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1. Introduction

Outdoor Equipment Rental is an effort made to meet the needs or equipment to
be used by climbers before carrying out climbing activities. Hikers can borrow the
equipment needed by renting the equipment within a predetermined time. To
ensure the continuity of the rental business, business actors must find solutions and
think about accurate marketing strategies. Given the current developments in
market conditions, competition between companies in the outdoor equipment rental
business is becoming increasingly stringent. One solution to this problem is to
analyze transaction data using the concept of data mining so that new conclusions
or information can be generated that can be used as a more accurate marketing
strategy. The market conditions can be inferred by observing rental data stored in
the database, then processed into rental reports and income statements.

In previous research [1][2], there are various methods of data mining to analyze
data, including clustering, association rules, classification, and others. The data
mining method used to manage transaction data in this research is the association
rule method [3]. The association rule technique can provide an overview of rental
transaction data patterns that often appear simultaneously in a transaction, so that
it will produce a conclusion in the form of a combination of goods that are often
rented simultaneously so that later it can be used as marketing information and
recommendations. To analyze transaction data that will produce conclusions in the
form of an itemset combination, the association rules method using apriori
algorithm is utilized [4][5]. The apriori algorithm aims to find frequent itemset that
run on a set of data. Thus, apriori analysis is defined as a process to find all apriori
rules that meet the minimum requirements for support and minimum requirements
for confidence.

However, analyzing market baskets with large itemset tends to be ignored by
association rules, thus item recommendations are not precise because there is no
information about the product available, resulting in a less precise data obtained.
To overcome this, it is necessary to do clustering using the K-Means algorithm to
form several groups with the same attributes, then proceed with determining the
pattern of association in each group [6][7].

In this research, the authors will implement apriori algorithm on outdoor
equipment rental based on clustering using K-Means algorithm. Firstly, existing
attributes will be clustered to form the same attribute group, then proceed with
determining the association pattern in each clustering group. This will produce
association pattern data based on the clustering group and the results of association
pattern data without clustering. Thus, it will produce association pattern data to
determine more appropriate marketing recommendations.

2. Background and Related Work

2.1. Data Mining

Data Mining, or also known as Knowledge Discovery Database (KDD), is an
activity related to data collection, the use of historical data to find knowledge,
information, regularity, patterns, or relationships in a large amount of data [8][9].
The output of data mining can be used as an alternative in decision making or to
improve the decision making in the future [10][11]. Despite its tremendous
potential, data mining faces many challenges related to data privacy, security, and
ethical concerns. The abundance of data raises issues about its ownership, consent,
and potential misuse. Additionally, biased data or algorithms can lead to unfair
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outcomes, reinforcing existing inequalities. As data mining continues to evolve,
researchers and practitioners are actively working on addressing these challenges
while harnessing the power of data to benefit society responsibly.

2.2. Apriori Algorithm

Apriori algorithm is the type of association rules in data mining [12]. It is a
process to find all apriori rules that meet the minimum requirements for support
and minimum requirements for confidence [13]. Support (support value) is the
percentage combination of these items in the database, while confidence (certainty
value) is the strength of the relationship between items in the association rules.

2.2.1. High Frequency Pattern Analysis with Apriori Algorithm

This stage looks for item combinations that meet the requirements of the support

value in the database. The support value of an item is obtained by using Equation 1.

Y. Transaction contain A

Support (A) = Equation 1

Y Transaction

Meanwhile, the support value of the 2 items is obtained by using Equation 2 and

Support (A,B) =P (AN B) Equation 2

Support (A) — Y Transaction contain A,B Equation 3

Y Transaction

Frequent item shows an itemset that have a frequency of occurrence that is more
than the specified minimum value of (@). For example, =3 then all itemset whose
frequency of occurrence is = 3.

2.2.2. Formation of Association Rules

After all high-frequency patterns are found, then measures association rules
that meet the minimum requirements for the confidence value by calculating the
confidence of the A B rules with Equation 4 and 5.

Confidence P = (B|A) Equation 4

Y Transaction contain A,B

Confidence = Equation 5

Y Transaction

To determine the association rules to be selected, it must be derived based on
support x confidence.

2.3. K-Means Algorithm

K-Means algorithm is a non-hierarchical data clustering method that seeks to
partition existing data into one or more clusters so that data with the same
characteristics are grouped into the same cluster and data with different
characteristics are grouped into other groups [14]. K-Means algorithm basically
performs two processes, namely the process of detecting the location of the center
of each cluster and the process of searching for members from each cluster [15].
The stages of K-Means algorithm are as follows:

1. Specify K as the number of formed clusters.
Generate the initial K centroid (cluster center point) randomly.

3. Calculate the distance of each data to each centroid with the Euclidean
formula in Equation 6.
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D(a,b) = \/Xi=,(ak — bk)? Equation 6

4. Calculate data to the nearest centroid.

5. Determine the new centroid position by calculating the average value of
the data located at the same centroid.

6. Return to step three (3) if the position of the new centroid is not the same
as the old centroid.

2.4. Related Work

Based on research [16], Apriori algorithm on accessory product sales data was
implemented. It produced six rules that can be used as material for a sales strategy
by pairing the first product with the second product by providing an attractive price.
Study [17] implements K-Means algorithm to classify the vulnerability of Rabies
cases using the CRISP-DM methodology through the process of understanding
business, understanding data, preparing data, modeling, evaluating, and
disseminating the data. In addition, in [18], K-Means algorithm has also been used
for grouping patient data exposed to the Covid 19 virus. Moreover, implementation
of apriori algorithm in research [4] and [19] is used to find information on patterns
of the most sales data and the relationship between one product and another
[20][21][22].

3. Methodology

The flow of the research methodology is illustrated in Figure 1.

Data Collection

\

Data Analysis

v Y

Apriori Algorithm  ————Combine K-Means Algorithm

Y

Implementation and
Result

Figure 1 Research Methodology

3.1. Data Collection

Astrajingga Adventure is the most popular outdoor equipment rental place for
customers in Tasikmalaya. Based on the results of interviews conducted by the
author, Astrajingga Outdoor provides various rental equipment which are dome
with a capacity of 2-5 people, scout ropes, fly sheets and backpacks, sleeping bags,
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mattresses, headlamps, tent lights, shoes, stoves, nesting, and portable gas. There
are 1298 transaction data collected in a year, and data selection was carried out to
classify 1276 valid data and 22 invalid data. Invalid data is transaction data that

fails or is not executed between tenants and customers. Table 1 summarizes

transaction data that has been collected.

No. A B C D E F G H 1 J K L M N o
1. 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0
2. 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
3. 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
4. 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0
5. 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
6. 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
7. 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
8. 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
9. 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0
10. 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

1276 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0

Note: A (Dome 5), B (Dome 4), C (Dome 2), D (Scout ropes), E (Fly sheet 3x3), F (Fly sheet 3x6), G (Backpacks), H (Sleeping Bag), I
(Mattresses), J (Headlamps), K (Tent light), L (Shoes), M (Stoves), N (Nesting), O (Portable gas).

4. Results and Discussion

4.1. Data Analysis

At this stage, the author analyzes the transaction data that has been collected
using two methods or algorithms to get the appropriate results.

4.1.1. Grouping Transaction Data with The K-Means Algorithm

At this stage, transaction data is grouped using K-Means algorithm with the
help of the RapidMiner application as a tool to analyze 1276 transaction data.
Figure 2 illustrates the cluster data count performance operator to assess the
accuracy of the number of clusters to be created.
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Figure 2 Data Display and Connected Operators

After starting the application, the results display will appear, namely there are
clustering results in the form of tables as shown in Figure 3, performance results
shown in Figure 4, and the number of items in each cluster shown in Figure 5.
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Figure 5 Display the Number of Items in Each Cluster.

Looking at the results of data calculations using K-Means algorithm with the
number of clusters being 3, the results obtained are cluster 0 = 324 items, cluster 1
= 264 items, and cluster 2 = 688 items with an accuracy level of 0.998.
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Implementation of the calculation of K-Means manually with the cluster to be
formed is k = 3 based on the previous accuracy value which suggests that dividing
the data into three clusters would be an appropriate approach. This manual process
involves iteratively adjusting cluster centroids until an optimal solution is reached,
aligning the clusters with the data's inherent patterns as closely as possible, as
shown in Table 2.

Table 2 Determine the Initial Centroid

No. Item Cluster 0 Cluster 1 Cluster 2
1. Dome Capacity 5 0.272 0.292 0.257
2. Dome Capacity 4 0.392 0.364 0.323
3. Dome Capacity 2 0.080 0.072 0.097
4. Scout ropes 0 0 0.003
5. Fly Sheet 3x3 0.173 0.133 0.093
6.  Fly Sheet 3x6 0.040 0.121 0.103
7. Backpackers 60-80 L 0.191 0.295 0.170
8. Sleeping Bag 0.228 0.345 0.192
9. Mattresses 0.451 1 0
10.  Headlamp 0.256 0.159 0.119
11.  Tent light 0.003 0 0.001
12.  Shoes 0.080 0.083 0.172
13.  Stoves 0.873 0.034 0.071
14.  Nesting 0.719 0.064 0.031
15.  Portable gas 0.877 0.110 0.115

Calculating the distance to the first transaction data with the center point
(centroid) in cluster 0.

1. Calculation on the first data
D(1,0) = /(0 —0.272)2 + (1 — 0.392)2 + (0 — 0.080)2 + (0 — 0)2
+ (0 —0.173)2 + (0 — 0.040)2 + (0 — 0.191)2
+ (0 —0.228)? + (1 — 0.451)%? + (0 — 0.256)?
+ (0 — 0.003)? + (0 — 0.080)% + (0 — 0.873)?
+(0—0.719)2 + (0 — 0.877)2 = 1.729
2. Calculation on the cluster 1
D(1,1) = /(0 —0.292)2 + (1 — 0.364)% + (0 — 0.072)% + (0 — 0)?
+ (0 —0.133)%> + (0 — 0.121)2 + (0 — 0.295)?
+(0—0.345)2+ (1 —1)? + (0 — 0.159)2
+ (0 —0)%+ (0—0.083)% + (0 — 0.034)2
+ (0 —0.064)% + (0 — 0.110)? = 0.884
3. Calculation on the cluster 2
D(1,2) = /(0 —0.257)2 + (1 — 0.323)%2 + (0 — 0.097)?
+ (0 —0.003)? + (0 — 0.093)% + (0 — 0.103)2
+(0—0.170)% + (0 — 0.192)% + (1 — 0)?
+ (0 —0.119)? + (0 — 0.001)% + (0 — 0.172)2
+ (0 —0.071)%2 + (0 — 0.031)? + (0 — 0.115)2
= 1.296

Table 3 is the result of calculating transaction data with a center point in
iteration 1 using Euclidean distances.

Table 3 The Result of Calculating the Distance of The Data to The Center Point in Iteration 1

No. A B C D F G H 1 J K L M N Co Cl C2 Cluster

1.729 0.884 1.296 1

1.666 0.714 1.152

1.701 1335 0.825

1.943 1.112  1.558
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No. A B C D E F G H 1 J K L M N O Co Cl C2 Cluster
6. 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1.701 1335 0.825 2
7. 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1.085 1.795 1.398 0
8. 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1.815 1.385 0.993 2
9. 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 1.751 1.863 1.527 2
1276 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 2212 1.881 1.553 2
From Table 3, it can be inferred that the number of items in each temporary
cluster is cluster 0 = 324, cluster 1 = 264, and cluster 2 = 688.
4.1.2.  Search for Transaction Data Association Patterns in Each Cluster
with the Apriori Algorithm
At this stage, a search for patterns of transaction data associations will be carried
out in each cluster using the Apriori algorithm with the provision that the minimum
support value is > 30% common itemset are prioritized and the minimum
confidence value is > 75%, only strong associations are considered. RapidMines is
used to find association patterns on transaction data in each cluster. The process
operators discretize by frequency, numerical to binomial, fp-growth, and create
association rules as shown Figure 6.
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Figure 6 Processing Data Using Apriori

The results of the rules that are formed in each data cluster with the apriori
algorithm are as follows.

1. Search for Association Patterns in Cluster 0. Formation of a combination
of 1 itemset on cluster 0 transaction data with a minimum support value of
30%. Table 4, Table 5, Table 6, Table 7 are the results of the support value
for 1 itemset combination that meets the minimum support value, as
calculated using the formula in Equation 7.

__ X Transaction contain A

Support (A) =

Equation 7

Y Transaction
284

Support (Gas) = =— = 0.8765

324

29
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Table 4 The Value of Support in The Combination of 1 Itemset in Cluster 0

No. Name [tem Z Transaction Support
1. Gas Portable 284 87.65% 0.876543
2. Stoves 283 87.35% 0.873457
3. Nesting 233 71.91% 0.719136
4. Mattresses 146 45.06% 0.450617
5. Dome 4 127 39.20% 0.391975

Then, combine two itemset in Table 4 and then determine the support value
using the formula provided in Equation 8 for each of the 2 itemset.

Support (A,B) =P (ANB) Equation 8

Support (Stoves, Gas Portable) = 2 0.75

324

Table 5 The Value of Support in The Combination of 2 Itemset in Cluster 0

No. Name Item Z Transaction Support
1. Stoves, Gas Portable 243 75.00% 0.75
2. Gas Portable, Nesting 193 59.57% 0.595679
3. Stoves, Nesting 192 59.26% 0.592593
4. Stoves, Matras 126 38.89% 0.388889
5. Nesting, Matras 125 38.58% 0.385802
6. Gas Portable, Matras 124 38.27% 0.382716
7. Stoves, Dome 4 116 35.80% 0.358025
8. Gas Portable, Dome 4 110 33.95% 0.339506
9. Nesting, Dome 4 90 27.78% 0.277778
10.  Mattresses, Dome 4 67 20.68% 0.206790

Afterward, combine 3 itemset in the previous table and then determine the
support value using the formula provided in Equation 9 for each of the 3 itemset.

Support (A,B,C) =P (ANBNC) Equation 9

Support (Stoves, Gas Portable, Nesting) = % = 0.469136

Table 6 The Value of Support in The Combination of 3 Itemset in Cluster 0

No. Name Item Z Transaction Support
1. Stoves, Gas Portable, Nesting 152 46.91% 0.469136
2. Stoves, Nesting, Matras 105 3241% 0.324074
3. Stoves, Gas Portable, Matras 104 32.10% 0.320988
4. Gas Portable, Nesting, Matras 103 31.79% 0.317901
5. Stoves, Gas Portable, Dome 4 99 30.56%  0.305556
6. Stoves, Nesting, Dome 4 79 24.38%  0.243827
7. Gas Portable, Nesting, Dome 4 73 22.53%  0.225309
8. Stoves, Matras, Dome 4 61 18.83%  0.188272
9. Nesting, Matras, Dome 4 56 17.28% 0.17284
10.  Mattresses, Dome 4 67 20.68%  0.206790

In cluster 0 data experiment, there are 13 rules formed as presented in Table 7.

Table 7 The Results of The Rules on Data Cluster 0

Y. Transaction ). Transaction Support

No. If (A) Then (B) (A, B) (A) (%) Confidence Lift Ratio
1. Stoves Gas Portable 243 283 75.00 85.87% 1.144
2. Nesting Gas Portable 193 233 59.57 82.83% 1.390
3. Nesting Stoves 192 233 59.26 82.40% 1.390
4. Stoves, Nesting Gas Portable 152 192 46.91 79.17% 1.687
5. Matras Stoves 126 146 38.89 86.30% 2.219
6. Matras Nesting 125 146 38.58 85.62% 2.219
7. Matras Gas Portable 124 146 38.27 84.93% 2.219
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> Transaction Y Transaction Support

No. If (A) Then (B) (A, B) (A) (%) Confidence Lift Ratio
8. Dome 4 Stoves 116 127 35.80 91.34% 2.551
9. Dome 4 Gas Portable 110 127 33.95 86.61% 2.551
10. Nesting, Matras Stoves 105 125 3241 84.00% 2.592
11. Gas Portable, Matras Stoves 104 124 32.10 83.87% 2.612
12. Gas Portable, Matras Nesting 103 124 31.79 83.06% 2.612
13. Gas Portable, Dome 4  Stoves 99 110 30.56 90.00% 2.945

2. Search for Association Patterns in Cluster 1. Formation of a combination
of 1 itemset on cluster 1 transaction data with a minimum support value of
30%. Table 8, Table 9, Table 10, Table 11 are the results of the support
value for the 1 itemset combination that meets the minimum support value.

Support (Mattresses) = % =1

Table 8 The Value of Support in The Combination of 1 Itemset in Cluster 1

No. Name Item Z Transaction Support
1. Mattresses 264 100.00% 1
2. Dome 4 96 36.36% 0.363636
3. Sleeping Bag 91 34.47% 0.344697

Next, combine 2 itemset in Table 9 and then determine the support value for
each of the 2 itemset.

Support (Mattresses,Dom 4) = % = 0.363636

Table 9 The Value of Support in The Combination of 2 Itemset in Cluster 1

No. Name [tem Z Transaction Support
1. Mattresses, Dome 4 96 36.36% 0.363636
2. Mattresses, Sleeping Bag 91 34.47% 0.244697
3. Dome 4, Sleeping Bag 25 9.47% 0.094697

Next, combine 3 itemset in Table 9 and then determine the support value for

each of the 3 itemset.

Support (Mattresses, Dome 4, Sleeping Bag) = 22—; = 0.09469

Table 10 The Value of Support in The Combination of 3 Itemset in Cluster 1

No. Name Item Z Transaction Support

Mattresses, Dome 4,

0,
Sleeping Bag 25 9.47%  0.094697

In the cluster 0 data experiment, there are 2 rules formed as presented in Table 11.

Table 11 The Results of The Rules on Data Cluster 1

Y. Transaction ) Transaction Support

o . .
No. If (A) Then (B) (A, B) (A) (%) Confidence (%)  Lift Ratio
1. Dome 4 Mattresses 96 96 36.36 100.00 2.75
2. Sleeping Bag Mattresses 91 91 34.47 100.00 2.90

3. Search for Association Patterns in Cluster 2. In the Cluster 2 data
experiment, there were no rules formed that met the specified minimum
support and minimum confidence values.
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4.1.3. Comparison of Rules Results

Figure 7 is a comparison graph of the results of the rules formed on the data
from each cluster with the entire data.

Comparison of Support and Confidence Values in Each Formed Rules

Rule 1 Rule 2 Rule 3 Rule4 Rule5 Rule 6 Rule 7 Rule 8 Rule9 Rule Rule Rule Rule Rule Rule

10 11 12 13 14 15

m Support ® Confidence

Figure 7 Comparison of Support and Confidence Values in Each Formed Rule

From the results, data in cluster 0 and 1 yields rule, while the data in cluster 2
and the entire data do not find rules that meet predetermined values. The outcome
of a rule generation or analysis process conducted on clustered data. Rules meeting
predetermined criteria were found for data in Cluster 0 and Cluster 1, but no such
rules were identified for data in Cluster 2 or the entire dataset. This result has
implications for understanding the structure and characteristics of the data within
different clusters.

5. Conclusions

Implementation of the K-Means algorithm for grouping outdoor equipment
rental transaction data with a total of 1276 transaction data obtained results with a
total of 3 clusters with an accuracy level of 0.998 with details of the amount of data
in cluster 0 = 324, cluster 1 =264, and cluster 2 = 688 data. For the implementation
of the apriori algorithm, it produces 13 rules in cluster 0 and 2 rules in cluster 1.
However, there are no rules found in cluster 2 and overall data that meet the
minimum support and confidence requirements. For future research in grouping
and searching for association patterns, it can be combined with several other
algorithms in association rules, such as ECLAT and FP-Growth or added with other
methods in data mining. In addition, grouping analysis and association pattern
search can be implemented in the form of a framework-based system so that it can
analyze data.
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