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for PT Sukses Nusantara Sakti 21 Bali, a large-scale multi-level
marketing distributor with over 60,000 members. The proposed
approach integrates the Recency, Frequency, Monetary (RFM) model
with the Fuzzy C-Means (FCM) algorithm to analyze one year of sales
transaction data. The CRISP-DM framework was adopted to ensure
a structured process, consisting of business understanding, data
understanding, data preparation, modeling, evaluation, and
deployment. Customer transaction records were preprocessed to
compute normalized RFM scores, which were then clustered using
FCM to capture overlapping membership patterns and better reflect
behavioral diversity. The segmentation results were validated using
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the Silhouette Coefficient and Davies—Bouldin Index, achieving scores
of 0.6005 and 0.5093, respectively, indicating high-quality cluster
compactness and separation. Three distinct customer segments were
identified, each providing actionable insights for targeted marketing

Data Mining; . . . . . .
8 strategies, including vetention, engagement, and reactivation

programs. The findings confirm that integrating RFM and FCM
offers a robust and flexible approach for customer segmentation in
large-scale MLM contexts. Future work may involve real-time
segmentation and integration with predictive analytics to further
enhance marketing decision-making.

© 2025 Authors. Licensed under CC BY-SA 4.0

1. Introduction

Advancements in information technology and digitalization have significantly
transformed business strategies, compelling companies to gain deeper insights into
customer behavior to enhance retention and business value [1]. PT Sukses Nusantara Sakti
21 Bali (PT SNS 21 Bali), an official distributor of multi-level marketing products in Bali and
Nusa Tenggara with over 60,000 members, faces challenges in managing large-scale and
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heterogeneous customer data. Customer segmentation is a critical strategy for tailoring
products, services, and marketing campaigns to customer preferences [2].

The Recency, Frequency, Monetary (RFM) model enables the evaluation of transaction
history based on the time of the last purchase, purchase frequency, and purchase value [3].
Meanwhile, the Fuzzy C-Means (FCM) algorithm facilitates the creation of clusters with
overlapping memberships, thereby capturing behavioral complexity often overlooked by
hard clustering methods such as K-Means [4]. Prior studies have combined RFM and FCM
in retail [5], supermarkets [6], and e-commerce [7], yet applications in large-scale distribution
with real annual transaction data remain scarce.

This study aims to build and validate a customer segmentation model for PT SNS 21 Bali
by integrating the Recency-Frequency—-Monetary (RFM) framework with Fuzzy C-Means
(FCM). Specifically, we assess whether soft-clustering on normalized REM can yield
business-actionable segments for a large-scale MLM distributor using one year of real
transactions, evaluated with the Silhouette Coefficient and Davies—Bouldin Index. Our
contributions are threefold: (1) a CRISP-DM-aligned pipeline that transforms raw
transaction logs into deployable soft segments; (2) an empirical study on a large member
base that demonstrates high-quality clustering (SC = 0.6005; DBI = 0.5093), evidencing
compactness and separation; and (3) a practical mapping from the discovered segments to
personalized retention, engagement, and reactivation strategies to improve marketing
effectiveness.

This study aims to build and validate a customer segmentation model for PT SNS 21 Bali
by integrating the Recency-Frequency-Monetary (RFM) framework with Fuzzy C-Means
(FCM). Specifically, we assess whether soft-clustering on normalized REM can yield
business-actionable segments for a large-scale MLM distributor using one year of real
transactions, evaluated with the Silhouette Coefficient and Davies—Bouldin Index [8], [9].
Our contributions are threefold: (1) a CRISP-DM-aligned pipeline that transforms raw
transaction logs into deployable soft segments; (2) an empirical study on a large member
base that demonstrates high-quality clustering (SC = 0.6005; DBI = 0.5093), evidencing
compactness and separation; and (3) a practical mapping from the discovered segments to
personalized retention, engagement, and reactivation strategies to improve marketing
effectiveness.

2. Method

A. Research Design

This study employs a data mining approach using the CRISP-DM (Cross Industry
Standard Process for Data Mining) model, which consists of six main stages: business
understanding, data understanding, data preparation, modeling, evaluation, and
deployment [1]. This method was selected for its ability to provide a structured framework
for processing customer transaction data into valuable segmentation insights.

The research framework is illustrated in Fig. 1, which depicts the workflow from data
collection to the application of segmentation results for marketing strategy development.
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Figure 1. Research Workflow

B. Data collection technique
The dataset for this research consists of:

1. Primary Data:

e Interviews with the owner of Master Stockist PT SNS 21 Bali to gather information on
operations, customer profiles, and marketing strategy needs.

e Observation of the sales system to understand the format, structure, and frequency of
transaction data.

2. Secondary Data:

e Documentation of sales reports for the period from January 1 to December 31, 2023.

e Literature from books and scientific articles discussing the RFM method and Fuzzy C-
Means algorithm [2][3].
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A summary of the transaction data used in this study is shown in Table 1.

Table 1. Example of sales transaction data

TRANSACTION_  CUSTOMER NO_TRANSACTION NUMBER OF
DATE _ID TRANSACTIONS
Date : 01/01/2023
SNIS0043555 10123207152 702640
Date:
07/01/2023 SNS0171193 20123207574 29885440
Date :
07/01/2023 SNS0203918 20123207567 71190368
Date : 07/01/2023
SNIS0344243 10123207576 725088
Date :
07/01/2023 SNS0322769 20123207585 5950704
Date : 07/01/2023
SNIS0111813 20123207605 33954048
Date : 07/01/2023
SNS0044010 20123207633 7450880
Date:
09/01/2023 SNIS0314945 10123207701 412544
Date: 09/01/2023
SNSO064391 20123207709 11901408
Date: 09/01/2023
SNS0323561 10123207724 4350528
Date:
09/01/2023 SNIS0323562 10123207729 4350528
Date: 09/01/2023
SNS0322769 20123207738 5950704

C. Research Stages
1. Business Understanding
Identify the business needs of PT SNS 21 Bali, particularly in optimizing customer
service and retention through accurate segmentation.

2. Data Understanding
Analyze the sales data to assess its patterns, completeness, and quality.

3. Data Preparation

a) Data Transformation: Convert the original PDF sales data into Excel format, then
process it using Python with the pandas library.
b) RFM Feature Extraction:

e Recency (R): Number of days since the customer’s last transaction relative
to a reference date.

Table 2. Recency Result

TRANSACTION_ CUSTOMER_ NO_TRANSACTION NUMBER OF R
DATE ID TRANSACTIONS
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Date:
01/01/2023 SNIS0043555 10123207152 702640
Date:
07/01/2023 SNS0171193 20123207574 29885440
Date:
07/01/2023 SNS0203918 20123207567 71190368
Date:
07/01/2023 SNS0344243 10123207576 725088
Date:
07/01/2023 SN'SO322769 20123207585 5950704
Date:
07/01/2023 SNS0111813 20123207605 33954048
Date:
07/01/2023 SNIS0044010 20123207633 7450880
Date:
09/01/2023 SNS0314945 10123207701 412544
Date:
09/01/2023 SNSO064391 20123207709 11901408
Date:
09/01/2023 SNS0323561 10123207724 4350528
Date:
09/01/2023 SN'S0323562 10123207729 4350528
e Frequency (F): Number of transactions during the study period.
Table 3. Frequency Result
TRANSACTION _ CUSTOMER_  NO_TRANSACTION NUMBER OF
DATE ID TRANSACTIONS
Date:
01/01/2023 SNS0043555 10123207152 702640
Date:
07/01/2023 SNS0171193 20123207574 29885440
Date:
07/01/2023 SNS0203918 20123207567 71190368
Date:
07/01/2023 SNIS0344243 10123207576 725088
Date:
07/01/2023 SNSO322769 20123207585 5950704
Date:
07/01/2023 SNIS0111813 20123207605 33954048
Date:
07/01/2023 SNS0044010 20123207633 7450880
Date:
09/01/2023 SNS0314945 10123207701 412544
Date:
09/01/2023 SNSO064391 20123207709 11901408
Date:
09/01/2023 SNSO323561 10123207724 4350528
Date:
09/01/2023 SNS0323562 10123207729 4350528

e Monetary (M): Total purchase value during the study period.
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Table 4. Monetary Result
TRANSACTION_ CUSTOMER_ NO_TRANSACTION NUMBER OF R M
DATE D TRANSACTIONS

Date :

01/01/2023 SN'S0043555 10123207152 702640 8 702640
Date :

07/01/2023 SNS0171193 20123207574 29885440 2 29885440
Date :

07/01/2023 SNS0203918 20123207567 71190368 2 71190368
Date :

07/01/2023 SNIS0344243 10123207576 725088 2 725088
Date :

07/01/2023 SNSO0322769 20123207585 5950704 2 11901408
Date:

07/01/2023 SNS0111813 20123207605 33954048 2 33954048
Date:

07/01/2023 SNS0044010 20123207633 7450880 2 7450880
Date:

09/01/2023 SNS0314945 10123207701 412544 0 412544
Date:

1/202

09/01/2023 SNSO064391 20123207709 11901408 0 11901408

Date:
1/202

09/01/2023 SNS0323561 10123207724 4350528 0 4350528
Date:

09/01/2023 SN'S0323562 10123207729 4350528 0 4350528

c) Data Normalization: Normalize RFM values to a uniform scale before applying

the FCM algorithm.

Table 5. Normalization Result

R F M

1 0 0.004099
0,25 0 0.416414
0,25 0 1
0,25 0 0.004416
0,25 1 0.162323
0,25 0 0.473898
0,25 0 0.099443

0 0 0

0 0 0.162323

0 0 0.055639

0 0 0.055639

0 0 0.078247

4. Modelling
The modelling process uses the Fuzzy C-Means (FCM) algorithm, which allows

each customer to belong to multiple clusters with varying membership degrees.

The FCM algorithm steps include:
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e Setting the number of clusters (c) and fuzziness parameter (m).
e Initializing the membership matrix randomly.
e Calculating cluster centers based on weighted memberships.

e Updating the membership matrix until convergence or maximum
iterations are reached [4].

1

u= = > @)
(|[1,0,0.004099]—c1|)m—1+(|[1,0,0.004099]—c2|)m—1
1[1,0,0.004099]—c]| 1[1,0,0.004099]—c|
1
u= 7 7 2)

( 1[1,0,0.004099]—[0.5,0.5,0.002]] )m—l (|[1,0,0.004—099]—[0.8,0.8,0.001] |)m—1
1[1,0,0.004099]—[0.6,0.6,0.0015]| 1[1,0,0.004099]—[0.6,0.6,0.0015]|

Description of Equations:

e Equation (1) represents the Fuzzy C-Means (FCM) formula for calculating the
membership degree (u). One of the data points from the previously normalized
table is used as a sample calculation. In this example, it is assumed that there are
two cluster centers (c; and c¢;) and the fuzziness parameter (m) is set to 2.

e Equation (2) represents the step following the substitution of the cluster center
values (c). In this example, it is assumed that ¢;=[0.5,0.5,0.002], c,=[0.8,0.8,0.001],
and ¢ =[0.6,0.6,0.0015]. Based on these assumptions, the equation is obtained as
follows.

5. Evaluation
Cluster quality was evaluated using two metrics:
e Silhouette Coefficient (5C): Measures cohesion and separation between clusters.

e Davies-Bouldin Index (DBI): Measures the ratio of intra-cluster to inter-cluster
distances, where a lower value indicates better performance [5][6].

6. Deployment

The final segmentation results are used to design personalized marketing strategies,
such as special offers for potential customers or loyalty programs for high-value customers.
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3. Result and Discussions

A. Data Preparation

The one-year sales transaction dataset of PT SNS 21 Bali (January 1 — December 31,
2023) was transformed into Recency, Frequency, and Monetary (RFM) values as described
in Section II. The computation results for each variable are presented in Tables 2—4, while
the normalized RFM dataset is shown in Table 5 of the Method section. These preprocessing
steps ensured data readiness for the clustering process.

B. Clustering Results
The normalized RFM dataset was processed using the Fuzzy C-Means (FCM)
algorithm. Based on experimental testing and evaluation metrics, the optimal number of
clusters was determined to be three.
The resulting segments are as follows:

e (Cluster 1: High-value customers with high purchase frequency and large transaction
amounts.

e  Cluster 2: Medium-value customers with moderate activity and potential for growth.

e  (Cluster 3: Low-value customers with minimal activity.

Table 6. Cluster Result

Member ID Recency Frequency Monetary Cluster
SNS0043555 40 16 8507244 0
SNS0171193 5 60 987382151 0
SNS0203918 3 66 2584572081 0
SNS0344243 179 2 1450176 1
SNS0322769 2 122 1300389944 0
SNS0111813 3 50 1729754541 0
SNS0044010 1 56 425275015 0
SNS0314945 11 20 11901408 0
SNS0064391 3 61 403299259 0
SNS0323561 27 16 69608448 0
SNS0323562 20 10 43505280 0
SNS0044460 2 11 20271888 0
SNS0345633 172 4 2900352 1
SNS0341850 159 5 19052288 1
SNS0075327 5 13 48576704 0
SNS0075328 356 1 362544 2

C. RFM-Based Cluster Analysis
Each cluster was analyzed according to the individual RFM dimensions:
e Recency: Cluster 1 has the lowest average recency (recent transactions), while
Cluster 3 has the highest.
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Figure 2. Recency by Cluster

e Frequency: Cluster 1 records the most frequent purchases, Cluster 3 the fewest.
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Figure 3. Frequency by Cluster

e Monetary: Cluster 1 contributes the highest total spending, Cluster 3 the lowest.
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D. Cluster Validation

The clustering quality was assessed with two internal validity metrics: the Silhouette
Coefficient (SC) and the Davies-Bouldin Index (DBI). The SC of 0.6005 indicates good
intra-cluster cohesion and inter-cluster separation, while the DBI of 0.5093 reflects
compact clusters with minimal overlap. Taken together —a relatively high SC and a low
DBI—these results demonstrate that the chosen clustering configuration is effective for
this dataset.

E. Discussion

The integration of RFM and Fuzzy C-Means (FCM) produced three business-
actionable customer segments with strong internal validity (Silhouette Coefficient = 0.6005;
Davies-Bouldin Index = 0.5093), indicating adequate between-cluster separation and
within-cluster compactness. Cluster 1 (High Value) displays high recency, frequency, and
monetary profiles and should be safeguarded through loyalty programs, exclusive benefits,
and personalized offers to preserve lifetime value. Cluster 2 (Potential) shows recent
activity with moderate frequency and monetary levels; FCM’s soft memberships reveal
borderline members partially affiliated with High Value, making them prime candidates
for targeted engagement and cross/upsell recommendations. Cluster 3 (Low Value) is
characterized by long recency and low purchase intensity, warranting reactivation
strategies such as time-bounded discounts, bundles, or win-back campaigns to mitigate
churn. Methodologically, FCM is preferable to hard partitioning in this MLM context
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because it captures overlapping behavior and provides calibrated membership degrees that
support intervention prioritization. Practically, the resulting segmentation offers a
deployable basis for mapping personalized loyalty, engagement, and reactivation tactics to
each segment.

4. Conclusion

This study demonstrated the efficacy of integrating the Recency, Frequency, Monetary
(RFM) model with the Fuzzy C-Means (FCM) algorithm for large-scale customer
segmentation in the MLM distribution context of PT SNS 21 Bali. The approach yielded three
well-defined clusters, validated by a Silhouette Coefficient of 0.6005 and a Davies-Bouldin
Index of 0.5093, indicating optimal compactness and separation. The results underscore the
model’s capability to capture behavioral heterogeneity through soft clustering, enabling
nuanced marketing strategies for retention, engagement, and reactivation. This method
extends beyond the limitations of hard clustering, offering higher representational fidelity
to real-world purchasing patterns. Future research may incorporate multi-dimensional
behavioral features and real-time analytics to further enhance segmentation precision and
business impact.
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