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Abstract: This research focuses on how e-commerce managers can use artificial intelligence in dynamic pricing to help 

them improve on their revenues as well as integrate the change into their management systems. The above algorithms are 

set on a dataset that contains prior sales data, customer details, competitor price details, and trends in the market. These 

algorithms show that they can correctly assign best prices and also adapt them according to changes in the market condition. 

Comparative analysis reveals that Reinforcement Learning achieves the lowest prediction errors (MAE: 1. 5: 0. Lastly, 

feature importance analysis revealed that the proposed Power Laws have the highest adaptability (0. The study therefore 

suggests how AI trend in e-commerce has the possibilities of revolutionizing revenue enhancement measures as well as 

boosting the overall consumership. As for the future research prospects, there is a need to work on improving the AI models 

used, improving the approach to integration data sources, and shifting towards utilizing combined approaches in an effort 

to build on current improvements in the e-commerce pricing strategies. 

 

Keywords: AI-based dynamic pricing, e-commerce management, revenue optimization, Reinforcement Learning, 

algorithm comparison 

I. INTRODUCTION 

The newer way of carrying out business has dramatically changed the retail environment with the opportunities presented 

to business by e-commerce being immensely useful since it has opened the door to conducting businesses on an 

international level and to interact with the customers in ways that can be very informative. However, this evolution has 

also brought in new problems along the line with a more significant impact felt in the price policy area. In an overcrowded 

market environment, where the end consumers are capable of measuring prices with respect to various brands of a product 

or service, conventional models are not adequate [1]. This has raised the need to employ more complex models that would 

help to adjust the prices based on the demand forces in the marketplace and the consumers’ behavior. To these challenges, 

the latest innovation of artificial intelligence in pricing models presents itself as one of the most effective solutions to 
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enhance the real-time adjustment of price in the market. Pricing models help use advanced calculations and the experience 

of artificial intelligence to identify the most suitable price point based on the competitor’s prices, the density of demand 

and purchasing history, and market trends [2]. It does so in a way that drives the highest levels of total revenue and provides 

customers with an appropriate level of perceived optimality of the prices offered [3]. Dynamic pricing with the integration 

of AI here signifies a shift from the usual static price models. In addition, due to its learning function, AI ensures that 

previous pricing decisions made are optimised through learning, strengthening the relationship between its decisions and 

market realities or customer standards. Further, these business intelligence solutions incorporating the features of artificial 

intelligence help in the exploration of new trends and seasonal patterns or promotional factors that can help business to 

grow continuously. Therefore, the following objectives have been identified in this research: To analyse the different 

aspects relating to the management of e-commerce businesses and the application of the dynamic pricing technique using 

Artificial Intelligence for revenue enhancement. This will explore the foundations of DP, provide real life examples of 

successfully adopted solutions and assess the effects on the key performance indicators. Thus, by presenting a deep analysis 

of these specific and more complex technologies of pricing, this work aims to contribute with significant knowledge for 

the e-commerce firms seeking for the development of their competitive advantage and the maximization of the revenues 

obtained. 

II. RELATED WORKS 

Over the last decade, there has been an increased interest in how algorithms and AI can be used across a range of industries 

and sectors, with studies in e-commerce, supply chain, and marketing being carried out. This section gives a brief insight 

of literature works that have been completed in these areas. In a similar vein, GAL and RUBINFELD (2024) surveyed the 

effects of algorithm and AI in the area of mergers with reference to the anti-trust law. Their work focused on the impacts 

or positive factors as to how the decision-making function of AI will alter market competitions and regulation (15). In the 

paper of GAO et al (2023), the authors provided a heuristic discussion regarding the organization and integration of FAPs’ 

SCs, which involved taking into account aspects related to freshness-keeping and information exchange. The analysis also 

focused on the need to incorporate other AI technologies for the improvement of supply chain and the shelf life of the 

products (16). BIG DATA & AI Application to Agroeconomic Index & Digital Marketing Analytics were previously 

explored by GIANNAKOPOULOS et al., in 2024. According to their works, the objective was on the ways in which AI 

could enhance decision making in the agroeconomic sector with special focus on the marketing function with regard to its 

improvement (17). The paper of GIOVANNI et al. (2022) discussed in depth the concept of airline revenue management 

and how AI can be used to beat human-made pricing policies. They supported their findings that discussed the potential of 

the use of AI in better utilization of resources with references to the matter of revenue generation in airline business (18). 

GUI-HUA et al. (2023) taxation on self-operated e-commerce platforms and service selection in the light of the following 

settlement mechanisms. As highlighted in their study, AI constructs a promising prediction environment to substantiate the 

decision on service selection strategies within e-commerce contexts (19). Thus, in his research conducted in 2020, HAN 

investigated impact of information asymmetry matter on the overall tax loss in the context of e-commerce in China. 

According to their study on e-commerce taxation, the authors pointed out the problem arising from information asymmetry 

and made suggestions on how e-commerce platforms could use AI techniques to minimize tax losses (20). In systematic 

literature review paper, HEINS (2023) identified the current trend on the use of artificial intelligence in the retail industry. 

In another part, their work also offered understanding of the implementation and potential benefits of the application of AI 

in several types of retail processes (21). LU and WU (2023) researched power demand-side management framework and 

policies, using double master-slave game model to solve. According to their studies, AI computational methodologies 

pointed a way forward for improving the demand control of power via demand response strategies or approaches (22). 

Regarding technological innovation in sustainable tourism management, ILIEVA and TODOROVA (2023) have 

researched on the same with more focus on the management component. According to them, their research shed light to 

the possibility of overcoming sustainability issues in the tourism industry through the use of AI/Technology advancements 

(23). They advocated for an integrated online and offline retailing distribution system with product return considerations 

in JIE et al. (2024) and developed a branch-and-price algorithm to address the problem. Their research was useful to 

demonstrate that AI can be used to optimize thereby solving various distribution problems that could occur in retail (24). 

Pricing and collaboration in a health-social dual-channel supply chain have been studied by KHODOOMI et al. (2023) in 

relation to the COVID-19 outbreak. They emphasised the need for using artificial intelligence oriented methods in 

managing supply chain disruptions and adjusting supply chain’s strategies to these disruptions’ effects accordingly (25). 

Building on the literature, KUMAR et al. (2023) explored the extent to which AI and e-commerce had been adopted in 
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enhancing the marketing performance for SMEs. Baker & Bao mentioned that when developing AI-driven efficient e-

commerce solutions, the marketing efficiency improvement for the SMEs can be achieved in the future (26). Thus, the 

related work supports the proposition of the paper and emphasises the multifaceted nature of application and utility of 

algorithms and AI across different fields such as e-commerce, supply chain, and marketing. These studies are useful and 

define the way for the following research projects aimed at exploring how AI may help to solve multifaceted issues within 

an organization. 

III. METHODS AND MATERIALS 

Data 

The data for this research entails several factors that are crucial to using and measuring the effectiveness of AI-driven 

dynamic pricing approaches in the e-commerce setting. Key data categories include: 

● Historical Sales Data: This entails information regarding the transactions, dates, time of the transaction and 

quantities that have been sold which can be used in analyzing past performance and comparing it with the current 

season. 

● Customer Data: Parameters like customer demographics, their purchasing behavior, their past buying patterns, 

and their likes make price customization possible [4]. 

● Competitor Pricing Data: Another requirement of competitive pricing analysis is that up-to-date data on 

competitors’ prices for similar products should be updated on a regular basis [5]. 

● Market Trends: They include primary information sources outside the business establishment that reveal 

conditions in the rest of the market and elements of the economy encompassing the consumer mood. 

● Product Data: Pricing factors such as the product categories, the brand, the stock that is available, production costs 

as well as the price that needs to be set for the product. 

These data sets are cleaned, meaning that records are combined and ineligible or unused records are discarded before being 

fed into models for analysis. 

Algorithms 

Linear Regression 

Linear regression is a simple form of regression algorithm that is used in analyzing predictive models. It describes the 

association between a dependent variable, say sales price, and one or more independent variables such as features affecting 

price, by estimating the line of best fit through trends of observed data [6]. 

 

y=β0 +β1x1+β2x2+⋯+βn x n 

“1. Initialize coefficients β0, β1, ..., βn 

2. For each iteration: 

    a. Calculate predicted y using the linear 

equation 

    b. Compute the error term (actual y - predicted 

y) 

    c. Update coefficients to minimize the error 

using gradient descent 

3. Repeat until convergence” 

 

 

 

Feature Value 

Intercept 5.0 

Price 1.5 
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Demand -0.8 

Competitor Price 0.9 

Seasonality 0.3 

 

Decision Tree 

A Decision Tree is a type of a Non-Parametric Classifier that falls under the category of Inductive Learning and a nonlinear 

model that creates branches of features leading to a decision decision at nodes [7]. It can be particularly effective in 

capturing intricate dependency structures of variables. 

 

“1. Start with the root node containing all 

data 

2. For each node: 

    a. Calculate the best split based on a 

criterion (e.g., Gini impurity, entropy) 

    b. Split the data into child nodes based on 

the best split 

    c. Repeat recursively for each child node 

until a stopping criterion is met (e.g., max 

depth, min samples per node) 

3. Assign predicted values to leaf nodes” 

 

 

Node 

Split 

Feature 

Split 

Value 

Gini 

Impur

ity 

Root Price 50 0.45 

Node 1 Demand 30 0.30 

Node 2 Seasonality Winter 0.20 

 

Random Forest 

Random Forest is a method of the ensemble learning subclass used to build a number of individual decision trees and 

combine their results in order to increase the generality of the sample and avoid overfitting at the same time [8]. 

“1. For each tree in the forest: 

    a. Randomly sample data with replacement 

    b. Construct a decision tree using the 

sampled data 
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    c. Select a random subset of features at 

each split 

2. Aggregate the predictions of all trees (e.g., 

majority vote for classification or average for 

regression)” 

 

 

 

  

Tree Accuracy 

Feature 

Importance 

1 0.85 

Price: 0.3, Demand: 

0.5, Seasonality: 0.2 

2 0.88 

Price: 0.25, 

Demand: 0.55, 

Seasonality: 0.2 

3 0.86 

Price: 0.28, 

Demand: 0.52, 

Seasonality: 0.2 

 

Reinforcement Learning 

Reinforcement learning RL on the other hand is an approach that relies on an agent to interact with the environment and 

make choices with an aim of getting the most out of the experience [9]. It is particularly suitable for application in situation 

whereby interactions that take place in real time are useful for continual learning. 

 

“1. Initialize Q-values arbitrarily for all state-

action pairs 

2. For each episode: 

    a. Initialize the starting state 

    b. For each step in the episode: 

        i. Choose an action based on Q-values (e.g., 

epsilon-greedy policy) 

        ii. Take the action, observe the reward and 

next state 

        iii. Update Q-value using the update rule 

        iv. Set state to the next state 

    c. Repeat until the terminal state is reached” 

 

Data Integration and Model Implementation 

Data integration also means that various data sources are incorporated into the format that is useful for training and model 

evaluation. There involves data normalization as well as mapping of categorical features, data imputation followed by 

random data sampling in the form of train and test data [10]. There are several derivatives of writing implementation of 

machine learning algorithms; for linear regression, decision trees and random forests, scikit-learn is primarily used, whereas 

for reinforcement learning TensorFlow or PyTorch are used. 
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IV. EXPERIMENTS 

Experimental Setup 

To evaluate the effectiveness of AI-based dynamic pricing strategies in e-commerce, we conducted a series of experiments 

using the previously mentioned algorithms: Instructions: Please, write four algorithms: Linear Regression Algorithm, 

Decision Tree Algorithm, Random Forest Algorithm, and Reinforcement Learning Algorithm [11]. Every one of those 

algorithms was designed on a data set that includes the past sales data, customer data, competitor’s price, various market 

data, and product data. Therefore, the total data set was randomly split into 70% for the training set and 30% for the testing 

set to evaluate the models. 

 
Figure 1: Dynamic Pricing Optimization in E-commerce 

Data Preprocessing 

The data preprocessing steps included: 

● Normalization: Continuing, the features were normalized to the range from 0 to 1 as it would help with comparison 

operations. 

● Encoding: Some category features like Season and Product_type was encoded to categorical data to either one-

hot encoding. 

● Handling Missing Values: For numerical variables, missing value entries are double substituted with means while 

for categorical variables, missing value entries are double substituted with the modec[12]. 

● Feature Selection: It first identified important features by correlating the dataset and using feature importance of 

betterment from previous models. 

 

Model Training and Evaluation 

Each algorithm was trained and tested on the preprocessed data and the performance was measured using metrics such as 

Mean Absolute Error (MAE), Root Mean Square Errors (RMSE), and coefficient of determination (R-squared) for 

regression models, while accuracy, precision, recall, and f1-score was used for classification models [13]. 

 

 
Figure 2: E-commerce Trends: Reinforcement Learning 
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Results 

Linear Regression 

Linear Regression was applied to predict the optimal price based on various features.  

 

Table: Linear Regression Results 

Metric Training Set Test Set 

MAE 2.10 2.35 

RMSE 2.95 3.20 

R² 0.85 0.82 

 

Interpretation: Overall, the Linear Regression model fit the data well–with test set accounts yielding 82% variation to be 

explained [14]. However, it might be argued that the model does not encompass numerical attributes and thus may not be 

sensitive to more advanced form of pricing. 

 
Figure 3: Dynamic Pricing in E-commerce 

Decision Tree 

The features used were first organized hierarchically as inputs to the Decision Tree model and then the model was trained 

to identify the best prices of the product for the 3 classes of customers. The result is shown in (Table) below. 

 

Table: Decision Tree Results 

Metric Training Set Test Set 

MAE 1.80 2.40 

RMSE 2.50 3.00 

R² 0.88 0.80 
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Interpretation: The Decision Tree model had a relatively over-fitted problem to a certain extend: it obtains excellent scores 

on the training set while relatively lower scores on the test set [27]. The merits of it include, Interpretable and its flexibility 

in modelling non-linear relationships between the inputs and the outputs. 

Random Forest 

As a form of boosting algorithm, Random Forest combined the results of many decision trees to overcome the weaknesses. 

Table provides the results. 

 

Table: Random Forest Results 

Metric Training Set Test Set 

MAE 1.60 2.10 

RMSE 2.20 2.80 

R² 0.90 0.85 

 

Interpretation: As for the results, the Random Forest model has on average the highest accuracy score and better results 

than both Linear Regression and Decision Tree models, proving that the proposed method is reliable and accurate [28]. It 

adequately helps to minimize the chances of overfitting and learn about various interactions possible between variables. 

 

 
Figure 4: Harnessing the Power of AI for Dynamic Pricing 

 

Comparative Analysis of Algorithms 

Algorit

hm 
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R
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E R² 
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Linear 

Regress
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h 
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n Tree 2.40 

3.0

0 

0.8

0 

Medi

um 

Medi

um 

Med

ium 



Journal of Informatics Education and Research 

ISSN: 1526-4726 

Vol 4 Issue 2 (2024) 

 

1827 
http://jier.org 

Random 

Forest 2.10 

2.8

0 

0.8

5 High 

Medi

um 

Hig

h 

Reinfor

cement 

Learnin

g 1.50 

2.3

0 

0.8

8 High Low 

Med

ium 

 

In this case, a simple moving average was applied to the test set, and RL also outperformed all the other algorithms with 

the highest test accuracy of 81%, a lower MAE of 1.725, and a lower RMSE of 1.934 [29]. The Random Forest algorithm 

provided fairly high accuracy as a middle-ground classifier between accuracy and interpretability. Hypothesis-wise, Linear 

Regression formulated models that were easy to interpret but lacked sophistication in capturing other behaviours [30]. 

Decision Trees provided a balance in terms of performance and interpretability as they had moderate levels of both or in 

other words ‘medium’ performance and ‘medium’ interpretability. 

 

V. CONCLUSION 

To sum up, based on the findings of this study, the role of AI in dynamic pricing and the application of this technique to 

overcome major challenges in the management of e-commerce merchants have been examined in order to increase revenue 

and competitiveness. As illustrated by Linear Regression, Decision Tree, Random Forest, as well as Reinforcement 

Learning, it remains evident that these algorithms successfully identify the right ratio and proper fluctuations within correct 

pricing for particular conditions of the market. From our findings, it is clear that each algorithm has unique advantages and 

shortcomings but combining all of them can provide great value for e-commerce businesses to fundamentally optimize 

their revenues and customer relations. In the comparative analysis of the performance of each algorithms, Reinforcement 

Learning demonstrated the capability of achieving the nearest estimation of the real market prices, the lowest prediction 

errors, and the highest adaptability. Moreover, the consideration of the existing approaches emphasized the general 

importance of algorithms and AI in a wider sense, as well as the great opportunity that AI may bring to solve difficult 

business issues. Thus, in future studies, more effort should be directed to refining AI methods, improving data integration 

for advanced decision making, and considering the application of a combination of both techniques in order to improve the 

pricing strategies and decision making in e-commerce systems. In conclusion, the use of advanced dynamic AI-based 

models provide several benefits for online retail businesses, such as improved revenue generation, increased customer 

loyalty, and long-term opportunities for success in the face of growing market competition. 
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