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Population data is one of the strategic information sources used in 
development planning, public services, and data-driven decision-making. The 
management of large volumes of population data often faces issues such as 
file structure heterogeneity, differences in naming formats, header variations, 
and inconsistencies in regional codes, which can potentially lead to errors 
during the data migration process. In this study, an analysis of the 
implementation of the Extract, Transform, Load (ETL) process on the Rule-
Based ETL System for Aggregate Population Data (SERDADU) was conducted 
to manage an aggregate population dataset consisting of 123 Excel files with 
33 groups of file name variants and 13 main data categories. The approach 
used combines rule-based methods and string matching to identify data 
categories, attribute mapping, data structure normalization, and matching 
variations in file names, sheets, headers, and regional identities. The 
implementation results show that the approach is capable of automating the 
process of transforming heterogeneous data into more structured and 
consistent data, making it ready to be loaded into the target database. Thus, 
SERDADU can enhance the efficiency of the data migration process, reduce 
mapping errors, and support the provision of more integrated demographic 
data for visualization and further analysis needs. 
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INTRODUCTION 

The research on the development of a population data visualization model in Medan Amplas District 

shows that interactive dashboards, thematic maps, and distribution graphs can present demographic 
information more efficiently and intuitively to support decision-making [1]. The application of web-based 
population data and information visualization also demonstrates that population data can be monitored 
thru more easily readable visual displays, making demographic development information easier for users 

to understand [2]. 

In this research object, the initial inventory of the AGREGAT_202501 dataset folder shows that 
there are 123 aggregate Excel files with 33 groups of file name variants, and it allows for processing data 

from the previous and next semesters with a file count reaching into the thousands. On the other hand, 
the active import configuration in SERDADU maps 13 main categories, namely education, occupation, 
religion, gender, marital status, head of family, mandatory ID card, family card ownership, birth certificate, 
marriage/divorce certificate, age group, and single age. 

The number and variation of these categories pose real problems in the data migration process. 
Some files use the header structure IDEM, KODE, and WILAYAH, while other files only use KODE and 
WILAYAH. The format of the region codes is also inconsistent because some are written with dots and 

others without dots. These differences risk causing errors in data category identification, column mapping 
errors, regional inconsistencies, and data loading failures into the target database if not handled with a 
controlled transformation mechanism. 

To address these conditions, SERDADU implements the Extract, Transform, Load process using a 

rule-based and string matching approach. The rule-based approach is used to select category mapping 
rules. 

and target attributes, while string matching is used to recognize variations in file names, sheet 

names, column headers, aliases, and regional identities. Based on these conditions, this research focuses 
on the analysis of ETL implementation in SERDADU to see how heterogeneous aggregate data is directed 
into more structured data. 

 

LITERATURE REVIEW 

Underpinning theories (Sub-Section) 

Aggregate population data is population data presented in summary form based on certain 
categories. This data differs from individual data because it does not display the identity of each resident, 
but rather presents the number or recapitulation based on specific groups. Aggregate data is usually 

grouped based on region, gender, age, education, occupation, religion, marital status, and possession of 
population documents [8]. 

In the context of SERDADU, aggregate population data becomes the main source transferred from 

Excel files to the target database. The data has the characteristics of a summary by category, by region, 
and by period. Therefore, the processing requires precise mapping so that each aggregate value is stored 
in the appropriate category, region, and year. 

Errors in the processing of aggregate data can impact the accuracy of the resulting information. 

For example, a mismatch in regions can cause data from one village to be recorded under another village. 
Category errors can also lead to data being placed in the wrong target table. Therefore, aggregate 
population data needs to be processed with clear validation and transformation mechanisms.  
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METHODOLOGY 

The waterfall method is a software development model that has sequential stages, starting from 
requirements analysis, system design, implementation, testing, to maintenance. Each stage in the waterfall 
produces an output that serves as the basis for the next stage. This model is suitable for use when system 
requirements are relatively clear from the beginning and the development process can be planned 

systematically [21]. The advantages of the waterfall method are that its flow is easy to understand, the 
documentation at each stage is clearer, and the development process can be controlled sequentially. Each 
stage has clear work boundaries, making it easier for researchers to explain the research process. However, 

the waterfall model also has limitations because it is less flexible if there are significant changes in 
requirements during the development process. In this research, the waterfall model is used as a framework 
to explain the stages of ETL implementation analysis on SERDADU. These stages include problem 
formulation, literature study, needs analysis, ETL process design, implementation design, and black box 

testing. With the waterfall framework, the research flow can be arranged more systematically so that each 
stage has a clear connection to the research objectives. 

 

RESULT AND DISCUSSION 

This research is a qualitative descriptive study with a technical case study approach on the 

SERDADU system. The research method is used to describe and analyze the process of importing available 
aggregate data, while the stages of system development and design are structured using the waterfall 
model so that the flow of needs analysis, design, implementation, and testing can be explained sequentially. 

The initial stage includes problem formulation and literature review, followed by the system 
development section, which consists of needs analysis, system design, implementation or coding, and 
testing. After the testing phase, the research is directed toward the formulation of conclusions and 
recommendations based on the analysis of the ETL process. The use of the waterfall model in this research 

is not interpreted as the complete development of a new system, but rather as a framework for organizing 
the research stages of the SERDADU ETL process. With this framework, each stage has a clear output, 
starting from problem identification, data requirements, flow design, import process implementation, to the 

testing plan. 
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Figure 1. Research Stages with the Waterfall Model 

 

The problem formulation stage was carried out by identifying the constraints in the process of 
migrating aggregate population data into the SERDADU system. The main issues lie in the variations of 

Excel file formats, differences in sheet names, variations in column headers, the use of term aliases, and 
the need for regional matching before the data can be loaded into the target database. 

Based on these conditions, the research is directed to explain how the ETL process in SERDADU is 
carried out thru the admin import page, as well as how rule-based and string matching approaches are 

used to help the system recognize and transform source data into target data ready for presentation. 

The output of this stage includes the formulation of the problem, the limitations of the problem, 
the research objectives, and the scope of the discussion. With this output, the research can be limited to 
the ETL process thru the admin import page, rather than the entire SERDADU features or system 

development from scratch. 

Result/Data Analysis/Findings (Sub-Section) 

The ETL implementation plan for SERDADU is divided into three main stages. 

1. The first stage is extract, which is the process of receiving Excel files thru the admin import 
page, validating the parameters of year, semester, category, and file, then reading the 
workbook along with the sheets contained within it.  

2. The second stage is transform. At this stage, the system applies a rule-based approach to 

determine the dataset category, target table, column mapping, unique keys, and calculation 
rules. The string matching approach is used to match variations of file names, sheet names, 
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column headers, term aliases, and region names so that the source data can be directed to a 

standardized internal structure. 
3. The third stage is load. At this stage, the system forms the final payload and stores it in the 

target table using the upsert mechanism. If data with the same unique key is already available, 

the system updates that data. If it is not available, the system adds new data. All statuses of 
success, failure, and skipped rows are recorded in the import logs. 

 

Testing is conducted using the black box testing method. This testing aims to ensure that the ETL import 

function operates as expected without directly discussing the program's code structure. The focus of the 
testing is directed at the system's behavior when receiving input, performing transformations, storing data, 
displaying process status, and handling invalid conditions. 

Table 1. testing 
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CONCLUSION  

Based on the analysis of the implementation of the Extract, Transform, Load (ETL) process in the 

Rule-Based ETL System for Population Aggregate Data (SERDADU), it can be concluded that the 
management of population data faces challenges such as the heterogeneity of file structures, variations in 
file and sheet naming, differences in header formats, and inconsistencies in regional codes. These 
conditions have the potential to cause data identification errors, attribute mapping issues, and migration 

process failures if not handled systematically. The application of a rule-based and string matching approach 
in SERDADU can provide a more structured data transformation mechanism by identifying data categories, 
matching attributes, normalizing regional formats, and automatically adjusting various dataset structure 

variations. The implementation of ETL shows that the initially diverse and inconsistent aggregate population 
data can be processed into more consistent data ready to be loaded into the target database. Thus, 
SERDADU can improve the efficiency of the population data migration process, reduce the risk of data 
processing errors, and support the availability of more integrated data as a basis for information 

presentation, data visualization, and data-driven decision-making based on population data. 
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