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Abstract—Due to large advancements in the Internet 

technologies, many web based applications has been developed 

and published to the Internet platform. Applications such as 

Blogs, Social networking, E-commerce Websites, and 

Entertainment applications have been uploaded in large scale. 

These types of web applications attract large number of users, 

the number of load and the amount of bandwidth imposed on 

such websites will be large. To improve the overall quality and 

the performance of the web applications in real-time, efficient 

testing strategies should be followed that can test the 

performance of the web pages under varying load. In this work, 

web applications were tested based on the statistics of large 

number of users using the website in real-time. This statistics 

involved various transitions from one web page to other in the 

website. This paper proposes a novel and automated testing 

framework called as the LoadStat Web Tester (LS-Web) for load 

testing and statistical testing of web applications. The proposed 

LS-Web framework makes use of an automated track bot called 

as LS-Bot that records the various user statistics and the current 

load imposed on each of the web pages within the web 

application. Then a novel Fuzzy LoadStat Evaluation (FLS-Eval) 

is implemented that uses the Fuzzy Logic System to process the 

recordings from LS-Bot to provide a detailed analysis of the test 

results along with suggestions for improvement. The change in 

load based on the user statistics isare also identified. 

Keywords— Web application, Automated testing framework, 

Load testing, Statistical testing,Fuzzy logic system 

I.  INTRODUCTION 

The wide range of proliferation of the Internet platform has 
given rise to the number of web based applications and 
solutions that have been used all over the world. With the 
advancements of Internet technologies also attracts many end 
users and this will tremendously increase the load imposed on 
the web pages when large number of users are accessing the 

page simultaneously [1]. The load on any web page depends 
on the number of simultaneous users and it also depends on 
the usage statistics of each of the users. That is, a web page 
contains several items or events that consumes a less 
bandwidth or load and other items or events that consumes 
heavy bandwidth or load. Hence, based on the different user 
statistics the load varies. 

Failure to test a web application for load based on user 
statistics will provide many issues and critical error when 
deployed in real-time. This could also lead the web page to 
crash or provide some faults for all the users. To avoid such 
instances, a web application should be tested based on the load 
that it can handle at a given time [2]. Also since the load 
varies based on the number of users and the usage statistics of 
each user, the load testing should be combined with the 
statistical usage of the web application [3]. Apart from this 
another issue is with database access that also leads to large 
amount of load on a web page. The load testing should also 
consider the access of database and files from the server. 

A web application or a web page that expects a large 
number of users at a given time should be properly tested for 
load before it is published. The type of load that can be 
handled, the type of user and the user statistics varies based on 
the type of web application [4]. Since all the events happen in 
real-time, the testing should also be done under the same 
scenario. For this purpose, an automated testing framework 
called as the LoadStat Web Tester (LS-Web) is proposed in 
this paper that makes use of a novel and intelligent testing 
framework that can perform load testing and statistical testing 
of web applications. The proposed framework makes use of a 
live and active LS-Bot for each of the web page within the 
application that can automatically track and record the user 
statistics of all the users of the page. The LS-Bot also records 
the change in load within the web pages for every second. 
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Finally, the Fuzzy LoadStat Evaluation (FLS-Eval) system is 
used to process the recordings. 

Most of the works mentioned in literature survey has not 
considered the overall performance of web applications under 
heavy load. Due to this, there is poor testing of the web 
application before they are published online. This paper 
proposes a testing framework that can be applied to any type 
of web application and can also identify the deeper aspects of 
load testing in real-time for efficient test results. Also by 
combining the user statistics with load testing, the change in 
load in different pages and how it affects the overall 
performance of the web application can also be identified. 

The remaining sections of the paper are arranged as 
follows. Section 2 deals about the various existing methods in 
testing of web application and web pages including the various 
techniques and tools. Section 3 explains about the proposed 
testing framework, its working and the various components 
used. In Section 4, the proposed evaluation method used for 
processing the obtained test results. Section 5 shows the 
implementation of the proposed web testing framework in 
real-time applications with results. Finally Section 6 concludes 
the work with future directions.  

II. LITERATURE REVIEW 

Testing of web applications has always been a tedious and 
complex task due to the availability of different type of web 
applications and web pages. A scalable and flexible web 
testing framework is hard to find and they cost much for 
conducting the testing process. So, most web developers does 
not concentrate on the testing part and this leads to poor 
quality and performance of the web applications in real-time 
and especially in cases of heave load and traffic. Most existing 
web application testing strategies and tools only focus on a 
certain aspect of the testing. The most tested aspects are the 
performance and load of the web application [5]. So for this 
reason this paper focuses on only load testing and how the 
load affects the web application in terms of the user statistics. 
The change in the usage statistics is associated with the 
change in the load imposed on the web application. 

Many tools and techniques have been used in past for web 
application testing and most of which have been used in large 
enterprises and organizations that develop, maintain and test 
web applications in large scale [6]. They aim to provide 
testing services also to their customers and other vendors as a 
service. Some of the free web application testing frameworks 
and tools that are widely used are Selenium, Test Complete, 
SOATest, Watir and WatiN. Sahi web testing tool [7] provides 
both free and paid services to its customers. The other paid 
tools include RIATest, Ranorex Studio, QF-Test, etc. Almost 
all these tools use scripting and programming languages such 
as Python, Ruby, JavaScript, Java, etc. for writing the test 
cases. 

Apart from tools being used for testing, web applications 
can also be tested specifically by using certain techniques or 
algorithms. These techniques follow a series of step by step 
process for web application testing [8]. Basic types of web 
application testing techniques uses UML based [9] and Flow 
Diagram based approaches [10]. The advantage of these 

techniques is that they can cover the entire web application 
with lesser number of test cases. But the major disadvantage is 
that it requires a lot of manual effort and tasks. Similar types 
of approaches have also been used such as the Activity 
oriented approach [11] and Finite State Machine approach 
[12]. But they types have same issues and consumes more 
time. 

To further enhance the testing accuracy and performance, 
the Object Oriented approach [13] and Quick Testing 
approaches have been used. The test results obtained in this 
work are accurate and the overall testing process is simple and 
can also be automated with less manual work. Apart from 
these, the number of test cases can be reduced much smaller 
and can be applied to any web application. In case of Object 
Oriented model each entity or element within the web 
application is represented as an object [13]. In Quick Testing, 
the testing process is automated by making use of external 
libraries. The major disadvantage in Quick Testing is the 
requirement to purchase licensing and software installation 
and updates required to execute the testing process. The 
Object Oriented approach on the other hand does not require 
any installation or licensing but the process itself is complex 
and time consuming to generate large number of web objects. 

To overcome such issues the proposed method in this 
paper makes use of an automated testing framework that does 
not require any manual work and can dynamically test any 
type of web application. The proposed method aims to provide 
scalable and flexible automated testing framework that can 
adjust itself to the type of web application under test. An 
automated evaluation system is also used in the proposed 
framework that can process, evaluate and provide us with a 
detailed test result about the load and usage statistics of the 
web application. 

III. LOADSTAT WEB TESTER 

The proposed LoadStat Web Tester (LS-Web) is an 
automated test bed [14] that can dynamically test any web 
application for load based on user statistics. The proposed LS-
Web framework uses an in-built Track-Bot Management 
System (TBMS) that assigns various kinds of tracking bots 
called as LS-Bot for capturing the various user activities on 
the web pages. The TBMS identifies the type of page and 
based on that assigns bots to each page to monitor them. A 
web page can be classified into two types: Static page and 
Dynamic page and each of these can be either a responsive 
page or not. The TBMS can identify the type of web page to 
assign it with a suitable LS-Bot for efficient tracking. By this 
way any type of web application can be tested based on the 
need. 
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Fig.1. Overall framework of LoadStat Web Tester 

The task of a LS-Bot is to latch itself at the back of a web 
page and then continuously track the user statistics and load 
incurred on the web page. The various events, navigations and 
actions performed by the user within that page are recorded 
along with the amount of load that is imposed on the web page 
for each of these activities. These recorded activities are 
periodically forwarded to the TBMS that process them and 
send only the necessary details to the LS-Combiner within the 
LS-Web framework. The job of LS-Combiner is to obtain all 
the tracking details from all the LS-Bots and then combine 
them to obtain detailed results. The overall framework of the 
proposed LS-Web is shown in Fig. 1. 

A. Track-Bot Management System 

The TBMS is the major component of the LS-Web 
framework and it consists of HTML and XML parsers that are 
used for identifying the type of web pages within the 
application under test. Then it also contains a bot generator 
that generates a LS-Bot based on the type of web page 
identified. Static LS-Bot is used to track static web page and 
Dynamic LS-Bot is used to track dynamic web pages. In case 
of responsive web pages, the LS-Bot contains a library that 
can specifically target user statistics related to responsiveness 
of the web pages. During the test initialization, the TBMS will 
first generate smaller nano-Bots (n-B) for each web page 
within the application under test. These nano-Bots (n-B) 
contains the HTML and XML parsers that can identify the 
type of web page based on the code. Then these nano-Bots (n-
B) will forward the information to the TBMS and using this 
LS-Bots is generated for each web page (Static and Dynamic). 
The TBMS component is represented in Fig. 2. 

 

Fig.2. Framework and working of Track-Bot Management System 

The proposed TBMS can generate four different types of 
LS-Bots such as Static LS-Bot, Dynamic LS-Bot, Static LS-
Bot with Response and Dynamic LS-Bot with Response. Each 
of these bots is used for tracking different types of web pages. 
In case of a larger web page that contains many events and 
activities, more than one LS-Bots are assigned by the TBMS. 
For tracking the responsive web pages a unique Responsivity 
Library has been embedded within the LS-Bots. 

An LS-Bot is a dynamic web crawler or tracker that can 
detect and record any changes that happen within the web 
page. The proposed LS-Bot entity is embedded with a total of 
4 detectors that are useful for identifying the load and user 
statistics of web pages. Each of these detectors has unique 
functionalities and these detectors are libraries that have been 
created for the purpose of capturing specific values. The 
detectors used within the LS-Bots are as follows: 

1. A Location Detector that can detect any click made 
within the web page. 

2. An Event Detector component that is used to detect 
launch of events or actions within the web page. 

3. A specialized Navi Detector to detect any incoming 
and outgoing navigations from and to the web page. 
The Navi Detector library can also identify the source 
and destination pages during the navigation. 

4. A Load Detector that can automatically capture the 
load incurred during each navigation, click and event 
launch happening within the web page. 

Due to its dynamic nature, the LS-Bot can automatically 
capture all the necessary user statistics and load details from 
within the web page. All the collected information is 
periodically transmitted to the TBMS where they are 
processed and stored in a separate database. The working of 
LS-Bot inside a web page is shown in Fig. 3. 
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Fig.3. Working of LS-Bot within web page 

The formats of the tracking data obtained from each of the 
Detector’s within the LS-Bot are shown below in Table I. 

TABLE I.  FORMAT OF DATA OBTAINED FROM LS-BOT DETECTORS 

Detector Data Format 

Location Detector <ID, X-pos, Y-pos> 

Event Detector <ID, Event, Type> 

Navi Detector <ID, Source, Destination> 

Load Detector <ID, Load> 

 
Each data record from the detectors is assigned with a 

unique identifier (ID) that also contains the identifier of the 
user that performs the event. And the Load Detector will 
identify and record the amount of load incurred with each ID. 
The LS-Bots keep tracking the web pages and all the data 
obtained from the tracking is sent to the TBMS where it is 
stored in a separate database for processing. 

B. LoadStat Combiner 

The obtained tracking results from the database are then 
sorted and arranged based on the type of data. The data is then 
sent to the LS-Combiner that processes them together and then 
combines the data. The data from Location Detector and Event 
Detector is initially combined together to identify the locations 
where events have been activated. Then the Navi Detector 
data is processed and combined to generate the paths 
navigated by the users and these paths are used for generate 
Markov Model for each of the users. And finally the load 
values of all the events are also summed up together based on 
the combined data. The LS-Combiner prepares the tracking 
data in a suitable format to be processed using the Fuzzy 
Logic System. 

The LS-Combiner also identifies similar events or events 
that lead to another event and based on this the data are 
combined. This way, the change in load due to the usage 
statistics and usage preference of the users can be identified 

and also the load imposed due to the various activities in the 
web pages can also be identified. The combined and processed 
data from the LS-Combiner is then forwarded to the proposed 
Fuzzy LoadStat Evaluation (FLS-Eval) system. 

IV. FUZZY LOADSTAT EVALUATOR 

Fuzzy Logic System (FLS) [15][16] or Fuzzy Evaluation 
System (FES) is a human based reasoning approach that is 
used to evaluate or calculate the required output based on the 
numerous inputs provided. The FLS uses a set of Fuzzy Rules 
to determine the type of output obtained when a specific set of 
inputs are provided. The combined data from the LS-
Combiner is provided as input to the FLS-Eval component. 
The proposed FLS-Eval uses the Type-1 Fuzzy System with 
multiple inputs and a single output. The difference between 
Type-1 and Type-2 fuzzy systems[17] is that, in case of a 
Type-2 fuzzy system a new dimension of uncertainty can be 
added that is not available in a Type-1 fuzzy system. 

The FLS can construct a relationship or set of rules using 
which the output variable can be determined using the input 
variables. LA Zadeh was the first one to develop the Fuzzy 
Sets and the Fuzzy Logic System. A standard Fuzzy Logic 
System contains a total of three stages such as: (1) The 
Fuzzification stage performed by the Fuzzifier, (2) The Rule 
Evaluation stage executed by the Inference Engine and (3) The 
Defuzzification stage performed by the Defuzzifier. In the 
proposed method the FLS-Eval component uses a hybrid 
multi-stage Fuzzy Logic that comprises of more than one FLS 
built within. The purpose of using a multi-stage FLS is to 
evaluate the deeper aspects of the test data. 

The FLS-Eval contains a total of 4 Fuzzy Logic Systems in 
which three of them are in the first level and the final one is 
available in the second level. The outputs from the first level 
FLS are given as input to the second level FLS. The three FLS 
used in the first level are explained below. 

A. Location Fuzzy Logic System 

 The Location FLS is developed for the purpose of 
identifying the change in impact of the load on a web page due 
to the various user interactions. The Location FLS takes as 
input a total of three variables such as: (1) Interaction Count, 
(2) Interaction Type and (3) Load Imposed. The output 
variable for the Location FLS is the Impact Change. Fig. 4 
shows the overall build of the Location FLS. 

 

Fig.4. Location Fuzzy Logic System 

B. Event Fuzzy Logic System 

 The Event FLS is specially designed and implemented for 
processing the test data obtained from various user events and 
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activities. By processing these data, detailed information can 
be obtained based on the impact of these events on the overall 
load within the web pages. The Event FLS takes as input a 
total of three variables such as: (1) Event Count (2) Event 
Type and (3) Load Imposed. The output variable for the Event 
FLS is the Load Impact. Fig. 5 shows the overall build of the 
proposed Event FLS. 

 

Fig.5. Event Fuzzy Logic System 

C. Navi Fuzzy Logic System 

The Navi FLS is developed for the purposes of identifying 
the impact of load based on the navigation statistics of the 
users. The difference between the loads imposed due to the 
navigation is identified here. The Navi FLS takes as input a 
total of three variables such as: (1) Incoming Navigation 
Count (2) Outgoing Navigation Count  (3) Load Imposed. The 
output variable for the Navi FLS is the Load Difference. Fig. 6 
shows the overall build of the Navi FLS. 

 

Fig.6. Navi Fuzzy Logic System 

D. Load Evaluation 

 The obtained results from the above discussed FLS are 
provided as input to the second level FLS which is the Load 
Evaluator FLS. The Load Evaluator FLS takes as input the 
following three variables that are obtained: (1) Impact Change, 
(2) Load Impact (3) Load Difference. The final output 
obtained from this FLS is the Total Load. And this is 
evaluated for each of the web page within the application 
under test. Also the results obtained from each of the FLS in 
the first level can also be used for analysis and tuning purpose. 
Fig. 7 shows the overall build of the Load Evaluator FLS. 

 

Fig.7. Load Evaluator Fuzzy Logic System 

 Each of the rules within the FLS have been dynamically 
changed by the tester or developer based on the type of web 
application that is being tested. And every time a new rule set 
has been added, it will be saved to the database of the 
proposed web testing framework. This way in future when 
testing similar web applications, the rule sets will be 
automatically assigned by the system. 

V. IMPLEMENTATION AND RESULTS 

The proposed LS-Web testing framework is implemented 
and tested in real-time using a live web application. For the 
purpose of testing, the CrocBaby Web Hosting website has 
been considered that is available at the www.crocbaby.com 
link in online. The CrocBaby website consists of many web 
pages, both static and dynamic and some of the pages also 
contain responsive contents within. For this purpose this 
website has been chosen for testing. The list of all web pages, 
its type and availability of responsive content has been 
mentioned below in Table II. 

TABLE II.  WEB PAGES IN WWW.CROCBABY.COM WEBSITE 

Web Page Page Type Responsiveness 

Home Static Yes 

About Us Static No 

Careers Static Yes 

News Dynamic Yes 

Contact Us Dynamic Yes 

Press Release Dynamic No 

Knowledge Base Static Yes 

Payment Options Static No 

Support Portal Dynamic Yes 

Customer Portal Dynamic Yes 

System Status Dynamic No 

Privacy Policy Static No 

Report Abuse Static No 

 
 Initially the TBMS will scan each of the web pages using 
the nano-Bots and the above details in Table II have been 
identified. Based on the above statistics the TBMS will 
generate the following number of LS-Bots as in Fig. 8. 
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Fig.8. Number of LS-Bots for tracking www.crocbaby.com 

For real-time testing purpose, www.crocbaby.com website 
was circulated among various users through e-mail, social 
networking websites and applications and the usage statistics 
was tracked using the LS-Bots automatically. The LS-Bots 
were kept live for duration of 24-hours and the test data or the 
tracking data was stored in the database. After collecting all 
the required test data after 24-hours, it has been processed 
using the LS-Combiner which is a library coded using the 
MATLAB tool. After processing and combining the test data, 

the final data is stored separately to be evaluated using the 
FLS-Eval component. 

The FLS-Eval is a Fuzzy Inference System (FIS) library 
also developed using the MATLAB tool. The in-built FLS 
framework inside the MATLAB tool has been used for this 
purpose. A total of four FLS have been developed using the 
MATLAB Fuzzy library with the specifications as shown 
above in Fig. 4 till Fig. 7. Initially the Location FLS, Event 
FLS and the Navi FLS have been executed separately using 
the test data to evaluate their outputs. The obtained output is 
saved separately. The average values of Impact Change, Load 
Impact and Load Difference obtained for www.crocbaby.com 
test data for each of its web pages has been tabulated and 
represented as graph in Fig. 9, Fig. 10 and Fig. 11 
respectively. 

Finally the obtained result data from these three FLS have 
been provided as input to the Load Evaluator FLS that in turn 
calculates the Total Load incurred for each of the records in 
the rest data. Then the average of the calculated Total Load is 
calculated for each web page and then tabulated. The tabulated 
vales have been plotted as graph as shown below in Fig. 12. It 
can be seen that the higher load is imposed on dynamic pages 
and also pages that have responsive contents. 

 

Fig.9. Impact Change calculated using Location FLS 
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Fig.10. Load Impact calculated using Event FLS 

 

Fig.11. Load Difference calculated using Navi FLS 
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Fig.12. Total Load calculated using Load Evaluator FLS 

VI. CONCLUSION 

Load testing of web applications is one of the critical tasks 
due to the large number of users and complex testing process. 
This paper proposes a novel and dynamic testing framework 
for web applications to perform load testing based on the user 
statistics. The proposed LoadStat Web Tester is an automated 
framework that makes use of tracking bots to capture the user 
activities and load imposed on all the web pages of a web 
application. The obtained test data are processed using the 
proposed Fuzzy LoadStat Evaluator (FLS-Eval) that is built 
using multi-stage Fuzzy Logic Systems. The proposed testing 
framework can dynamically test the given web application to 
calculate the overall load imposed on each of the web pages 
and of the whole web application based on the different user 
activities and events performed. In future, the proposed 
framework could be integrated with a performance testing 
module that also considers the load data. 
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