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Options - terminology

̶ An option is the right to buy (sell) a certain underlying asset at a 

set time in the future.

̶ The buyer of the option, the owner, has the right, not the 

obligation, to enforce the contract.

̶ The seller of the option – the writer, has the obligation to fulfill 

upon request.

̶ Strike price – agreed in advance.

̶ Option expiry – the time when the option expires (day, month).

̶ Option premium – option price.
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Types of options

̶ Position –long, short. 

̶ Nature of the right – call, put.  
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Long call

P/L

IV

Future 

spot

SP

-OP

𝐼𝑉 = ቊ
0, 𝑆 ≤ 𝑆𝑃
𝑆 − 𝑆𝑃, 𝑆 > 𝑆𝑃

𝑃 = ቊ
−𝑂𝑃, 𝑆 ≤ 𝑆𝑃
𝑆 − 𝑆𝑃 − 𝑂𝑃, 𝑆 > 𝑆𝑃

5



Short call

P/L

IV

Future 

spot

SP

OP

𝑃 = ቊ
𝑂𝑃, 𝑆 ≤ 𝑆𝑃

𝑆𝑃 + 𝑂𝑃 − 𝑆, 𝑆 > 𝑆𝑃
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Long put

P/L

IV

Future 

spot

SP

-OP

𝑉𝐻 = ቊ
𝑆𝑃 − 𝑆, 𝑆 ≤ 𝑆𝑃
0, 𝑆 > 𝑆𝑃

𝑃 = ቊ
𝑆𝑃 − 𝑆 − 𝑂𝑃, 𝑆 ≤ 𝑆𝑃
−𝑂𝑃, 𝑆 > 𝑆𝑃
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Short put

P/L

IV

Futures spotSP

OP

𝑃 = ቊ
𝑂𝑃 + 𝑆 − 𝑆𝑃, 𝑆 ≤ 𝑆𝑃
𝑂𝑃, 𝑆 > 𝑆𝑃
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Options

P/

L

SP

P/

L

SP

P/

L

SP

P/

L

SP

Long call  Short call Long put Short put
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Binomial option pricing model

𝑞

𝐶

𝐶𝑢 = max 0, 𝑆𝑢 − 𝑅𝐶

𝐶𝑑 = max 0, 𝑆𝑑 − 𝑅𝐶
1 − 𝑞

𝑞

𝑆

𝑆𝑢

𝑆𝑑
1 − 𝑞
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Binomial option pricing model
𝑞

𝑃

𝑃𝑢 = max 0, 𝑋 − 𝑆𝑢

𝑃𝑑 = max 0, 𝑋 − 𝑆𝑑1 − 𝑞

From replication portfolio:   𝐶 = ℎ𝑆 + 𝐵, ℎ =
𝐶𝑢−𝐶𝑑

𝑆𝑢−𝑆𝑑
, 𝐵 =

𝑢𝐶𝑑−𝑑𝐶𝑢

𝑢−𝑑

1

1+𝑟

̶ h – hedge ratio, delta.

̶ The portfolio established a synthetic call.

̶ Replication portfolio buys shares using debt, as

𝑢𝐶𝑑 − 𝑑𝐶𝑢 = max 0, 𝑢𝑆𝑑 − 𝑢𝑅𝐶 −max 0, 𝑑𝑆𝑢 − 𝑑𝑅𝐶 < 0

̶ For a put option

𝑃 = ℎ𝑆 + 𝐵, ℎ =
𝑃𝑢 − 𝑃𝑑
𝑆𝑢 − 𝑆𝑑

, 𝐵 =
𝑢𝑃𝑑 − 𝑑𝑃𝑢
𝑢 − 𝑑

1
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Risk neutral pricing

From replication portfolio

𝐶 = ℎ𝑆 + 𝐵 =
𝐶𝑢 − 𝐶𝑑
𝑆𝑢 − 𝑆𝑑

𝑆 +
𝑢𝐶𝑑 − 𝑑𝐶𝑢
𝑢 − 𝑑

1

1 + 𝑟

Note that the price does not depend on q, so we define the risk neutral probability

𝑝 =
1 + 𝑟 − 𝑑

𝑢 − 𝑑

𝐶 =
𝑝𝐶𝑢 + 1 − 𝑝 𝐶𝑑

1 + 𝑟

Consequently, 
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Multiperiod binomial pricing model

S

Su

Sd

Suu

Sud

Sdd

𝐶

𝐶𝑢

𝐶𝑑

𝐶𝑢𝑢 = max 0, 𝑆𝑢𝑢 − 𝑋

𝐶𝑢𝑑 = max 0, 𝑆𝑢𝑑 − 𝑋

𝐶𝑑𝑑 = max 0, 𝑆𝑑𝑑 − 𝑋
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Multiperiod binomial model 𝐶

𝐶𝑢

𝐶𝑑

𝐶𝑢𝑢

𝐶𝑢𝑑

𝐶𝑑𝑑

𝐶 =
σ𝑗=0
𝑛 𝑛

𝑗 𝑝𝑗 1 − 𝑝 𝑛−𝑗max 0, 𝑆𝑢𝑗𝑑𝑛−𝑗 − 𝑋

1 + 𝑟 𝑛

𝑃 =
σ𝑗=0
𝑛 𝑛

𝑗 𝑝𝑗 1 − 𝑝 𝑛−𝑗max 0, 𝑋 − 𝑆𝑢𝑗𝑑𝑛−𝑗

1 + 𝑟 𝑛
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Black-Scholes option pricing model

̶ Spot price: S

̶ Time to expiry (years): 𝜏

̶ Strike price: X

̶ Volatility, standard deviation: 𝜎

̶ Risk-free return r
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Black-Scholes model

𝑑1 =

ln
𝑆
𝑋

+ 𝑟 +
𝜎2

2
𝜏

𝜎 𝜏
, 𝑑2 = 𝑑1 − 𝜎 𝜏

𝐶 = 𝑆 𝑁 𝑑1 − 𝑒−𝑟𝜏𝑋 𝑁 𝑑2

𝑃 = 𝑒−𝑟𝜏𝑋 −𝑑2 − 𝑆 𝑁 −𝑑1

KvIS
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Real options

̶ Option to expand, make follow-up investments

̶ Option to wait, invest later

̶ The abandonment option, or shrink the project

̶ Flexible production and procurement

Value of option = NPV with option – NPV without option



18

Option to expand, follow-up investments

BREALEY, R. A., S. C. MYERS and F. ALLEN. 2023. Principles of corporate finance. 14th ed. New York: McGraw-Hill Education. Chapter 23
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Option to expand, follow-up investments
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Option to expand, follow-up investments
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Option to expand, follow-up investments
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Option to wait

P/L

IV

Future 

spot

SP

̶ Period to maturity

̶ Current spot vs. SP

̶ Volatility of the underlying 

asset

̶ Risk-free interest rate

̶ Dividends
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R&D options

BREALEY, R. A., S. C. MYERS and F. ALLEN. 2023. Principles of corporate finance. 14th ed. New York: McGraw-Hill Education. Chapter 23
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Option to wait
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Option to wait
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Option to wait
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Option to wait
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Optimal timing
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Purchase option – airplane example

BREALEY, R. A., S. C. MYERS and F. ALLEN. 2023. Principles of corporate finance. 14th ed. New York: McGraw-Hill Education. Chapter 23
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Purchase option
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Purchase option
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