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This research aims to design and develop a product sales grouping
application at Minimarket Diky using the K-Means Clustering algorithm.
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Introduction

In the business world, especially in the supermarket, minimarket, and self-service sectors, developers
must find patterns that can increase sales and marketing of products in their self-service by utilizing
transaction data (Syafrinal & Febrianti, 2023). Data mining technology arises because of the large
amount of data available, the need for information to help the business decision-making process, and
the need for information technology infrastructure. Minimarket Diky has a problem with leaders who
do not check products sold, what products customers need, and ineffective data storage. Data mining
can help Minimarket Diky know which items are selling well and which are not, and to compare sales
from year to year. This becomes an effective way to increase sales at Minimarket Diky.

Various types of software greatly assist computer users in completing tasks that must be done
due to the rapid advancement of information technology. Quality information will be produced by
quality software. The use of information systems can help work, and can even replace human
employees. The application of information systems in various aspects of modern life is changing,
including the way people see work and its quality. Processed data can produce knowledge or
information to help make decisions. Data mining is one of the many applications used in making
intelligent information systems to produce high-quality data(Syafrinal & Febrianti, 2023).
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Data mining is useful and efficient for analyzing and implementing data, cluster analysis is the
classification of uncensored data is an important topic in data mining (Berkhin, 2006). The goal of the
study is to divide the collection of patterns into clusters, or groups, of related data points. Compared to
patterns from other clusters, patterns within a cluster are more similar to one another. Applications for
clustering techniques include document extraction, image segmentation, pattern classification,
information retrieval, and more (Xu & Wunch, 2005). Proper analysis and processing of sales trends
can assist in identifying the best-selling and least-sold products. This can assist businesses in
developing marketing strategies and managing inventory stock (Normabh, Rifai, et al., 2020). Decision-
making by business executives can be aided by the outcomes of data mining analysis (Normah, Yulianti,
etal.,, 2020).

In terms of data clustering, the K-means algorithm is one of the most popular clustering
techniques for finding structure in data sets (Bagirov, 2008; Hamerly & Elkan, 2002; Jain, 2010). The K-
Means algorithm, which uses a straightforward iterative scheme to find a local minimum solution, can
divide a number of data points into a number of clusters. It is commonly known that the K-Means
approach is effective for clustering big data sets. However, identifying the number of clusters is the
primary bottleneck in the K-means operation, and the final clustering heavily relies on the initial
identification of cluster elements, making K-means challenging to use (Bhatia, 2004). Various groups
and individuals are encouraged to use software due to the rapid development of software. In addition,
communicating and transacting in the internet era without time or distance limitations. In the
industrial era 4.0, information technology has influenced the progress of businesses and companies
(Sulistiani & Darwis, 2020;Aldino et al., 2021; Dinasari et al., 2020).

Businesses that use the internet have the ability to reach people around the world who have
the opportunity to cooperate and compete. Modern technologies make it easier for companies to work
together, create innovations, and become more recognized by society. They can also help customers
communicate and interact with companies to purchase or order goods and services (Sulistiani &
Darwis, 2020;Rahmanto & Hotijah, 2020; Triyanto et al., 2020). To support other business operations, the
retail industry is a very important business field for other industries.

The purpose of this research is to help Minimarket Diky in determining sales products that fall
into the categories of very in demand, in demand, and less in demand through the concept of data
mining using the K-Means Algorithm. The challenges of applying the K-Means method in Diky's
minimarket are complex data dimensions, data scale and normalization, noise and outlier data,
changes in consumer behavior, interpretation limitations, and determining the right number of
clusters.

The application of the Rapid Application Development (RAD) method accelerates the stages of
software development, from planning, design, and implementation, so that it is completed more
quickly(Dwi Wijaya, 2020). Software development that is not large-scale and complex is appropriate
with the RAD software development method (Hariyanto et al.,, 2021). In web design, the application of
the RAD method can facilitate data searches(Nuku et al., 2020).

The application of the RAD method can produce software that greatly meets user needs,
provides added value in achieving revenue, and allows software implementation to run smoothly and
quickly (Wahid, 2019). The use of the Rapid Application Development (RAD) method helps in the
design of information systems, so that the distribution of information systems is more efficient and
effective (Aryanti et al., 2021). The Rapid Application Development (RAD) method allows the creation
of online store software, which can increase sales (Mansur & Azzahra, 2023).

The K-Means algorithm can group medium to lowest data. This method is very useful to help
agencies find very important information from their data warehouse, which has not been controlled by
stock (Ferdy Pangestu et al.,, 2023). K-Means algorithm can determine products that are easy to sell
(Syafrinal & Febrianti, 2023). The K-Means method was chosen for stock management in the retail
sector because it is capable of clustering data, efficient for large-scale data, easy to interpret, flexible,
cost and time efficient, and adaptive to retail dynamics.

The Rapid Application Development (RAD) method requires a relatively short time, ranging
from 60 to 180 days (Mishra & Dubey, 2013). The Rapid Application Development (RAD) method is
used for system development that requires a high level of dynamism, limited development time and
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cost, current information needs, and the need for close user relationship interaction(Daud et al., 2010).
The Rapid Application Development (RAD) method has evolved into an incremental software
development method with a faster processing time (Sukamto, 2016) and a development process model
that focuses on a short development cycle (Putri & Effendi, 2018).

One of the highest levels of DFD is the context diagram to describe all system inputs or outputs
from a process, as well as provide an overview of the system. The system is limited by being
represented with a dotted line. The context diagram shows only one process, so there should be no
store (Ladjamudin, 2013). Data Flow Diagram (DFD) is a graphical way to show the flow of
information and changes used to move data from input to output. The basic elements of a data flow
diagram are: 1) External Entity, a notation box that provides data into the system or provides data
from the system but is outside the system. If the information system is designed for one part, the
external entity is still part of the system; 2) Data Flow, data flow flows between processes, stores data,
and shows the data flow of data in the form of inputs or results of system processes. Data flows are
indicated by arrows and named lines connecting system components; 3) Process, what the system does
is called a process. Each process has one or more inputs and produces one or more output data.
Processes can also process data or incoming data streams into outgoing data streams according to the
desired specifications. This process is also referred to as a bubble; 4) Data Store, the data store is where
the data in the system is stored. Two parallel lines or two lines with one side of the side open can be
used to describe a data warehouse. Processes can retrieve or provide data to the database (Fathansyah,
2018).

Once all the important memory has been put into the data store object, relationships can be
created between one data store object and another. Entity Relationship (E-R) diagrams are created to
show relationships. E-R diagrams display objects (or entities) and their attributes, as well as the
relationships between them. Peter Chen introduced the E-R diagram, which is independent of the
database technology used. Cardinality and modality are terms for the maximum degree of relation. The
cardinality that occurs between two sets of entities can be (1) One to One (1-1), a relation that occurs if
an entry in a data store object is associated with only one entry in another data store object. (2) One to
Many (1-M), a relation that occurs when an entry in a data store object is related to one or more entries
in another data store object. (3) Many to Many (M-M), a relation that occurs when one or more entries
in a data store object are related to one or more entries in another data store object.

K-Means is a non-hierarchical data clustering technique that aims to divide the current data
into one or more clusters or groups. This method combines data into groups with similar
characteristics and groups with different characteristics (Magister lmu Komputer et al., 2015). The
purpose of data clustering is to reduce the goal features set during the clustering process, usually
trying to minimize variation within a cluster and maximize variation between clusters. The K-Means
algorithm is known for its simplicity and ability to quickly classify large amounts of data and outliers
(Dahria et al., 2019).

Method

This research uses the Rapid Application Development (RAD) method and system design tools that use
Context Diagram, Data Flow Diagram (DFD), and Entity Relation Diagram (ERD). The RAD method was
chosen because it allows application designs that are easy to develop, has limitations that ensure that
the system does not undergo significant changes, and produces a high quality system (Suhartono et al,,
2018). In this research, the Efficient Development model is used, which prioritizes creating
applications that are balanced in quality, speed, and lower cost. The validation method for cluster
results generated from the K-Means method using Silhouette Score is useful for measuring how well
objects in a particular cluster are grouped. The RAD method consists of structured stages that allow
software development to be carried out in a short time with a focus on short cycles. This method is
suitable for small-scale software development (Sagala, 2018). RAD has five stages, namely: 1)
Requirement Planning, the purpose of this stage is to collect data from the authorities to determine the
services, weaknesses, and objectives of the software system. At the needs analysis stage, researchers
conducted observations and interviews to collect data. Observations were made at Minimarket Diky to
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collect sales data, and interviews were conducted with employees to ask what features were needed for
the application to be designed. Data was collected from Minimarket Diky in the Langkat area. A sample
of 2000 data was collected for two months from June to July 2023; 2) Modeling Analysis, the purpose of
the modeling analysis stage is to evaluate overall system architecture activities through the
identification and explanation of fundamental software system abstractions and their relationship to
each other; 3) Modeling Design, after conducting the previous analysis, the modeling design stage aims
to create a system design that suits user needs. The stages of analysis and design are carried out
repeatedly. The goal at the design stage, or design, is to show the application process to be designed.
Calculation of the K-means algorithm, database, Context Diagram design, Data Flow Diagram, and
Entity Relationship Diagram are components of web-based application design; 4) Development, to
ensure that the prototype meets the previously identified analysis and design specifications, the
development stage aims to show the platform, software, and hardware used, as well as implementation
constraints; 5) Implementation, before the system is used, the system modeling design designed in the
previous stage is implemented through the testing process.

Development Implementation

Figure 1. Stages of the Rapid Application Development Method
Results and Discussions
Data Grouping
The following is a sample of goods data that will be grouped based on the K-Means algorithm:

Table 1. Item Data

Begin Sold Stock
Item Item Code Item Name Stock Amount Amount
1  BRG-001 BATRAI X2000 60 56 4
2 BRG-002 BAWANG GORENG SANGKAYA 100GR 10 10 0
3 BRG-003 BAY FRESH ROSE 16 12 4
4 BRG-004 BAYCLIN 100ML 48 47 1
5 BRG-005 BAYCLIN 200ML 42 30 12
6 BRG-006 BAYCLIN 500ML 54 54 0
7  BRG-007 BAYGON CHERRY BLOSSOM 600ML 6 6 0
8 BRG-008 BAYGON CITERUS FRESH 200ML 24 12 12
9 BRG-009 BAYGON CITRUS FRESH 600ML 12 12 0
10 BRG-010 BAYGON FLOWER GARDEN 600ML 18 18 0
11 BRG-011 BAYGON GREEN TEA & WHITE ORCHID 18 11 7
12 BRG-012 BAYGON LAVENDER 12 11 1
13  BRG-013 BAYGON MAT ELEKTRIK 9 9 0
14 BRG-014 BAYGON MAX HIJAU 534 262 272
15 BRG-015 BAYGON MAX MERAH 280 275 5
16 BRG-016 BAYGON NATURAL EUCALYPTUS 600ML 12 11 1
17 BRG-017 BAYGON TEA BLOSSOM 600ML 12 12 0
18 BRG-018 BB CREAM PIXY 01 3 2 1
19 BRG-019 BB CREAM PIXY 01 9 6 3
20 BRG-020 BB CREAM PIXY 02 3 1 2
21 BRG-021 BB CREAM WARDAH LIGHT 18 16 2
22 BRG-022 BB CREAM WARDAH LIGHT 12 12 0
23 BRG-023 BB CREAM WARDAH NATURAL 17 17 0
24 BRG-024 BD CAKRA 12 5 7
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25 BRG-025 BD KARET CB 14 14 0
26 BRG-026 BD LIDI 48 36 12
27 BRG-027 BDL PAPAYA 24 14 10
28 BRG-028 BEAR BRAND GOLD 24 7 17
29 BRG-029 BEAR BRAND GOLD 140ML 96 85 11
30 BRG-030 BEAR BREND 3183 2943 240

Determination of the Number of Clusters (K)
The data is grouped into 3 clusters (K = 3), namely Cluster 1 represents Very Hot Selling
Goods, Cluster 2 represents Hot Selling Goods, and Cluster 3 represents Non-Selling Goods.

Centroid Determination
Determining the initial Centroid point in this study was randomly selected from the data in
Table 1 so that the centroid point was obtained as follows:

Table 2. Initial Centroid Data

. e Te Item Quantity Total

Centroid Initialization Item Name Amount Sold Stock
C1 BRG-001 BATRAI X2000 60 56 4
C2 BRG-008 BAYGON CITERUS FRESH 200ML 24 12 12
C3 BRG-017 BAYGON TEA BLOSSOM 600ML 12 12 0

Euclidean Distance Calculation

After preparing the item data to be processed with the K-Means Clustering method, the data
processing process can begin. Calculating the closest distance to the Centroid using the Euclidean
formula is:

D(X, = X1) = y/(X;a — X10)% + (Xob — X, b)? + (X¢ — Xic)?
Table 3 shows the calculation results of the data in Table 2 using the Euclidean formula.

Table 3. Iteration-1 Clustering Calculation Results

Item Number Item Code Starting Sold  Stock C1 c2 C3 Nearest Distance  Cluster
1 BRG-001 60 56 4 0 57,4108 65,23803 0 1
2 BRG-004 48 47 1 1529706 43,84062 50,21952 15,29705854 C1
3 BRG-006 54 54 0 7483315 5299057 59,39697 7,483314774 C1
4 BRG-014 534 262 272 582,1821 624,6599 639,5061 582,1821021 C1
5 BRG-015 280 275 5 310,4223 367,0885 375,5236 310422293 C1
6 BRG-026 48 36 12 24,65766 33,94113 44,89989 24,65765601 C1
7 BRG-029 96 85 11 46,75468 102,5378 111,8302 46,75467891 (1
8 BRG-030 3183 2943 240  4259,53 4315325 4324,766 4259,529786 C1
9 BRG-005 42 30 12 32,61901 2545584 36,98648 2545584412 C2

10 BRG-008 24 12 12 57,4108 0 16,97056 0 cC2
11 BRG-011 18 11 7 61,62792 7,874008 9,273618 7,874007874 C2
12 BRG-027 24 14 10 55,64171 2,828427 15,74802 2,828427125 C2
13 BRG-028 24 7 17 62,17717 7,071068 21,40093 7,071067812 C2
14 BRG-003 16 12 4 62,2254 11,31371 5,656854 5656854249 C3
15 BRG-010 18 18 0 5678028 14,69694 8,485281 8,485281374 C3
16 BRG-021 18 16 2 58,03447 12,32883 7,483315 7,483314774 C3
17 BRG-023 17 17 0 5818935 14,76482 7,071068 7,071067812 C3
18 BRG-025 14 14 0 6241795 15,74802 2,828427 2,828427125 C3
19 BRG-002 10 10 0 68,0588 18,54724 2,828427 2,828427125 C3
20 BRG-007 6 6 0 73,7021 22,44994 8,485281 8,485281374 C3
21 BRG-009 12 12 0 6523803 16,97056 0 0 C3
22 BRG-012 12 11 1 65,8635 16,30951 1,414214 1,414213562 C3
23 BRG-013 9 9 0 6946942 19,44222 4,242641 4,242640687 C3
24 BRG-016 12 11 1 65,8635 16,30951 1,414214 1,414213562 C3
25 BRG-017 12 12 0 6523803 16,97056 0 0 C3
26 BRG-018 3 2 1 7857481 2572936 13,49074 13,49073756 C3
27 BRG-019 9 6 3 71,42829 1849324 7,348469 7,348469228 (3
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28 BRG-020 3 1 2 79,23383  25,72936 14,3527 14,35270009 C3
29 BRG-022 12 12 0 6523803 16,97056 0 0 C3
30 BRG-024 12 5 7 70,09993 14,76482  9,899495 9,899494937 C3

In order to perform the second iteration calculation for the new Centroid, the average value of
each Cluster that has been grouped is calculated. The Centroid recalculation is as follows:

Table 4 Initial centroid Iteration 2

Centroid Starting Sold Stock

C1 537,875 469,75 68,125
C2 26,4 14,8 11,6
C3 11,47058824 10,23529  1,235294

Next, calculate the cluster distance using the centroid in Table 4 as in Table 3, then it can be
grouped based on iteration 2, namely:

Table 5. Iteration-2 Clustering Calculation Results

Item Number Item Code Starting Sold  Stock C1 C2 C3 Nearest Distance  Cluster
1 BRG-014 534 262 272 291,1015 621,7506 640,1062 291,1015179 C1
2 BRG-015 280 275 5 3292595 363,4014 377,1241 329,2595386 C1
3 BRG-030 3183 2943 240 3625,354 4311,687 4326,282 3625,354168 C1
4 BRG-001 60 56 4 6353468 53,70438 66,76193 53,70437599 C2
5 BRG-004 48 47 1 6505389 40,19652 51,82757 40,19651726 C2
6 BRG-006 54 54 0 641,5794 49,32504 61,03791 49,32504435 C2
7 BRG-026 48 36 12 656,7089 30,26814 4597931 30,26813506  C2
8 BRG-029 96 85 11 588,6844 98,85626 113,2711 98,85625929 C2
9 BRG-005 42 30 12 665,1482 21,7844  37,92845 21,78439809 C2

10 BRG-008 24 12 12 690,4727 3,709447 16,61262 3,709447398 C2
11  BRG-027 24 14 10 689,3142 2,993326 15,74736 2,993325909 C2
12 BRG-028 24 7 17 693,411 9,785704 20,39557 9,785703858 C2
13 BRG-011 18 11 7  696,0301 10,3034 8,743559 8,743559172 C3
14  BRG-003 16 12 4 697,1374 13,18181 5,592259 5592258614 C3
15 BRG-010 18 18 0 692,0904 14,67515 10,22007 10,22006981 C3
16 BRG-021 18 16 2 693,2039 12,81249 8,743559 8,743559172 C3
17 BRG-023 17 17 0 693,4943 15,09172 8,823922 8,82392156 C3
18 BRG-025 14 14 0 697,7063 1699882 4,700732 4,700732476 C3
19 BRG-002 10 10 0 7033229 20,65333 1,934928 1,934927553 C3
20  BRG-007 6 6 0 7089401 25,06312 7,027873 7,027873324 C3
21 BRG-009 12 12 0 7005145 18,70187 2,218201 2,218200898 C3
22 BRG-012 12 11 1 701,0719 18,28004 0,959383 0,959382731 C3
23  BRG-013 9 9 0 7047271 21,70161 3,02584 3,02584027 C3
24 BRG-016 12 11 1 701,0719 18,28004 0,959383 0,959382731 C3
25 BRG-017 12 12 0 7005145 18,70187 2,218201 2,218200898 C3
26 BRG-018 3 2 1 7137136 28,70122 11,81636 11,8163572 C3
27 BRG-019 9 6 3 706,4093 21,31103 5,211114 5211114021 C3
28 BRG-020 3 1 2 714,2761 28,8125 12,55493 12,55493121 C3
29 BRG-022 12 12 0 7005145 18,70187 2,218201 2,218200898 C3
30 BRG-024 12 5 7 7044667 18,01555 7,805153 7,80515312 C3

After performing calculations in finding a ratio that does not change anymore, the iteration will
stop with the calculation of iteration 2 and the next result is the same, so that the centroid value does
not change anymore, the results of the clustering of goods are as follows:

Table 6. K-Means Clustering Process Results

Item Item Code Item Name C1 c2 C3
Number
1 BRG-001 BATRAI X2000 Bestsellers
2 BRG-002 BAWANG GORENG SANGKAYA 100GR Not in-demand
3  BRG-003 BAY FRESH ROSE Not in-demand
4  BRG-004 BAYCLIN 100ML Bestsellers

Product Sales Grouping Application Design Using K-Means Clustering Algorithm (Sondang)
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5 BRG-005 BAYCLIN 200ML Bestsellers
6 BRG-006 BAYCLIN 500ML Bestsellers
7 BRG-007 BAYGON CHERRY BLOSSOM 600ML Not in-demand
8 BRG-008 BAYGON CITERUS FRESH 200ML Bestsellers
9 BRG-009 BAYGON CITRUS FRESH 600ML Not in-demand
10 BRG-010 BAYGON FLOWER GARDEN 600ML Not in-demand
11 BRG-011 BAYGON GREEN TEA & WHITE ORCHID Not in-demand
12 BRG-012 BAYGON LAVENDER Not in-demand
13 BRG-013 BAYGON MAT ELEKTRIK Not in-demand
Highly In-
14 BRG-014 BAYGON MAX HIJAU Demand
Highly In-
15 BRG-015 BAYGON MAX MERAH Demand
16 BRG-016 BAYGON NATURAL EUCALYPTUS 600ML Not in-demand
17 BRG-017 BAYGON TEA BLOSSOM 600ML Not in-demand
18 BRG-018 BB CREAM PIXY 01 Not in-demand
19 BRG-019 BB CREAM PIXY 01 Not in-demand
20 BRG-020 BB CREAM PIXY 02 Not in-demand
21 BRG-021 BB CREAM WARDAH LIGHT Not in-demand
22 BRG-022 BB CREAM WARDAH LIGHT Not in-demand
23  BRG-023 BB CREAM WARDAH NATURAL Not in-demand
24 BRG-024 BD CAKRA Not in-demand
25 BRG-025 BD KARET CB Not in-demand
26 BRG-026 BD LIDI Bestsellers
27 BRG-027 BDL PAPAYA Bestsellers
28 BRG-028 BEAR BRAND GOLD Bestsellers
29 BRG-029 BEAR BRAND GOLD 140ML Bestsellers
Highly In-
30 BRG-030 BEAR BREND Demand

Based on Table 6, the grouping of Highly In-Demand (C1) is 3 data, Bestsellers (C2) is 9 data, and
Not in-demand (C3) is 18 data.

Evaluation Results

Based on the results of the Silhouette Score calculation from the clustering results using K-
Means, Cluster C1 shows the best cluster quality of C2 and C3, which is 0.54, C2 shows the best quality
compared to C3 with a value of 0.50, and C3 shows good cluster quality with a value of 0.39.

System Design

Context Diagram, Data Flow Diagram (DFD), Entity Relationship Diagram (ERD), and User
Interface Design are system design components that aim to design input, output, and interface
components of applications that are built based on the plan. Context Diagram is useful for explaining
the activities that occur in the system. The following is the Context Diagram design:
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DFD is useful for explaining in general what processes can be carried out on the system.
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Figure 3. Data Flow Diagram

Model data and describe the relationship between data in the system using an E-R diagram or Entity
Relationship Diagram (ERD).
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Program Results

The designed application produces a data mining application to classify product sales using
the web-based K-Means Clustering algorithm. The application has two levels of access rights, namely
admin and employee.

Login Page
The login page shown in Figure 5 is used by admin and employees to login to the application.

Minimarket Diky

[a)
Username B a

Password 6!] ﬂ

Figure 5. Application Login Page

Main Menu Page

The main menu page is a list of menus that can be selected based on the needs that can display
data according to the type of menu selected.
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Figure 6. Application Main Menu Page

Item Data Page

The Item Data page is a page for displaying goods data. Item data can be input through the Add
Item button and the Import Item Data menu which functions to import item data from Excel files.
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Figure 7. Item Data Page
Centroid Data Page

The Centroid Data page functions to display Centroid data and can change Centroid values.
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Figure 8. Centroid Data Page

Product Sales Grouping Application Design Using K-Means Clustering Algorithm (Sondang)
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Calculation Result

The calculation results page is the result of the calculation process using the K-Means Clustering
method through the designed application.
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Figure 9. Calculation Result Page

Product Clustering Results
A page that displays product clusters that are very in demand, in demand and not in demand.
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Figure 10. Product Grouping Result Page

Conclusions

Based on the results of research to design Product Sales Grouping Applications Using the K-Means
Clustering Algorithm, it can be concluded that the use of the K-Means Clustering Algorithm can group
product sales based on clusters of Highly In-Demand, In-Demand, and Not In-Demand. The designed
system can be replicated in other minimarkets even though the operational structure is different. The
use of the RAD method in designing applications can be done quickly at a relatively low cost. The
combination of RAD method and K-Means Clustering Algorithm can be used as a reference as an
application development method and product sales grouping that is superior in terms of speed,
accuracy and low cost. The implementation of the application can affect the efficiency of stock
management by segmenting products based on sales patterns, forecasting seasonal stock needs, and
optimal product placement in the warehouse, while to increase sales, it can segment customers for the
right offer, optimize product placement in stores, data-based promotions, and introduce new products.
Evaluation results based on Silhouette Score calculations show that Cluster C1 has the best cluster
quality of C2 and C3 at 0.54, C2 shows the best quality compared to C3 with a value of 0.50, and C3
shows good cluster quality with a value of 0.39.
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