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Abstract

Testing of software is an important means of agsgshe software to determine its quality. Testedivities
support quality assurance by gathering informaéibaut the nature of the software being studiediwgoé testing
has been proven that tegtjranalysis, and debugging costs usually consuree 5% of the costs associated v
the development of large software systems. Thetetaes consist of designing test cases, exegutiire software
with those test cases, and examining the resubduced by those executions. Studies shows thah¢gestinsume
40~50% of development efforts, and consumes mdogtdbr systems that require higher levels ofabliity. So it
is a significant part of the software engineeriVarious existing test poritization techniques will bstudied. After
studying these techniques a comparison will be mwldieh shows the varioutest prioritization techniqu and
their benefits and nohenefits in reducing the cost of the testiThis study will concentratesn a survey of test
case prioritization techniques. Earlier some studiave classified and organized existing test paeitization
techniques researched into four categories: (afomey requiremerbased techniques (b) cover-based
techniques (c) cost effectivsed techniques and (d) chronographic hi-based techniques
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I ntroduction

Software Testing is an important process tha
performed to support quality assurance or we cgr
testing of software is an important means of agsg:
the software to determine its quality. Test
activities support quality assurance by gathe
information about the nature of the software be
studied. These activities consist of designing
cases, executing the software with those test ¢
and examining the results produced by tF
executions. Studies shows that testing const
40~50% ofdevelopment efforts, and consumes
effort for systems that require higher levels
reliability. So it is a significant part of the $ofre
engineering.

With the development of Fourth generat
languages  (4GL), which speeds up
implementation proess, the proportion of tin
devoted to testing is increased. As the amour
maintenance and upgrade of existing systems ¢

significant amount of testing will also be neede(
verify systems after changes are made

Software testing is a very brbarea, which involve
many other technical and naéechnical areas, such
specification, design and implementati
maintenance, process and management iSSus
software engineering.Software Testing is an
important process that is performed to support
quality assurance or we can say testing of software is
an important means of assessing the software to
determine its quality. Testing activities support
quality assurance by gathering information about
the nature of the software being studied. These
activities consist of designing test cases, execut
the software with those test cases, and examitia
results produced by those executions. Studies s
that testing consumes 40~50% of developn
efforts, and consumes more effort for systems
require higher levels of reliability. So it is

significant part of the software engineering. Wtitle
development of Fourth generation languages (4
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which speeds up the implementation process, the
proportion of time devoted to testing is increasksl.

the amount of maintenance and upgrade of existing
systems grow, significant amount of testing wikal

be needed to verify systems after changes are made
[1].

Software testing is a very broad area, which ingslv
many other technical and non-technical areas, asch
specification, design and implementation,
maintenance, process and management issues in
software engineering.

Literature survey

Software testing has been proven that testing,
analysis, and debugging costs usually consume over
50% of the costs associated with the development of
large software systems. Many researchers have found
several approaches to schedule an order of test
execution. Sometimes these techniques are
insufficient to prioritize tests in large commetcia
systems. They incorrectly schedule tests and tee co
is overrun during the prioritization process.
Autonomous System Research Laboratory, Science
and Technology, [4] reported that they proposes two
new efficient prioritization methods to address the
above issues. The first method aims to resolve the
problem of many test cases assigned the same weight
values. The second method is developed to
effectively prioritize multiple suites [4].So in tiure
existing test prioritization techniques given by
various testing gurus will be compared and then
analysis will be given.

Software maintenance is an important and costly
activity of the software development lifecycle. To
ensure proper maintenance the software undergoes
regression testing. It is very inefficient to recexte
every test case in regression testing for small
changes. Hence test case prioritization is a tecteni

to schedule the test case in an order that maxémize
some objective function. A variety of objective
functions are applicable, one such function invslve
rate of fault detection — a measure of how quickly
faults are detected within the testing process [6].
Arup Abhinna Acharya et. al., in their paper prapos

a method to prioritize the test cases for testing
component dependency in a Component Based
Software Development (CBSD) environment using
Greedy Approach [6].
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According to Arup Abhinna Acharya et. al., the cost
and time required for regression testing can be
minimized by using the prioritization technique
discussed in their paper. Here they have proposed a
model based prioritization method by considerirg th
number of Object Interactions per unit time as the
objective function. Here more importance is given t
number of inter component object interactions
present because maximum faults are expected to be
present when components interact with each other
[6].

James A Jones et al. [7] have presented an algorith
for test suite prioritization that incorporates the
complexities of modified condition or decision
coverage. Boris [8], claimed that software testing
should take around 40-70% of the time and cost of
the software development process. Many approaches
have been proposed to reduce time and cost during
software testing process, including test case
Prioritization techniques and test case reduction
techniques.

Numerous test prioritization testing techniquesehav
been described in the research literature (Elbaum e
al., 2001b, 2002[9][10]; Jones and Harrold, 2001;
Rothermel et al., 2001[11][12]; Wong et al., 1997)
[13].

In recent years, several researchers have addressed
the test case prioritization problem and presented
Techniques for the same. Research has shown that at
least 50% of the total cost of software development
consists of testing activities [14]. It has beestdd
experimentally in [15] that to optimize the timedan
cost spent on testing, prioritization of the tesdes in

a test suite can be beneficial. Code coverage based
TCP techniques proposed in [16], involve ranking
test cases based on the code coverage. For [meakiti
statement coverage, test cases are ranked based on
the number of statements covered by the test case.
Rothermel et al. (Rothermel et al., 2001) donetdise
case prioritization problem and describe several
issues relevant to its solution. Their paper resgiéve
portions of that material that are necessary to
understand this article [17]. In Rothermel et phper

the Test Case Prioritization Problem is stated as
follows:

Given: T, a test suite; PT, the set of permutations of
T; and f, a function from PT to the real numbers.
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Problem: Find TO 2 PT such that (8T00) (TO0 2 PT)
(TOO 6=TO) [f(TO) , f(TOO)].

Here, PT represents the set of all possible
prioritizations (orderings) of T, and f is a fursii
that, applied to any such ordering, yields an award
value for that ordering. There are many possible
goals for prioritization [17]. According to Erlbauet

al., Test case prioritization techniques help eegia
execute regression tests in an order that achieves
testing objectives earlier in the testing procdss.
their paper they discussed that one testing obgecti
involves rate of fault detectiofa measure of how
quickly a test order detects faults}. An improvexder

of fault detection can provide earlier feedbacktios
system under test, enable earlier debugging, and
increase the likelihood that, if testing is premaly
halted, those test cases that offer the greatedt fa
detection ability in the available testing time Iwil
have been executed [18].

In their paper Elbaum et al., says that these early
indications of potential are encouraging; however,
studies have also shown that the rates of fault
detection produced by prioritization techniques can
vary significantly with several factors related to
program attributes, change attributes, and tese sui
characteristics (Erlbaum et al., 2001a, 2003) ][

As described by Elbaum et al.,[ 22][23]; Rothermiel
al., [20][21]in their literature and investigatiofgr

the target prioritization techniques they choseur fo
heuristics. In the literature and investigated in
empirical studies, that could easily be (or have
already been) implemented by practitioners, antl tha
allow them to examine two of the key dimensions of
differences among techniques: the uses of feedback
and information on modifications. (For simplicitgca

to facilitate comparison, Elbaum et al., Rothermiel
al., restricted their attention to function-coverag
based techniques). The four techniques were:

Total function coverage prioritizatioftotal),

Additional function coverage prioritizatio@ddtl),

Total binary-dif function coverage prioritization
Additional binary-di function coverage prioritizati
[21].

Zheng Li et al. have tested experimentally that
genetic algorithms perform well for test case
prioritization [24]. Kim and Porter [25] in thegaper
present a technique, which they refer to as adhyst
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based prioritization” that utilizes information fro
previous testing cycles to select the test casas th
must be executed for a new version of the program.
This technique is not, however, a “prioritization
technique” in the sense done in the literature bsea

it imposes no ordering on test cases {the
characteristic essential to the definition of
prioritization}. Rather, the approach selects asstib
of a test suite, using history information to detire
which test cases should be selected, and is more
accurately described as a “regression test sefectio
technique” by Rothermel and Harrold in 1996 [26].
Gregg Rothermel [27] has proven that prioritizing
and scheduling test cases are one of the mostatriti
tasks during the software testing process. He neder
to the industrial collaborators reports, which show
that there are approximately 20,000 lines of code,
running the entire test cases requires seven wéaeks.
this situation, test engineers may want to pripeiti
and schedule those test cases in order that tkese t
cases with higher priority are executed first.
Additionally, he [28], [29] stated that test case
prioritization methods and process are required,
because: (a) the regression testing phase consaimes
lot of time and cost to run, And (b) there is not
enough time or resources to run the entire tese sui
(c) there is a need to decide which test casesirto r
first [30]. According to A. G. Malishevsky et al.,
Test case prioritization has been primarily apptied
improve regression testing effects as mentioned in
their paper [31].

In [32], Rothermel et al. pointed that the potdntia
goal of prioritization is to increase a test susteate

of fault detection earlier in the software process.
has been tested experimentally in [33] that some of
the biggest causes for project failures are lacksef
input and changing or incomplete requirements.
Software engineers save the test cases and ré&weun t
test cases as regression test in later versions.

Comparison

Software maintenance is an important and costly
activity of the software development lifecycle. To
ensure proper maintenance the software undergoes
regression testing. It is very inefficient to recente
every test case in regression testing for small
changes. Hence test case prioritization is a tecteni

to schedule the test case in an order that maxémize
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some objective function. Various Test Prioritizatio
Testing Techniques are studied. After studyingehes
techniques a comparison is made on the basis of
benefits and limitations of the various Test
Prioritization Testing Techniques. Every researcher
has given some characteristics about their
Prioritization Technique like techniques should
prioritize and schedule test cases in an order that
attempts to maximize some objective function,
should achieve code coverage at the fastest rate
possible, exercises features in order of expected
frequency of use, or exercises sub systems indar or
that reflects their historical propensity to fail.

But the main emphasis will be given on the
techniques which can reduce the cost of testing.
Because cost is the factor which affect the sofwar
development the most. If we can predict the set of
test suites or test cases at the early stageseof th
software development, then cost of the software
testing can be reduced. When the time required to
execute all test cases in a test suite is shatt,cese
prioritization may not be cost effective - it mag b
most expedient simply to schedule test cases in any
order [28], [29]. When the time required to run all
test cases in the test suite is sufficiently lotigg
benefits offered by test case prioritization me#hod
become more significant.

A variety of objective functions are applicable,eon
such function involves rate of fault detection — a
measure of how quickly faults are detected withim t
testing process [6]. Arup Abhinna Acharya et.al. [6
in their paper propose a method to prioritize et t
cases for testing component dependency in a
Component Based Software Development (CBSD)
environment using Greedy Approach [6].

The cost and time required for regression testary c
be minimized by using the prioritization technique
discussed in this paper. Here they have proposed a
model based prioritization method by considerirg th
number of Object Interactions per unit time as the
objective function. Here more importance is given t
number of inter component object interactions
present because maximum faults are expected to be

S. Elbaum et. al. have presented a study of test c
prioritization techniques applied across eight
systems. Their results regarding the effectiverudss
the techniques confirm previous findings, among
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present when components interact with each other
[6].

To facilitate regression testing by optimizing three

and cost, Arup Abhinna Acharya et.al. propose a
method to prioritize the test cases by using model
based prioritization method by extracting the basef

of Unified Modelling Language(UML). The
proposed model found to be very effective as it
increases the Average Percentage of Fault Detection
(APFD) when it is applied to few of the projects
developed in Java by java 45%-50%. This approach
is mainly applicable to test the component
composition in case of component based software
maintenance [6].

The Benefits of using this model is

e it is applicable to test the component
composition in case of component based
software maintenance

According to S. Elbaum et.al. test case prioritorat
techniques help engineers execute regressionitests
an order that achieves testing objectives earti¢hé
testing process. Here the author also involved the
same testing objective which is thate of fault
detection{a measure of how quickly a test order
detects faults}.

An improved rate of fault detection can provide
earlier feedback on the system under test, enable
earlier debugging, and increase the likelihood, tiiat
testing is prematurely halted, those test cases tha
offer the greatest fault detection ability in the
available testing time will have been executed [18]
These early indications of potential are encourggin
however, studies have also shown that the rates of
fault detection produced by prioritization techrégu
can vary significantly with several factors related
program attributes, change attributes, and tege sui
characteristics [18].

To date, most proposed techniques have been code-
based, relying on information relating test cases t
coverage of code elements, and a first dimension
along which techniques can be distinguished is in
terms of the type of code elements they consider.
them the fact that the performance of test case
prioritization techniques varies significantly with
program attributes, change attributes, test suite
characteristics, and their interaction. These tesul

(C) International Journal of Engineering Sciences & Research Technology[96-102]



http: // www.ijesrt.com

Research Paper

support the search for strategies by which
practitioners could choose appropriate prioritizati
techniques for their particular testing scenarios.
They have proposed two such strategies.

1. The basic instance-and-threshold strategy,
recommends the technique that has been
successful in the largest proportion of
instances in the past, accounting for cost-
benefit thresholds.

2. The enhanced instance-and-threshold
strategy, adds into consideration the
attributes of a particular testing scenario,
using metrics to characterize scenarios, and
employing classification trees to improve
the likelihood of recommending the proper
technique for each particular case.

The Benefits of using this modeltizat it

» results regarding the effectiveness of the
techniques confirm previous findings

» results support the search for strategies by
which practitioners could choose appropriate
prioritization techniques

The Limitations of using this model is that

* researchers or practitioners wishing to
evaluate new techniques or scenarios should
begin by considering the basic instance-
and-threshold strategy

* Results show that some of the expectations
we might have about technique effectiveness
(e.g. adding maodification information will
improve rate of fault detection") can be
incorrect [18].

The literature review reveals that there are many
outstanding research issues in the test case
prioritization area, such as poor performance of
prioritization algorithms, non-practical weight facs

and noncommercial prioritization methods [4].

Paper [4] highlights two critical outstanding resda
issues, which are:

(@) Existing prioritization  methods
prioritizing multiple test suites and

(b) Existing techniques randomly prioritize all ttes
cases with the same weight values, without any
systematic algorithm [4]. In this paper it is clehat
existing prioritization methods ignores prioritigin
multiple test suites. This can lead to the follogvin
difficult situations in the commercial industry. the
commercial systems, there is always more than a
single test suite, during a system integratioririgst

ignores
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The Limitations of using this model is that

 The existing prioritize techniques are not
applicable if there are many test suites.

It may take longer time to individually
prioritize each test suite with existing
methods.

e As a result, it may rapidly increase an
amount of time and cost to prioritize test
suites [4].

The second issue in this paper [4] is that thetiexjs
techniques randomly prioritize all test cases \liti
same weight values, without any systematic
algorithm. This issue may cause many limitations.

The Limitations of using this model are

e A poor performance problem while
prioritization process.

e There is a high probability that a significant
number of test cases can be assigned to the
same weight values.

« With those test cases, the existing methods
randomly prioritize without any systematic
algorithm and weight factor.

e The prioritized test cases may not be
accurate with the right weight values [4].

Conclusion

Software testing is an expensive and time consuming
activity that is often restricted by limited profec
budgets. Accordingly, the National Institute for
Standards and Technology (NIST) reports that
software defects cost the U.S. economy close to $60
billion a year [34]. They suggest that approximatel
$22 billion can be saved through more effective
testing. There is a need for advanced softwarentest
techniques that offer a solid cost-benefit ratio in
identifying defects. Previous empirical studies énav
shown that several prioritization techniques can
significantly improve rate of fault detection, lhese
studies have also shown that the effectiveness of
these techniques varies considerably across various
attributes of the program, test suites, and
modifications being considered.

In present work we have performed a detailed study
of various Test Prioritization Testing Techniques.
After studying these Testing Techniques, we
compared benefits and limitations of different test
prioritization testing techniques. Our main aim w@as
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predict the cost of testing, because cost is thtofa
which affects the software development the most.
There are a variety of objective functions, onehsuc
function involves rate of fault detection a measoire
how quickly faults are detected within the testing
process. The results of the study suggest if thi &
detected quickly at the earlier stages of develogme
then the cost of software testing will be less.
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