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ABSTRACT

Hajj registration is a multifaceted process influenced by various factors, including annual registration patterns,
government policies, and societal socio-economic conditions. Despite advancements, uncertainties and inaccurate
forecasts remain challenges in planning and managing Hajj registrations. This research explores the application of the
Random Forest algorithm, a robust ensemble learning technique, to deliver more precise predictions of registration
numbers. Historical Hajj registration data, encompassing demographic details, economic indicators, and prior trends,
serves as the input for the predictive model. The Random Forest algorithm is employed to construct a model that
evaluates and predicts registration numbers by analyzing critical influencing factors. Performance testing demonstrates
the model's predictive accuracy and its capacity to identify patterns that inform more effective planning. The findings
contribute significantly to Hajj registration management at Kemenag Lhokseumawe, facilitating efficient quota planning,
resource allocation, and logistics management. Additionally, this study showcases the potential of integrating machine
learning technologies into public sector services, particularly in the administration of Hajj and Umrah, to enhance
operational efficiency and decision-making.

Keywords: Random Forest, Hajj Registration Prediction, Hajj and Umrah Organization, Kemenag Lhokseumawe,
Machine Learning, Hajj Planing.

1. INTRODUCTION

Hajj, a fundamental pillar of Islam, is an obligatory act for every capable Muslim to perform at least
once in their lifetime. In Indonesia, the Ministry of Religious Affairs (Kemenag) holds a pivotal role in
organizing and facilitating the Hajj pilgrimage for millions of citizens. As the number of prospective pilgrims
continues to grow annually, managing registrations, ensuring equitable quota distribution, and optimizing
resources has become increasingly complex. Consequently, accurate registration forecasts are indispensable
for ensuring a seamless pilgrimage.

The Hajj registration process in Indonesia is managed via the Integrated Hajj Information and
Computerization System (SISKOHAT), which centralizes and streamlines data management. SISKOHAT
aids in decision-making related to quotas, scheduling, and logistical arrangements. However, despite its
advantages, predicting registration numbers is hampered by dynamic factors, including demographic shifts,
economic trends, government policies, and socio-political influences. These complexities necessitate
advanced approaches to improve prediction accuracy.

Machine learning techniques have emerged as powerful tools capable of handling complex datasets and
generating reliable predictions. Among these, the Random Forest algorithm has gained prominence for its
ensemble learning approach, which combines multiple decision trees to improve accuracy. Its ability to
process large and diverse datasets makes it an ideal solution for predicting Hajj registration trends based on
historical data and influencing factors.

This research aims to leverage the Random Forest algorithm to predict Hajj registrations at Kemenag
Lhokseumawe by utilizing historical data integrated with socio-economic, demographic, and policy-related
factors. By developing a reliable forecasting model, the study seeks to enhance resource allocation, quota
management, and logistical planning for Hajj pilgrimages.

The primary objectives include evaluating the effectiveness of the Random Forest algorithm in
predicting Hajj registrations, analyzing critical factors influencing the registration process, and assessing the
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broader implications of applying machine learning in public administration. This study also highlights the
potential of integrating machine learning into governmental and religious operations, promoting operational
efficiency and data-driven decision-making.

2. RESEARCH METHODOLOGY

The research methodology outlines a structured process for applying the Random Forest algorithm to
predict Hajj registration numbers at Kemenag Lhokseumawe. Key stages include data collection,
preprocessing, dataset splitting, model application, evaluation, and result analysis, culminating in actionable
recommendations for improving Hajj registration planning.
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Figure 1. Research Methodology Flowchart

3. RESULT AND DISCUSSION
3.1 Data Collection

The dataset used in this research comprises key attributes of prospective pilgrims, such as age, gender,
employment status, education level, marital status, and historical registration trends. This data, sourced from
the SISKOHAT system, focuses on the Lhokseumawe region and spans multiple years, offering a
comprehensive overview of registration patterns. This granular dataset enables the creation of an accurate
predictive model tailored to the region's unique characteristics.
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Table 1. Research Dataset

Last Registration

Year Number of | Average | Gender | Employment Education Marital Trend

Registrants Age (M/F) Status Status (Previous
Level

Year)

2019 842 50 M Employee Bgchelor S | Married Increased
egree

2020 613 48 F Self- High Married Decreased
Employed School

2021 287 49 M Employee Diploma Married Decreased

2022 423 40 F Employee Bachelor's Married Increased
Degree

Self- Bachelor's .
2023 493 42 M Employed Degree Married Increased

3.2 Data Preprocessing

Preprocessing ensured data consistency and suitability for analysis. Categorical variables were
encoded into numerical formats, and numerical features were normalized for uniformity. The preprocessed
dataset includes all relevant features, ready for training and testing using the Random Forest algorithm.

Table 2. Data preprocessing

Last _ Registration
Year Number of | Average | Gender | Employment Education Marital Trer_1d
Registrants Age (M/F) Status L Status (Previous
evel

Year)
2019 842 50 1 0 2 1 1
2020 613 48 0 1 0 1 0
2021 287 49 1 0 1 1 0
2022 423 40 0 0 2 1 1
2023 493 42 1 1 2 1 1

3.3 Data Splitting

After the preprocessing stage, the dataset is divided into two parts: training data (80% of the dataset)
and testing data (20% of the dataset). This division ensures that the model being developed can be evaluated
on unseen data, allowing for a more objective assessment of its performance. The training data is used to
train the model, while the testing data is used to evaluate the model's accuracy in making predictions. Here
are the results of the dataset split into training and testing datasets:

Table 3. Data Training

Last Registration
Year Number of | Average | Gender | Employment Education Marital Trend
Registrants Age (M/F) Status Status (Previous
Level
Year)
2019 842 50 1 0 2 1 1
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2020 613 48 0 1 0 1 0
2021 287 49 1 0 1 1 0
2022 423 40 0 0 2 1 1
Table 4. Data Testing

Last _ Registration

Year Number of | Average | Gender | Employment Education Marital Trer_1d
Registrants Age (M/F) Status Status (Previous
Level
Year)

2023 493 42 1 1 2 1 1

3.4 Implementation
Using the Random Forest algorithm, the model accurately predicted the number of registrants for 2023.

Table 4. Result

Year Actual Number of Predicted Number of Registrants Error (Difference)
Registrants
2023 493 475 -18

The Random Forest model, based on historical data, predicted a number of 475 registrants for the year
2023. The actual number of registrants was 493, resulting in a prediction error of -18, meaning the model
slightly underestimated the number of registrants by 18 individuals. The minor error indicates that the
Random Forest algorithm effectively captured the overall trend in registration numbers. Given the varied
factors influencing Hajj registration, such as demographic information, socio-economic conditions, and
previous registration trends, the model’s ability to predict with a relatively small error demonstrates its
potential utility for future planning.

The prediction model highlights the potential of using machine learning, particularly Random Forest, to
forecast Hajj registration numbers more accurately. By relying on a wide range of variables (e.g., age,
gender, employment, marital status, educational level, and previous registration trends), the model takes into
account a comprehensive view of the data. It is clear from the small error margin that the model can be a
valuable tool for optimizing resource allocation, quota management, and logistical planning at Kemenag
Lhokseumawe.
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Figure 1. Actual vs Predicted Hajj Registrants For 2023
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The graph illustrates the comparison between the actual number of Hajj registrants and the predicted
value using the Random Forest algorithm for the year 2023. The blue bar represents the actual number of
registrants, which is 493, while the orange bar shows the predicted value of 475. The difference between the
two is 18, indicating a small prediction error and demonstrating the model's ability to accurately capture the
registration trend. This graph highlights the potential of the Random Forest algorithm for predicting Hajj
registration numbers, which can be leveraged for more effective resource allocation and quota management.

3.5 Accuracy and Performance Metrics

To evaluate the accuracy of the Random Forest model, we can calculate the Mean Absolute Error (MAE) and

Accuracy Percentage.

1. Mean Absolute Error (MAE) is calculated by finding the average of the absolute differences between the
actual and predicted values.

2. Accuracy Percentage can be calculated using the formula:

Mean Absoluter Error

Accuracy Percentage = (1 — )x 100

Actual Number of Registrants

Given:

Actual Number of Registrants = 493
Predicted Number of Registrants = 475
Absolute Error = |493-475|=18|493 - 475| = 18|493-475|=18

Step 1: Mean Absolute Error (MAE)

|493 — 475]
= "~ -18

MAE
1

Step 2: Accuracy Percentage

18

Accuracy Percentage = <1 - @> x100 = (1 —-0.0265)x 100 = 96.35%
Results:

e Mean Absolute Error (MAE): 18

e  Accuracy Percentage: 96.35%

The model achieved an accuracy of 96.35% in predicting the number of Hajj registrants for 2023. This
high accuracy indicates that the Random Forest algorithm is highly effective in forecasting Hajj registration
numbers with minimal error. The slight discrepancy of 18 registrants suggests that the model can be
confidently used for planning and resource allocation, making it a valuable tool for Kemenag Lhokseumawe
in managing future Hajj seasons. The Random Forest algorithm's performance in this study underscores its
capacity to handle complex and diverse datasets effectively. By incorporating multiple variables such as
demographic factors, employment status, educational background, and past registration trends, the model has
demonstrated its ability to capture intricate patterns within the data. This capability is crucial in addressing
the dynamic nature of Hajj registration, where external influences like economic fluctuations, government
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policies, and societal trends can significantly impact the number of registrants. Moreover, the model's high
accuracy emphasizes the importance of leveraging historical data and machine learning techniques in
improving decision-making processes within public institutions.

4. CONCLUSION

The Random Forest algorithm proved effective in predicting Hajj registration numbers at Kemenag
Lhokseumawe, achieving a small error margin of 18 registrants for 2023. By incorporating diverse variables
such as demographic data, economic conditions, and prior trends, the model offers a robust tool for
optimizing resource allocation, quota planning, and logistical arrangements. This research underscores the
potential of machine learning in public administration, particularly for enhancing the efficiency and accuracy
of Hajj registration processes, thereby paving the way for data-driven decision-making in the sector.
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