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Abstract. The optimization of data processing procedures can yield high-quality information that is then 

utilized by business owners in the decision-making process. An effective company plan, particularly in the 

realm of promotion, holds significant importance for store proprietors in order to foster sustained business 

expansion. Primskystore is an e-commerce platform operating inside the retail industry, where the efficacy 

of product sales promotion is perceived to be suboptimal. Sales product advertising continues to revolve 

around a single sort of product. The objective of this work is to develop a data mining model through the 

implementation of a web-based application that utilizes the K-means clustering approach and the RFM 

model. The utilization of the K-Means clustering approach and the RFM model can facilitate the clustering 

of sales products at retailers. The data mining application employed on this website utilizes the Python 

programming language, MySQL as the database, and the Unified Modeling Language for system model 

creation. The findings of this research encompass the development of a web-based data mining tool 

designed to present the outcomes of product sales clustering within retail establishments. The system has 

the capability to present the outcomes of the RFM calculation model and KMeans clustering. Specifically, 

it reveals the presence of three distinct clusters, with cluster 0 accounting for 30% of the data, cluster 1 

representing 7.5% of the data, and cluster 2 encompassing 62.5% of the data. This web-based data mining 

program has the potential to assist retailers in determining an optimal promotional business strategy.
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1        Introduction 

The expeditious advancement of information 

technology has yielded favorable outcomes for 

organizations in terms of their capacity to use data for 

the enhancement of performance and efficacy. 

Presently, e-commerce platforms have emerged as a 

burgeoning sector of the corporate landscape, 

experiencing exponential growth, particularly in the 

context of the ongoing global pandemic. Primskystore 

is an emerging e-commerce platform that exhibits 

substantial growth, offering a diverse range of fashion 

and cosmetic merchandise. The existing sales 

transaction database of Primskystore possesses 

considerable size; however, its utilization for the 

purpose of enhancing product sales has not been 

maximized. One potential approach for enhancing 

product sales involves the categorization of products 

based on consumer attributes [1-2]. 

The implementation of product grouping has been 

found to be a highly effective method in enhancing 

product sales within the context of online retailers. The 

clustering method is a data mining approach that is 

employed for the purpose of categorizing things into 

groups [3]. The utilization of clustering enables the 

grouping of products according to consumer attributes, 

encompassing shopping behavior, product preferences, 

and purchase habits. One of the often employed 

clustering algorithms in data analysis is K-Means, 

which partitions the dataset into many groups by 

utilizing the Euclidean distance metric [4]. 

Clustering is a widely used technique in data analysis 

that aims to locate groupings of data points that exhibit 

similar characteristics or patterns [5]. The K-Means 

algorithm is an iterative clustering technique that seeks 

to identify local maxima in each iteration, operating 

through a series of five distinct steps [6]. K-Means The 

clustering process involves the random initialization of 

centroids, followed by the assignment of data points to 

clusters based on their respective distances to the 

centroid. Subsequently, the centroid undergoes an 

update through the computation of the mean value of 

the data points within the corresponding cluster. This 

iterative procedure continues until the centroid remains 

unchanged or the predetermined number of iterations is 

reached. 

The acronym RFM represents the three key metrics 

used in customer segmentation: Recency, Frequency, 

and Monetary value. The RFM calculation model is 

frequently employed in the field of business analytics 

to categorize products into various segments, including 

high value, medium value, and low value, among 

others [7]. The RFM approach operates by allocating 

weights to individual indicators, namely Recency, 

Frequency, and Monetary, and subsequently use these 

weight values to categorize consumers into many 

segments. 

The Elbow technique offers a methodology for 

selecting an optimal cluster value, hence enhancing the 

value of the resulting cluster as a data model for 

finding the most suitable cluster. The Elbow technique 

offers a methodology for selecting an optimal cluster 

value, hence enhancing the value of the resulting 

cluster as a data model for finding the most suitable 

cluster [8]. The Silhouette coefficient is a widely 

employed technique for assessing the efficacy and 

integrity of a cluster, specifically in terms of the 

appropriateness of an object's placement within said 

cluster [9]. The Davies Bouldin Index (DBI) is a 

cluster evaluation or validation technique employed in 

clustering algorithms. It relies on the cohesion and 

separation matrices to determine the quality of the 

resulting clusters [10]. 

This project aims to employ a data mining model that 

utilizes the K-Means algorithm clustering approach and 

the RFM (Recency, Frequency, and Monetary) model 

to categorize products available at Primskystore. The 

RFM model is employed for assessing customer 

shopping behavior by considering three primary 

factors: recency, frequency, and monetary value. 

Recency refers to the most recent purchase of a 

product, frequency pertains to the number of products 

sold, and monetary value denotes the sales value 

associated with each product. The anticipated 

outcomes of this research endeavor are poised to assist 

Primskystore in ascertaining an optimal product 

promotion approach, hence fostering an augmentation 

in product sales.  

2        Methods 

1.1 Literature study 

The literature review in this study was derived from a 

comprehensive selection of relevant prior papers and 

references sourced from reputable journals, books, and 

websites pertaining to clustering techniques employing 

the K-Means algorithm. The subsequent research titles 

have been utilized as references in this study: The 

RFM ranking method has been identified as an 

effective approach for customer segmentation [11]. In a 

case study conducted at PT. Herbal Penawar 

Alwahidah Indonesia Pekanbaru, the implementation 

of K-Means clustering based on RFM Mofek was 

found to be a valuable tool for mapping and supporting 

customer management strategy [12]. Additionally, the 

K-Means method was utilized for product RFM 

analysis, which involves evaluating recency, 

frequency, and monetary aspects [13]. Another study 

focused on data mining and employed the K-Means 

clustering algorithm for product grouping [14]. These 

are just a few examples of the research conducted in 

this area. 

1.2 Interview and requirement analysis 

The interview took place on Saturday, July 2, 2022, 

with Prima, the proprietor of Primskystore, located at 

Pasadena Puri Surya Jaya D-11 Housing Complex in 

Sidoarjo, East Java. The produced findings encompass 

data pertaining to the flow process of the sales 
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information system within the store. Specifically, these 

comprise the store's business processes, sales product 

data, sales transaction data, and information regarding 

store promotions. 

A needs analysis is conducted in order to identify and 

propose solutions to the issues that have been 

presented. The analysis of the system implemented at 

Primskystore store revealed issues in the post-order or 

transaction phase of the business process. Specifically, 

there was a lack of follow-up from the store regarding 

the product acquisition process and the maintenance of 

sales levels. Consequently, a software application was 

developed to serve as a tool for Primskystore in 

streamlining the execution of operational procedures 

within the establishment. 

1.3 Data Gathering 

At the data collection stage, it is done by collecting 

sales transaction data at Primskystore stores. Fig. 1, 

The transaction data collected for this study is from 

January 2022 to June 2022 in the form of an excel file 

with 34 columns. 

Table 1. Data Transaction  

N

o 

Data transaction 

Attribute name information Data 

1 Number 
Transaction 

Number 
16a 

2 Invoice Number 
Invoice Number 

on Tokopedia 

INV/20220506/M

PL/ 

2293838637a 

3 Payment Date Payment Due 05/01/2022a 

Sample of a Data based on Excel FIle 

1.4 Pra-processing Data  

During the data pre-processing phase, the task involves 

comprehending the significance of each attribute 

within the dataset. The sales transaction data at the 

Primskystore store is stored in an Excel file including 

34 columns. The initial phase of data pre-processing 

entails two distinct procedures: attribute selection and 

data purification. 

 

Attribute Selection 

 

The attribute selection stage involves comprehending 

each attribute inside the dataset and subsequently 

choosing the suitable attribute or column for further 

utilization in research. A careful selection was made 

from the 34 columns present in the Primskystore sales 

transaction data excel file, focusing on those that were 

deemed relevant and significant. Following the 

completion of the selection process, a total of 15 

columns were identified as suitable and significant for 

further analysis. Conversely, 19 columns from the 

Primskystore sales transaction data excel file that were 

not included in the selection were subsequently 

removed. 

 

Data Cleansing 

 

Once the attributes have been established, the 

subsequent step involves the execution of the data 

cleansing procedure, which is designed to eradicate any 

instances of null or incomplete data. In order to 

ascertain the presence of null or partial values inside 

the dataset. 

2        Processing Data 

During this stage of data processing, three distinct 

processes are executed, namely the calculation of the 

RFM model, the determination of the number of 

clusters, and the application of K-Means clustering 

[15]. 

2.1 Calculation of the RFM model 

Currently, the RFM (Recency, Frequency, and 

Monetary) calculation model is utilized to process store 

sales transaction data. This is achieved through the 

implementation of the Flask framework, a Python 

programming language. Table. 2, The data is organized 

into product groups based on the RFM framework. 

Recency is determined by selecting the maximum 

transaction day. Frequency is calculated by counting 

the number of invoices. Monetary value is derived by 

multiplying the number of purchases by the selling 

price of the product. 

Table 2. Testing Scenario 

N

o 

Data RFM Model 

Product Name Recency 
Freq

. 
Monetary 

1 

Avoskin Miraculous 

Acne Solution Micro 

Serum 20ml a 

101 7 1305000 

2 

Avoskin Miraculous 

Retinol Ampoule 

30ml – Full Size a 

5 131 24349000 

3 

Avoskin Miraculous 

Refining Toner 100ml 

Lilac (Anniversary 

Edition) a 

1 12 1675000 

 

Once the data has been subjected to the RFM model, 

the subsequent step involves performing data 

normalization due to the varying range of attribute 

values. 

Table 3.  Normalisasi RFM  

N

o 

Data RFM Model 

Product Name Recency Freq. Monetary 

1 

Avoskin Miraculous 

Acne Solution 

Micro Serum 20ml a 

0,561 0,017 0,033 

2 

Avoskin Miraculous 

Retinol Ampoule 

30ml – Full Size a 

0,028 0,365 0,617 

3 

Avoskin Miraculous 

Refining Toner 

100ml Lilac 

(Anniversary 

Edition) a 

0,006 0,031 0,042 

a.
 Sample of a Data based on the Normalisasi RFM 
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2.2 Determine Clustering Number 

 

In this phase, the determination of the number of 

clusters is conducted based on SATA transactions 

utilizing the elbow method and silhouette coefficient 

within the Python programming language. The process 

of determining the optimal number of clusters is 

undertaken in order to generate K values that are better 

suited to the dataset. Initially, it is important to 

ascertain the number of clusters by employing the 

elbow approach, as depicted in Figure 1. 

 

 

Fig. 1. Elbow Method 

Based on the use of the elbow technique to determine 

the optimal value of K for the analyzed transaction 

data, it has been determined that K = 3 (representing 

the number of clusters) is deemed to be the most 

suitable or appropriate choice. Subsequently, ascertain 

the appropriate number of clusters for the given data by 

employing the second method, specifically the 

silhouette coefficient as depicted in Figure 2. 

 

 

Fig. 2. Silhouette Coeeficient Method 

Based on the application of the silhouette coefficient 

method to determine the optimal number of clusters for 

the analyzed transaction data, the findings indicate that 

k = 3 (representing three clusters) yields a coefficient 

value of 0.60, while k = 8 (representing eight clusters) 

yields a coefficient value of 0.58, indicating a decrease 

of 0.05 compared to the preceding cluster. 

Consequently, the numbers of clusters 3 and 8 are 

deemed the most suitable or appropriate choices. The 

number of clusters determined using the elbow 

approach is k = 3. Consequently, the silhouette 

coefficient is computed for k = 3 clusters. The findings 

derived from the analysis of cluster determination 

utilizing two distinct methodologies, namely the elbow 

technique and the silhouette coefficient approach, 

indicate that the best number of clusters is three (k=3). 

 

Clustering K-Means 

 

After finding the value of K, then proceed with the 

clustering process using the k-means algorithm to be 

able to group products from sales transaction data at 

Primskystore according to the similarity of 

characteristics that are owned between each data in the 

cluster. Clustering is done using the k-means algorithm 

using the Python library Kmeans programming 

language. 

 

 

Fig. 3. Clustering K-Means 

The procedural steps for clustering using the K-

Means technique are illustrated in Figure 3. At 

Primskystore, the products are categorized into clusters 

based on sales transaction data, with the total number 

of clusters set at three. The centroid results for each 

cluster are presented. Cluster 0 comprises products that 

have a high recency value, while their frequency and 

monetary values are relatively low. The cluster 

comprises a total of 24 goods, which accounts for 30 

percent (30%) of the whole sales transaction data. 

Cluster 1 comprises products that exhibit a low recency 

value alongside high frequency and monetary values. 

The cluster comprises either six products or 7.5 percent 

(7.5%) of the overall sales transaction data. Cluster 2 

comprises products that exhibit intermediate levels of 

recency, frequency, and monetary values. The cluster 

under consideration comprises 50 goods, which 

accounts for 62.5 percent (62.5%) of the overall sales 

transaction data. The dominant cluster is being 

considered. 

Based on the clustering results acquired, various 

recommendations can be derived that can be 

implemented by the store in its future promotional 

business strategy. For the products categorized under 

cluster 0, it is possible to implement a business plan 

that involves offering discounts on purchases above a 

specific threshold. In order to enhance consumer 

interest in products belonging to cluster 1, a viable 

business tactic would involve implementing a plan 

such as conducting flash sales or offering temporary 

discounts. In the case of products included inside 

cluster 2, a viable business strategy could involve 

implementing additional product promotions or 

introducing product bundling at a more competitive 

price point. These measures aim to enhance buyer 

engagement and stimulate interest in the respective 

products. 
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2.3 Cluster Evaluation 

Once the data processing stage has concluded, it 

becomes imperative to conduct testing in order to 

verify the validity of the required number of clusters. 

The study employed cluster testing, utilizing the 

Davies Bouldin Index, which was implemented in the 

Python programming language through the utilization 

of the davies_bouldin_index library function.   

 

Fig. 4. Davies Bouldin Index (DBI) 

Based on the calculations performed using the Davies-

Bouldin Index (DBI) as shown in Figure 4, it can be 

concluded that the chosen number of clusters (k=3) is 

deemed appropriate. This conclusion is supported by 

the resulting DBI value of 0.49, which is non-negative 

and meets the criterion of being greater than or equal to 

zero. 

2.4 System Development 

Upon the conclusion of the cluster testing phase, the 

subsequent task involves the development of the 

database for the application. This process entails the 

utilization of the Conceptual Data Model (CDM) and 

the Physical Data Model (PDM) [16-17]. 

 

The Figure 5 illustrates the Conceptual Data Model 

(CDM) of the Primskystore store system, which serves 

as the foundational database structure for data storage 

in this research endeavor. 

 

Fig. 5. Conceptual Data Model 

Figure 6 illustrates the Physical Data Model (PDM) of 

the Primskystore store system, which serves as the 

database structure for data storage in this research 

endeavor. 

 

 
Fig. 6. Physical Data Model 

 

 
 

Fig. 7. Use Case Diagram 

 

The subsequent steps involved in constructing a use 

case diagram entail a reciprocal exchange or discourse 

between the system and relevant actors, accompanied 

by the system's corresponding actions. Figure 7 depicts 

a use case diagram comprising two distinct players, 

namely the administrator or store owner, and the user. 

The user interface encompasses three distinct use 

cases: accessing the homepage, browsing products, and 

retrieving shop information. The administrative or shop 

ownership role encompasses eight distinct use cases: 

store information management, product management, 

sales transaction data management, viewing RFM 

calculation results, viewing K-Means clustering results, 

accessing the homepage, viewing store information, 

and viewing products. 

 

2.5 Application Testing 

The study phase was extended by implementing an 

application system utilizing the Python programming 

language within the Visual Studio Code application, 

aligning with the previously conducted system design. 

The subsequent section presents the construction of the 

display interface for the website-based product sales 

grouping application developed by Primskystore. 
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Fig. 8. Dashboard Systems 

 

The Dashboard page view showcases the visual 

representation of the k-means clustering application 

and the RFM calculation methodology, exemplified by 

Figure 8. The displayed dashboard page, as depicted in 

the image, serves as a central hub or primary interface 

for presenting various information pertaining to sales 

transactions, product inventory, customer activity, and 

daily revenue at the Primskystore establishment. This 

includes the quantity of sales transactions, the number 

of products available in the store, the count of 

customers or buyers who have engaged in transactions, 

and the daily revenue generated. Additionally, the 

dashboard provides insights into the number of 

products within each cluster and their respective 

averages, accompanied by explanatory details for each 

cluster. The data presented on the dashboard page is 

organized in a box and table format. By clicking on the 

"More info" link within each box, users can navigate 

directly to the corresponding page. Similarly, clicking 

on a cluster within the cluster table will redirect users 

to the product information page associated with that 

particular cluster. 

 

The study conducted testing of the website-based 

application system utilizing the blackbox testing 

methodology. The subsequent section presents the 

outcomes and rationales of the blackbox testing that 

was conducted. Figure 4 illustrates the implementation 

of blackbox testing, which serves the purpose of 

validating all functionalities inside the dashboard 

menu, in accordance with the pre-established system 

design. 

Table 4.  Blackbox testing  

N

o 
Scenario Result Test Result Summary 

1 

The user is 

able to 

access and 

view the 

dashboard 

page. 

The system 

has the 

capability to 

present the 

dashboard 

page view. 

The system 

successfully 

displays the 

dashboard page 

Valid  

2 

The total 

sales 

column can 

be 

programme

d to 

generate 

show sales 

transaction 

data pages 

upon 

clicking. 

The system 

has the 

capability to 

present sales 

data page. 

The system 

successfully 

displays the 

sales  page 

Valid 

N

o 
Scenario Result Test Result Summary 

3 

The 

product 

data page 

can be 

displayed 

upon 

clicking the 

whole 

product 

icon. 

The system 

has the 

capability to 

present sales 

data. 

The system 

successfully 

displays the 

product page. 

Valid 

a.Sample of a Data based on the Dashboard Blackbox Testing 

 

3       Conclusion 

The study presents a website-based application 

designed for the Primskystore store. This system 

enables the store to access a summary of sales, 

manually record sales, view sales transaction data, 

product data, and customer data. Additionally, it 

provides the functionality to calculate RFM (Recency, 

Frequency, and Monetary) metrics and perform 

product clustering analysis. These features assist the 

store in formulating an effective business strategy. The 

number of clusters is determined using two methods: 

the elbow method, which yields a result of k = 3 

clusters, and the silhouette coefficient approach, which 

also determines k = 3 clusters with a value of 0.6. The 

findings from both of these methods indicate that the 

ideal number of clusters is three (k=3). In addition, the 

validity of the chosen number of clusters (k = 3) was 

assessed using the Davies Bouldin index. The resulting 

value of 0.49 indicates that the selected number of 

clusters is considered valid or satisfactory. This 

determination is based on the fact that the calculated 

DBI value is close to zero, as the index is non-negative 

and values closer to zero indicate better clustering 

performance. 

The subsequent findings pertain to the sales product 

clustering procedure conducted at retail establishments, 

employing RFM (Recency, Frequency, and Monetary) 

computations and K-Means clustering. Cluster 0 

comprises products that exhibit a high recency value 

and low frequency and monetary values when grouped 

together. Cluster 1 comprises products that exhibit a 

low recency value, yet possess high frequency and 

monetary values. Cluster 2 comprises products that 

exhibit intermediate levels of recency, frequency, and 

monetary values. Recommendations can be provided to 

facilitate the transformation of a static website into a 

dynamic one, enabling online buying and selling 

transactions through the store's own platform, provided 

that Primskystore possesses adequate human resources. 

There is an expectation that in subsequent 

developments, the data obtained through clustering 

results can be automatically and immediately put in the 

database. 
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