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Abstract. Along with developing the Mobile Learning System, Mobile Learning
requires adequate facilities, such as a server as a storage medium and as a pro-
vider of an API-based web service, especially when there are more and more
Mobile Learning users. And to ensure the quality of the web service, a system
test is needed, namely Load Testing. The load testing method uses Apache JMeter
tools to check and test the performance of a server. Load testing is done by testing
the existing web services on the cloud server where there are 4 web servers, 1
database server, and 1 load balancing server. Scenario testing is based on load
data of 100, 500, and 1000 within 10 seconds. The results obtained from the test
data are the average test time with a consistent value in each scenario, with the
throughput value getting a very good value because the higher the request is
given. The HAProxy server is running well in sharing requests to each server
with an error value of 0%.
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Mobile Learning is a technology developed for learning media or e-learning [1]. Mobile
learning itself is also an alternative method to solve educational problems in the world,

such as learning materials, practice questions, trying out exams, and so on [2] [3].
However, in its development, mobile learning must have adequate requirements such

as API (Application Programming Interface)-based Web Service services to facilitate
data processing and is developed with other devices. In addition to requiring a web
service, the mobile learning system also requires adequate facilities, such as a server
that is used for data storage media and can also be used to manage the web service itself

(2].
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To overcome this, technology is applied so that it can make it possible to procure
server infrastructure without buying hardware. It can be done by creating a server vir-
tualization system through cloud computing technology itself [4]. The cloud computing
used in this research is Proxmox VE, which has a license under GPL v2. In other words,
it is open source and free, so in its development, it can save additional costs [5].

The system that has been designed must have a qualified service quality, signifi-
cantly mobile learning users will increase and the features that exist in mobile learning
will be more complex. Therefore, a test is needed in the form of Load Testing on the
Server and the Web Service itself to determine the stability and reliability of the existing
system [6].

The system that has been designed must have a qualified service quality, signifi-
cantly since mobile learning users will increase and the features that exist in mobile
learning will be more complex. Therefore, a test is needed in the form of Load Testing
on the Server and the Web Service itself to determine the stability and reliability of the
existing system [7].

Based on the above reasons, thus, Web Services and Servers on a Cloud Computing-
based Mobile Learning System need to be tested using the Load Testing Method to
optimize the system’s effectiveness and efficiency.

2 Literature Review

This part discusses the results and discussion of Web Service Testing on a Cloud com-
puting-based Mobile Learning System using Apache JMeter tools and analyzes the re-
sults of the tests that have been carried out. The results and discussion of this research
are as follows.

2.1 API (Application Programming Interface)

API or Application Programming Interface is an integration of two parts of an applica-
tion system. It consists of elements of functions, protocols, and other tools developers
use to create applications. The Web API also supports CRUD functions that work
through several HTTP protocols, namely the GET, POST, PUT and DELETE methods

(8]
2.2 Proxmox VE

Proxmox is a Debian-based (64-bit) virtualized Linux distribution that supports
OpenVZ and KVM. Proxmox allows for centralized management of multiple physical
servers. A Proxmox consists of at least one master and multiple nodes (at least one
master and one node) [5].
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2.3 Load Testing

Load testing is a performance testing technique that measures a response under various
load conditions. This test helps determine how the software behaves when multiple
users access the software simultaneously. Load testing is needed to simulate access to
a mobile application or a website simultaneously. This method is better than having to
invite several people at once to access an application or website [9][10].

2.4 Apache Jmeter

JMeter or The Apache JMeterTM is an open-source application based on 100% Java
used for performance testing. For a QA Engineer, jMeter can be used to load/stress
testing Web Applications, FTP Applications, and Database server tests. Apache JMeter
is a Java-based analytical web application that can run on any operating system or test
a web server's stability and performance. The types of the can are done with JMeter are
Load Testing, Stress Testing, and Web Test Plan [11][12].

3 Research Methodology

This research methodology describes the flow of the stages of performance analysis on
a mobile learning system based on cloud computing, as shown in Fig. 1.

® . Cloud Analysis of
Start Observation computing Load testing load testing
° installation results
B

Fig. 1. Stages of performance analysis
3.1 Observation and Cloud Computing Installation

This research started by observing the server requirements that would be created and the
selection of tools that would be used for system testing. The tools used in this test were
Apache JMeter. From the results of observations, a cloud computing architecture was
then designed to be used in performance analysis on mobile learning systems, as shown
in Fig. 2.
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Fig. 2. Cloud computing architecture design

3.2 Load Testing

Load Testing would be carried out using several scenarios, namely providing a stress
test by sending 100 requests, 200 requests, and 300 requests

3.3 Analysis of Load Testing Results

After the test was complete, the analysis process was carried out on the test results,
namely Web Service analysis includes Average (Average Time), Throughput, Devia-
tion, and Error.

4 Result and Discussion

This part discusses the results and discussion of Web Service Testing on a Cloud com-
puting-based Mobile Learning System using Apache JMeter tools and analyzes the re-
sults of the tests that have been carried out. The results and discussion of this research
are as follows

4.1 Load Testing

Scenario test data for load testing is done by entering the web service API address for
the mobile learning system in the Apache JMeter tool. For the cloud server for testing,
there are 4 virtual web servers, 1 database server, and 1 load balancing server. The
method used for testing scenarios on the web service API using stress testing for student
data, exam data, question data, answer data, and value data, can be seen in Table 1.
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Table 1. Method Details on the API.

API Method Url Parameter
Student Data GET / API /student/13
Exam Data GET / API /exam/7 _
Question Data GET /APl/getquestion/7 _
{
"question_id":
Input Answer POST / API Janswer est_id™

"content_answer":
"answer_options":
}

Value Data GET / API /value _

For testing, data from 3 different scenarios, including user, period, and several loops
are also used as shown in Table II.

Table 2. Scenarios Load Testing.

Scenario User Total Loop Count Total
Scenario 1 1 20 10 100
Scenario 2 1 100 10 500
Scenario 3 1 200 10 1000

The test results from the scenarios in table 2 as shown in Fig. 3, 4, and 5.

Rverage Mox E Eror%  Thoughput

Fig. 4. Second scenario result
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Fig. 5. Third scenario results

The test results with three scenarios using apache JMeter as shown in Table III.

Table 3. Test Result.

Scenario Apache JMeter

Parameter

100 Thread 200 Thread 300 Thread
Average 82 ms 134 ms 408 ms
Deviation 67.27 182.41 355,16
Throughput 10.8/sec 47 9/sec 86.4/sec
Error 0% 0% 0%

4.2 Analysis of Test Results

Tests were carried out with 3 test scenarios on Apache JMeter resulting in several
important points. The critical issue was the average, throughput, deviation, and error, as
shown in Fig. 6, 7, 8, and 9.
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Fig. 6. Graph of results average time
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Fig. 7. Graph of throughput test results

Deviation (ms)
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Fig. 8. Deviation test results
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Fig. 9. Error testing results
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5 Conclusion

The tests carried out in this study used the load testing method on the web service API
using the Apache JMeter tools. The test is carried out on the web service that is on the
respective web server. On the load balancer on the HAProxy server, the server can run
properly and share the request load to each web server without error with 0% error.
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