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Abstract: Software engineering deals with the development of software and different types of web applications.
Due to changes in the customer requirements, product modifications have to be done in the web application so
that an organization can interact with more customers. In order to validate the modifications, regression testing
has to be performed again and again. The test cases of the modified versions have to be re-generated and
testing has to be performed for each module. This process involves maximum time and effort for the generation
of test cases. In the proposed work, variable and constraints have been reused from the previous version of the
web application. These constraints and variable that has been reused provides less effort and time for the
modification of test cases. The test cases can be generated only for the modifications on the basis of reusable
constraints and variables. The testing process involves an algorithm that is used to compute the reusable
constraints and variables for processing of the web application. In addition to it, prioritization of the test cases
has been done on the basis of different coverage area of the web application.
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l. Introduction

Software engineering is an engineering branch associated with the concept of software development process. It
guides the programmer how to access the requirements from end users, how to design the algorithm before
writing the code, test the program and prepare its documentations [1].IEEE defines software Engineering: "It is
the application of a systematic, disciplined, quantifiable approach to the development, operation, and maintenance
of software; that is, the application of engineering to software"[2].Software may be developed for a particular
customer or may be developed for a general market. Software testing is one of the major and primary technique
for achieving high quality software. It is the last phase of the product before delivery to the customer. Software
testing is an important part which tells whether the product is efficient, error-free, works properly and according
to the requirements of the customer or not[3]. Figl.1shows software testing.

There are different types of testing.

a) White-box testing: It is also known as Glass testing and structural testing. In white-box testing, code is
visible. Testing team has knowledge about internal mechanism of the components.

b) Black-box testing: It is also known as functional testing. It is a testing which is based upon the input &
expected output and having no knowledge of the internal code [4].

¢) Unit testing is a type of white-box testing. It is a testing for low-level design code. It is done within a class
and starts from a individual module[5].

d) Integration testing is done when two or more modules are combined together into a larger module[6].

e) System testing verifies the functionality of the module after integration. It is done at the interfaces of the
both the structure and component module. This type of testing is done in distributed or client/server
modules. System Testing is also known as end-to-end testing. It tests the complete environment of the
applications[4].

f) Load Testing is done to determine whether the system is able to handle given number of users or not. It is
done only to check the performance of the system as it is working well or not [7].

g) Regression testing is different from unit testing, integration testing or system testing. It is related to bug
fixing and breaking other things that the developer is not concentrating on. Sometimes bug fixes do not
fix the bug. It also discovers fault localization[8].
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Fig.1.1 Software Testing

Il.  Regression Testing

Regression Testing is a type of testing that focuses on retesting after changes have been made. When the
development team fixes bug then testing the other features of the application might be affected due to the bug
fixing. It is known an regression testing[8].1t will increase the productivity and potency of software package and
quality assurance of the applications. This type of testing is required when the system being tested is an up
gradation of an already existing system to fix some bugs, enhance functionality or performance etc. Regression
testing involves running of an old test suite after each change to the system or after each bug fix to ensure that no
new bug has been introduced due to the change or the bug fix. If only a few statements are changed, then the
entire test suite need not to be run, only those test cases that test the functions that are likely to be affected by the
change need to be run[8].For example, there are three modules like Admin, Personal Information and
Employment. Suppose bug occur in Admin module i.e. an existing user's account is not accessible with valid
login-id and password, so this may be bug. Testing team will report the bug to the development team.
Development team will fix the bug and hand over to testing team for testing. Testing team checks that the bug
fixing does not affect the remaining functionality of same module or other modules[9].

A. Need and Importance of Regression Testing

e Regression testing is used for testing the correctness of a program.

e It is quality measure which ensures that new code is consistent with the old code & unmodified code is
not affected.

e Itisimportant if there is frequently change or improvements in an existing application.

e The test case used for the regression testing can be reused to save time and effort required to develop new
test cases.

e |t reduces the product release risk by covering almost all defects in early stages of the development rather
than finding and fixing them at the end of the release cycle.

B. Regression Testing Methodologies

Regression testing involves four methodologies. These methods are[10]:

1) Retestall

In this technique, all the tests in the existing test suite must be re-executed. The test cases which do not

apply to the modified version of program are discarded and the remaining set of test cases is used to test the
modified program. It is very expensive process as it consumes huge amount of time and resources due to
execution of unnecessary tests.

2) Regression Test Selection
It is less expensive than retest all. It utilizes the information about the program, modified program and test cases
to select subset of test cases for testing. It selects only those test case which are required.

3) Test Suite Reduction
It removes redundant test cases in addition to test selection. It is better than previous technique as it reduces cost
of validation, execution and managing of test suites over future releases of software. This technique has
limitation that it may reduce the fault detection capability with the reduction of test suite size.
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4) Prioritization of test cases
In this technique, each test case is assigned a priority. Priority is set according to some criterion and the test
cases which have highest priority is scheduled first. Criteria for test case selection may be that the test case
which has faster code coverage gets highest priority. Another criterion may be the rate of fault detection.
Advantage of this technique is that it does not discard or permanently remove the test cases from test suite.

Reset All

Regression Test Selection

Regression
Testing

Test Suite Reduction

Prioritization of Test Cases

Fig.1.2 Regression Testing Methodologies
I1l.  Test Case Prioritization

Test cases acts like a starting point of the test execution. It represents a set of conditions or variables in which a
tester will determine whether a system under test satisfies requirements or works correctly. Test cases are
generally written by a team member who understands the functionality or technology being tested. Test case must
be submitted for peer review.

A. Prioritization Techniques
Test case prioritization techniques provide a way to schedule and run test cases which have the highest
priority in order to provide earlier detection of faults. Each test case is assigned a priority. There are various
prioritization techniques.
1) Customer Requirement-Based Prioritization

This technique prioritizes test cases based on the requirement documents. It uses various factors to weight (or
rank) the test cases. The factors may be according to customer-assigned priority(CP),requirement complexity
(RC) and requirement volatility (RV). The scaling factor can vary from1to10.Highest factor values indicates
need for prioritization of test case related to that requirement. If requirements have high complexity then it leads
to maximum number of faults[11].

2) Code Coverage Technique
It specifies the quantity of source code that has been exercised during testing[12].

It specifies those areas of a program which are not exercised by a set of test cases.

Additional test cases may be generated to increase coverage.

It determines a quantitative measure of code coverage, which is an indirect measure of quality.
It identifies redundant test cases that do not increase coverage.

3) Fault Severity Technique
Test case prioritization depends upon the severity of the faults. The order of execution of test case depends
on the size of the test suite and how much time each test case takes to run. The use of an effective prioritization
technique can help testers to obtain an increased rate of fault detection[13]. The rate of fault detection is
considered good if

e Itdisclose faults earlier that have high risk
e Itreveal faults related to critical code sections earlier
e  Provides confidence in the system’s reliability earlier

4) History Based Technique

This technique prioritizes test cases based on the historical execution knowledge. For a test case, using
historical information of each prioritization, increase or decrease its likelihood in the current test session. A
probability value is assigned to the history and the value of the current session is calculated based on the number
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of the fault detection (or coverage). Finally, the calculated value of a test case is equal to the sum of the current
number multiplied by a probability and the historical value multiplied by another probability[14][15].
5) Cost Effective-based Technique

This method is used to prioritize test cases on the basis of various costs such as cost of analysis, cost of
validation and cost of prioritization etc. The cost of a test case can be related to the resources required for
execution and validation. To minimize the costs associated with testing and software failures, the goal of testing
must be to uncover as many defects as possible with as little testing as possible i.e. write test cases that have a
high likelihood of uncovering the faults that are most likely to be observed as a cause of failure in normal use.
The cost—benefits analysis should be considered first before they are applied to large programs[16].

> Customer Requirement
> Code Coverage
Test Case
Prioritization Fault Severity
Techniques
> History
Cost Effective
Fig. 1.3 Test Case Prioritization Techniques
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Fig. 1.4 Proposed Methodology
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IV. Proposed Methodology

A company that provides web applications undergoes different security attacks and feature changes in their
products according to the demands of users. Due to changes in the various fields of web applications, the testing
has to be performed again and again. The main problem occurred in reusability of test cases is that it does not
consider optimization of test suites developed automatically. The test cases that have been developed using
reusability constraints must act as priority based test cases for regression testing.Fig.1.4. represents the proposed
methodology. It consists of following steps:
Step 1: Take the Source Code from a web application like an online hotel booking web application and
perform some modification in the source code.
Step 2: Find out the differences between the source code and modified code.
Step 3: After finding the difference, extract the variables and constraints from both files by using an
algorithm(Chksim). Chksim algorithm matches each variable from previous test version and modified version.
This algorithm provides the list of the variables that can be reused[17].
Step 4: Upload the Previous Test Cases.
Step 5: It will automatically reuse the test cases and generate the modified test cases.
Step 6: Execute the test cases that include the total number of test cases, number of test case failure, total reuse
test cases, Runtime of test cases.
Step 7: Finally the Reusability is concluded. It includes the number of variables, constraints and show the
Percentage of Reusability.
Step 8: After computing the reusability, prioritize test cases by using adaptive test case prioritization approach.
Step 9: Perform analyses of the parameters like reusability, execution runtime of test cases and execution
runtime of prioritization.

V. Implementation

Implementation is done using Java. Java is an object oriented programming language. It supports portability and
platform independent features i.e. Java programs can run on any browser and operating system.
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Fig. 1.5 Web application for Reusability

Figure 1.5 represents the application that has been developed for the computation of reusable variables and
constraints between previous and modified version of the web application.
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Fig. 1.6 Uploading of an original file
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Figurel.6 represents an original file containing the source code from the web application. Files have been
loaded from previous and modified version of the web application. These files have been scanned word to word
so that each single variable can be computed for further generation of the test cases.
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Fig. 1.7 Uploading of modified file

Figurel.7 represents the modified file that contains the source code with some changes in the web application.

Fig.1.8 Extraction of difference between version files

Figurel.8 represents the difference that has been extracted by comparing different variables from the previous
version file and modified version of file. The characters, symbols and variables have been scanned and
compared. The variable list is generated that can be reused from these files. These variables can generate test
cases for the modification region that was not available in the previous versions.
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Fig.1.9 Extraction of Variables
Figurel.9 represents the variables from both original file and modified file which can be reused
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Fig.1.10 Extraction of constraints between versions files

Figurel.10 represents constraints and operands that can be used for the generation of test cases for the
modification region that was not available in the previous versions.
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Fig.1.11 Loading of previous Test cases

Figurel.11specify that after computation of reusable variables and constraints, test cases for previous version
have been loaded. The test cases for the modified version are available on the basis of difference computed in two
different files of the versions. The test cases of the modified version have been loaded for prioritization process
using test case prioritization approach and executed on the modified version for testing.
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Fig. 1.12 Automatically generated test cases

Figurel.12 represents the test cases of modified version that is automatically generated from the previously
uploaded test cases.
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Fig.1.13 Execution of modified test cases

Figurel.13 shows the execution of modified Test Cases that shows total number of Test Cases, Failure of Test
Cases, Execution time of test cases, Total reused Test Cases and Generated Test Cases.
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Fig.1.14 Computation of reusability

Figurel.14 represents computation of the reusability of the variables that can be reused for the previous and
modified versions. The reusability is computed for various files of previous and modified versions. Maximum
the reusability in the variables, Minimum efforts will be required for application development.
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Fig.1.15 Test Case Prioritization

Figure 1.15 specify the test cases priorities to execute in an order. The test cases which have more impact on the
system are assigned higher priority so that they will run earlier and consume less time.
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Fig. 1.16 Execution of Test Cases

Figurel.16 shows execution of test cases that includes the total number of test cases, Number of Failures, Test
cases Runtime, Total reused test cases and newly generated test cases.

VI. Results And Discussion

The following tables represent constraint reusability, test case reusability and efficiency of test cases before and
after prioritization.
Table 1: Input values and Constraints Reusability

Version Pair 0&1 0&1 0&1
Total Paths 8 6 10
Total Inputs 4 3 3
Reusable Inputs 3 3 2
Regression Path 11(1) 2(19,21) 3(13,14,17)
Reusability 50% 100% 33%

Tablel represents the variable and the constraints that have been reused in the modified version from previous
version of file. It specifies total paths, total inputs, reusable inputs, regression path followed during testing &
reusability percentage.

Table 2: Test Case Reusability

Version Pair 0&1 0&1 0&1
Total Test Cases 5 8 3
Total Reusable Test Cases 5 7 2
Test Case Reusability 100% 88% 66%

Table 2 represents the values for reusability of the test cases that have been reused in the modified version from
previous version. The test cases that have been loaded from previous version depends upon the difference
computed between both previous and modified file.

Table 3: Efficiency of Test Cases before and after Prioritization

Version Pair 0&1 0&1 0&1
Total Test Case Runtime 5 millisecond 8 millisecond 3 millisecond
Total Test Case Runtime 4 millisecond 6 millisecond 2 millisecond
Efficiency after Prioritization 80% 75% 66%

Table3 represents the time taken by the system for the execution of test cases before and after optimization
process of prioritization.
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VII. Conclusion

In this paper, a technique is presented which identifies reusable constraint values for regression test cases by
analyzing definitions and uses of the variables for two consecutive versions. It is concluded that a large number
of constraint input values may be reused from the previous version’s test cases. It reduces a significant amount
of effort for resolving constraint values for those variables when testing is performed on new versions of the
application. Further, the constraints and actual values for variables may be reusable across several versions as
long as the definition and use relationships of the variables hold across different versions. Test cases are also
prioritized to cover maximum area of the web application that has been set as maximum priority. The reusability
of the variable and constraints decrease time, cost and efforts to develop the new test cases as the applications
evolve over time.
VIII. Future Scope

While the experiment results are promising, the approach uses a relatively small number of two consecutive
versions of an application. It has to evaluated using widely used open source web applications with three
versions or industrial-size applications. The prioritization can also be done by using genetic algorithm or
artificial intelligence approaches. This can be helpful for optimizing the test suits on the basis of fitness value.
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