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Abstract: Accurate option pricing is critical for the effective functioning of financial markets, providing traders and 

investors with the means to hedge risks and capitalize on market movements. Traditional models such as the Black-
Scholes, Binomial Tree, Trinomial Tree, Monte Carlo Simulation, and the Garman-Kohlhagen model have long been 

the standard for option pricing. However, these models often face limitations in capturing market complexities and 

extreme events. We propose a hybrid approach that combines Genetic Algorithm (GA) optimization with 

Backpropagation (BP) neural networks to enhance the precision of option pricing. It uses HS300 index stock data from 

2013 to 2022, including stock prices, volumes, and price changes. The hybrid GA-BP model is tested for its ability to 

make more accurate price predictions. The model helps investors make better decisions by improving pricing strategies 

and managing risks effectively. The Hybrid GA-BP neural network model leverages the global search capabilities of 

GA to optimize the initial weights and biases of the BP neural network, thereby avoiding local minima and improving 

convergence rates. This integrated model is trained and tested on historical market data, with its performance 

benchmarked against traditional models. Empirical results demonstrate that the Hybrid GA-BP neural network model 

significantly outperforms traditional models in terms of pricing accuracy. The model shows superior precision when 

comparing actual market prices with predicted prices, reducing errors and increasing reliability. This enhancement in 
pricing precision can lead to more informed trading decisions and better risk management strategies. The findings of 

this research contribute to the growing body of knowledge in financial engineering by showcasing the potential of 

hybrid machine learning approaches in financial modeling. The Hybrid GA-BP neural network model presents a 

promising tool for practitioners and researchers aiming to improve option pricing methodologies in increasingly 

complex financial markets.  

 

Index Terms: Option Pricing, Genetic Algorithm, Backpropagation Neural Network, Hybrid Model, Financial 

Modeling, Machine Learning, Performance Evaluation. 
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1. Introduction 

Financial options are a critical part of the financial markets, allowing for risk management and hedging strategies 

among other things. Correct pricing of the options is essential to achieve fair valuation, efficient trading as well as 

informed decision making across a range of asset classes. Models like Black-Scholes, a cornerstone of traditional option 

pricing, have become almost canonical in finance [1]. The Black-Scholes model was developed in the early 1970s and 

makes assumptions of constant volatility, no dividends occurring during the life of the option, and a random walk of 

stock prices. The model is used to price European-style options on stocks assuming that it is impossible to make risk-

less profits. While the model has been widely adopted and has some theoretical appeal, its assumptions often fail to 
capture reality as markets exhibit features such as volatility clustering, sudden price changes and time varying risk 

factors [2]. The restrictions of classical models led to the search for superior alternatives that could deal with the 

complexity of financial markets. That's why people started exploring new methods. Recent developments in 

computational intelligence and machine learning have presented new dimensions for enhancement of option pricing 

accuracy [3]. Specifically, neural networks have demonstrated their ability to capture the complex nonlinear 

relationships inherent in financial data. With the use of these capabilities, researchers have tried to improve the 

traditional models or build completely different frameworks that can react to the changeable conditions of markets [4]. 

This paper [5] is motivated by the pragmatic realization that traditional option pricing techniques suffer from 

practical challenges and financial markets continue to increase in complexity. Although still useful as a theoretical 

model and a reference point, the assumptions of the Black-Scholes model (such as constant volatility) lead to large 

discrepancies when applied to practical situations. With factors such as stochastic volatility, market jumps, and 

geopolitical events significantly affecting option prices, models that can more dynamically adjust to and incorporate 
these dynamics are clearly needed. Moreover, the origin of the thesis reflects concerns about direct day-to-day practical 

implications for financial practitioners and institutions. On one hand, this represents an important stake in reference to 

risk management and portfolio optimization; on the other hand, it has paramount importance in the pricing of exotic 

options, structured products, and derivatives under volatile markets. This research aims to enable stakeholders with 

better tools for decision-making and risk assessment leading to more efficient and stable financial markets by improving 

pricing precision.  

1.1. Research methodology 

This paper [6] proposes a Hybrid Genetic Algorithm and Backpropagation Neural Network (GA-BP NN) model. 

The architecture and weights of Backpropagation Neural Network (BP NN) are optimized by GA, providing a good and 

reasonable method for finding complex patterns in the financial option data and improving the option pricing precision. 

In order to allow traders and investors to hedge risks and take advantage of market movements, the accurate pricing of 
options is a critical factor for the efficient functioning of the financial markets. Option pricing traditionally has been 

performed using classical methods such as the Garman-Kohlhagen model, the Black-Scholes model, the binomial and 

trinomial tree and Monte Carlo simulation. The structure of the paper is as follows: The first part is the introduction, 

mainly expounding the development of option pricing and the application of neural network; The second part is related 

work; The third part is the methodology, mainly for GA-BP neural network model building; The fourth part is 

performance evaluation metrics; The fifth part is result analysis & discussion; The sixth part is comparative analysis and 

the last part is conclusion. 

2. Related Work 

The literature on option pricing is large with a very extensive exposure of both theoretical and empirical papers. 
The hidden part is a survey of the main existing literature in the domain applied to traditional models such as the Black-

Scholes model, binomial/trinomial tree models, Monte Carlo simulation and the Garman-Kohlhagen model. It also 

explores progress in using neural networks and hybrid models for option pricing. These pertained to the historical 

evolution as well as current modifications in this domain as evidenced by papers under review. 

2.1. Black-Scholes Model 

The Black-Scholes model is widely used for option pricing, but its assumptions of constant volatility and random 

walks in stock prices are not always valid in real market conditions. Recent studies have enhanced its accuracy by 

integrating advanced volatility models. For instance, Wang (2024) [7] incorporated GARCH, SABR, SVI, and Dupire 

models into the Black-Scholes framework, improving its performance in volatile markets. Similarly, a comprehensive 

review by Zhang (2023) [8] examined the evolution and applications of the Black-Scholes model, highlighting its 

enduring relevance and areas for improvement. The Black-Scholes model is used in financial mathematics to determine 

the theoretical price of a European-style option. Devised by Fischer Black and Myron Scholes in 1973 (with input from 
Robert Merton), the model is based on several key assumptions [9].  The model assumes the price of the underlying 

asset follows a geometric Brownian motion with constant drift and volatility. The model can predict the distribution of 

future prices, in other words randomized quantities in a stochastic process. The model also assumes a frictionless 
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market where no transaction costs are taken into account and no risk-free profits can be made by traders by taking 

advantage of any price differentiation.  

The Black-Scholes model does this by making several assumptions in order to derive a closed-form solution for 

calculating the fair value of call and put options, and has been one of the cornerstones of modern finance that provided 

an objective mathematical way of pricing options. Even though the Black-Scholes model makes simplifying 

assumptions like consistent volatility and a completely efficient market, it still serves as an underpinning to financial 

engineering by allowing traders and investors to help them make well-informed decisions about pricing and hedging 

derivative contracts [10]. 

Mathematical Formulation: 

 

 
t t t tdS S dt S dW    (1) 

 

where: 

tS  is the asset price at time t, 

  is the drift rate, 

  is the volatility, 

tW is a Wiener process (standard Brownian motion). 

2.2. Binomial Tree Model 

The Binomial Tree model is an extension of the Black-Scholes model that can handle American options. Recent 

advancements include the application of discrete cosine transforms to improve pricing accuracy. A study by Liu (2023) 

[11] introduced this approach, demonstrating its effectiveness in reducing computational complexity while maintaining 

pricing accuracy. 

The Binomial Tree model is a computable framework commonly used in financial mathematics for pricing options. 

The model was first published by Stephen Ross in 1976. Here is a discrete-time version of the Real Option Model 

which is roughly based on the Black-Scholes option pricing model; created by Cox, Ross, and Rubinstein in late 1970s 

as an extension to financial options [12]. It is based on the idea that in the short term the price of an asset can move up 

or down by specific factors. This movement creates a binomial tree structure in which each node is a possible future 
price of the asset. The model works by recursively evaluating, every time step for all possible prices and storing the 

value that the option will have if at that price it expires in through and then discounting these values back to the 

originating node at where we are taking the view. Binomial tree model is versatile and allows one to value complicated 

options which would be very difficult in the Black-Scholes framework that makes it well-suited when some of the 

assumptions for the continuous constant volatility in Black-Scholes model are not appropriate. This intuitive property 

and its ability to integrate with discrete events and changing levels of volatility have made it an essential tool in 

financial analysis, risk management, and derivatives pricing [3, 13]. 

Parameters: 

The parameters for the binomial model include the up factor (u), down factor (d), and the risk-neutral probability 

(p): 
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where: 

  is the volatility of the underlying asset. 

t  is the length of each time step, 

r  is the risk-free interest rate. 

2.3. Trinomial Tree Model 

The Trinomial Tree model improves upon the Binomial Tree by incorporating three possible price movements per 

time step, resulting in better approximation of the option's price. Fusari (2023) [13] explored the convergence rates of 

option prices using Trinomial Trees, providing insights into their efficiency and accuracy compared to other models. 

2.4. Monte Carlo Simulation 

The Monte Carlo Simulation is a versatile method for pricing complex options. Recent literature reviews, such as 

the one by Smith (2023) [14], have discussed the evolution of Monte Carlo methods in option pricing, including 

variance reduction techniques and the integration of machine learning for improved accuracy. 
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The Monte Carlo simulation is a computationally similar error to the behavior of complex systems or model 

processes with a probability distribution set, where you simply create thousands of random samples. Popular in the 

Monte Carlo Casino, this method takes the approach of repeatedly randomly sampling and is used to evaluate and 

analyze uncertain outcomes [15]. Monte Carlo simulations are used to model probability distributions of variables and 

the uncertainties in their decision-making process in finance, engineering, among others. Financial analysts build tax 

fixed ads + finish has a significantly different name for that same point to see the probability of the studied result; they 

really do. This method is especially useful when traditional analytical methods are not possible because of non-linearity, 

multiple input variables or the system is truly stochastic. Although computationally expensive, Monte Carlo simulations 

are a cost-effective means of obtaining useful perspectives for risk management, optimization, and strategic planning, 

making it a good decision-making solution by enabling decision makers to decide with the uncertainty from complex 

systems [16]. 

Mathematical Formulation: 

The asset price is simulated using the discretized version of the geometric Brownian motion: 

 

 
21

exp(( ) )
2

t t tS S r t tZ        
(3) 

 

where: 

tS  is the asset price at time t , 

r  is the risk-free interest rate, 

  is the volatility of the underlying asset, 

t is the length of each time step. 

Z  is a standard normal random variable. 

2.5. E. Garman-Kohlhagen Model 

The Garman-Kohlhagen model is specifically designed for pricing foreign exchange options. However, it performs 

poorly when applied to equity options. Wang and Zhao (2021) found that the model is effective for currency options but 

tends to overestimate prices when applied to equity options. Rui and Zhang (2022) [17] highlighted the model's 

limitations in capturing market jumps and suggested modifications to improve accuracy. 

The Garman-Kohlhagen model, although primarily developed for foreign exchange options, is included in this 

study as a comparative baseline to evaluate model robustness under alternative assumptions. However, its applicability 
to equity index options is limited. 

2.6. Hybrid GA-BP NN Model 

The Hybrid GA-BP NN model combines Genetic Algorithms (GA) for optimization with Backpropagation Neural 

Networks (BP NN) for learning from historical data. Singh and Gupta (2022) [18] demonstrated that this hybrid 

approach significantly outperforms traditional models in terms of accuracy and adaptability to volatile market 

conditions. Sharma and Kumar (2023) showed that this model not only improves pricing accuracy but also adapts to 

changing market dynamics. This literature review summarizes major works in option pricing, from conventional models 

to sophisticated computational methods. Those papers under review articulate the evolution of option pricing methods 

and suggest the promise of hybrid models, particularly those that integrate genetic algorithms and neural networks, for 

better pricing accuracy and market dynamics capturing respectively. Such insights form a robust basis for developing 

and deploying Hybrid GA-BP Neural Network in this paper. 
Foundations in Mathematical Finance: Option pricing has been a prominent area of research for many years 

since Black, Scholes, and Merton introduced their Nobel Prize-winning option pricing model (OPM) in 1973 [19]. One 

of the most popular works in financial theory is the Black-Scholes-Merton (BSM) model over the past several decades. 

However, although critical for so many applications, the model has been shown to induce systematic biases [20]. 

Limitations arise from the model assumptions, like constant volatility, the asset price process following a geometric 

Brownian motion, constant interest rates, drift term and assumptions about market efficiency. In order to rectify these 

shortcomings, extensions of the BS model have been developed including stochastic volatility, stochastic interest rates, 

jump-diffusion models, regressions, and regime-switching processes. Meanwhile, artificial neural networks (ANNs) 

have become a powerful alternative, since they can approximate the non-linear characteristics of the data [21, 22, 23, 24, 

25, 26]. In opposition to the standard parametric models, ANNs take the past data and learn the complicated relationship 

of input to output and that causes the bias in the veterinary transport when using BS models diminish. Option pricing is 

a multivariate issue and exhibits strong non-linearity, for which ANNs are particularly well suited to capture market 
variances. They are capable of capturing non-linear patterns and have the potential to enhance the accuracy of option 

pricing [27]. 
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The pricing of options has long been rooted in mathematical finance, particularly in the use of stochastic processes 

and differential equations. The Black-Scholes model laid the groundwork by modeling asset prices as geometric 

Brownian motion. The model's governing stochastic differential equation is given by: 

 

 
t t t tdS S dt S dW  

 
(4) 

 

where: 

  is the drift term, 

  represents volatility, 

( )W t  is a Wiener process (standard Brownian motion). 

 

Despite its elegance, the model's assumptions including constant volatility and efficient markets often do not hold 

in real-world scenarios [28]. To accommodate these shortcomings, discrete-time models such as the Binomial Tree [29] 

and Trinomial Tree [30] were developed, allowing more flexibility and a closer approximation to American-style 

options. 

Limitations of Traditional Models: Classical models, though analytically tractable, struggle to capture market 

complexities such as volatility clustering, jumps, and stochastic behavior. Monte Carlo simulations [31] provide a 

probabilistic solution to these limitations but come at the cost of computational efficiency. Furthermore, models like the 

Garman-Kohlhagen [32] often overestimate prices, particularly in volatile or equity markets. These limitations have 

motivated the adoption of data-driven approaches capable of modeling non-linear relationships. 

Emergence of Machine Learning in Finance: With the growing availability of financial data, machine learning 

models, particularly neural networks have been explored for financial forecasting. Backpropagation (BP) neural 
networks have shown promise due to their ability to approximate complex functions and capture non-linear 

dependencies [33]. However, these models are susceptible to issues such as local minima and slow convergence. 

Role of Genetic Algorithms in Optimization: Genetic Algorithms (GA) offer a global search methodology that 

mimics biological evolution. They have been effectively used in optimizing hyperparameters and weight initialization in 

neural networks, significantly improving convergence and solution quality [34]. By employing operations such as 

selection, crossover, and mutation, GA can explore a broader solution space, avoiding local optima. 

Hybrid GA-BP Neural Networks for Option Pricing: Combining GA with BP neural networks results in a 

robust hybrid model that leverages the strengths of both techniques. This approach has been applied successfully to 

option pricing, achieving superior accuracy compared to traditional models [35, 36]. Hybrid GA-BP models produce 

lower Mean Squared Error (MSE) and higher R-squared scores in empirical tests. Such models are adaptable, data-

driven, and capable of capturing market volatility, making them particularly suitable for modern financial markets. The 
literature reveals a clear evolution in option pricing methodologies from deterministic mathematical models to adaptive 

hybrid machine learning models. While traditional models like Black-Scholes offer theoretical insights, hybrid GA-BP 

neural networks provide practical accuracy and flexibility in real-world applications. 

3. Methodology 

3.1. Data Collection and Preprocessing 

The process begins with the collection of HS300 index European-style option data spanning the period from 2013 

to 2022, obtained from reliable financial databases. To ensure data quality and consistency, the raw dataset undergoes 

several preprocessing steps, including the removal of missing values, filtering of illiquid contracts with low trading 

volume, and elimination of inconsistent records. The dataset contains essential parameters such as the underlying asset 

price ( 0S ), strike price ( K ), time to maturity (T ), risk-free interest rate ( r ), and historical volatility ( ). To improve 

model performance and ensure comparability across different models, all numerical features are normalized using Min-
Max scaling. 

Data Sources: The process starts with gathering historical option pricing data from high quality financial 

databases. The data includes European-style options of different asset classes like equities, commodities and FX. It 

contains all necessary parameters such as the price of an underlying asset, a strike, time to maturity, risk-free interest 

rate, past volatility for each dataset. 

Preprocessing Steps: The data collected is preprocessed for consistency and quality, before the model 

implementation: 

 

 Cleaning and Filtering: Clean or remove any outliers or missing values that might affect the training or 

evaluation of a model. 

 Normalization: Normalizes the numerical feature columns to a standard range, so that the input features have 

similar orders of magnitude during training for better convergence. 
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 Feature Engineering: More features can still be extracted if necessary e.g., Implied Volatility, Interest Rate 

Differentials for Currency Options. 

 

The modeling framework is designed to predict the actual market value of option contracts. In this study, the target 

variable is defined as the daily closing market price of the options, which serves as the ground truth for evaluating 

model predictions. 

3.2. Hybrid GA-BP Neural Network Approach 

Genetic Algorithm (GA): Genetic algorithm (GA) is a computational method that models the natural selection 

process. A genetic algorithm uses an initial population of solution candidates represented by chromosomes that evolve 

by means of selection, crossover, and mutation across successive generations [37]. Its fitness is determined by objective 

functions and judges every chromosome for possible parent selection and offspring creation. Being inspired by the 
principles of survival of the fittest and genetic diversity, GA can effectively search solution spaces, proving to be 

resistant during optimization tasks, especially when traditional methods fail. They are very powerful especially in 

difficult to solve problems like parameter tuning, scheduling and route optimization with a heuristic methodology that 

finds close to optimal solutions without having specific problem related knowledge [38]. 

The GA involves the following steps: 

 

Initialization: Sample initial population of neural network architectures and parameter settings. 

Selecting: By doing forward passes and thus tracking option prices we are able to evaluate the fitness of each 

individual (neural network) on how good they are at predicting option prices. 

Evolution: Select high fitness score individuals (neural networks) to continue for the next generation. 

Crossover and Mutation: This will use the crossover and mutation operators to produce offspring with new 
parameters. 

Termination: Go back to step 1 repeat until some convergence criteria have been met (e.g. max number of 

generations). 

 

The genetic algorithm is employed to optimize the initial weights and biases of the neural network by exploring a 

diverse set of candidate solutions. The optimization process is carried out using a population size of 50, a crossover rate 

of 0.8, and a mutation rate of 0.01. The algorithm evolves over 100 generations using tournament selection to identify 

high-quality solutions. The process continues until convergence is achieved or the maximum number of generations is 

reached. 

 

 

Fig. 1. GA-BP Neural Network Process. 
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Backpropagation Neural Network (BP NN): Backpropagation is a fundamental algorithm used to learn weights 

in an artificial neural network (ANN) from labeled training data. It works by adjusting the weights of connections 

between neurons, one neuron at a time for each iteration to reduce the difference between predictions and actual targets 

[39]. This starts with you passing input data through the network and having it propagate forwards through its layers of 

neurons. 

 

 Forward Pass: In forward movement each neuron computes the weighted sum of its inputs, and utilizes an 

activation function to generate an output (0-1), which is passed to the next layer. 

 Backward Pass: Later during the backward pass, the algorithm obtains some error by subtraction actual and 

predicted result, hence this error is then back-propagated through the network. This entails taking the 

derivatives of the loss function with respect to each weight in the network using calculus chain rule, and 
adjusting weights towards a direction that minimizes error. 

 

The Backpropagation neural network is designed with a simple yet effective architecture to capture the nonlinear 

relationships in option pricing data. The model consists of a single hidden layer with 10 neurons and employs the ReLU 

activation function. Training is performed using the Adam optimizer with a learning rate of 0.001, a batch size of 32, 

and 100 epochs, ensuring stable convergence and computational efficiency. 

In practice, backpropagation works feeding the inputs to the network and then computing the gradient of their loss 

function with respect to all weights in that layer. While backpropagation is computationally expensive, it has 

completely revolutionized the field of machine learning by enabling artificial neural networks to solve a lot of very 

different types of tasks (such as image classification, natural language processing or reinforcement learning). The 

backpropagation neural network learns through historical data to predict option prices. The steps included in BP NN are 
Disable the previous error in and Save this Error directly. 

 

 

Fig. 2. BP Neural Network Process. 

 Architecture Design: Define the number of layers, neurons per layer, activation functions and loss function 

for the neural network using architecture design. 

 Learning: Brackets along with its Option pricing history should be provided as training data and this is 

provided to a Neural Network backbone using by applying the backpropagation algorithm. 

 Validation: After the model is trained, test it on a different validation dataset to check its generalization 

performance and avoid overfitting. 

 Test: Check to see if the model makes sense on a test set, a composition of data points that were used to train 

the model. 

3.3. Model Building 

Establishment of BP Neural Network Model: The BP neural network structure is shown in Fig. 3. In the 
diagram: 

 

iX  (where i  “ 1,2,3,4) are the input nodes. 

jH  (where j  “ 1,2,...,m) are the hidden layer nodes. 

f  is the output node. 

  and   are activation functions. 
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Fig. 3. BP Neural Network Structure Diagram. 

In this paper, we use the Backpropagation (BP) neural network as the control model. We take important factors 

that affect option pricing such as the asset price (( 0S ), strike price ( K ), interest rate ( r ), volatility ( ), and time to 

expiration (T ), as input values. To reduce the calculation time, we combine the asset price and strike price into one 

input called Moneyness. This gives us four input nodes in total. The output node is the option price ( c ). So, the BP 

neural network model has a structure of 4 1n  , where n is the number of hidden layer nodes. 

Establishment of GA-BP Neural Network Model: In this paper, we also build a GA-BP neural network model 

by using a Genetic Algorithm (GA) with the BP model. This is shown in Fig. 4. The genetic algorithm helps to find 

better starting weights for the neural network. 

 

 

Fig. 4. GA-BP Neural Network Structure Diagram. 

First, we create a group of possible weight values (individuals). We use decoding to convert them into real weight 

values. Then we calculate how well each set of weights performs using a fitness function. Based on this, the best sets 

are selected, and new sets are created and improved in the next round. This process continues until the best weight 
values are found. These values are then used in the BP neural network, which helps improve its training speed and 

accuracy [39]. For this model, we only use Moneyless and T as input nodes. So, the GA-BP neural network has a 

structure of 2 1n   with a single hidden layer. 

To ensure a consistent and unbiased comparison between models, both the Backpropagation (BP) neural network 

and the Hybrid GA-BP neural network are constructed using the same set of input features, namely the underlying asset 

price ( 0S ), strike price ( K ), risk-free interest rate ( r ), volatility ( ), and time to maturity (T ). This consistent input 

structure ensures that differences in performance arise from model capability rather than input variation. 

3.4. Performance Evaluation 

1) Mean Squared Error (MSE): 
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where: 

iY  is the actual value, 

^

iY is the predicted value, 

n  is the number of samples. 

 

2) Mean Absolute Error (MAE): 
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3) R-squared (
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(7) 

 

where: 

Y 
is the mean of the actual values iY . 

3.5. Validation Strategy 

To ensure a reliable evaluation of model performance and to prevent data leakage, a time-series-based data 
splitting strategy is adopted. The dataset is divided into training (2013–2019), validation (2020), and testing (2021–

2022) subsets. This approach preserves the temporal structure of the data and reflects realistic forecasting conditions. 

3.6. Benchmark Calibration 

To maintain fairness in comparison, all benchmark models are implemented using consistent and well-defined 

parameter settings. The Black-Scholes model utilizes historical volatility estimated from past asset returns. The 

binomial and trinomial tree models are constructed with 100 discrete time steps, while the Monte Carlo simulation is 

performed using 10,000 simulated price paths. 

4. Result Analysis and Discussion 

The result analysis and discussion section is an attempt to review the performance of the option pricing models like 
Black-Scholes model, Binomial Tree Model, and Trinomial Tree Model with a comparison against the hybrid GA-BP 

neural network model already derived in this study. We compare the results of the models using Mean Squared Error 

(MSE), Mean Absolute Error (MAE) and R-squared (  ) metrics in order to assess the accuracy of each model at 
predicting option prices and determine which is optimal. It will center around interpretation of the results, implications, 

and features of each model. 

4.1. Black-Scholes Model Results 

The Black-Scholes model is one of the most well-known methods for pricing European options. It relies on 

assumptions of constant volatility and lognormal distribution of asset prices [11]. 

The Black-Scholes model graph shows a relatively good match between the predicted prices and the actual prices. 

The predicted values follow the actual prices with some small fluctuations, particularly at the higher end of the sample 

index. While the Black-Scholes model captures the overall price trend effectively, the model's accuracy can be impacted 

by external factors that it does not fully account for, such as market volatility. The sample index ranges from 0 to 17, 

and the graph shows that the Black-Scholes model provides a reasonably reliable prediction, although it falls short in 
precision compared to more complex models. 
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Fig. 5. Actual Vs Predicted Price of BSM. 

4.2. Binomial Tree Model Results 

The Binomial Tree model provides a discrete-time framework for option pricing, accommodating varying 

conditions through multiple time steps and allowing for American option pricing.  
 

 

Fig. 6. Actual Vs Predicted Price of BTM. 

The Binomial Tree model also predicts the price very well. But the predicted prices are more substantially 

different, especially in the middle of the sample index field (0 to 17). These differences imply that although the 

Binomial Tree model is effective in estimating the options' values, it is at best an approximation and not a precise 

approximation, when confronted with large price movements and more volatile data sets. The model may also have 

difficulty in capturing sudden price growth/regression or the intricacies of the price development as the sample index 

advances. However, the model does seem to converge upon the general direction and the mistakes due to this can be 
addressed by greater optimization or a more complicated model. 

4.3. Trinomial Tree Model Results 

The Trinomial Tree model extends the Binomial Tree model by introducing an additional middle movement at 

each step, allowing for up, down, and no change scenarios. This provides a finer approximation of asset price dynamics.  
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Fig. 7. Actual Vs Predicted Price of TTM. 

The Trinomial Tree model is tracking the real prices well, but there are more obvious deviations compared to the 

other two models, especially at the later sample index points from 0 to 17. These differences imply that the Trinomial 

Tree model, although generally successful at predicting option prices, does struggle to account for more complex price 

dynamics observed towards the tail of the data. The small discrepancies can be attributed to the truncation error of the 

trinomial approximation when used to simulate any practical financial system, but such an inaccuracy increases as the 

prices increase. Nevertheless, as the general trend is still well replicated, the model in fact does quite well in denoting 

option prices. 

4.4. Monte Carlo Simulation Results 

Monte Carlo Simulation involves generating a large number of random price paths for the underlying asset and 
averaging the results to estimate the option price. This method can handle complex derivatives and various market 

conditions. 
 

 

Fig. 8. Actual Vs Predicted Price of MCS. 

The Monte Carlo model appears to fit well the predicted and actual prices for the majority of the index. But there's 

a clear break as you move up the line, and particularly towards the end of the chart. This indicates that the Monte Carlo 

simulation exhibits some trouble in being able to accurately predict the exact numbers under larger sample indexes, 

perhaps due to the randomness of the model's sampling. However, the global prediction trend is quite robust with the 
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sample index ranging from 0 to 17. The performance of the model is good although it could benefit from more tuning 

around extreme movement in price as the error got slightly higher in those portions. 

4.5. Garman-Kohlhagen Model Results 

The Garman-Kohlhagen model is an extension of the Black-Scholes model, specifically designed for pricing 

foreign exchange options, incorporating different interest rates for domestic and foreign currencies.  

 

 

Fig. 9. Actual Vs Predicted Price of GKM. 

The predicted prices in the Garman-Kohlhagen model correspond very well to the actual prices for the two data 

time series. Prediction values follow the actual ones closely, with major deviations around the higher end of the samples 

index. Whereas the model generalizes the direction of price reveal pretty well, small fluctuations of the high sample 

index could be signs of some overfitting or underfitting particularly as the price spread gets larger. As we see, from a 

sample index of 0 to 17, the predicted price indeed provides a stable prediction value compared to the actual price, 

except for the last prediction which slightly drifts apart and therefore indicating some minor loss due to the value's 

increase. 

4.6. Hybrid GA-BP Neural Network Model Results 

The Hybrid GA-BP Neural Network model combines the optimization power of Genetic Algorithms (GA) and 

learning process of Backpropagation Neural Networks (BP NN). Such a hybrid approach focuses on neural networks in 

tuning both the weights and structure to get a better prediction performance.  

 

 

Fig. 10. Actual Vs Predicted Price of Hybrid GA-BP NN. 
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The graph of the Hybrid GA-BP NN model indicates a good relationship between the actual and predicted prices, 

where the predicted prices are almost coinciding with the actual prices. The model has provided a fairly accurate 

description of the upward movement in the option price, with few fluctuations during the sample index. The sample 

index varied from 0 to 17, which represents several data points where the prediction exactly falls to the actual price. 

This means that the model is very good in asymmetric considering option pricing. 

 

 

Fig. 11. Actual Vs Predicted Price of Hybrid GA-BP NN (Expanded Evidence). 

Fig. 11. illustrates the predictive performance of the Hybrid GA-BP Neural Network against the actual market 

prices of the HS300 index options. By expanding the visualization to include 200 data points from the 2013–2022 

dataset, it becomes evident that the GA-BP model maintains a high degree of fidelity even during periods of market 

volatility. Unlike standard neural networks that may fall into local minima, the GA-optimized weights allow the model 

to capture the underlying non-linear dynamics of the option prices with minimal deviation, as shown by the near-
overlap of the predicted (dashed red line) and actual (solid black line) values. 

4.7. Comparative Analysis 

The Actual Price vs. Predicted Price plots visualize how well the predictions from each model trace the actual 

prices. The Black-Scholes model makes good predictions, but it doesn’t handle volatility very well, and it doesn’t 

predict large price movements, particularly when the price is high. The Binomial Tree model slightly improves, but it 

still follows the trend without properly estimating strong price changes. This is enhanced in the Trinomial Tree model  

 

 

Fig. 12. Model Comparison (Actual Price vs. Predicted Price). 
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which better approximates the range of prices, while still smoothing the edges off violent movements. The Monte Carlo 

Simulation approach seems to perform well in the general trend, but it gives smoother predictions that cannot capture 

sharp price jumps. The Garman-Kohlhagen model overvalues the true prices especially in the period of high volatility, 

by hypothesis constant, volatility. On the other hand, the Hybrid GA-BP NN model has the highest accuracy in 

prediction with actual prices in both calm and turbulent market states, and thus it is the most accurate and robust model 

among the other models in option pricing. 

 

 

Fig. 13. Model Comparison Actual Price vs. Predicted Price (Large Dataset 2013-2022). 

In Fig. 13., a comprehensive comparative analysis is presented, overlaying the predictions of all six models (BSM, 

BTM, TTM, MCS, GKM, and the proposed GA-BP) against the actual market price. The expanded sample index 
provides a clearer view of model divergence. While traditional mathematical models like the Black-Scholes (BSM) and 

Garman-Kohlhagen (GKM) show visible systematic biases and wider error margins during price fluctuations, the 

Hybrid GA-BP model consistently exhibits the narrowest error envelope. This visual evidence confirms that the 

integration of a global search algorithm (GA) with the local refinement of BP neural networks results in a more robust 

pricing tool capable of handling the complexities of the Chinese financial market over a long-term horizon. 

5. Comparative Analysis 

To enhance the robustness and reliability of the results, each model is evaluated over multiple independent runs. 

The reported performance metrics include the mean and standard deviation of Mean Squared Error (MSE), Mean 

Absolute Error (MAE), and 
2R , providing a more comprehensive assessment of model stability. 

A comprehensive comparative analysis of the performance metrics of all models is provided in Table 1 and 

illustrated in Fig. 14. 

Table 1. Model Performance Comparison. 

Model MSE MAE 2R  

Black-Scholes 36.76 4.98 0.95826 

Binomial Tree 33.87 4.95 0.96154 

Trinomial Tree 32.84 4.86 0.96271 

Monte Carlo 33.89 4.81 0.96152 

Garman-Kohlhagen 43.35 5.42 0.95078 

Hybrid GA-BP NN 29.50 3.90 0.97650 

 

The Hybrid GA-BP NN model shows the best performance, having the minimum MSE (29.50), MAE (3.90), and 

maximum 
2R  (0.97). This makes it the most successful model to predict option prices. It conforms closely to the real 

price pattern and makes very good predictions. The MSE, and MAE values for the Black-Scholes model are greater and 

this signifies that it is poor, especially in a volatile market. This model is based on constant volatility, which results in 

huge errors when the market is volatile. Binomial Tree and Trinomial Tree models perform slightly better than Black-

Scholes, given its treatment of the American options to be exercised early and it is based on the multiple time steps. But 

they still lack the capacity to efficiently cope with sharp price moves and accuracy is not as good as the Hybrid GA-BP 

NN model. The Monte Carlo Simulation model is free to interpret things and works fairly well in the cases of extreme 
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scenarios which can solve complex patterns, however, it gives smoother predictions which do not perfectly fit in the 

sudden price anomalies, as the MSE and MAE are concerned to be higher. The Garman-Kohlhagen model performs the 

worst with the maximum MSE and MAE as well as the minimum 
2R . It has a tendency to overestimate prices, 

particularly in choppy markets. In general, the Hybrid GA-BP NN model is the best performing and most robust model, 

making it a highly suitable model for option pricing. 

 

 

Fig. 14. Model Comparison (MSE & MAE). 

6. Conclusion and Future Work 

This paper demonstrates the high potential in improving option pricing accuracy when combining standard 

financial models with machine learning methodologies, and that this can be achieved through building/developing and 

applying a suitable Hybrid Genetic Algorithm-and-Backpropagation Neural Network model. In the final evaluation 

form, which includes overviews from Black-Scholes, Binomial Tree, Trinomial Tree, Monte Carlo Simulation, 

Garman-Kohlhagen models and our hybrid model with respect to their performance; we find that our Hybrid model 

exhibits superior predictive performance yielding significantly lower MSE and MAE values and 1 $R^{2}$ value. The 

higher performance of the Hybrid GA-BP Neural Network model is credited to its strong ability to capture complex, 

nonlinear relationships inherent in datasets, reinforced by the optimization power of genetic algorithms paired with the 

adaptability and learning effectiveness of backpropagation neural networks. This demonstrates the power of hybridizing 

traditional financial theories with new computational tools, which can dramatically increase forecasting success rate and 
risk management and profit trading strategies. The results indicate that the Hybrid GA-BP neural network demonstrates 

improved predictive performance compared to traditional models under the experimental setup. However, these findings 

should be interpreted with caution, as further validation on larger datasets and varying market conditions is necessary to 

confirm the generalizability and robustness of the proposed approach. 
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