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Abstract

Single database architectures often experience performance degradation as user load increases
because all read and write operations are processed centrally, causing bottlenecks and limiting the
scalability of web systems. To address this issue, this study implements database replication using a
MySQL Master-Slave architecture combined with the separation of read and write operations in a
containerized Laravel-based web system. A quantitative experimental method was applied by
comparing the Single Database and Master-Slave Replication configurations implemented in a
Docker environment on Windows Subsystem for Linux 2 (WSL2). Performance evaluation was
conducted using Apache JMeter at three workload levels low (10 users), medium (50 users), and high
(100 users) based on response time, throughput analysis, latency analysis, and error rate. The results
show that the Master—Slave configuration provides more stable performance at medium to high
workloads, with latency between 0.20 and 0.26 seconds and an error rate of 0% in all test scenarios.
Additionally, the highest throughput of 2.01 requests per second was achieved at medium workload,
indicating effective read-write separation and better workload distribution through database
replication.

Keywords: database replication, latency analysis, read-write separation, throughput analysis, web
system scalability

1 Introduction

Digital transformation has changed the operational capabilities of various industrial sectors,
where the effectiveness of information systems is highly dependent on data processing efficiency and
system scalability [1]. Digital transformation not only involves the adoption of technology, but also
the strengthening of organizational capabilities that integrate business processes, human resources,
and digital technology [2]. In this context, information system performance is an important aspect
because it is directly related to service quality, user experience, and user satisfaction [3], [4].

Web-based information systems serve as a strategic tool in the provision of digital services,
where system performance, ease of use, information quality, and service quality determine the
effectiveness of the services provided to users [5], [6]. Web system development generally applies an
agile approach to ensure flexibility and suitability with evolving operational needs, particularly in
administrative and transaction systems [7]. However, in practice, many academic administration and
internship management systems still rely on manual or semi-digital processes, making them
inefficient and prone to data inconsistencies when handling large volumes of data [8], [9].

Performance issues in data-intensive web applications are generally related to the limitations of
database architecture in handling increased workloads. Scalable database design and query
optimization are necessary for the system to maintain performance when the number of users and
transactions increases [10]. Empirical findings show that database optimization strategies play an
important role in maintaining the stability and responsiveness of modern digital systems [11].

The distributed database approach through replication mechanisms is one solution to improve
system scalability and availability while maintaining data consistency [12]. In addition, separating
read and write operations on different database instances has been proven to improve system
responsiveness and reduce the load on the main server [13]. To support this architecture, container
technologies such as Docker provide a lightweight, flexible, and easily scalable deployment
environment, thereby supporting system availability and reliability [14]. Empirical studies also show
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that a well-designed container architecture can improve performance stability under high connection
load conditions [15].

Although database replication and containerization have been widely implemented, empirical
studies integrating container-based MySQL master-slave replication with read—write separation
mechanisms at the application level, particularly in Laravel-based web systems, remain limited. In
particular, few studies have comprehensively evaluated system performance under various controlled
workloads.

Based on these issues, this study aims to evaluate the performance and stability of Laravel-based
web systems that implement MySQL masterslave replication architecture in a Docker container
environment. The evaluation was conducted at low, medium, and high workload levels by analyzing
system response, data consistency, and error rates. The results of this study are expected to serve as a
reference in the design of scalable and highly available web-based information systems.

2 Literature Review

The development of increasingly complex web-based information systems requires a backend
architecture that is capable of handling high access loads in a stable and efficient manner. Several
studies confirm that traditional database architectures with a single database are still widely used due
to their ease of implementation and maintenance, but they have limitations in terms of scalability and
service availability when the number of users increases simultaneously [10], [12]. These limitations
have the potential to reduce system performance and increase the risk of service failure in applications
with high access intensity.

As a solution, database replication is widely used to distribute workloads and improve system
reliability. [8], [16] show that the implementation of database replication with a master—slave scheme
can reduce the load on the main server and speed up the data retrieval process in web-based
applications. However, these studies generally still focus on general performance comparisons,
without evaluating overall system stability under varying access load conditions. In addition, the load
characteristics tested do not fully represent the actual access patterns in management information
systems.

In modern applications developed using the Laravel framework, several recent studies have
begun to examine the integration of distributed database architecture to improve service availability.
[11], [17] report that the use of database replication in Laravel applications can maintain data
consistency and improve system reliability. However, these studies have not specifically compared
the performance between a single database and master—slave replication using measurable and
standardized load testing scenarios. The performance evaluations conducted are also limited to
response times, thus failing to provide a comprehensive picture of system stability.

Several other studies emphasize the importance of load-based performance testing to assess
system readiness in real operational conditions. [18], [19] show that the use of testing tools such as
Apache JMeter is effective in simulating simultaneous user access and identifying system weaknesses.
However, these studies have not directly linked the test results to differences in database architecture,
particularly in Laravel applications that have periodic report access patterns with a predominance of
read operations. In fact, high read load characteristics greatly affect the effectiveness of database
replication implementation [20].

Based on this review, it can be concluded that there are still gaps in research related to
comparative analysis of performance and stability between single database architecture and MySQL
master—slave replication in Laravel-based applications. Therefore, this article focuses on testing both
architectures using several levels of access load, namely low, medium, and high, with evaluation
indicators in the form of latency and request error rates. This approach is expected to provide
empirical contributions in determining a more effective and reliable database architecture to support
scalable web-based information systems.

3 Research Method

This study uses a quantitative experimental approach designed to evaluate the effectiveness and
efficiency of distributed database architecture in Laravel-based web systems. This approach focuses
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on performance testing through empirical measurements of two different configurations, namely a
single database and a MySQL Master—Slave replication architecture consisting of one master node
and two slave nodes. All tests were conducted in a controlled environment using Docker Engine
running on the Windows Subsystem for Linux 2 (WSL2) Server operating system to ensure
consistency and reproducibility of the experimental settings. The methodological design adopts a
guantitative experimental framework that relies on controlled performance measurements, including
response time, throughput, and latency, to evaluate system behavior under different database
configurations, as commonly applied in performance evaluation studies of distributed and
microservices-based information systems [21]. The overall research methodology process is

illustrated in Figure 1.
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Figure 1 Research methodology flowchart

3.1 Literature Riview
The literature study stage was conducted to obtain the theoretical and technical basis that
serves as a reference in the design and implementation of a database replication system
using a MySQL master—slave architecture in a Laravel-based application. This activity
included the process of searching and analyzing relevant previous studies, especially
those discussing the performance of replication systems, data synchronization, and the
application of containerization using Docker in a distributed environment. The results of
the literature study were used to identify commonly applied approaches, the advantages
and limitations of each method, and aspects that had not been widely evaluated in
previous studies. These findings then became the basis for formulating the research
focus, determining the testing scenario, and selecting relevant evaluation parameters, so
that the research conducted had a clear direction and was able to contribute to the
development of a reliable and scalable web-based information system.

3.2 Problem Identification
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Based on the results of a literature review, it can be identified that most Laravel-based
web systems still use a single database architecture that is prone to performance
bottlenecks when user load and data volume increase. Meanwhile, although MySQL
master-slave replication has been proven to improve availability and read load
distribution, quantitative performance evaluations in the context of Laravel are still rare.
This study focuses on filling this gap by conducting a comparative analysis between
Single Database and Master—Slave Replication configurations to assess their impact on
response time, throughput, and error rate in Laravel-based internship systems.
3.3 System Architectural Design

This study implements a horizontally scalable system architecture designed to support
high availability and efficient workload distribution in a web-based application
environment. All database components are deployed as isolated Docker containers
running on a Windows Subsystem for Linux 2 (WSL2) host to ensure environment
consistency, service isolation, and data persistence through volume mapping

mechanisms.
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Figure 2 System architecture of master—slave database replication

Figure 2 illustrates the system architecture, which consists of a Laravel-based web
application at the application layer and a MySQL database cluster at the data layer. The
database layer follows a master—slave replication model, where a single MySQL master
node handles all write operations, while two MySQL slave nodes are dedicated to
serving read requests.
3.4 Test Scenario Design and System Implementation
At this stage, a system performance testing scenario is designed to evaluate the
effectiveness of the proposed distributed database architecture. Apache JMeter is used as
a load testing tool to measure the system’s ability to handle concurrent user requests
under different workload conditions. The testing focuses on the monthly report endpoint,
which represents a read-intensive operation and is one of the most frequently accessed
features in the application. The test scenarios were categorized into three workload
levels: low, medium, and high. Each workload scenario was executed independently
under controlled conditions. The detailed configuration of each workload level is
presented in Table 1.
Table 1 Load testing scenario

Load Threads Time Loop Req
Category (Users) (Seconds)

Low 10 10 2 20
Medium 50 30 5 100
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High 100 30 5 500

To ensure that the results are consistent and there are no momentary deviations, each
scenario is repeated five times. Furthermore, key metrics, such as average response time,
throughput, and request success rate, are used to analyze the test results. To gain insight
into the impact of horizontal replication on system efficiency and stability, a single
database architecture is compared with Master—Slave replication. To support research
reproducibility, the specifications of the implementation environment and supporting
software are detailed in Table 2.
Table 2 Environment and software specifications

Component Software/Tool Version
Operating System Windows 11 (WSL 2) -

Container Engine Docker Engine 29.1.3
Orchestration Docker Compose v2.40.3-desktop
Application Laravel Framework 10.48.28
Database MySQL 8.0

Testing Tool Apache JMeter 5.6.3

Through this structured testing design, performance evaluation was conducted in a
controlled and systematic manner to ensure that the obtained results accurately reflected
the actual system performance. This stage also adheres to the principles of
reproducibility and data consistency, enabling the experimental results to serve as a
reliable basis for empirical evaluation in research on distributed system architectures.
3.5 Performance Testing and Analysis

Performance testing was conducted on the monthly report endpoint to evaluate the effectiveness
of the system’s read operations. The primary performance metrics observed were response time,
throughput, and error rate, which collectively represent the system’s performance and stability.
All test result data were collected using the JMeter Summary Report and exported in CSV format
to facilitate systematic processing in the subsequent analysis stage.

4 Results and Analysis

Performance evaluation was conducted to compare the Single Database and MySQL Master—
Slave Replication architectures at low (10 users), medium (50 users), and high (100 users) load levels.
The parameters analyzed included response time, throughput, latency, and error rate to assess the
scalability and stability of the system.

In the Single Database configuration, all read and write operations are processed by a single
MySQL server without a load distribution mechanism. Based on the test results in Table 3, the system
is capable of providing a fast response time of 626 ms under low load. This shows that a centralized
architecture is still effective when the number of simultaneous users is relatively small.

Table 3 Single database performance results

Threads Response Time Throughput Latency Error Rate
(Users) (ms) (Request/Sec) (s) (%)

10 626 ms 1.82 requests/sec 0.22s 0.0%

50 19.196 ms 1.85 requests/sec 0.23s 0.0%

100 36.899 ms 2.11 requests/sec 0.26 s 0.0%

However, as the number of users increases, there is a very significant increase in response time,
reaching 19.196 ms under medium load and 36.899 ms under high load. This condition indicates a
performance bottleneck due to centralized processing, where all read and write requests compete for
the same computing and I/O resources. This finding is in line with research by Pohanka and Pechanec,
which states that centralized database architectures tend to experience drastic performance
degradation under high concurrency conditions. Although throughput values experience a slight
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increase, the spike in response time indicates the system's limitations in handling simultaneous
workloads efficiently [20].

The MySQL Master—Slave Replication architecture implements workload separation by directing
write operations to the master node and read operations to the two slave nodes. Based on the test
results in Table 4, the response time under low load is slightly higher than that of a single database
due to replication and data synchronization overhead.

Table 4 Master—slave replication performance results

Threads Response Throughput Latency Error Rate
(Users) Time (Request/Sec) (s) (%)

10 959 ms 1.66 requests/sec 0.20s 0.0%

50 17.049 ms 2.01 requests/sec 0.25s 0.0%

100 40.444 ms 1.96 requests/sec 0.24 s 0.0%

However, under medium load, the Master—Slave configuration showed the best performance with
a response time of 17.049 ms and the highest throughput of 2.01 reg/sec. These results indicate that
separating read and write operations effectively reduces the load on the master node and improves
data processing efficiency. These findings are consistent with the concept of read—write separation
proposed by Ramanathan et al., which states that distributing read requests to multiple nodes can
improve system scalability and responsiveness [13].

Under high load conditions, response time increased to 40.444 ms; however, the system
remained stable with an error rate of 0%, indicating that the replication mechanism was able to
maintain system availability and reliability even under maximum workload. These results are
consistent with the findings of Georgiou et al. and Wibowo et al., which emphasize that database
replication plays a crucial role in improving the stability and availability of distributed systems [12],
[17]. This performance trend is further reinforced by the visualization results shown in Figures 3, 4,
and 5. Figure 3 shows that the Single Database architecture provides better response times under low
load conditions, but experiences a drastic decline when the workload increases to medium and high
levels due to centralized processing. In contrast, the Master—Slave architecture shows more stable and
scalable performance by distributing read requests to multiple nodes, which allows for better handling
of read-intensive workloads commonly found in web-based information systems.

Figure 3 Visual graph comparing response time

The comparison of response times shown in Figure 3 indicates that the Single Database
architecture performs better under low load conditions due to its simpler architecture and absence of
replication overhead. However, as the number of concurrent user connections increases, the Master—
Slave architecture shows a more stable performance trend, especially at medium load levels. These
results extend previous studies by providing empirical evidence that replication-based architectures
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are not only beneficial in large-scale systems but also improve performance consistency in medium-
scale applications.
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Figure 4 Visual graph comparing throughput

Figure 4 shows that at medium loads, the Master—Slave architecture produces higher throughput
than the Single Database. These results support the findings of Ramanathan et al., who stated that
separating read loads can improve the efficiency of parallel request processing. At high loads, both
architectures show relatively comparable throughput values, indicating that the system has
approached its optimal capacity limit [13].
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Figure 5 Visual graph comparing latency

The latency trends shown in Figure 5 indicate that both architectures are capable of maintaining
relatively low and stable latency. However, the Master—Slave architecture consistently has slightly
lower latency under medium and high loads. This shows that the use of asynchronous replication and
Docker containerization does not have a significant negative impact on network performance, as also
reported by Gkamas et al. and Haryoto et al. in their research on containerized database systems[19],
[22].

Overall, the results of this study show that although the Single Database architecture is still
adequate for low-load environments, the implementation of MySQL Master—Slave Replication
combined with a read-write splitting mechanism at the application level provides increased
scalability, stability, and performance efficiency. The uniqueness of this study lies in its
comprehensive performance evaluation of a Laravel-based web application implemented end-to-end
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in a Docker environment, thereby expanding on previous studies that generally focused only on
testing databases or infrastructure separately.

5 Conclusion

This study concludes that the implementation of MySQL Master-Slave distributed database
architecture in a Docker environment can improve the performance and stability of Laravel-based
internship management systems, especially under medium to high user loads. Test results show that
the mechanism of separating read and write operations and distributing read requests to several slave
nodes is effective in increasing throughput, stabilizing response times, and maintaining low latency
without causing system errors. The results confirm that the MySQL Master—Slave replication
architecture improves system scalability and stability compared with the single database
configuration, particularly under medium and high workloads.
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