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Introduction
What are options?
Challenges in Pricing Options
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What are options?

● Financial instruments giving the right to buy or sell an underlying assets at a 
specified price on a maturity date.

● Categories
○ In the Money (ITM): Has intrinsic value and time value.
○ Out of the Money (OTM): No intrinsic value, only time value.

● Components
○ Intrinsic Value: Immediate payoff if exercised.
○ Time Value: Future potential until expiration.

● Take a call option as an example …
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Strike Price



In the case of a call option

https://www.cboe.com/delayed_quotes/spx/quote_table

OTM

ITM

ITM

OTM

Strike Price ↓
Call Option Price↑
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https://www.cboe.com/delayed_quotes/spx/quote_table


In the case of a call option

https://www.cboe.com/delayed_quotes/spx/quote_table
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Time to Maturity ↓
Call Option Price↓

Intrinsic Value

Time Value

https://www.cboe.com/delayed_quotes/spx/quote_table


Challenges in Pricing Options

● Option pricing is crucial for market efficiency.

● Model-based approaches suffers from model misspecification problem.

● Model-free approaches without rationality may have arbitrage opportunities.

● Model-free approaches with rationality may require unnecessary synthesized data.

● Stale price in illiquid markets may reduce pricing accuracy.
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Proposed 
Method
Control variate approach

Time value no-arbitrage constraints
Remove unnecessary synthesized data
Kink of time value surface

Cleaning data
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Control Variates 
Approach

Option value = time value + intrinsic value
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max(0, S-K)

Option value based no-arbitrage constraints



Control Variates 
Approach

      time value
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Time value based no-arbitrage constraints

ITM OTM

Option value based no-arbitrage constraints
option value



Control Variates 
Approach

      time value
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Since call OTM option 
value equals to time 
value, here we follow 
Yang et al. 2017.

Time value based no-arbitrage constraints

OTM

Option value based no-arbitrage constraints
option value

Yang, Y., Zheng, Y., & Hospedales, T. (2017, February). 
Gated neural networks for option pricing: Rationality 
by design. In Proceedings of the AAAI conference on 
artificial intelligence (Vol. 31, No. 1).



Control Variates 
Approach

      time value
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Time value based no-arbitrage constraints

ITM

Option value based no-arbitrage constraints
option value



Control Variates Approach
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Time value based no-arbitrage conditions Time value based neural network



Control Variates 
Approach

      time value
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Time value based 
approach 
removes 
unnecessary 
synthesized data

Time value based no-arbitrage constraints

ITM

Option value based no-arbitrage constraints
option value



Control Variates 
Approach

      time value
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Kink

Handle kink of time value surface by supplementary data

ITM OTM
Forced exercise

Forced 
non-exercise



Data Cleaning

Trade-off between data quality and 
quantity
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Datasets
Training Setting
Results on S&P 500 Option 
Results on TAIEX Option 

Experiments
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Datasets & Environment

2010 - 2016
Option: S&P 500 from OptionMetric
Underlying: S&P 500 from Yahoo Finance
Dividend Yield Rate: S&P 500 from 
OptionMetric
Risk-Free Rate: U.S. Department of the 
Treasury

2014 - 2021
Option: TXO from Taiwan Future Exchange
Underlying: TXF from Taiwan Future 
Exchange
Risk-Free Rate: Bank of Taiwan

TAIEX Index Option S&P 500 Index Option
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MSE, MAPEOS: Linux
Memory: 128 GB
CPU: 2 * AMD EPYC 7702P 64-Core 
Processors

Environment Evaluation Metrics



Results on S&P 500 Option 
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Results on S&P 500 Option 
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Yang, Y., Zheng, Y., & Hospedales, T. (2017, February). 
Gated neural networks for option pricing: Rationality 
by design. In Proceedings of the AAAI conference on 
artificial intelligence (Vol. 31, No. 1).



Results on S&P 500 Option 
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Results on S&P 500 Option 

21



Results on S&P 500 Option 
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With synthetic data.

Without synthetic data.

improve

degrade



Results on S&P 500 Option 
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Ablation Study



Results on TAIEX Option 
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Conclusions
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Conclusions
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● Reduces prediction errors by decomposing option values using control variate 
techniques

● Incorporate no-arbitrage constraints for time value surface into neural network

● Remove those unnecessary data synthesis from past approaches.

● Propose a data cleaning trick to price the option in the illiquid market more 
accurately



CREDITS: This presentation template was created by Slidesgo, and includes icons 
by Flaticon, and infographics & images by Freepik 

Thanks!
Do you have any questions?
music87.c@nycu.edu.tw

Please keep this slide for attribution

27

https://bit.ly/3A1uf1Q
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