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Chapter - | . Introduction

1.1. Web Application Regression Testing

Web applications are broadly used and are considered to be the backbone of many organizations.
Almost all large organizations and commercial companies have very demanding e-commerce
web sites for attracting the clients. The huge monetary loss is faced by the organizations, if there
is failure in web application domain. The one way that can reduce this loss 1s to make websites

meeting to the non-functional requirements like usability, reliability, security and availability.

Web applications use heterogeneous technologies and languages, as a result the requirements of
a web based application acquire more complexity than other applications. This heterogeneity can
be effectively managed during the testing f)hase by thoroughly testing the environment of these

applications.

Frequent changes are unavoidable in software now days; these frequent changes are due to
dynamic nature of usage as well as because of advancement in technologies. These rapid changes
in software demand re-testing the software very frequently. Re-testing software completely
requires numerous resources, so the usage of regression testing is to overcome this issue. If we
want to include -a new component in web application or eliminate an out-dated one, then
regression testing should be carried out to ensure the modifications which have not affected the

other portions of the web application.

Testing is performed on the basis of test cases, which specify the functionality to be tested, what
the inputs are and what the expected result is. Developing test cases is very hectic and time

consuming activity. So, testers mostly reuse test cases for validating a modified system along

- . L

Web Application Regression Testing: A Comparative Evaluation of User Session and Slicing Based Approaches Page 2



Chapter - | Introduction

with some new test cases. Regression testing is significant part of maintenance activity. Seventy

to ninety percent of the total software lifecycle cost is attributed to maintenance phase.

Regression testing is basically retesting of the software and ensures that a new modification has
not introduced any bug in the software. Regression testing has two common approaches that
handle same type of issues mentioned in [8] namely user session based testing and slicing based

testing.

1.1.1. User Session Based Testing

User session is mostly used in situations where program specifications are not mentioned, but it
has no affect on the user session test case generation process if web technology changes. In user
session testing, only those parts of the application are tested, which are being used by the user.
Execution of large number of captured user session is impractical due to their huge number.

Testing all user sessions would require more test development effort and time for test execution.

User session based testing suggests that large number of sessions is difficult to test, thus we need
to tradeoff between quantity of session data and effort required for software testing. Efficiency of

user session will be affected by the data collection process.

User Session automatically creates test cases on user profiles. Tester easily access logs of user
real usage data in web application domain. User session based testing is basically the
convergence of these real usage user data into test cases. This technique is good for detecting
bugs but it is unscaleable with large number of sessions. So testers should tailor the number of

sessions using different techniques such as clustering and reduction etc.

.
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User sessions can easily be recorded in web applications. It is also used for regression testing.
User session based testing also provides an effective partitioning or coverage along with
.identifying the defects that were not highlighted in any other approach in web application
domain. It can be conducted even with poor requirements where the requirements are unclear or

incomplete.

In software testing, utilizing user sessions is an automatic process to reduce the overall cost of
testing. Other information such as web site links is also easily extracted from user sessions. Two
tools (Rational Robot and Web King) are also available for automated testing of web application

through user session

1.1.2. Slicing Based Testing

Slicing is the second sub technique of regression testing. It was introduced by Mark Weiser [41]
to assist students understand and debug their programs. The program slicing reduces the size of

certain program though maintaining the original behavior of the certain program.

It helps to understand the internal structure of the system as well as revealing the significant
information [32]. It is also very important for selective regression testing, but it is not suitable for

verifying and validating an initial copy of software.

According to the definition [41], a slice is an executable division of program statements. It saves
the actual program behavior with respect of the division of variables of interest and at a given
point of program. In slicing based testing, testers only focus specific part of application for

testing.
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Chapter - 1 Introduction

Several software engineering jobs need to decompose a larger program into smaller programs
e.g., program comprehension, debugging, downsizing, maintenance and testing. Slicing is

very useful for this concern.

In slicing based testing, a remarkable amount of papers have been published to present different
kinds of program slicing [20] but very little work reported on slicing in web application

regression testing domain.

1.2. Motivation

Practically the regression testing is not much beneficial in large software systems due to high
cost and time demands. Therefore many organizations reuse test cases for regression testing [4].
Retesting the entire test suite will consume large amount of time and resources if new test cases
are written each time a modification is made. Thus test cases are reused for validating the

modified system.

Web application testing is an emerging and challenging field of current era because many test
cases will be generated even for smalil changes due to web dynamic and complex nature. Large

number of researchers has worked in web application testing domain.

Each researcher has focused on different areas of web applications like static and dynamic pages,
links, frames, architecture, model and scenarios [21] but limited work reported in web
application regression testing [16].Several kinds of web application regression testing
methodologies have been proposed in the literature but unfortunately no detailed review has been

conducted. It is very important to explore types of methodologies are being used in this domain.
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The research work presented in this thesis discusses different methodologies for web application
regression testing and then compares two methodologies (user session and slicing) in terms of
their effectiveness and performance. User session is termed as the finest technique for regression
testing [8], where as slicing is stated as similar to user session testing in terms of problem
coverage. Therefore we have chosen to compare these two techniques in domain of regression

testing for web based application.

The previous research work [8] highlights that user session and slicing have same capability to
detect the errors in web testing and both are not appropriate for testing initial copy of web
applications. This research finds out whether both methodologies can be applied together or not

and if yes whether they can enhance the results in web application regression testing domain.

1.3. Aims and Objectives

The aims and objectives of this research is
e Comparative evaluation of the two approaches (user session and slicing).
v" Compare performance level of user session and slicing.
v" Check whether user session or slicing is better for web application regression
" testing w.r.t performance
v" Check whether they provide optimized performance:

o When both are applied in conjunction or separately.

1.4. Research Questions

The purpose of this study is to address the following research questions through experiment.

Web Application Regression Testing: A Comparative Evaluation of User Session and Slicing Based Approaches Page 6
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RQ1. Which of the following techniques, user session and slicing, is better in regression
testing of web application with respect to performance?

The purpose of this question is to check that which technique is better for web application
regression testing and also compares the effectiveness and performance of two techniques (user
session and slicing) when they are used alternatively.

RQ2. What is the impact of user session and slicing on performance when they are used in
conjunction?

The purpose of this question is to check that whether the performance increases when these two
techniques are used at the same time. The question- is based on the fact that both techniques have
been used for web application regression testing and both are used to handle same type of

problems.

1.5. Research Process
The steps involved in the research process are as follows:

Literature survey was done to elicit the approaches of web
application regression testing.

Literature survey was done to find the Problem Domain

Analysis was done to find the way of implementing user
session and slicing based approaches.

Experiment was done to find the differences between user
session and slicing based approaches

Comparative evaluation of user session and slicing based
aporoaches was done through experiment. Outcomes

Figure 1. 1:Research Process
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1.6. Significance of Research

The research will helpful not only in summarizing the data but will also be helpful in knowing

the following at least

e What types of methodologies are being used in the domain of regression testing for web
application?

¢ Which technique is better (user session or slicing) in regression testing of web application
with respect to performance?

e What is the effect of using both techniques in conjunction on performance?

» What is the effect of using both techniques separately on performance?

1.7. Thesis Outline

Remaining of the thesis is organized as follows:

Chapter 2: Chapter 2 discusses web application regression testing approaches that have been

reported in literature.

Chapter 3: The proposed methodology is discussed in Chapter 3. In this chapter;
implementations of user session based approach, slicing based approach and hybrid approach is

also discussed.

Chapter 4: This chapter presents the findings of the experiment and discusses them thoroughly.

Results have been validated by applying different test cases.

Chapter 5: Conclusion and Future work is given in Chapter 5. The contributions of this

research work have also been discussed in the same chapter.

e e
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2.1. Introduction

A web application development is different from development of traditional applications due to
its dynamic and complex nature. Web applications design must take into account some quality
characteristics like scalability, security, availability, reliability to efficiently convey the
information and to effectively distribute functionalities among server side and client side to
optimize performance. Furthermore, a web application testing differs from traditional application
testing especially with the utilization of web services that often support recurrently changing

business environments.

High user demands and quick web technological changes have subject web applications rapid
change and maintenance, which requires the development and execution of efficient regression

testing techniques [23].

Regression testing refers to testing the tailored version of a system v’, using test set T used
earlier to test the actual system v. The appropriate selection of test cases T can be made through
number of ways and various regression testing techniques has been proposed. These techniques
have different objectives [32]. To re-test a program after adaptation, pick the test suite subset
which will increase confidence of changes to be covered. Regression testing techniques are

essential for sufficient collection of these subsets of test cases [16].

2.2 Background: Web Application Regression Testing
In this section, the prior work in regard to the web application regression testing is presented.
Large number of researchers has worked in web applications testing area but we still lack a

mature and well developed model to test and examine web applications up till now. All the
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previous work deals with different characteristics of the web applications while ignoring the rest.

Even poorer, very little regression testing techniques have been used in web application domains

[23] which are as following:-

Table 2. 1: Literature Survey of Web Application Regression Testing

Paper title Focus Published in Proposed Limitation/
Approach Disadvantages
“Improving Web | Review  the | Int. Conf. on | Technique that | - User navigation
Application techniques that | Software collected  user | and filtering
Testing with | were used in | Engineering, session data from | session’s
User Session | web 2003 the web and | techniques were
Data”. application performed web | not considered.
regression _| testing [1] o
“Automated testing Project Report, | Technique that | Tool was created
Regression domain. 2005 would perform | that could not be
Testing of Web automated web | checked most
Applications”. application complex fields.
regression Expected results
testing using | examined
B user sessions{14] | manually.
“*Automated IEEE Computer | Web application | -Unaltered  web
Session Data Society, 2008 regression application  was
Repair for Web testing approach | ;coq
Apphcapon that. Iepair USer | pob.vior of the
Regr.ess:on session data 3] repair algorithm
Testing”. was checked on
single web
application.
“Harnessing International Automated -Model was not
Web-based Software oracle able to detect
Application Reliability comparator unusual scenarios
Similarities  to Engineering technique based | e.g. small
Aid in Symposium, on HTML /| alterations in
Regression 2009 XML output | natural language
Testing”. semantics  and | text "
underlying
inherent
_ similarities {6]
“Automating International Automated - Their
regression Software Tools | regression Annotations were
testing using for Technology | testing approach | conventional
web based Transfer that -Annotators were
application (STTT) Journal | automatically accountable for

_ . . .
Web Application Regression Testing: A Comparative Evaluation of User Session and Slicing Based Approaches
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similarities”.

, 2011

compares the
output of two
versions [7]

telling the
features of the
model.

“Lessons learned
from a survey of
web applications
testing”.

Int. Conf. on IT,

2009

Conducted a
survey of
different testing
techniques used
for web
applications (8]

Approaches were
reviewed from

-literature and their

details, benefits
and deficiencies
are based on
literature review.
Not conducted
any experiment.

“Regression
Testing for Web
Applications

Based on|

Slicing”.

Int. Conf. on
Software and
Applications,
2003

Technique  for
web application
regression

testing that was

based on slicing
[12]

-Only presented
basic framework
and

retated methods.
-Not considered
method

“Regression
Testing Web
Applications”

“A  Meta-Model
1o Support
Regression
Testing of Web
Applications”.

“Automatic

Generation  of
Regression Test
Cases for Web
Components

using  Domain
Analysis and

testing [21]

L optimization.
Int. Conf. on | Technique which | -Only considered
Advanced selected test | the web
Computer cases based on | application in
Engineering, event event driven
2008 dependency 1 environment.
graph for web
application
regression
testing [16]
International UML 2.0 | -Manually
Software & | profiles  meta- | detected  model
Knowledge =~ |model for web | constraint
Engineering application violations.
Conference, regression -Current
2008 testing[20] prototype
provided
coverage for only
a subset of web
| widgets and
controls.
International Domain analysis | - Graphical Web
Computer and  modeling | Model was
Applications technique for | manually
Journal, 2010 web  application | constructed.

Web Application Regression Testing: A Comparative Evaluation of User Session and Shicing Based Approaches
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Chapter — 2 Background and Related Work
Model‘ihg”.

“Modeling and Journal of | Analysis model —Not considered
Automated Theoretical and | for testing and | external content
Black box Applied IT, | modeling  web | sources and
Regression 1 2005 application [23] | testing of server

Testing of Web
Application”.

side logic
in'a model.

“Testing  Web
Applications
Focusing on
Their
Specialties™.

ACM Notes of
Software
Engineering,
2005

Web application
regression
testing was

proposed[30]

-Some realization
techniques for
web testing were
considered.

“Regression
Testing Web
Services  based
Applications™.

IEEE Int. Conf.
on Computer
Systems and
Applications,
2006

Modeled a web
application and

its components
as an abstract.

model [31]

-Not implemented
the technique on
web application.

“A  Regression
Testing Method
for - Composite
Web Services”.

Int. Conf. on
Biomedical
Engineering and
Computer
Science, 2010

Composite web
services
regression
testing  method
(33]

-Not  monitored
the services in the
test model.

Detailed literature survey of web application regression testing is presented below:

Sebatien at el [1] proposed a new technique that collected user session data from the web and
performed testing. New and existing techniques of test generation were compared. Results

showed that user session formed effective test suites than white-box techniques.

Alshahwan [14] provided fully automated web application regression testing_approach. The
approach uses previously recorded user requests of last release and also maintains new session

data for the new release. Alshahwan and Harman has [3] proposed data repair approach of user

Web Application Regression Testing: A Comparative Evaluation of User Session and Slicing Based Approaches Page 13
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session for web regression testing and also introduced an algorithm based on the session repair

concept.

Weimer and Dobolyi [6] proposed a fully automated technique that uses automated oracle
comparator based on the semantics of XML/ HTML output and underlying inherent similarities

among web application.

Dobolyi at el [7] has extended previous work mentioned in [6] by providing a fully automated
regression testing approach that automatically compares the output of two versions. The
introduction of “Smart” a highly precise oracle comparator was given. It is an efficient

comparator for locating actual faults and also reducing the cost of regression testing.

Kam and Dean [8] conducted a survey of different testing techniques used for web applications
and have concluded that a single testing:technique is not able to test all the bugs of a web
application. Some methods can only be used to test controlled flow of the transactions while
others can only handle uncontrolled flows. Thus we need multiple techniques integrated together,

to validate and verify a web application.

Xu et al [12] modeled web applications through System Dependent Graph (SDG) and proposed a
technique for web application regression testing ‘that was based on slicing. The System

Dependent Graph will raise the cost and workload of the testing process.

Tarhini et al [16] proposed a technique which selected test cases based on event dependency
graph for web application regression testing. Test cases for regression testing were selected

based on identifying changed components.

Web Application Regression Testing: A Comparative Evaluation of User Session and Slicing Based Approaches Page 14
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Hemnandez et al. [20] proposed UML 2.0 profiles meta-model and developed automated testing
scripts for web application testing by applying a model-driven approach. A test implementation
prototype for an e-commerce application was presented and also explained the model

transformations to port regression tests to various platforms.

Gagandeep and Sengupta[21] proposed domain analysis and modeling technique for web
application testing that was based on model driven architecture of the system. This approach
drastically reduced the cost and effort of rigorous cycle of software development and testing
process. Analysis of web application using a graphical web model was also accomplished along

with the optimization and automation of the test generation process.

Shaar and Haraty [23] presented an analysis model for testing and modeling web application. It
includes a divisional analysis model consisting of three sub models; the architectural
environment model, the client side model and the server side programs model. The automated
black box regression testing technique was also proposed but external content sources and server

side logic testing were not considered in their model.

Xu et al[30} proposed web application testing in five parts i.e. web modeling for regression
testing, testing techniques and methods, test case generation, testing execution and measurement
process and then proposed four methods of testing which were applicable to test web application.
Some specialties of web application i.e. distributed structures, numerous users, interactive and
dynamic functions of web applications etc were also considered in their research. All their

research based on previous research work.
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i Tarhini et al[31]} proposed a technique of regression testing for re-testing customized web
application. This technique modeled a web application and its components behavior using
abstract level model. Furthermore, the safe algorithm of regression testing was suggested to test

the web applications.

Yang et alf33] proposed a method of regression testing for composite web services. Prototype
was developed for testing. The testing method was also presented which analyzed the process of

implementation. This method is very much efficient for Composite Web service testing.

2.3. Related Work

B Kam and T R. Dean listed six potential web application problems, categories of research
groups and the core features of web applications with the conclusion that user based approach
and slicing based approach-have same capability to detect same type of web application

problems in web testing [8]. These two techniques are shown below in the table:

Table 2. 2:Comparison between User Session and Slicing [8]

3

Téstiﬁg Problems

Static | Dynamic | Form | Dynamic Page | Syntax Uncontro]lec; flow
Method Link Link link Creation Error transaction Scores
User ; “ -
Session | X X X 3
Slicing - ) X X X ' 3

Table 2.2 shows that both methods have the capability to handle same type of problems and both

are not suitable for testing the'initial copy of the web application [8].
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Prior work on regression testing has focused on the problems that are related to managing the
{

mntrinsic complexity of re execution of a large test data suite on a modified version of application
[10, 11, 26]. While considering this technique in web applications, testers mainly focus on design

issues and white box techniques [12]. Regression test suites are executed by the tester to ensure

that the modified version of the software is functioning as predictable.

User session and slicing based approaches have same type of testing problems. Many researchers
worked on user session based approaches in web application regression testing but limited work
reported on slicing based approaches in web application regression testing. On the other hand, no

one has ever compared these two same capable approaches that handle same type of issues.
2.4. Summary

A large number of researchers have worked on more general features of web application testing,
apart from re‘gréssion testing issues. Each researcher has focused different aspects of web
applications like static and dynamic pages, links, argﬁitecture, scenarios and model. A large
number of researchers have worked in the area of user session based testing but a few researchers
have worked on slicing in web application regression testing domain. Most of the work reported
on slicing concems extension and improvement to slice construction algorithms and different

forms of slicing.
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3.1. Introduction

Testing is the process that is used to assist testers to recognize the completeness, quality and
accuracy of developed software. Web applications need to be available 24 hours a day thus tester

need to fix bugs within a short time frame.

User session based approacﬁ', slfCing based approach and hybrid approach of regression testing in
web application domain is implemented in this chapter. A comparison of these techniques is

performed to identify better one among them with respect to performance.

3.2. Research Methodology

Research methodology is the detailed steps where as steps of research method giving here. In this
research, experimental research methodology has been used which has drawn the resuits of

comparative evaluation of two techniques. The following steps are involved in this research:

Log Fiie of Wal

l_. Site

User 5essinn ‘_] “fg Fie Generate Anatysis
nased Testing ] Transformation Regrassion Tes i
l Cases

Caiculate
frequency and %
of Each Session

me""l

{Web Site: £omDanisen o7 fesults

magadressEs.cem

Uszr Session and

Skeng

Skang Algonthm

i

Cantrel Fiow
Grapn o web

r

E-en: {ount

Genesale Analysis
Regresson Test
Cases

" Skeing Based
Testing

-

l__M_..._“,.‘,J

Figure 3. 1: Steps of Experiment for Research Question 1
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. (websie) v User Session tvent Count Control Flow Slicing Algorithm
megadresses.com oased Testing " Graghotweh
A L3
Generate Analysis Comparison of Results
Regression Tes: User Session and .
Cases Slicing

Figure 3. 2: Steps of Experiment for Research Question 2

3.3. Implementation of Approaches

User session, slicing and hybrid approach has been implemented on website named as

“www.megadresses.com”.

3.3.1. Implementation:User Session Based Testing

Transformation of user sessions into test ¢ases is called user session based testing. Test cases
contain number of HTTP requests which are linked with each user session. Every session is a
group of user requests in the form of name-value pairs and URLSs in user session based testing. A
user session is initialized and ended whenever a new user or an IP address accesses the website
or leaves respectively. User sessions are identified by the [P addresses of user but it is

considered as a new session after 45 minutes.

User sessions are important for many reasons. First, it can help to customize users according to

their preferences. Secondly, it gives information of the traffic on the website and thirdly, it easily

. e L - e
- ____ . . . _______ ____]
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examines defects through recorded website logs. The user behavior is the best representation of

several common requirements.

When a user visits a Web application, it records actions in a log file and uses these actions
afterward for testing. These results ensure quality of web and provide very effective way for
testing. Test case reduction removes unnecessary test cases from the test suite, which do not
affect the efficiency.

Log file Extraction

The data of user session technique is taken from server. A data set of server website is known as
www.megadresses.com, the IP address indicates different domains that make a request for a page
from a web server. The session is the time in web logs of a server when the user makes the
requests for that web page; which is the time during which user accesses that web page. The data
sets acquired from web servers is in notepad (.txt) format but this data is always going to be in
raw format making it impossible to analyze. In order to alter the data sets into logical format the
data sets are converted into the Excel tables. The process of converting Notepad data file into

MS Excel table is given below:

First open the MS Excel
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S e R
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CED man 11 s s et Dt asmsin
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Figure 3. 3:0pen web log data set File Saving Ain MS Excel
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Browse the path of web server data file in MS Excel.
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Figure 3. 5:Web log data File Séving in MS Excel
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After finish, the data looks in a logical way. Then it is saved.
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Figure 3. 6: Log data File Saving in MS Excel

The first column is denoted as the intemet protocol (1P) address, the second and the third column

are utilized as a separator of the data.

Calculate Frequency

The user sessions are sorted out in descending order according to the link frequency. If a page is

accessed by the user most frequently, its probabih'ty to access the web page will be high. This

makes the data understandable, as well as easy to analyze.
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Figure 3. 7:Frequency Count of a log file
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After that, the percentage of each link is computed relative to the total amount of frequency links

is shown 1n the below mentioned formula:

Total number of links frequencies

Link Percentage = Frequency of the link

Total No of Link Frequencies
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Figure 3. 8:Percentage of each link

Test Case Generation
Test cases are directly generated through sessions based on frequency and link percentage then
covered and newly covered path found through test cases. Newly covered are those paths that are

previously uncovered.
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Figure 3. 9:Test Cases directly generate through sessions
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Figure 3. 10:Covered and Newly covered path calculation through Test Cases.

Calculate Test iifﬁci?éncy and Coverage.

Test efficiency and coverage are calculated through formula using covered and newly covered

paths.

Formula of Test Efficiency and Coverage

» Coverage =_t

* Test Efficiency= 1-t =t

= Total no of newly covered path
t"* = Total no of covered path

n = Total no of test cases
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3.3.2. Implementation: Slicing Based Testing

The Program Slicing technique is used for understanding, testing and maintenance of web
applications [40]. Slicing method was used in order to perform regression testing effectively and

efficiently. Here, slicing based testing is implemented in web applications.

Point of Interest

The first step is to identify point of interest, which is collected through event count. Event count
is based on the paths of possible interactions with the web site (when users access the website

they click on different links). Event count is basically a track of the user clicks on the web site.

‘URL Clicks
http://www.me adresses.com top-stores 22

[y
o

http:/ /www.megadresses.com/pakistani-dresses/black-embroidered-frock/
http:/ fwww.meqadresses.com [pakistani-dress’és[ black-maxi/

http://www.meqadresses.com/

http://www.megadresses.com/cateqory/pakistani-dresses/a-line-frock

http:/ /www.megadresses.com/ pékistani~dresses[g‘reen"e"mh?bidere’dfdressz

www.megadresses.com/pakistani-dresses i Wi -collection-20112012

http:/ /www.megadresses.com/pakistani-dresses/red-dress-2/

http:/ /www.meqadresses.com/build-store/

hitp:/ /www.meqadresses.com/contact-us/

http://www.megadresses.com/cateqory/pakistani-dresses/abaya/
http:/ /www.megadresses.com/pakistani-dresses/lemon-yellow-party-dress/

http:/ /www.megadresses.com/pakistani-dresses/orange-frock-2/  ~

www.megadresses,com/pakistani-dresses/red-winter-beautiful-dress

http:/ [k\vww.megadress‘?s,comlgakistani-dresses{mehndi-maroon‘!&h]-dress/
http:/ /www.megadresses.com/pakistani-dresses/ multi-shaded-frock/

www.meqadresses.com/ pakistani-dresses/pakistani-bridal-dresses-collection-

http:/ fwww.medadresses.com/pakistani-dresses/4349/

AR R R W WD W W B DO OO NN

Figure 3. 11:An example of event counts
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Event counts of web site are considered as a point of interest. After getting point of interest,

control flow graph and slicing algorithm of website are made.

Construction of Control Flow Graph (CFG) and Slicing Algorithm

Slices are computed using a Control Flow Graph (CFG) and slicing criteria.

Figure 3.13 shows CFG.
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Figure 3. 12:Control Flow Graph({CFG}
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This algorithm defines the steps of slicing.

Slicing Algorithm:

1. Generate the CFG.

2. For a particular slicing criteria <s, v>, mark s.

3. Starts back traversing from s and highlights the nodes and edges.

4. Map the highlighted node to the related links in the program.

The algorithm 1s used to find the slices for the event count link. The required slice could be

acquired by backward traversing in the resultant graph and marking the edges and nodes. The

Figure 3.14 is shown the resultant CFG.

e

!\ y '—\ ,..\ '
3006060 (“‘ ) i:’f« f,‘\i'f,’ 3 & f}

Flgure 3. 13:The resultant CFG with marked node and edges

The slice is computed through backward traversing in the graph and marking the nodes and

edges.
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Test Case Generation
Test cases are generated through the slices of control flow graph and then covered and newly

covered path are found through these test cases.
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Figure 3. 15:Covered and Newly covered path calculation through Test Cases
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Calculatev Test Efficiency and Coverage

Test efficiency and coverage are calculated thifough formula using covered and newly covered

path.

Formula of Test Efficiency and Coverage

»  Coverage =_t
N
+ TestEfficiency= 1-t" =
n n

= Total no of newly covered path
t" = Total no of covered path

n = Total no of test cases

3.3.3. Implementation:Hybrid Approach

In hybrid approach, the user session and slicing are used in conjunction.

half slicing URL paths are used in hybrid approach.
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Then control flow graph is made and slicing algorithm is applied. Figure 3.18 shows CFG after

slicing.
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Figure 3. 17:Hybrid approach resultant CFG with marked node and edges
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Then test cases are generated after the slices of website.
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Figure 3. 18:Test Cases Through CFG.
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Calculate Test Efficiency and Coverage

Test efficiency and coverage is calculated through formula using covered and newly covered

path.
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Figure 3. 19:Covered and Newly covered path calculation through Test Cases

Whenever change comes these test cases are able to run for revalidating a customized system,

but new test cases are also created. This fulfills the requirements of regression testing.
3.4. Summary

In this chapter, experimental research methodology has been explained. User session and slicing
have implemented separately and then both approaches have implemented in conjunction. The

implementation steps of each approach have discussed thoroughly.

. . E .
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4.1. Introduction
All the approaches are compared using three sets of test cases (15, 30, 60) in this chapter.
Initially, both approaches i.e., user session and slicing are applied on website for sixty test cases

,then applied on thirty test cases then on fifteen test cases . These approaches are compared

recursively on these three sets.

4.2. Experimental Design

The experiment is conducted to find out the answer to following questions and evaluate the

below given hypothesis.

o Hypothesis Formulation:

1. User session and slicing, both techniques when applied in conjunction have a positive
effect on performance of web application regression testing.

2. User session and slicing, both of these techniques have varying performance values

during web application regression testing when applied individually.

e Null Hypothesis:

1. User session and slicing, both techniques when applied in conjunction have no effect on
the performance of web application regression testing.

2. User session and slicing, both of these techniques have same performance during web

application regression testing when applied individually.

e Treatment:

User Session and Slicing approaches are applied on web application.
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o Experimental Type:

Crossover design has been adapted to measure test effectiveness and coverage metrics.

o Independent Variable:
The approaches (user session, slicing and hybrid) are the independent variables during web

application regression testing.

e Dependent Variable:

Performance is the dependent variable.

e Metrics:
The test effectiveness and coverage metrics act as the measurement tool to measure the

performance.

e Internal Vali&ity:
The experiment is applied on three different sets of test cases not applied on the whole test

cases, which is supposed to be a threat of internal validity.

e External Validity:
Approaches are run recursively on web application through different test cases, thus the

results are generalizable.

4.3. Data Set

A website “www.megadresses.com” has been developed and then uploaded on world wide web

for the sake of experimentation. This website is currently running on the internet as well.

e . %
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Coverage and test efficiency matrices are used to measure the performance of these approaches

on website.

“Mega Dresses
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Figure 4. 1:Website Home Page

4.3. Experimental Results

The results of user session, slicing and hybrid approach are as follow:

4.3.1. For 60 Test Cases:

Initially, user session and slicing based approaches are applied on website for sixty test cases.

The comparative results of user session and slicing obtained are depicted in the following graphs:

. . N o B [, o
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Figure 4. 2:Comparative Analysis of user session and slicing for 60 test cases

4.3.2. For 30 Test Cases:

Then user session and slicing based apprdaches are applied on website for thirty test cases. The

comparative results of user session and slicing are:
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Figure 4. 3:Comparative Analysis of user session and slicing for 30 test cases
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4.3.3. For 15 Test Cases

At the end, user session and slicing based approaches are applied on website for fifteen test

cases. The comparative results of user session and slicing obtained are:

&
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Figure 4. 4:Comparative analysis of user session and slicing for 15 test cases

Comparative Analysis of (15,30,60) test cases in terms of Coverage and Test
Efficiency
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Figure 4. 5:Comparative Analysis of all three in term of coverage
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When the results are compared in term of coverage, it is found that user session provides more

coverage than slicing in all three sets of test cases because number of session’s increases in the

test suite.
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Figure 4, 6:Comparative Analysis of all three in term of test efficiency

When the results are compared in term of test efficiency, slicing provides more test efficiency

than user session because less number of paths covered in slicing due to slices of web as

compared to user session.

Comparative Analysis of all three (15,30,60) test cases in tabular form

Table 4. 1:Comparative Analysis of all three sets of test cases

For 60

For 30

For 15

TEST TEST TEST .
EFFICIENCY | COVERAGE | EFFICIENCY | COVERAGE | EFFICIENCY | COVERAGE
USER
SESSION 0.1 0.9 0.2 0.8 0.4 0.6
SLICING 0.17 0.83 0.33 0.67 0.47 0.53
Table 4.1 shows the comparative analysis of all three sets of test cases.
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The efficiency of test generation process of user session approach is influenced by the data
collection process. User session based approaches handles a number of alterations without the

recollection of updated session data.

User session and slicing have different strengths and weaknesses so it depends on the
requirement of testing project which is important in terms of coverage and efficiency, if,
coverage is important then user session should be used and if test efficiency is important then

slicing should be used.

In the end hybrid approach is implemented i.e. the user session and slicing based approaches are
applied together. Hybrid approach is applied for three sets of test cases (15,30,60).This approach

are compared recursively on these sets. The results obtained are showed in below given figures.
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Figure 4. 7:Hybrid Implementation Result
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The results of hybrid approach show that more test efficiency is achieved when both techniques
are used in conjunction; however, coverage is minimally decreased in large number of test cases

due to in conjunction usage of two techniques.

4.4. Summary

In this chapter, comparative results of the approaches i.e. user session, slicing and hybrid
approach have been shown. The results show that user session increases the coverage and slicing
increases the test efficiency. The hybrid approach is minimally decreases the coverage in large
number of test cases but increases the test efficiency. User session and slicing have different
strengths and weaknesses so it depends on the requirement of the testing project which one is

used according to their project needs.

-] < i
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5.1. Conclusion

Web applications consist of dynamic and static web pages which create dynamic responses based
on user requests. Large web application software contains significant user interactions and in
between objects interactions, thus testing of web is more complex than testing of traditional

software.

Web applications have a number of properties such as rapid change in user demand and
developing speed. Many bugs may hide in application due to limited time, assorted nature and
cost of testing. Particularly these bugs/faults are incorporated in the application via changes and
modifications of applications, so regression testing is very difficult to be performed in the Web

applications.

Basically the aim of regression testing is to make sure that modifications do not negatively affect
the original behavior of the program. Test cases are reused for validating a modified system

during regression testing; thus new test cases are also generated.

User session and slicing based testing approaches are important approaches in web application
regression testing domain. Both are not appropriate for testing the initial copy of the web

application.

User session based testing has an advantage that real -sessions can be recorded in web
applications and these sessions are easily used for regression testing in web application domain.

It is also useful in the absence of program requirements and specifications.

-
-
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Program slicing is a suitable technology used in program understanding, analyzing, testing and
maintenance. Program slicing is very important tool for incremental regression testing problem.
A program slice consists of those portions of the program which affect the value calculated at

some point of interest, referring to the slicing criteria.

User session and slicing have different strengths and weaknesses so they depend on the
requirement of testing project which is important in terms of coverage and efficiency, if
coverage is important then it is best to use the user session and if test efficiency is important then
slicing should be used. When they are used in conjunction it is seen that test efficiency increases

but they don’t provide appropriate resulits in terms of performance.

5.2. Future Work

As manual slicing has been used, future work includes automate test case generation of slicing in
web application regression testing domain. Another future direction can be extending the number
of test cases, as both approaches have applied on 60 highest frequency test cases. Both
approaches can be applied to whole test cases in future and then accordingly their effectiveness
can be checked. Thirdly the results of this experiment can be used to compare with other

techniques as well.

- - L3
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