares floating around in the market

¸ The value of the company is not affected

¸ Thus share price is diluted

¸ E.g. 

ï a 10% stock dividend means an investor receives 1 new 

share for every 10 that he owns

ï equivalent to a 11-for-10 stock split

ï Call option that gives right to buy 100 shares at $100 per 

share becomes one that gives the right to buy 110 shares at 

$(100x100/110) per share
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Section 3: Option Value ï
a first consideration
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Option Parameters

¸What are the most salient factors affecting 

the price of an option?
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Sensitivities

¸ Sensitivities tell us how the factors affect the 

price of an option ïincreasing or decreasing

¸ Sensitivities are also called the Greeks as 

they can be expressed as partial derivatives 

of the Black-Scholes-Merton option pricing 

formula

¸Letôs try to figure the signs of some Greeks
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Sensitivity to Strike

¸What is the sign of CK?

¸What is the sign of PK?

¸ These signs can be determined by a no-

arbitrage argument
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Sensitivity to current stock price

¸What is the sign of CS?

¸What is the sign of PS?

¸ These signs cannot be determined by a 

simple no-arbitrage argument as they refer to 

two different current stock prices
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Other sensitivities

¸ Similarly, the signs of the following 
sensitivities
ïCt, Pt

ïCr, Pr

ïCsigma, Psigma

cannot be found by a no-arbitrage argument

¸ They depend on the model that we use to 
price the option though we may sometimes 
form an intuition about them
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Bounds

¸ Options are pure benefits

¸ Would you rather hold a EUR buy|USD sell call 

option or a Euro itself?

¸ The maximum you can ever make with a put 

option is K at maturity

0 ,0 ²² PC

0SC¢

KKeP rT¢¢ -
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Graph of Put Option Value

Stock price at maturity

Put Option Value

Time decay

K

Does this make sense?
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Some thoughts about time value

¸Using the word ñvalueò implicitly means 

positivity ïIs this a correct view?

¸Letôs think about C_t, P_t ïinterpretation: 

V_t > 0 means, if weôre holding the contract, 

we will be happy that time progresses (as the 

value will rise)
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Some thoughts about time value

¸ The prior graph shows that P_t > 0 when S is 

near 0, while it is <0 when S is sufficiently 

large

ï Interpretation: when stock price is near 0, the put 

option is worth the most ïwe really do hope to 

exercise as soon as possible

¸ For C_t, it is a fact that C_t < 0 if the 

underlying stock does not give dividends

¸What if it gives dividends?
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Some thoughts about time value

¸ If there is going to be a large dividend 

payout, we may hope to be able to exercise 

the option as soon as we can in order to 

obtain the underlying asset

¸ The same applies to currency options, in the  

case where the underlying asset (foreign 

currency) has a high risk-free rate
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Decomposing option value

¸ Intrinsic value
ï The larger of 0 and the value of the option if exercised 

immediately: max(0,S0-K) for call, max(0,K-S0) for put

¸ Time value
ï Value in not exercising immediately

¸ Intrinsic-Time Value decomposition more relevant for 
American options

¸ Another decomposition more relevant for European 
options: Forward Value ïVolatility Decomposition

Intrinsic

value
Time value

Option Value

aka Parity-to-Forward aka optionality
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Forward Value

¸ If you are long a forward contract today, you agree (at 

zero cost) to buy the stock at time T at the (theoretical 

forward) price of erTS0, where r is the risk-free rate

¸ You make a positive return if the stock price at time T 

rises above erTS0 and negative otherwise

Payoff 

ST
erTS0
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Forward vs Option

¸ If the strike price of the call/put option is erTS0, the 

payoff diagram of the option is a modification of the 

payoff diagram of the forward contract

¸ Volatility Value - Option premium is related to the 

probability of the stock price falling below erTS0; it is the 

cost to the option writer of taking up that slice of risk

Payoff 

ST
erTS0

ATMF
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Forward vs Option

¸ Suppose the strike price of the call option is K<erTS0

¸ Consider off-market forward contract with forward price = K; 
Forward contract costs S0ïKe-rT to the buyer

¸ Option premium has 2 components
ï One relates to the probability of the stock price falling below K; it is 

the cost to the option writer of taking up that slice of risk

ï The other is the value of the off-market forward (parity to forward)

ï Put option value is pure probability/volatility

since at maturity, buyer 

can lock in the forward price

of S0e
rT at no cost today to 

sell the asset at time T while

buying the same asset at price

K at time T with the current  

forward contract

Payoff 

ST

K

erTS0

Fair forward

ITMF
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Forward vs Option

¸ Suppose the strike price of the call option is K>erTS0

¸ Consider off-market forward contract with forward price = K; 
Forward contract costs Ke-rT ïS0 to the writer

¸ Put option premium has 2 components
ï One relates to the probability of the stock price rising above K; it is 

the cost to the option writer of taking up that slice of risk

ï One is the value of the off-market forward

ï Call option value is pure probability/volatility

Payoff 

ST
K

erTS0

OTMF

Note: Perspective of forward seller

is equivalent to that of put option buyer
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Forward-Volatility

Parity-to

-Forward
Volatility value

Option Value
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The Put-Call Parity

¸ Portfolio of Long 1 Call and Short 1 Put synthesizes 

the forward contract (possibly off-market) of forward 

price K

¸ Forward contract is worth S0 ïKe-rT

Payoff 

ST
erTS0

C ïP = S0 - Ke-rT

Essentially, this says that

1) European call and put

options have the same optionality

2) Either the call or the put has a parity

to forward, depending on which is ITM

3) RHS is parity to forward 
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Section 4: 
The Black-Scholes Model
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Summary

BSM Option

Pricing Formula 

Mathematical Model

Of Underlying Price/Rate

Finance Concepts

No-arbitrage

Replication 

Hedging

GBM

Binomial tree

Binomial Tree

Option Pricing

CLT
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History in a nutshell: the BSM model 

¸ Black first wrote down the PDE 
c.1969

¸ Enlisted Scholesô help to solve 
it

¸ Made econometric tests with it

¸ Published in the Journal of 
Political Economy in 1973

¸ Merton extended the basic BS 
work to cover dividends, 
American, etc.

¸ Scholes and Merton were 
awarded the Nobel Prize for 
their work


