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Abstract—The traditional K-means clustering center initial 

value algorithm does not perform well in massive data. In order 

to improve the initialization efficiency of the clustering center, 

this article adopted the idea of dynamic clustering algorithm for 

inter region value data to classify the data, and selected the 

center of dense grids as the initial clustering center based on the 

distribution characteristics of the data. This method can ensure 

that the cluster center is located in a high-density area rather 

than being overly concentrated, allowing the K-Means 

algorithm to quickly and efficiently initialize the cluster center 

when processing massive data. Finally, this article compared 

and analyzed the performance of data clustering methods using 

traditional K-means algorithm and K-means++algorithm 

through simulation experiments. The evaluation indicators of 

the experiment are CR index, Silhouette Score, and accuracy. 

From the comprehensive analysis of three indicators, it can be 

seen that the performance of customer market analysis data 

based on this algorithm was superior to other algorithms 

(Silhouette Score: this algorithm was 0.1249 higher than K-

means++and 0.4903 higher than K-means algorithm). The 

results indicated that compared with traditional clustering 

methods, clustering methods had significant advantages in the 

clustering process. 

Keywords—customer market analysis, interval value data 

dynamics, clustering algorithm, K-means algorithm 

I. INTRODUCTION 

The traditional "user analysis" technology represented by 
the RFM (Recency Frequency Monthly) model is limited in 
processing complex data structures and their relationships due 
to its dependence on feature selection. A large number of 
studies have applied data mining technology to customer 
analysis and operational decision-making assistance, which 
not only reflects the high value of clustering applications in 
data mining environments, but also reflects the hope of 
dividing the same object into multiple clusters in applications 
with similar customer segmentation goals, so that the objects 
in each cluster have high similarity, thereby better customer 
segmentation. Among them, the K-means method, due to its 
good scalability and high computational efficiency, is 
particularly suitable for large-scale data and has become a 
classic clustering algorithm.  

Experts have conducted relevant research on the analysis 
methods for current customer market classification. 
Abdulhafedh A explored a problem of using cluster 
algorithms to determine the market strategy of a credit card 
company. Customer classification refers to dividing 
customers into several groups based on their common 
characteristics, which is very helpful for banks and enterprises. 
K-means clustering, hierarchical clustering, and PCA 
(principal component analysis) were explored to determine 
the customer base of enterprises. His research selected 8950 
credit card consumption data within six months and used 
clustering analysis methods to accurately classify them. He 

conducted research from two aspects: firstly, he adopted 
hierarchical clustering and K-means clustering, taking into 
account various factors comprehensively. Secondly, the PCA 
method was used to reduce the dimensionality of the samples. 
He selected the optimal number of clusters and then used the 
updated number of clusters to re cluster the samples. The 
results showed that principal component analysis is an 
effective method that can be used to detect K-means and 
hierarchical clustering [1]. Bandyopadhyay S introduced a 
computer-based intelligent technology that can help 
customers meet their shopping requirements. In addition, it 
can also assist retailers in supply chain management and 
develop corresponding business strategies based on current 
market conditions. In order to gain a competitive advantage in 
the market and maximize customer value, he used the K-
means clustering method to divide the customer group into 
different categories, thereby obtaining different types of 
customer groups. The use of principal component analysis can 
effectively reduce the dimensions of products and customers. 
Bandyopadhyay S focused on identifying potential differences 
in brand, product, and price perception among customers 
through their shopping habits. The results showed that the 
clustering results obtained based on PCA and K-Means 
algorithms were very similar. From the feedback of existing 
customers, the results were acceptable, and the customer's 
needs were met according to the quantity (price range) they 
wanted to consume during online shopping [2]. By using K-
means and applied science, Anitha P analyzed a set of real-
time trade and retail industry data. The values and parameters 
in the dataset are assigned over a specific time period, which 
can help people better understand the shopping methods and 
behaviors of customers in different regions. On this basis, the 
K-Mean algorithm was used to partition the samples. By 
calculating the contour coefficient, different types of data 
clusters were tested. The obtained sales and transaction results 
were compared with different parameters such as sales cycle, 
sales frequency, and sales volume [3]. Chaudhary K uses the 
concept of big data technology to process and analyze data and 
predict consumer behavior on social media. He analyzed the 
consumer behavior on social media platforms based on 
various parameters and criteria. He analyzed the perception 
and attitude of consumers towards social media platforms. To 
get high quality results, he preprocessed the data using 
different data preprocessing methods to detect outliers, noise, 
errors and duplicate records. Using machine learning, he 
created a mathematical model to predict consumer behavior 
on social media platforms. The model is a predictive model 
for predicting consumer behavior on social media platforms. 
80% of the data was used for training and 20% for testing and 
the experiments verified the effectiveness of the model [4]. 
There are fewer studies on how to utilize data for value 
creation in enterprises with massive amounts of data 
(hundreds of transactions and tens of attributes). Based on the 
theory of "Big Data Value Creation", Hopf K conducted an 
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empirical study on a "resource-based" renewable energy 
retailer. Companies in this industry have high operating costs 
but low sales revenues, and therefore limited access to data. 
His findings reveal that data analysis and value generation 
mechanisms (democratization, contextualization, data 
experimentation, and data insights) are also effective under 
data-constrained conditions. Therefore, in practical 
applications, it is important to focus on the type and amount 
of data as well as the contextual factors of managers (clear 
strategy, vision, leadership) and all employees (including 
openness to agile working models, data awareness, etc.) [5]. 
While the field of management has recognized the importance 
of using big data to understand, predict, and respond to future 
emergencies, there is currently a lack of scientific 
understanding of these issues, especially in the face of the 
daunting challenges of the new Crown Pneumonia 
outbreak.Sheng J's presentation will discuss in detail the 
"black swan" phenomena of description/diagnosis, prediction, 
and specification, and how they are being used to study global 
crises such as the COVID-19 pandemic and their implications 
for operators and policy makers [6].Although the above 
research can achieve effective analysis of customer 
consumption, existing clustering methods still have many 
shortcomings, such as uncertain number of clusters, sensitivity 
to initial cluster centers and individual cluster points, low 
efficiency in direct use, and the large computational 
complexity of most methods, making it difficult to apply in 
big data environments.  

This article discussed customer market analysis based on 
interval value data dynamic clustering algorithm. The 
improved clustering algorithm can fill the shortcomings of 
existing clustering algorithms, which greatly improves its 
efficiency. Moreover, interval value data can better match the 
uncertainty of customers' shopping behavior in reality 
compared to massive data, which is more conducive to data 
analysis and has research significance.  

II. K-MEANS CLUSTERING ALGORITHM AND CUSTOMER 

MARKET ANALYSIS 

A. K-means Clustering Algorithm 

The K-means based clustering method first selects K data 
objects from the original dataset as the initial centers for 
clustering. The algorithm takes K selected targets from the 
original dataset as the initial clustering center, and divides the 
target into corresponding classifications through Euclidean 
distance, thereby calculating the clustering center of the 
classification. Then, Euclidean distance is used to attribute the 
samples to the corresponding classification, and the 
classification of the new classification is calculated until the 
convergence of the classification was achieved [7-8]. Usually, 
the evaluation function can be represented by the sum of 

squares of intra cluster errors: 
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im  refers to the number of data objects [9].  

B. Practical Significance of Customer Market Analysis 

With the intensification of market competition in various 
aviation industries, customer value has become increasingly 
important. Therefore, accurate and effective analysis of 
customer value has become a key factor in company decision-
making [10]. The fundamental value of customer loyalty is a 
very important part of a company's strategy: only by 
accurately measuring customer value and continuously 
increasing customer dependence on the company can the 
company gain customer loyalty and maintain a competitive 
advantage at all times [11]. In practical work, through the 
analysis of multiple levels of customer value demand and 
supply and demand, it is possible to understand what 
customers are most concerned about and how their interests 
change over time [12]. Afterwards, in every step of delivering 
value to customers, a comprehensive customer value 
measurement system is established, dividing customers with 
different values into categories and providing targeted 
customer service to customers with different values, thereby 
maintaining customers' sustained trust in the company and 
increasing its stickiness [13]. For example, the customers of 
airlines are generally high-end customers, and the working-
class are more inclined to choose aviation as the mode of 
transportation. Therefore, the results of customer market 
analysis based on interval value data dynamic clustering 
algorithms can provide technical support for most airlines to 
conduct customer value analysis and help them find suitable 
high-value customers, thus providing convenience for them. 
At the same time, it also contributes to the development of the 
overall aviation industry [14].  

III. CUSTOMER MARKET SEGMENTATION BASED ON 

INTERVAL VALUE DATA DYNAMIC CLUSTERING 

A. Data Preprocessing 

With the advent of the information age, humanity is facing 
an increasing amount of massive data, and traditional analysis 
methods are no longer able to handle massive data well. In the 
late 1980s, Europe developed a new data processing method - 
Signal data analysis (SDA). Contextual perception refers to 
analyzing the information of object terminals to determine the 
correlation between elements and thus determine the structure 
between elements [15]. Due to data errors caused by 
measurement, calculation, and other factors, coupled with data 
loss caused by incomplete data, the input object data is often 
an uncertain numerical value. Therefore, using intervals to 
express these uncertain object data is more in line with 
people's ideas and closer to reality than expressing real object 
data. 

In order to convert conventional information into interval 
value information, it is necessary to convert it into interval 
value information. In order to better record customers' 
purchasing behavior, the company has established a 
transaction database, assuming that each record is organized 
according to (customer ID, product ID, product name, 
transaction quantity, transaction price, transaction time) [16]. 
Due to the influence of personal preferences, economic 
conditions, and other factors on consumers' purchasing 
behavior, in real purchasing activities, consumers' purchasing 
behavior has strong randomness and uncertainty. The 
preprocessing of data is based on customer ID, which is 
calculated and summarized according to the attributes that 
best reflect the characteristics of customer purchasing 
behavior during a specific period. Then, the traditional 
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transaction record value is converted into interval value data 
[17]. On the basis of preprocessing the data, a target customer 

representation method based on multidimensional interval 
value vectors is proposed, as shown in Fig. 1.  

 

Customer ID Product ID
Product 

Name

Transaction 

Quantity
Price Empty time

Product ID 121 Clothing 6 1200 2020.10.08

Product 

Name
122 Skincare 7 830 2020.10.30

Transaction 

Quantity
123 Purses 1 60 2020.11.10

Price 124 Watches 2 540 2020.10.28

Empty time …… …… …… …… ……

Customer ID Quantity Price Frequency

30001 [6,28] [1000,2000] [6,9]

30002 [20,30] [670,1000] [9,25]

30003 [7,10] [70,200] [5,13]

…… …… …… ……

 
Fig. 1. Interval Values from Original Transaction Records to Data Preprocessing 

B. Adaptive Euclidean Distance 

If there are two sets of interval functions 
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(1) 

Firstly, the interval function data )(zX i  and )(zX j
 

are calculated based on Formula (1) to obtain the distance 
between samples, and the two samples with the largest 
distance are selected as the initial clustering centers, denoted 

as )(1 zc  and )(2 zc . If the number of clusters k ≥ 3, the 

sample with the maximum sum of distances from the first two 
cluster centers would be used as the third initial cluster center 

)(3 zc , thus obtaining all k initial cluster centers: 

{ })(,),(),()( 21 zczczczc kL=  [18].  

C. Class Initialization for Dynamic Clustering 

 

Start

Set the population size Psize, 

initially i=0

i=i+1

Randomly generate K natural numbers between [1,m] 

to form a chromosome Q

i<=Psize

Determine if a 

chromosome is already 

present

End

Yes

No

i>Psize

 
Fig. 2. Process of Genetic Algorithm
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Class initialization is the first step in the entire clustering 
process. If the initial class initialization fails to obtain a 
reasonable class initialization, it would have a negative impact 
on the subsequent dynamic clustering process, leading to a 
decrease in clustering performance. The genetic algorithm is 
used for clustering analysis of data, and the algorithm steps 
are shown in Fig. 2 [19]. 

1) Algorithm termination conditions: If the evolutionary 

algebra exceeds the maximum genetic algebra Q, or if the 

number of iterations of the same optimal result continuously 

exceeds a certain threshold δ during execution, the algorithm 

would terminate [20-21].  

2) The Entire Algorithm Process:  

a) Initializing the consumer group: based on group 

size sizeP
, a randomly selected customer is used as the 

clustering center to form a single customer, with 

{ }kcccC ,,, 21 L=
 as the encoding and customer ID as 

the chromosome gene.  

b) Performing K-means on each individual: each data 
object is assigned a nearest cluster, and then wait for the 
assignment to end before calculating a cluster.  

c) Calculate the degree of adaptation of each 

individual: if the child of the individual has a higher degree 
of adaptation than its parent, the child replaces the surrogate 
parent. 

d) Cross talk: each individual in a population 
undergoes selection, inbreeding, and genetic mutations. After 
each evolution, the winner is replaced by the winner from two 
populations through cross mutation. If the adaptability of a 
group is stronger than that of its parents, the parents would be 
replaced by the group.  

If the overall termination criteria are met, it is entered into 
step (6), and vice versa, it is entered into step (2). 

In two groups, the individual with the maximum fit value 
is used as the initial cluster, and K-means algorithm is used to 
cluster and analyze the customer cluster, obtaining the final 
clustering results [22-23].  

IV. ALGORITHM SIMULATION BASED ON CONSTRUCTING 

INTERVAL DATASETS 

When simulating on the basis of establishing interval 
arrays, it is necessary to establish them on the two-
dimensional real space R. This study generated four different 
types of data, each containing 300 pieces of data, with 150 
pieces of data and 90 pieces of data. When establishing an 
interval set, it is necessary to first establish a midpoint set, and 
then establish a circle according to the given number of 
intervals within the circumference range, thus forming a circle. 
It is assumed that the midpoint of each type of interval data is 
determined by two variables that conform to a normal 
distribution, the mean and covariance matrix of that variable 
can be expressed as:  
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Each data point (x, y) serves as the center point of the 

interval dataset. At the same time, parameters 1γ  and 2γ  

generated based on the set range are used as radii for the 
corresponding center point data on the x-axis and y-axis, 
which can be expanded into a two-dimensional interval data 

[ ] [ ]),,,( 2211 γγγγ +−+− xxxx , with radius ranges of 

[1,5], [1,10], [1,15], and [1,20], respectively. 

The values of the mean and variance matrix related 
parameters for the four types of datasets are shown in Table I. 

TABLE I. MEAN AND VARIANCE OF THE DATASET 

Data sets 
1µ

 2µ
 1σ

 2σ
 

Class 1 28 55 121 9 

Class 2 82 49 16 81 

Class 3 48 35 81 16 

Class 4 56 78 25 25 

 

The random interval dataset obtained based on the 
parameters in Table I is shown in Fig. 3. 

 
Fig. 3. Generated Interval Dataset 

From Fig. 3, it can be seen that the data can be clustered 
into four categories. According to the above process steps of 
customer market segmentation based on interval value data 
dynamic clustering, the effect diagram of clustering results for 
generating interval datasets in Fig. 4 can be obtained.  

 
Fig. 4. Clustering Effect of Generating Interval Datasets 

Fig. 4 shows the integration effect of a set of spatial data. 
Cluster effect map is an important method for qualitative 
evaluation of visual clustering results. Clustering instances 
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include data with multiple attributes and different dimensions. 
The clustering results can directly reflect the attributes and 
topological relationships of the original data, and can 
effectively map high-dimensional data to low-dimensional 
space. The clustering effect can be seen in Fig. 4. By 
classifying customer data, it is possible to accurately classify 
them and achieve excellent clustering results. At the same 
time, K-means algorithm, K-means++algorithm, and our 
algorithm were used for clustering comparison of data, 
analyzing CR index, Silhouette Score, and accuracy. The 
analysis results are as shown in Fig. 5. 

 
Fig. 5. CR Index Table for Target Clustering of Different Algorithms 

The CR index is an indicator used to evaluate the 
performance of clustering algorithms, commonly known as 
the Clustering Results Consistency Index. It is used to 
measure the degree of consistency between different running 
results when clustering algorithms cluster datasets. The closer 
the value is to 1, the better the performance; the closer to 0, 
the more inconsistent the results of the clustering algorithm 
are. The CR values of this algorithm are listed in Fig. 5. From 
the CR values shown in Fig. 5, it can be seen that compared to 
K-means and K-means++algorithms, interval value data 
dynamic clustering algorithms have better clustering 
performance and can correctly cluster data into clustering 
intervals. The correctness and effectiveness of this method 
have been demonstrated through the analysis of several inter 
cluster intervals. 

TABLE II. COMPARISON OF TARGET GROUPING EFFECTIVENESS 

Indicators 
The algorithms in 

this paper 
K-

means++ 
K-

means 

Silhouette score 0.9788 0.8539 0.4885 

Accuracy rate/% 100 92.6 74.2 

 

Silhouette score evaluates the performance of the model 
using the distance between points in the same cluster, as well 
as the distance between points in the next neighboring cluster 
and all other points. It is mainly calculated based on factors 
such as distance, similarity, and compactness between the 
sample point and its cluster and the nearest neighboring cluster. 
Silhouette score is an evaluation metric for clustering 
algorithms, used to measure the quality of clustering results. 
The value range of this indicator is between 1 and 1, and the 
closer the value is to 1, the better the clustering result; the 
closer the value to -1, the worse the clustering result. From 
Table II, it can be seen that among the Silhouette score index 

evaluation indicators, the value of the algorithm in this paper 
was 0.9788, which was the highest. The clustering method 
based on the K-means algorithm had the lowest score, which 
was 0.4885, indicating that the clustering method for the data 
in this paper had the best results. From the analysis of accuracy 
evaluation indicators, the clustering method based on the 
algorithm in this paper and the K-mean++algorithm had a 
relatively high accuracy, with an accuracy of up to 100% 
based on the algorithm in this paper.  

V. CONCLUSION 

This article discussed a customer market analysis method 
based on interval value data dynamic clustering algorithm, and 
initialized the class of dynamic clustering to quickly initialize 
the cluster center. At the same time, separating the data 
improved the parallelism of initialization. This article 
provided a clustering based data extraction method by 
analyzing traditional data extraction methods. In the process 
of type extraction from customer data, using this method can 
achieve clustering analysis of customers, enabling enterprises 
to make corresponding marketing decisions, that is, adopting 
the same marketing strategy for the same type of customers, 
and adopting differentiated marketing strategies for different 
customers. This provides a very important theoretical basis for 
enterprise decision-making, and the application of this 
concept in practice can also help senior managers of 
enterprises to better manage the enterprise. 
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