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Abstract: With the rapid advancement of information technology, business intelligence and data analysis have become integral 
to the success of modern enterprises. Through the utilization of various computing technologies, organizations can gain a better 
understanding of their vast amounts of data and optimize their business decisions. Machine learning technology, in particular, 
has presented significant potential for enterprises. By analyzing historical sales data and relevant factors, machine learning can 
predict the sales volume of goods. Commonly used algorithms in machine learning for this purpose include regression algorithms 
and neural network algorithms. By establishing mathematical models, future sales trends can be accurately forecasted. These 
algorithms have the capability to automatically identify hidden patterns and trends within the data, enabling enterprises to predict 
demand and adjust their production and supply chain strategies accordingly, thus better meeting market demand. By integrating 
regression algorithms and neural network algorithms with enterprise data, managers can obtain real-time and precise sales 
forecasts. These forecast results provide robust support for enterprise decision-making, enabling operators to formulate more 
informed marketing strategies, optimize inventory management, and make accurate production plans during peak demand 
periods. Additionally, by analyzing sales data and other relevant information, enterprises can identify key factors that influence 
sales, such as product characteristics, market trends, and consumer behavior. This deeper understanding of the market and 
customer needs allows organizations to enhance their competitiveness further. The application of machine learning technology, 
specifically regression algorithms and neural network algorithms, coupled with comprehensive data analysis, empowers 
enterprises to make more accurate sales forecasts. These forecasts aid in strategic decision-making, including marketing 
strategies, inventory management, and production planning, while also enabling businesses to gain valuable insights into market 
dynamics and customer preferences, ultimately strengthening their competitive advantage. 
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1. Introduction 
Over the past few decades, the rapid advancement of 

information technology and the continuous enhancement of 
computing power have laid the foundation for the emergence 
of business intelligence (BI) and data analysis. With the 
progress in computer hardware, the feasibility and efficiency 
of processing large-scale data have significantly improved. 
Additionally, the widespread adoption of the Internet and the 
ongoing digital transformation have led to an explosion of 
data volume. Consequently, businesses can effortlessly 
collect, store, and access vast amounts of data, providing 
abundant data resources for business intelligence and data 
analysis. Furthermore, the development of data management 
practices has played a vital role in facilitating the progress of 
business intelligence and data analysis. Data management 
encompasses various aspects, including data collection, 
storage, cleansing, integration, and security, with the aim of 
ensuring data quality and consistency. With the maturation of 
data management technologies, enterprises can better manage 
and leverage their data assets, thereby establishing a reliable 
foundation for business intelligence and data analysis. The 
advancement of technology and the innovation of 
methodologies have also significantly impacted the evolution 
of business intelligence and data analysis. From a 
technological perspective, the development of database 
technologies has provided robust support for data storage and 
retrieval, while the rise of data warehousing enables 

centralized storage and management of extensive datasets. 
Additionally, the application of Extract, Transform, Load 
(ETL) techniques has streamlined the process of extracting, 
transforming, and loading data from various sources. The 
advent of cloud computing and big data technologies has 
further empowered enterprises to flexibly process and analyze 
vast amounts of data, facilitating large-scale business 
intelligence and data analysis endeavors. Methodologically, 
the evolution of data mining techniques has allowed 
enterprises to uncover hidden patterns and association rules 
within big data. Data mining encompasses methods such as 
clustering, classification, and association rule mining, 
enabling enterprises to unearth valuable insights and 
information. Moreover, with the rise of machine learning and 
artificial intelligence, businesses can leverage algorithms and 
models to predict and optimize data, thereby enhancing the 
accuracy and efficiency of decision-making processes. 
Business intelligence and data analysis have found 
widespread application and adoption across various industries. 
Enterprises within the finance, retail, manufacturing, 
healthcare, and other sectors have recognized the significance 
of data in driving successful business operations, leading 
them to actively embrace business intelligence and data 
analysis to optimize their activities. For instance, in the 
finance industry, business intelligence and data analysis are 
extensively employed in risk management, fraud detection, 
and customer relationship management. By analyzing a vast 
array of financial data, including transaction records, market 
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data, and customer information, financial institutions can 
more effectively evaluate risks, detect potential fraud, and 
offer personalized financial products and services[1]. Similarly, 
in the retail sector, businesses leverage business intelligence 
and data analysis to comprehend consumer needs and 
preferences by analyzing sales data, customer purchasing 
behavior, and market trends. This empowers retailers to 
optimize inventory management, supply chain operations, 
and pricing strategies. Moreover, within the manufacturing 
industry, business intelligence and data analysis enable real-
time monitoring and optimization of production processes, 
leading to improved production efficiency and product quality. 
By analyzing data from production lines and sensors, 
manufacturers can promptly identify potential faults and 
issues, allowing them to undertake preventive maintenance 
measures, thereby minimizing downtime and reducing 
production costs[2]. In the healthcare field, business 
intelligence and data analysis play a pivotal role in decision-
making within medical institutions and patient care. 
Integration of clinical data, patient information, and medical 
resources facilitates process improvement, disease 
management, and resource optimization, enabling the 
provision of efficient medical services and personalized care 
programs[3]. In conclusion, business intelligence and data 
analysis serve multiple roles in business activities. They assist 
enterprises in extracting valuable insights and information 
from vast volumes of data, optimizing business processes and 
resource allocation, and improving the accuracy and 
efficiency of decision-making. As a result, businesses can 
achieve competitive advantages and foster performance 
growth. 

2. Related Work 
Business intelligence and data analysis encompass a 

variety of methods and techniques used to process and 
analyze data to gain insights and support decision-making in 
business. 

2.1. Literature review 
2.1.1. Descriptive analysis 

Descriptive analysis aims to summarize and describe data 
to provide an understanding of the current state of business[4]. 
Common descriptive analysis methods include data 
visualization, calculation of statistical metrics, and data 
summarization. 

2.1.2. Predictive analysis 
Predictive analysis relies on historical data and models to 

forecast future trends and events. Predictive analysis methods 
include time series analysis, regression analysis, and machine 
learning algorithms[5]. 

2.1.3. Association analysis 
Association analysis seeks to discover patterns and 

relationships in data. Through association analysis, one can 
determine associations between items in a shopping basket, 
user behavior patterns, and more[6]. Prominent association 
analysis algorithms include the Apriori algorithm and FP-
Growth algorithm. 

2.1.4. Classification and clustering Analysis 
Classification and clustering analysis are methods used to 

group and classify data. Classification analysis is employed 
to predict and categorize data, while clustering analysis is 
used to identify similarities and groupings in the data[7]. 
Common classification and clustering algorithms include 

decision trees, support vector machines, K-means clustering, 
and hierarchical clustering. 

2.1.5. Text mining and sentiment analysis 
Text mining and sentiment analysis are employed to 

process and analyze textual data. Text mining methods can 
extract keywords, perform topic modeling, and classify text, 
while sentiment analysis aims to analyze sentiment 
tendencies and polarity within the text. 

2.1.6. Big data analytics 
Big data analytics methods are suitable for processing and 

analyzing large-scale and high-dimensional datasets. This 
includes techniques such as distributed computing, parallel 
processing, and distributed storage to efficiently handle and 
analyze massive amounts of data[8]. 

2.2. Methodology 
Machine learning is a vital approach within business 

intelligence, encompassing diverse areas such as sales 
forecasting, customer behavior analysis, market segmentation, 
risk assessment, product recommendation, and pricing 
optimization. By leveraging historical data and models, 
machine learning empowers enterprises to predict future sales 
trends, enabling them to formulate accurate sales forecasts 
and optimize inventory planning. Moreover, machine 
learning facilitates the analysis of customer buying behaviors 
and preferences, enabling personalized product 
recommendations and customized marketing strategies to 
enhance customer satisfaction and drive sales performance. 
Machine learning finds application in market segmentation 
and positioning, providing businesses with insights into 
distinct customer groups and their unique needs. This 
knowledge supports the development of targeted marketing 
strategies for various market segments. Furthermore, machine 
learning contributes to risk assessment. For instance, in the 
financial sector, machine learning algorithms can evaluate 
and forecast credit risks, empowering financial institutions to 
effectively manage risks. Additionally, machine learning 
facilitates product pricing optimization—an essential aspect 
of business intelligence. Enterprises can employ machine 
learning models to analyze historical sales data, market 
competition, and other relevant factors to predict sales and 
profits under different pricing strategies. This enables 
businesses to identify the optimal pricing strategy.  

Below are several machine learning algorithms that can 
assist companies in predicting sales: 

2.2.1. Linear regression 
A supervised learning algorithm used to establish a linear 

relationship between the dependent variable (sales) and one 
or more independent variables (such as advertising 
expenditure, pricing, or seasonality). It predicts sales based 
on the input variables' linear combination[9]. 

2.2.2. Neural network 
Neural network, specifically deep learning models, have 

gained popularity in sales prediction due to their ability to 
capture complex patterns in the data[10]. These models consist 
of interconnected layers of artificial neurons that learn 
hierarchical representations of the input data to predict sales. 

2.2.3. Time series 
A method for dealing with time-related data, which 

considers the order and dependence of data in time[11]. For 
sales forecast, time series analysis can predict the future sales 
trend according to the patterns and trends of past sales data. 
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3. Results 

3.1. Data source 
A supermarket's dataset comprises commodity sales data 

spanning from January 1, 2021, to December 31, 2022. The 
dataset includes various variables such as sales time, season, 
payment method, satisfaction, weather, discount, retail price, 
and sales volume, totaling 730 data points. Notably, the 
variables of payment method, satisfaction, weather, and 
discount are obtained through customer surveys, representing 
subjective factors based on customer perceptions. The 
provided information is presented in the following Table 1, 
structured in a tabular data format. 

The dataset includes the following field descriptions: 
Sales Time (ST): The timestamp or date when the sales 

transaction takes place. 
Season (SS): The specific season during which the sales 

transactions occur, such as spring, summer, autumn, or winter. 
Payment Method (PM): The method employed by 

customers to complete their payment for the purchased items. 
Satisfaction (SAT): The level of customer satisfaction with 

their shopping experience. 
Weather (WT): The prevailing weather conditions at the 

time of the sales transactions. 
Discount (DC): The degree or extent of discount provided 

to customers. 
Price (PC): The original price of the goods before any 

discount is applied. 
Quantity (PT): The quantity or number of units sold for the 

corresponding goods. 
The table 1 presents data pertaining to PM, SAT, WT, and 

DC, acquired through post-purchase customer surveys. The 
data is collected using the Likert scale, comprising five 
response options. The scoring ranges from 1 to 5, representing 
the levels of dissatisfaction, below average satisfaction, 
average satisfaction, above average satisfaction, and high 
satisfaction. 

Table 1. Numeric field 

ST SS PM SAT WT DC PC PT 
2021/1/1 1 1 3 2 2 20.5 11 
2021/1/2 1 1 3 2 1 20.5 9 

: : : : : : : : 
2021/4/5 2 3 5 4 3 18.5 18 

: : : : : : : : 
2021/10/2 4 3 4 3 4 17.5 17 

: : : : : : : : 
2022/4/10 2 4 3 4 3 19.5 16 

: : : : : : : : 
2022/12/31 4 3 3 4 5 19 26 
 

3.2. Algorithm model 
 

Table 2. Performance comparison of various algorithms 

Id Model R2 
1 Adaboost regressor 86% 
2 BP neutral network 93% 

 
In Table 2, the neural network algorithm outperforms the 

regression algorithm on the same dataset. One of the reasons 
for this is the inclusion of subjective factors of customers in 
addition to the historical sales volume. These factors are 
considered exogenous variables, and they do not follow a 

linear distribution under certain conditions. Consequently, the 
neural network algorithm performs better, as it can capture the 
non-linear relationships between these variables and the 
target variable. Both the neural network and regression 
algorithms can serve as interfaces to connect to the enterprise 
management system. By continuously training these 
algorithms, an optimal algorithm can be developed. 
Furthermore, other algorithms can be added iteratively to the 
system, enhancing the predictive ability of the entire 
management system. This iterative process allows for 
continuous optimization and improvement of the predictive 
capabilities. 

3.3. Integrated system 
In order to integrate various commodity sales forecasting 
algorithms into an enterprise management system through 
interfaces, it is essential to design an API (Application 
Programming Interface) interface that enables 
communication between the system and the forecasting 
algorithms. The API interface defines the format, protocol, 
and specifications for data transmission. Commonly used API 
interface technologies include RESTful API and GraphQL. 
The integration process involves writing code to establish the 
connection between the enterprise management system and 
the forecasting algorithms, ensuring the accurate transmission 
and interaction of data. It is crucial to consider the security, 
stability, and performance of the system during the integration. 
The data transmission and processing methods need to be 
determined, which may involve sending input data to the 
prediction algorithms and retrieving the forecasting results 
back to the enterprise management system. Data format 
conversion, encryption, and compression might be necessary 
during the transmission. Once the integration of the interface 
is completed, thorough testing and verification are conducted. 
This includes unit testing, integration testing, and end-to-end 
testing to ensure the correct operation and accuracy of the 
prediction algorithms within the enterprise management 
system. Once the tests and verification pass, the integrated 
prediction algorithms can be deployed in the production 
environment. Subsequently, monitoring and maintenance are 
carried out to ensure the stability and performance of the 
algorithms. Over time, as business requirements and data 
patterns evolve, the prediction algorithms may need to be 
updated and iterated. Therefore, it is essential to establish a 
corresponding update and iteration mechanism to ensure the 
seamless integration of the forecasting algorithms and the 
enterprise management system. By integrating the forecasting 
algorithms into the enterprise management system through 
interfaces, businesses can benefit from real-time insights, data 
support, and accurate predictions. This integration facilitates 
strategic planning, sales and marketing optimization, resource 
allocation, risk management, data-driven decision-making, 
and improved efficiency and productivity. It enables 
businesses to adapt to market changes, optimize operations, 
and achieve sustained competitive advantages and business 
growth. 

The following Figure 1 shows the system framework of 
integrated prediction model algorithm. 

The integration of the data analysis module and machine 
learning module takes place within the business layer of the 
overall system framework. The prediction results can be 
output through H5, providing decision makers with access via 
both PC and mobile devices. 
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Figure 1. The system framework of integrated prediction model algorithm 

 

4. Conclusion 
The application of business intelligence and data analytics 

technologies not only improves operational efficiency but 
also helps enterprises grasp market trends, optimize resource 
allocation, achieve business growth, and gain competitive 
advantage. The ability to predict sales volume enables 
organizations to better meet market demand and avoid 
overproduction or stockouts. Furthermore, through in-depth 
analysis of sales data and relevant factors, enterprises can 
uncover information about product characteristics, consumer 
preferences, and market opportunities, enabling them to 
adjust strategies, improve products and services, and enhance 
their market competitiveness. Business intelligence and data 
analytics technologies have significant potential in improving 
operational efficiency and strengthening market 
competitiveness. By utilizing machine learning algorithms, 
particularly regression algorithms and neural network 
algorithms, in a systematic integration, enterprises can predict 
sales volume and provide accurate support to decision-makers. 
However, the successful application of these technologies 
requires a comprehensive consideration of factors such as 
data quality, algorithm selection, parameter tuning, and 
personnel training. Only through effective implementation 
and coordinated efforts in these aspects can enterprises fully 
leverage the potential of business intelligence and data 
analytics technologies to enhance operational efficiency and 
gain market competitiveness. 

References 
[1] Geng G, Guan Z. Application of Capital Asset Pricing Model 

Based on BP Neural Network in E-commerce Financing [J]. 
Computational Intelligence and Neuroscience, 2022, 2022: 1–
10. 

[2] Feng W. Sales Forecast of Marketing Brand Based on BP 
Neural Network Model [J]. Computational Intelligence and 
Neuroscience, 2022, 2022: 1–11. 

[3] Semati A, Zare A, Zare M, et al. Spatiotemporal Study of 
COVID-19 in Fars Province, Iran, October-November 2020: 
Establishment of Early Warning System [J]. Canadian Journal 
of Infectious Diseases and Medical Microbiology, 2022, 2022: 
1–12. 

[4] Faúndez M O, De la Fuente-Mella H. Skills Measurement 
Strategic Leadership Based on Knowledge Analytics 
Management through the Design of an Instrument for Business 
Managers of Chilean Companies [J]. Sustainability, 2022, 
14(15): 9299. 

[5] Alqhatani A, Ashraf M S, Ferzund J, et al. 360° Retail Business 
Analytics by Adopting Hybrid Machine Learning and a 
Business Intelligence Approach [J]. Sustainability, 2022, 
14(19): 11942. 

[6] Zhou Z, Liu Y, Yu H, et al. The influence of machine Learning-
based knowledge management model on enterprise 
organizational capability innovation and industrial 
Development [J]. PLOS ONE, 2020, 15(12): e0242253. 

[7] Gomes P, Verçosa L, Melo F, et al. Artificial Intelligence-
Based Methods for Business Processes: A Systematic 
Literature Review [J]. Applied Sciences, 2022, 12(5): 2314. 



 

286 

[8] Zineb E F, Najat R, Jaafar A. An Intelligent Approach for Data 
Analysis and Decision Making in Big Data: A Case Study on 
E-commerce Industry [J]. International Journal of Advanced 
Computer Science and Applications, 2021, 12(7). 

[9] Alqudah H E, Poshdar M, Oyewobi L O, et al. Sustaining 
Construction Organisations in NZ: A Linear Regression Model 
Approach to Analysing Determinants of Their Performance [J]. 
Sustainability, 2023, 15(5): 4143. 

[10] Yang Z, Mehmed E E. Artificial neural networks in freight rate 
Forecasting [J]. Maritime Economics & Logistics, 2019, 21(3): 
390–414. 

[11] Ali M, Khan D M, Aamir M, et al. Predicting the Direction 
Movement of Financial Time Series Using Artificial Neural 
Network and Support Vector Machine [J]. Complexity, 2021, 
2021: 1–13. 

 


