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ABSTRACT

Researchers have tried to make regression testing more effective and efficient by developing regression test
selectiontechniques, but many problem remain, such as: Unpredictable performance, Incompatible process
assumptions and inappropriate evaluation models. RTS techniques try to maximize average regression
testing performance rather than optimize aggregate performance over many testing sessions. Regression
testing is a crucial problem in software development as regression testing can be used not only for testing the
correctness of a program, but often also for tracking the quality of its output. Both the research community
and the industryhave paid much attention to this crucial problem. The paper try to do the surveyof current
research on regression testing and current practice in industry and also try to find out whether there are gaps
betweenthem. The observations show that although some issues are concerned both by the research
community and the industrygay, there do exist gaps.

INTRODUCTION

It is quite natural to have changes in the code
during software development and maintenance
phase. Thus a software program that happened to
execute properly earlier might stop functioning
the same way after the changes. Hence re-running
of the test cases of a program, which functioned
correctly before the changes, and with an
objective of detecting failures, can be concluded
to be "Regression Testing".Regression testing is a
quality control measure aimed at ensuring the
following two conditions: a) newly modified code
meets the specified requirements. b) Unmodified
code has not been affected by the change as
above. During the maintenance of a software
system or as the software evolves, the regression
testing is the expensive but definitely necessary
task. Since the cost of the software maintenance
account for about two-thirds of the whole
software, both project managers and researchers
have to pay more and more attention to the
regression testing. There have been a lot of

researches on regression testing. Since regression
testing is quite expensive, the researches mainly
focus on how to reduce such cost. The topics
include test selection, minimization, prioritization,
etc.. For example that in practice some companies
will rerun all test cases in regression testing while
the research communities are still working on
minimizing the test cases. The rest of the paper is
organized as following: Section2 is a briefly
review of the current regression testing research
literatures. In Section 3, the current popular
commercial tools will first be introduced, and then
some case studies are presented as they are some
practices to apply the regression testing
technology. Some interesting observations have
been found according to Section 2 and Section 3,
and they are presented in Section 4 Conclusions
are given In Section 5.

2 Regression Testing Technology in
Research Literatures
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2.1 Regression Testing

Let P be a procedure or program, let P’ be a
modified version of P, and let T be a test suite for
P. A typical regression test procedures is:

1. Select T ST, a set of test cases to execute on
P’.

2. Test P’ with T, establishing P’’s correctness
with respect to T°.

3. If necessary, create T’’, a set of new functional
or structural test cases for P’.

4. Test P’ with T, establishing P’’s correctness
with respect to T"’.

5. Create T’’’, a new test suite and test execution
profile for P’, from t, T’, and T’.

Different steps involve different important
problems of regression testing. Step 1 involves the
regression test selection

problem: to select a subset T” of T, with which to
test P’. Step 2 and Step 4 address the test suite
execution problem: to efficiently execute the test
suites and checking test results for correctness.
Step 3 involves the coverage identification
problem: to identify whether P’ has new
functionality which require new test cases. Step 5
addresses the test suite maintenance problem: to
update and store test information.

2.2 Regression Testing Technologies
Researchers had addressed the regression testing
for years and research on regression testing
includes a wide variety of topics which cover the
above steps.

Test environments and Automation

Hoffman, Brown and Hoffman, Ziegler, Grasso,
and Burgermeister address the problem of test
environments and automation of the regression
testing process. Their goals are to improve system
quality and maintenance costs through systematic
regression testing. They tried to define a general
regression test process and tried to use scripts to
automate test cases generation and execution. For
example, defines their own test script language
which can be used to describe the test cases. Then
they use the test program generator PGMGEN to
generate test drivers in the C language.

Test Suite Management

Lewis, Hartmann and Robson, Taha, et al., and
Harrold et al. focus on the problem of test suite
management. Hence ever changes happen, part of
the test cases will be selected from the original
test cases, part of the test cases are obsolete and
need to be deleted, and for the new functionality,
new test cases should be added. All these changes

should be managed during the regression testing
process. Proposed a selective retesting tool. The
tool has a test library which stores the test cases
and test data, and it would automatically receive
feedback as to the impact of the changes of
software, including a complete reanalysis of the
target system and the extraction of reusable test
cases from the existing test library, and the
determination of a subset of test data to revalidate
the given changes. Besides, the tool would
provide, if necessary, suggestions as to any
additional tests that may be required to exercise
the enhancements or new data. Finally, the tool
will restore all the modified or new test cases and
data into the test library. Maintains the test suites
by using data flow analysis tool to partition the
test cases into relevant, non-relevant and invalid
classes. Thus, the cost of revalidating a program
following modification will be reduced. Proposed
a methodology to select a representative set of test
cases from a test suite that provides the same
coverage as the entire test suite.

The selection was performed by identifying and
then eliminating the redundant and obsolete test
cases in the test suite. The representative set
replaces the original test suite and thus, potential y
produces a smaller test suite. The representative
set can also be used to identify those test cases
that should be rerun to test the program after it has
been changed.

Reuse of existing test cases

Retest-all

When the program is modified, generally the
testers have two main strategies to test the
modified program. One is that select part of the
test cases from the original test suites in order to
reduce the cost. The other is to rerun all the
original test cases which is known as retest-all
strategy. Introduce the retest-all methodology: re-
use all previously developed test suite T,
executing on the modified program P’.

Regression test selection

Instead of rerunning all the test cases, the
regression test selection technologies try to reduce
the cost by picking a subset T’ of T, and only run
T’ on the modified program P’. The assumption
here is that the cost of the selection process will
not outweigh the execution of the additional test
cases (the test cases which are not selected by the
technology). Did a survey of regression test
selection technologies. Totally 12 test selection
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technologies are studied, from data-flow
technology to symbolic execution technology, etc.

Test case prioritization

Regression testing is expensive and in order to
reduce such cost, researchers have done many
works other than test selection technologies.
Address the problem of the test case prioritization
technology. They order (prioritize) the test cases
by certain measures. Then in the regression testing
cycling, the test cases will be used to test the
modified program P’ according to the order, so
that the “better” test cases can run first. The goal
of the prioritization is to increase the rate of fault
detection (how quickly the test suite can detect the
faults during the test process), or, increase the rate
of code coverage (how quickly the test suite can
increase the coverage of the program). For
example, let t1, t2, t3 be the three test cases. Also
assume that t1 has the coverage of 75%, t2 has the
coverage 25% and t3 has the coverage of 50%.
According to the second goal, the result of apply
such technology is to run the test cases in the
order of t1, t3, t2. And similarly, according to the
first goal, the order of the three test cases will
depend on their ability to expose the fault.

Test Suite Reduction

Focus on the test suite reduction technology. They
try to permanently eliminating test cases from the
test suite so that the cost of the future regression
testing will be reduced and the size of test suite
can be controlled. For example, presents a
technique to select a representative set of test
cases from a test suite which provides the same
coverage as the whole original test suite. They use
data flow technique to analyse the coverage. They
first identify test cases into three classes useful,
redundant and obsolete, and then eliminate the
redundant and obsolete test cases in the test suite.
The rest representative test cases replace the
original test suite. And thus, a potentially smaller
test suite is produced.

3 Regression Testing in Software
Development

3.1 Commercial Regression Testing Tools

In this section, a set of leading regression testing
tools will be briefly reviewed.

There are tons of testing tools nowadays and there
are some other interesting tools, e.g., which are
not discussed in this paper. The main reasons why
the tools are selected in this paper are:

1. These tools are widely used in the industry and
have high reputation by the users.

2. The free trial version is available online or
some important documents which can give
enough details are available online.

3. The tools can support the regression testing
well.

Test Complete

TestComplete has all of the features needed to
make regression testing fully automated and thus
to help you produce high-quality products.
TestComplete lets you perform regression testing
by re-running automated functional tests of
desktop and web applications as developers add
new functionality to the application. Regression
tests can be composed of any successful keyword,
scripted or low-level functional tests that have
earlier  verified the desired application
functionality and behaviour.

In true regression testing, all tests of all sizes are
rerun and their results are accumulated, and
nothing is thrown away. On each iteration, all
existing, validated tests are run, and the new
results are compared to the already-achieved
standards. And normally, one or more additional
tests are run, debugged and rerun until the project
successfully passes the test. Regression tests begin
as soon as there is anything to test at all. The
regression test suite grows as the project moves
ahead and acquires new or rewritten code. Test
Complete provides ways to manage these test
cases and automate them.

AdventNet QEngine

AdventNet QEngine offers integrated solutions to
test and verify the functionality and performance
of both web applications and web services. It
supports testing of applications developed using
HTML, JSP, ASP, NET, PHP,
JavaScript/VBScript, XML, SOAP, WSDL, e-
commerce, traditional client/server etc. Tool is
developed using Java which facilitates portability
and multiple platform support. Also called Load
testing and functional testing tool.

Junit

JUnit is a unit testing framework for the Java
programming language. JUnit has been important
in the development of test-driven development,
and is one of a family of unit testing frameworks
collectively known as xUnit that originated with
JUnit.
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Rational Functional Tester

Rational Functional Tester is an automated
functional and regression testing solution for QA
teams concerned with the quality of their Java™,
Web-based, Microsoft® Visual Studio .NET®,
terminal-based, SAP, Siebel and Web 2.0
applications and  Web-based applications.
Verification points help to ensure there is no
regression from one build of the application under
test to the next. IBM Rational Functional Tester
provides a wide range of verification points to test
various aspects of the application, and it includes
pattern matching support for tests in which the
exact data response can be predicted.

3.2 Case Studies

In this section, several case studies will be done to
show the effort to apply the regression testing
technologies into the practice or the current
regression practice in the industry.

Case Studyl

In , Amitabh Srivastava and Jay Tiagarajan had
tried to apply the prioritizing technology to the
actual development  environment. They have
integrated and deployed their tool set in the real
Microsoft development environment. The tool
they developed is called Echelon, a test
prioritization system. The distinguish feature of
the tool is that it analyze the binary code while
most the regression prioritizing technologies
analyze the source code. The Echelon is part of
the Magellan tool set. The core of the Magellan is
a SQL Server database which stores test coverage
information for each test. All the program binaries
and the source codes are stored separately.
Magellan provides a set of tools which are
commonly needed during the test process. It
includes test coverage collection tool, GUI
interface to map coverage data source code and
test migration tool to migrate coverage data from
older version to the new one. Echelon is actually
the prioritization system of the tool set. The
following graph is the architecture of the Echelon
system
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Figure 1.1: Prioritizing technology

Echelon takes the binary of the old version as well
as the new version along with the test coverage
information as the inputs.

Then as shown in the figure, Echelon uses a tool
named BMAT to do the binary change analysis,
that is, try to find the matching of the blocks in
old binary and new binary. After that, Echelon try
to determine which impacted blocks in the new
version are likely to be covered by an existing
test. Finally, Echelon use the similar prioritizing
algorithms to prioritize the set of tests. When
doing prioritization, Echelon only uses the
coverage information. However, it claims that the
other technology like the execution time can be
easily added to the system to prioritize the tests.

Their work is a significant step to apply the
prioritizing technology to the real development
environment.

Case Study2

Software has a process for requesting and
managing changes to an application during the
product development cycle. The process includes:
1. Collect change requests

2. ldentify the scope of the next release and the
scope of the next release and determine which
change requests will be included in the next build.
3. Document the requirements, functional
requirements,  functional  specification and
implementation plans for each grouping of change
requests.

4. Implement the change.

5. Test or verify the change. Unit testing is done
by the person who made the change, usually the
programmer. Function testing tests a functional
area of the system to see that everything works as
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expected. Regression testing is system-wide to
insure that all areas of the system still function as
expected. This validates that the change caused no
unexpected side effects and that the system still
has the overall functionality it had before the
change. Regression testing could consist of testing
all functional areas of the system. User acceptance
testing is done by testing is done by a select group
of end users, usually run in parallel to the existing
system. This is the final test before the system
“goes live.”

6. Release.

What need to emphasize here is that the regression
testing is required to be system-wide. Also
mentioned that in the industry, multi-level
regression testing is required to insure the
software quality. Since in practice, large systems
may be developed in different stages and by
different teams. During the process, testing is
involved in almost every stage, such as unit
testing, functional testing, acceptance testing and
field testing.

So in practice, regression testing is required to be
embedded in every mature software development
process, since for every change of the software, no
matter how tiny it is, regression testing must be
applied at each level.

Case Study3

Presents a complex industry application, they
exemplify on the basis of a concrete case study
(Siemens” HPCO Application, a complex Call-
Centre Solution) how test engineers can now work
with the Integrated Test Environment.
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Figure 1.2: Integrated Test Environment.
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Call Center Network Diagram
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Figure 1.3: Call Center Network.

The above figure is one scenario regression test
environment setting for the Call-Center Solution.
We can see that even the simple scenario
demonstrates the complexity of CTI platforms
from the communication point of view because
there are several internal protocols involved. This
case study exposes the problem that in current
industry practice, regression testing is intended to
integrate with complex test environments. New
methodology and technology should be developed
to solve this problem.

Case Study 4

Shows a functional/regression testing for
securities industry application. The tool they use
is called Infosys ACCORD. It is an intelligent
functional test automation solution that enables
securities firms to cost-effectively test the
functionality and improve the quality and
performance of critical applications. ACCORD
simplifies the overall testing processes of
generation, translation and execution of test cases.

What is unique to ACCORD and we should notice
is that it has an intelligent algorithm that
optimizes the number of test cases while
eliminating the redundant ones, thereby reducing
cycle time and improving test quality. This shows
the Test Suite Reduction Technology has been
utilized in the real industry applications.

4 Observations

From Section 2 and Section 3, we can find several
interesting relation between the research and
practice of the regression testing.

Automation and Test Suite Management

The only practical way to manage regression
testing is to automate it. If it is not automated,
people will become numbed from running the
same tests many times and seeing the same test
results many times. It becomes too easy to
overlook errors, which defeats the purpose of
regression testing. So, for all the commercial
tools, automation of regression testing are all
supported. Meanwhile, in order to persuade uses
to buy the tools, they all have the functionality to
manage the test cases.

Retest-all Or Test Selection

Researchers have done tons of work on test
selection technologies. However, all those
commercial tools described in Section 3 will retest
all the old test cases while doing the regression
testing. The reason might be that those
commercial tools are general purpose, and those
test selection technologies are hard to be
automated in the general purpose tools. Also,
some companies will retest all the existing test
cases in regression testing, especially when the
applications are realtime or safety-critical.

One thing need to be mentioned is that, as in this
survey, the only resource | can use is the internet,
and no companies have been contact, so it is also
hard to say that more companies use retest-all
technology than those wusing test selection
technologies.

Test Suite Reduction

As mentioned in case study 4, the test suite
reduction technology has been applied into real
industry applications. And research community
also has address this problem

Test Prioritization

Jaidutt Tyagi, IJECS Volume 3 Issue 8 August 2014 Page No.7895-7901

Page 7900



No commercial tools have been found to use this
technology. However, some efforts have been
done to try to apply the technology to the real
development environment (Case Study 1).

Integration

Case study 3 gives a specific scenario that the test
environment is complex and it is hard to do the
integration. This case will be more and more
common since nowadays the software has the
tendency to be more complex. Few researches
have addressed this problem.

5 Conclusion

To conduct effective testing, regression test plan
should to be created. This plan should outline the
regression testing strategy and exit criteria. There
are a lot of researches addressing this area while
in industry regression testing is also a crucial
process.

The paper is an initial work to survey both sides.
And observations show that while there are some
issues both sides are concerned, there are still
some gaps between them. The gaps may be good
direction for the research, or more work should be
done to try to apply the technology from lab to the
industry.
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