
Abstract: In today’s digital world no one likes slow loading 
web pages that test user’s patience and waste his time; hence 
the performance of web application becomes principal 
constituent of the user experience. This paper intends to 
focus on techniques for evaluating and improving Java web 
application’s performance iteratively. This work will make 
use of best in class performance testing tools to evaluate the 
performance of the developed Java web application and 
further attempt to improve the applications performance 
using the analysis made from the performance test results. 
The analysis will enable to target the particular bottlenecks 
in the application that hamper its performance. The paper 
will focus on different performance enhancing techniques 
that can be incorporated into Java web development 
enabling to improve the performance of the application in 
the targeted areas to build efficient, swift and robust Java 
web applications which will run smoothly under heavy user 
load during peak business hours.

Keywords: Java web application development, Load testing, 
Performance enhancement, Performance testing, Software 
development.

	 I. Introduction

Today every business wants to go online and be accessible 
to their customers irrespective of their geographic location. 
In such a growth driven scenario the performance of the web 
application holds the key. If the web application is not running 
fast it might hamper the growth of the business, its customers 
might lose interest and choose not to use the service in future.

Thus performance testing phase becomes immensely important 
in software development cycle. This work comprises of initially 
developing a Java web application using the standard Java web 
development tools.

The focus then will be to test the performance of the Java web 
application using Apache Jmeter tool for load testing. This tool 
will enable to generate scripts for various actions the virtual 
users will perform on the Java web application. The load that is 
the number of virtual users can be adjusted as needed.  
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The results from the load test will be used to improve the 
application’s performance by highlighting the areas in the 
application that increase the response time under substantial 
load. It will focus on developing techniques to enhance the 
performance of the application at these points making it faster 
and more responsive.

These performance testing and improvement steps can be carried 
out iteratively till satisfactory performance is not achieved.

Thus this work will enable to deliver a fast, responsive and 
stable Java web application that performs satisfactorily during 
high user load at peak business hours.

II. Related Work

Rijwan Khan and Mohd. Amjad in their paper [1] discuss the 
importance of performance testing of web applications. It 
discusses that the monitoring of the system during load testing 
provides very useful information about the application and by 
using these results the customer can take major decisions. They 
carry out load test on their web application using HP ALM- 
LoadRunner version 11 with an aim to verify if the performance 
of the application meets the customer requirements mentioned 
in the Service Level Agreement for application development. 
They try to determine any performance bottlenecks like high 
CPU utilization, memory utilization or any hardware issues. 
They analyses the reports generated which are in tabular and 
graphical form to come to a conclusion.

In the conclusion the work verifies the fact that the application 
has an overall response time of less than 5 seconds as per the 
Service Level Agreement (SLA).

In our research work we try to take this work one step ahead 
by analyzing the reports and further making improvements our 
web application to exhibit enhanced levels of performance.

A lot of research has also gone into the various performance 
testing tools, trying to evaluate the tools to find the most 
suitable one.
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Shikha Dhiman and Pratibha Sharma in their paper [2] 
compare three such tools namely Apache Jmeter, Grinder and 
HttpRider. In this paper they highlight the importance of the 
performance / load testing tools. The paper says that the 
performance testing tools automate testing process making it 
easier, as manual testing is costlier, requires too many efforts 
and is very time consuming. Thus the automated load testing 
tools reduce the cost, time and effort required.

The paper compares the three testing tools on parameters like 
response time, throughput and latency recorded during the tests 
run on the respective tools. This comparison helps us to choose 
a performance testing tool based on our specific requirements.

Similarly paper [3] compare another set of three such tools 
namely NeoLoad, loadstar, WAPT.

Another research paper [4] presents a new approach for 
performing load testing of web applications by simulating 

realistic user behavior with stochastic models of user behavior. 
The models are constructed from sample data and take into 
account effects of session history on user behavior and the 
existence of different categories of users.

Paper [5] introduces performance testing as a service for web 
applications, which provides all performance testing activities 
including automatic test case generation and test execution.

Papers [6], [7], [8], [9] also emphasize on the role of performance 
testing in software development and different ways to evaluate 
the performance of a web application under test.

III. Software Development

This research work focuses on the e-commerce domain. A Java 
web application is developed for an online gym store.

Fig. 1 below shows the system architecture for this application.

Fig. 1: Java Web Application System Architecture

The application is hosted on Apache Tomcat (version 7.0) 
server and uses MySQL (version 5.1) database.

The Application adheres to the MVC framework which divides 

the application into three interconnected modules namely 
model, view and controller.

Fig. 2 below depicts the flow of control within the application.



30  International Journal of System and Software Engineering� Volume 7, Issue 1, June 2019

Fig. 2: The Control Flow within the Java Web Application

Fig. 3 and Fig. 4 depict the use case diagram and the 
Entity Relationship diagram drawn using SmartDraw, 

LLC web application for the Java web application 
respectively.

Fig. 3: Use Case Diagram for the Java Web Application
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     Source: Drawn using SmartDraw, LLC web application

Fig. 4: Entity Relationship Diagram for the Java Web Application 

IV. Performance Testing and Improvement

The tool used for carrying out the performance testing in this 
work is Apache Jmeter (version 2.1).

It can be used to simulate a heavy load on a server hosting 
a web application to test its strength and to analyze overall 
performance under different load types [10].

A. Initial Performance Test

The objective here is to formulate scripts for Apache Jmeter 
for the Java web application under test. The script will have the 
list of actions the virtual users will perform once the load test 
is started.

See Fig. 5 below for the list of actions to be performed in the 
Jmeter script rendered from Apache Jmeter 2.10.

Once the script is ready the Apache Jmeter is loaded with 
the number of concurrent virtual users that will perform the 
actions. These users will be added consecutively with a fixed 
interval of time known as the ramp up time, which is selected 
before running the tests. Thus when all the users get added the 
application, it will experience a virtual load of the selected 
number of users performing the set of actions given to them 
simultaneously.    

It begins with 100 users then increased to 200 users, followed 
by 300 users, with ramp-up period of 10 that means each user 
will be added after an interval of 10 seconds.
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				           Source: Apache Jmeter version 2.10

Fig. 5: List of Actions to be Performed in the Jmeter Script

It is observed that at 310 users the application fails to handle the 
user requests successfully and the application crashes due to its 
hardware and software resource limitation.
Table I, Table II, Table III show the stress test results for 100, 
200 and 300 users respectively. This data is rendered by Apache 

Jmeter Version 2.10. 

Fig. 6, Fig. 7, Fig. 8 show the graphical representation for the 
stress test results for 100, 200 and 300 users respectively. This 
data is rendered by Apache Jmeter Version 2.10.
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                   Source: Apache Jmeter version 2.10

Fig. 6: Graphical Representation for the Stress Test Results for 100 Users

	   Source: Apache Jmeter version 2.10

Fig. 7: Graphical Representation for the Stress Test Results for 200 Users

	    Source: Apache Jmeter version 2.10

Fig. 8: Graphical Representation for the Stress Test Results for 300 Users
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B. Analysis of the Performance Test Results

After the Stress test it is evident that the Order servlet is taking 
the longest time to respond, with average response time of 
17724.00 milliseconds for the tests carried out.

Thus Order servlet acts as bottleneck for the application and 
needs to be taken care of in order to improve the performance 
of the application.

C. Improvement in the Application

The high response times observed in Order servlet are attributed 
to the lengthy Database transactions.

To counter this, the concepts of query optimization are used.

The Database queries for Order module are modified to 
incorporate Inner joins wherever possible to reduce the amount 
of data processed for select queries.

Changes are also made for the insert queries, individual insert 
queries have been replaced by bulk insert queries using Java 
arrays and StringBuilder classes. As it was observed that the 
insert queries take the longest time to execute. The idea is to save 
on the time required to make individual database transactions 
and have the data stored in arrays and execute bulk database 
inserts using StringBuilders taking care that the consistency 
and availability of data is maintained.

D. Performance Testing After Improvement

Same three tests with 100, 200 and 300 users using Apache 
Jmeter are carried out for the Updated Java web application.

Table IV, Table V, Table VI show the stress test results for 100, 
200 and 300 users post improvement respectively. This data is 
rendered by Apache Jmeter Version 2.10. 

Fig. 9, Fig. 10, Fig. 11 show the graphical representation for the 
stress test results for 100, 200 and 300 users post improvement 
respectively. This data is rendered by Apache Jmeter Version 2.10.

Table IV: Performance Test Results for 100 Users Post Improvement

Source: Apache Jmeter version 2.10

Table V: Performance Test Results for 200 Users Post Improvement

Source: Apache Jmeter version 2.10

Table VI: Performance Test Results for 300 Users Post Improvement

Source: Apache Jmeter version 2.10
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               Source: Apache Jmeter version 2.10

Fig. 9: Graphical Representation of Performance Test Results for 100 Users Post Improvement

               Source: Apache Jmeter version 2.10

Fig. 10: Graphical Representation of Performance Test Results for 200 Users Post Improvement

             Source: Apache Jmeter version 2.10

Fig. 11: Graphical Representation of Performance Test Results for 300 Users Post Improvement
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E. Comparison of the Performance Test Results Before 
and After Improvement 

It is clearly seen that the average response time of 17724.00 
milliseconds for Order servlet has now dropped to 9067.33 
milliseconds, an improvement of 48.84%.

Also observed that the average time for the complete 
performance test has dropped from 36625.00 milliseconds 
to 19700.33 milliseconds, thus making an improvement of 
46.21% overall.

Thus the overall performance of the application has been 
enhanced. It is thus observed that bulk database inserts save 
a lot of time if the amount of data to be inserted is large as 
compared to the individual inserts. 

V. Conclusion

In this paper we developed a Java web application, evaluated 
its performance and improved the same. How well a web 
application responds to user requests especially when there 
is large concurrent user load, determines the customer’s 
satisfaction from that application. Considering the importance 
and criticality a web application’s performance holds, 
performance testing and improvement becomes a pivotal step in 
the web application development process. Techniques of query 
optimization were used to improve the performance in this 
paper; additional techniques like load sharing using multiple 
servers can be harnessed to further improve the performance. 
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