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Objective: This study aims to design and propose a novel framework for
option pricing using the Particle Swarm Optimization (PSO) algorithm. The
framework focuses on separately predicting bid and ask prices to overcome
the limitations of traditional analytical models such as the Black—Scholes
model and to utilize machine learning capabilities for more accurate
modeling of price behavior.

Method: The research is data-driven and based on a machine learning
approach. A Multilayer Perceptron (MLP) neural network was designed and
trained to predict option prices, while the network weights and linear
regression coefficients were optimized using the PSO algorithm to enhance
prediction accuracy and minimize error. The dataset includes 840
observations from 42 stocks with traded options during the 2014-2023
period. Model performance was evaluated using the Mean Absolute Error
(MAE), Root Mean Squared Error (RMSE), and coefficient of determination
(R?).

Results: Results indicate that PSO-based optimization significantly
reduces prediction errors and improves the model’s stability compared to
traditional methods.

Conclusion: The proposed PSO-MLP framework serves as an effective
tool for option market participants, enabling more accurate, data-driven
forecasts and better-informed investment decisions while reducing
transaction risk.

Cite this article: Mir, H., Taebi Noghondari, A., & Jalaee Esfandabadi, S.A. (2025). Data-driven simulation and forecasting
of option pricing: A particle swarm optimization approach. Journal of Accounting Knowledge, *(*), *-*.

@ 06

Publisher: Shahid Bahonar University of Kerman.
©The Author(s).



mailto:hedyeh.mir@iau.ac.ir
mailto:taebi@iau.ac.ir
mailto:jalaee@uk.ac.ir
https://uk.ac.ir/en
https://orcid.org/0009-0002-1158-5203
https://orcid.org/0000-0001-5391-3135
https://orcid.org/0000-0001-8154-9123
https://creativecommons.org/licenses/by-nc/4.0/

2/ Data-driven simulation and forecasting of option pricing: A particle swarm optimization approach

Introduction

The valuation of option contracts has long been recognized as a central challenge in financial
economics, given the complex and nonlinear relationships that characterize the behavior of
derivative prices. Traditional analytical models such as the Black—Scholes model rely on
simplifying assumptions including constant volatility, frictionless markets, and continuous
trading—assumptions that rarely hold in emerging markets. In markets such as Iran’s capital
market, where price dynamics are influenced by information asymmetry, low liquidity, investor
heterogeneity, and abrupt volatility shifts, analytical pricing models often fail to accurately
capture market realities. Consequently, there is a growing need for data-driven modeling
approaches capable of adapting to nonlinear patterns and evolving market conditions.

A review of previous studies—both domestic and international—indicates substantial
advancements in the use of machine learning and metaheuristic optimization techniques for
pricing financial derivatives. International literature highlights the successful application of
neural networks, support vector regression, genetic algorithms, and swarm-based optimization
techniques in improving prediction accuracy. However, domestic research remains limited,
with many studies relying on hypothetical or simulated datasets and lacking comprehensive
integration of machine learning with metaheuristic optimization for real-market options.
Moreover, few studies have simultaneously modeled bid and ask prices, despite their
importance for understanding market microstructure and trading behavior. These gaps
highlight the need for a more robust, data-oriented framework tailored to the characteristics of
Iran’s option market.

To address these limitations, this study proposes a hybrid framework that integrates a
Multilayer Perceptron (MLP) neural network with the Particle Swarm Optimization (PSO)
algorithm for option price prediction. In the proposed structure, the MLP model is responsible
for learning nonlinear relationships between input variables—including underlying price, strike
price, time to maturity, historical volatility, risk-free rate, and expected return—while the PSO
algorithm optimizes the network weights and linear regression coefficients to minimize
prediction error. This combination leverages the learning capacity of neural networks and the
global search capability of PSO, offering an effective approach for improving pricing accuracy.
The dataset encompasses 840 observations from 42 option-active stocks over the 2014-2023
period, ensuring that the model is trained on real and representative market behavior.

The primary objective of this research is to develop and empirically evaluate a
PSO-enhanced machine learning framework for option pricing based on real transaction data
from the Iranian market. The study’s contribution lies in (1) separately forecasting bid and ask
prices using a unified optimization-driven architecture, (2) calibrating the network and
analytical parameters simultaneously through PSO, and (3) demonstrating the superiority of
the hybrid MLP-PSO model compared with conventional analytical methods. The remainder
of the article is structured as follows: Section 2 reviews the related literature, Section 3 presents
the methodology, Section 4 reports the empirical findings, and Section 5 concludes the study
with implications and suggestions for future research.

Method

This study employed a quantitative, empirical, and data-driven research design to develop
an enhanced predictive model for option pricing in the Iran capital market. The investigation
was based entirely on secondary financial data, and no human or animal subjects were
involved; therefore, institutional ethical approval and informed consent were not required.
Research Design

The methodological approach was an observational and analytical modeling study using real
historical market data. A hybrid architecture combining a Multilayer Perceptron (MLP) neural
network with Particle Swarm Optimization (PSO) was designed to forecast bid and ask option
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prices. The predictive performance of the hybrid model was compared with the Black—Scholes
analytical model and a standard linear regression model.
Sample Size
The dataset consisted of 840 observations extracted from 42 stocks with active option
contracts during the period 2014-2023. All observations were retained after preprocessing for
use in training, validation, and testing.
Materials and Outcome Measures
The materials included daily option contract prices, underlying asset prices, strike prices,
time to maturity, historical volatility, risk-free rate data, and expected returns. Computational
implementation was performed in MATLAB/Python. Model performance was evaluated using
MAE, RMSE, R?, and Volume-Weighted MAE.
Data-Gathering Procedures
Data were gathered from publicly available market databases (TSETMC, Iran financial
market repositories). Outliers were identified and removed using the 3-sigma rule. Missing
values were imputed with a moving-average temporal method. All variables were normalized
using Min—Max scaling. Historical volatility was calculated from 30-day rolling returns and
annualized using the standard sqrt(252) factor. Option and underlying data were time-aligned
before modeling. Because the study used preexisting records, it constitutes a secondary data
analysis.
Procedure
The modeling steps were as follows:
(1) preprocessing, cleaning, and normalization of all variables;
(2) constructing the MLP with two hidden layers (20 and 10 neurons) using Tansig and
Linear activation functions;
(3) optimizing network weights and regression coefficients with PSO (w =0.8, cl = 1.5, c2
= 1.5, 300 particles, 1,000 iterations, 10 repetitions);
(4) splitting the dataset chronologically into 70% training and 30% testing;
(5) computing performance metrics for all models;
(6) benchmarking results against Black—Scholes and linear regression models to determine
comparative accuracy.
Ethical Statement
This study used aggregated, publicly available financial data and did not involve human
participants or personal information. Accordingly, ethical review board approval and informed
consent were not required.

Sampling Procedures

This study did not involve human participants; instead, the sample comprised secondary
market data on option contracts traded in the Iran capital market. A purposive sampling
approach was applied, selecting all stocks with active option contracts over the 2014-2023
period. Final data consisted of 840 observations from 42 underlying assets.

Data were obtained from official and publicly accessible repositories of the Iran capital
market, primarily the TSETMC database. No systematic sampling plan involving participant
recruitment was implemented, and no self-selection occurred.

Data collection was conducted entirely online, extracting transaction records, underlying
asset prices, and associated parameters (strike price, time-to-maturity, volatility, risk-free rate)
from the aforementioned resources. The collection process covered trades executed between
March 2014 and September 2023.

No agreements, incentives, or payments were made to participants, as the data were fully
public. The study complies with all applicable ethical standards for secondary data analysis.
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Institutional review board and ethics committee approval was not required because no personal
or sensitive information was used. Safety monitoring was not applicable.

Sample Size, Power, and Precision

The intended and achieved sample size were identical, consisting of 840 valid observations
obtained from 42 underlying assets with active option contracts traded in the Iran capital market
during 2014-2023. Because the study employed complete market data available for the defined
period, no sampling error or participant attrition occurred.

As the research is based on secondary quantitative data, traditional statistical power analysis
was not directly applicable. Instead, model precision and adequacy were evaluated through the
magnitude and consistency of error metrics across repeated PSO runs and dataset partitions.
Stability of results, reflected by a mean RMSE of 0.0347 with a standard deviation of 0.0010,
indicated sufficient sample size and robust model convergence. Consequently, the dataset was
deemed large enough to ensure high estimation accuracy and generalizability of results.

Mixed Methods Research

Although the present research integrates multiple analytical and computational techniques,
it does not employ a traditional “mixed methods” approach that combines qualitative and
quantitative empirical data. Instead, the study uses a multi-method quantitative design,
integrating both statistical analysis and computational intelligence modeling to achieve higher
precision in option pricing.

The rationale for adopting this integrated quantitative framework is to leverage the strengths
of two complementary methodologies:

(1) the analytical modeling capability of the Black—Scholes framework, which captures

theoretical market dynamics; and

(2) the adaptive nonlinear learning capacity of the MLP-PSO hybrid model, which

empirically fits market observations.

This integration allows the generation of new insights into the price-formation mechanism
of option contracts—insights that neither traditional econometric methods nor standalone
machine learning models could achieve alone. The study is therefore multi-method
quantitative rather than qualitative-quantitative mixed methods, and all data used are
secondary market records collected from publicly available sources.

Results

The results of the empirical analysis are presented in this section. The study utilized 840
market observations obtained from 42 option-underlying assets traded on the Tehran Stock
Exchange between 2014 and 2023. Data were divided chronologically into training (70%) and
test (30%) subsets. The proposed hybrid model was trained ten times using the Particle Swarm
Optimization (PSO) algorithm to optimize the Multilayer Perceptron (MLP) network
parameters.

The average Root Mean Square Error (RMSE) across these independent PSO runs was
0.0347, with a standard deviation of 0.0010, indicating high robustness and stable convergence
of the algorithm. The small dispersion of errors across runs demonstrates that the optimization
results are reproducible and not influenced by random initialization.

A comparative assessment of predictive performance among three pricing frameworks—
Black—Scholes, Bootstrap, and the proposed MLP-PSO hybrid—revealed meaningful
differences. As shown in Table 1.
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Table 1. Normalized Mean Squared Error (MSE) of Option Pricing Models
(Values are computed based on normalized and aggregated data for all option contracts)
MSE Normalized Mean Squared Error

Model (Aggregated) Description
Black—Scholes 0.046 Classical analytical pricing model
Bootstrap 0.044 Statistical benchmark model
Proposed Model (MLP +PSO) 0.031 PSO-optimized neural network model

Source: Research findings

The proposed model achieved the lowest overall Normalized Mean Squared Error (0.031),
outperforming the Black—Scholes (0.046) and Bootstrap (0.044) benchmarks. This
improvement reflects the model’s capacity to capture nonlinear dependencies between
underlying and option prices that classical analytical models fail to represent. Overall, the
results confirmed that the PSO-optimized neural network can effectively model and predict
option contract values in emerging markets with relatively high accuracy. The model’s stability
across multiple training iterations suggests strong generalizability and reliability for application
in real market scenarios.

Conclusions

This study introduced a hybrid predictive framework combining the multilayer perceptron
(MLP) neural network with the Particle Swarm Optimization (PSO) algorithm to improve the
accuracy of option pricing in emerging markets. The findings demonstrated that the PSO-optimized
neural model consistently achieved lower prediction errors and higher stability than traditional
pricing methods such as the Black—Scholes and Bootstrap models. These results emphasize the
practical relevance of integrating metaheuristic optimization with data-driven learning techniques,
enabling more adaptive and dynamic valuation under volatile market conditions. From a theoretical
perspective, the findings validate the capability of hybrid Al models to approximate nonlinear
financial relationships that classical analytical models fail to capture. In applied terms, the model
offers valuable tools for portfolio managers, institutional investors, and risk analysts to estimate
fair option prices and improve hedging strategies. The study also highlights that accurate
forecasting can enhance market transparency and contribute to reducing pricing inefficiencies in
developing financial systems. Nevertheless, the research leaves room for future extensions—
particularly incorporating real-time trading signals, volatility clustering effects, and comparative
testing with deep learning architectures such as LSTM or CNN models. Addressing these aspects
could expand the robustness and generalizability of the model across different market
environments. Ultimately, the results support the broader proposition that merging evolutionary
optimization with neural computation constitutes a viable and scalable direction for improving
financial decision-support systems.
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