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MULTIFACTOR APPROACH TO PRIORITIZE EVENT SEQUENCE
TEST CASES

By

JOHANNA BINTI AHMAD

December 2018
Chairman : Salmi Baharom, PhD
Faculty : Computer Science and Information Technology

Software testing consumes 40 to 70 percent of the development effort, time, and cost,
especially for large software systems. Test Case Prioritization (TCP) is a method to
prioritize and schedule test cases in order to run test cases of higher priority to
minimize time, cost, and effort during the software testing phase. Numerous TCP
techniques have been proposed with a variety of criteria and evaluation metrics.
However, in the context of prioritizing the event sequences test cases, most researchers
agree that testing the event sequences test cases is more complex than the single event
test cases. Meanwhile, one of the most significant issues in TCP is how researchers
handle the same priority value issues. Most researchers either applied the random
technique or did not provide any information regarding the same priority value issues
in their research. Due to that reason, this research proposed Multifactor Weighted
Approach (MFWA) using six factors: complexity, redundancy, frequency,
permutations, fault matrix, and distance to improve the existing TCP technique that
used random technique to break the ties once the same priority value exists during the
prioritization process. The aim of this research is to combine all six factors to produce
a unique weight for each test case. The ordered suite will be based on the final test
case weight. The test case that has the highest weight will be executed first compared
to the others. The mutation testing approach is selected to compare and evaluate the
random technique and MFWA technique. Both techniques will execute the same test
suites and codes. The effectiveness of both techniques is measured in terms of the
capability to detect faults using the Average Percentage Faults Detected (APFD).
Meanwhile, the efficiency refers to how quickly each technique is capable of detecting
faults by referring to the position of the test case that managed to kill all the live
mutants. The Jaccard Distance approach was managed to solve same priority value by
measuring the similarities of the data state value among test cases. The new ordering
of test case after the implementation of Jaccard Distance approach has been proof can
detect faults earlier than others based on the Fault Detection table. In fact, the



empirical results indicated that the MFWA technique is more effective and efficient
than the random technique.
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PENDEKATAN PELBAGAI FAKTOR UNTUK MENGUTAMAKAN KES
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Pengujian perisian menggunakan 40 hingga 70 peratus daripada usaha pembangunan,
masa dan kos, terutamanya untuk sistem perisian yang besar. Pengutamaan Kes Ujian
(TCP) adalah kaedah untuk mengutamakan dan menjadualkan kes-kes ujian dalam
usaha untuk menjalankan kes ujian yang berkeutamaan lebih tinggi bagi
meminimumkan masa, kos, dan usaha semasa fasa ujian perisian. Banyak teknik TCP
yang telah dicadangkan merangkumi pelbagai kriteria dan metrik penilaian. Walau
bagaimanapun, dalam konteks mengutamakan siri acara kes ujian, kebanyakan
penyelidik bersetuju bahawa menguji rangkaian acara kes ujian adalah lebih kompleks
daripada menguji kes ujian secara tunggal. Sementara itu, salah satu isu yang paling
penting dalam TCP adalah bagaimana penyelidik mengendalikan isu nilai keutamaan
yang sama. Kebanyakan penyelidik menggunakan samada teknik rawak atau tidak
memberikan sebarang maklumat mengenai isu nilai keutamaan yang sama dalam
penyelidikan mereka. Disebabkan itu, penyelidikan ini mencadangkan Pendekatan
Pelbagai Faktor Pemberat/Bebanan (MFWA) menggunakan enam faktor: kerumitan,
lebihan, kekerapan, penggantian/pilihatur, kesalahan matrik dan jarak untuk
memperbaiki teknik TCP yang sedia ada yang menggunakan teknik rawak untuk
memecahkan ikatan sejurus nilai keutamaan yang sama wujud semasa proses
pengutamaan. Tujuan penyelidikan ini adalah untuk menggabungkan semua keenam-
enam faktor untuk menghasilkan beban unik untuk setiap kes ujian. Set yang dipesan
akan berdasarkan bebanan kes ujian akhir. Kes ujian yang mempunyai bebanan
tertinggi akan dilaksanakan terlebih dahulu berbanding yang lain. Pendekatan ujian
mutasi dipilih untuk membandingkan dan menilai teknik rawak dan teknik MFWA.
Kedua-dua teknik akan melaksanakan set ujian dan kod yang sama. Keberkesanan
kedua-dua teknik diukur dari segi keupayaan untuk mengesan kesilapan menggunakan
kaedah Peratusan Purata Kesalahan Dikesan (APFD). Sementara itu, kecekapan
merujuk kepada seberapa cepat setiap teknik mampu mengesan kesilapan dengan
merujuk kepada kedudukan kes ujian yang berjaya mematikan semua mutan hidup.



Pendekatan jarak jauh mampu menyelesaikan isu nilai keutamaan yang sama dengan
cara mengukur kesamaan nilai keadaan data di kalangan kes ujian. Susunan baru kes
ujian selepas pelaksanaan pendekatan jarak jauh telah terbukti dapat mengesan
kesilapan lebih awal daripada yang lain berdasarkan jadual Pengesanan Kesilapan.
Keputusan empirikal menunjukkan bahawa teknik MFWA lebih berkesan dan cekap
daripada teknik rawak.
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CHAPTER 1

INTRODUCTION

Software testing is known as a crucial phase in software development life cycle. In
general, the objective of software testing is to provide information about the quality
of a product or service to the stakeholders or customers. Software testing involves the
process of executing a programme with the intention of discovering as much error as
possible in the estimated time. As the size of a system becomes larger, the complexity
of the system will also increase. Hence, the significance of the testing phase will also
increase due to its importance in revealing potential faults. As a result, some projects
would perform exhaustive testing to ensure the quality of the system and to maintain
the quality once changes or modifications are made. The exhaustive testing, however,
requires for a great deal of cost, effort, and time.

In the last several decades, numerous techniques have been proposed in reducing the
cost, effort, and time of the testing phase. Most software testing researches would
discuss the issue on the generation of test cases. The research in software testing can
be categorized into test case generation, test oracle generation, and test case execution.
Test case generation is the most dominant test compared to test oracle generation and
test case execution. Test case prioritization (TCP) is one of the techniques in test case
generation that is used in reducing the time and cost of testing. TCP technique can be
adopted either in the regression or non-regression testing.

1.1 Research Motivation

For a large commercial system, the test suites can contain thousands of test cases and
may sometimes be infinite. The issue of the large number of test cases was reported
by Rothermel et al. (1999), where one of the industrial collaborators reported that they
had to run 200,000 lines of codes for seven weeks. Numerous techniques have been
studied to cater the large number of test cases issues: test case minimization, test case
selection, and TCP (Yoo & Harman, 2007). A number of TCP techniques have been
proposed since 1997 to detect the defects as early as possible, aside from reducing
time and cost (Silva Ouriques et al., 2015). With the TCP technique, the more
important test case will be executed earlier (Yu & Lau, 2012).

The TCP technique is widely used for single-event test cases, however, only a few
studies have focused on event sequence test cases (He & Bai, 2015; Huang et al., 2010;
Bryce et al., 2011). This is because event sequences are difficult to handle, whereby
there is a possibility of the test cases having a combination of events, with a large input
sequence, as well as a large amount of test cases that have considerable degrees of
redundancy (Huang et al., 2010; Bryce et al., 2011; Silva Ouriques et al., 2015).
Harman (2007) addressed the complexity of testing event sequences due to the large
test space, different positions of the events, and various permutations of inputs.
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Generally, event sequence test cases have enormous numbers of states and every state
should be tested. Changes in one internal data state to another should be taken under
consideration since they involve interactions between events (Kumar, 2016).

Throughout the years a huge number of TCP techniques have been proposed with
varieties of combinations factors to improve the effectiveness of the test case
generation (Tonella et al., 2006; Huang et al., 2010; Jena et al., 2015; He & Bai, 2015;
Ammar et al., 2016). However, some of these researches failed to prioritize multiple
test suites and test cases with the same priority value (Huang et al., 2010; Ammar et
al., 2016). The random technique will be applied once the same priority value exists
during the prioritization process. Specifically, the existing works failed to cater to the
same priority value for the event sequence test cases. In addition to the general
limitations and gaps in prioritizing event sequence test cases as previously mentioned,
it also shows that the TCP technique has not been extensively explored for this
purpose.

The basic motivation behind the limitations and gaps that exist in the existing work is
to produce a unique weight approach to avoid the random technique. This,
consequently, can increase the effectiveness of the TCP technique. The random
technique is ineffective and can create bias issues (Tonella et al., 2006; Ammar et al.,
2016). Furthermore, the random technique can produce a large amount of testing data
to be executed, which would result in the increase of time, effort, and cost during the
testing phase, as well as causing some of the important test cases to be missed out for
during testing.

The issues that exist in the previous TCP technique provide the fundamental
motivation in improving the effectiveness and efficiency of the existing TCP
technique. Therefore, the focus is on software testing, to determine whether the
proposed approach is able to maintain and focus in terms of data testing, and its ability
to detect faults earlier.

1.2 Problem Statement

Prior to breakthroughs in 1997, people would randomly generate test cases and select
the best test cases based on the results without knowing the quality of the test cases.
For this reason, numerous TCP techniques have been proposed to prioritize test cases
especially for the large commercial system. There are still a number of important
issues neglected by previous researchers. To date, existing TCP technique prioritize
the test cases in terms of the basic blocks, number of lines of codes, number of covered
methods or execution history on a previous version (Sebastian Elbaum et al., 2004;
Mirarab & Tahvildari, 2007; Zhang et al., 2013; Ammar et al., 2016).



Some TCP techniques order the test case execution in accordance with their degree of
importance, which is indirectly defined. A weighted approach was proposed as an
effective predictor to select the best test case ordering (Sebastian Elbaum et al., 2014).
A test case priority is based on the weight given to a test case during the prioritization
process (Srivastava et al., 2009; Panichella et al., 2014). The weight of the test case
depends on the prioritization algorithm. For example, if the algorithm is based on the
number of executed statements, then any test case that has the highest number of
executed statements will have higher priority than other test cases.

However, most researchers have reported that the proposed algorithms would end up
with the random technique (Lin & Huang, 2009; Bryce et al., 2011). Random
technique has been applied to break ties. In other word, break ties mean if more than
one test case have the same priority value. Nonetheless, it has been proven as an
ineffective choice because there is no guarantee that the chosen technique is the best
compared to other choices (He & Bai, 2015; Ammar et al., 2016). The random
technique may uncover faults that were missed during the development phase.

For example, a test suite consists of three test cases with different combinations of
event sequences: for TC1, acombination of event C and event A; TC2 is a combination
of event B, event C, and event A; while TC3 consists of combinations of event B,
event B, event A, and event A. Assume that the weight value of each event is as
follows: event A = 1, event B = 2, event C = 3. Finally, the summation weight of TC1
is4, TC2is 6, and TC3 is 6. The weight values show that TC2 and TC3 have the same
priority value. This leads to an important question, “Which test case should be
executed earlier, TC2 or TC3?” The effectiveness and efficiency in detecting faults is
not the same, even if the summation weight is equal (Huang et al., 2010). Therefore,
this study is interested in answering this question by proposing an approach that
produces a unique weight value for each test case during the prioritization process.

One of the most significant current discussions is in terms of the combination of
factors that can influence the effectiveness and efficiency of the TCP technique
(Srikanth & Cohen, 2011; Khalilian et al., 2012). Previous researchers believe that
these factors are capable of improving the rate of failure detection, as well as the ability
to solve the same priority value issue (Chaudhary et al., 2014; Fang et al., 2014; Frolin
S. Ocarizaet al., 2015). For example, if TC1 and TC2 have the same priority value for
branch coverage, each test case has the possibility to exercise different coverage
(Khalilian et al., 2012). Furthermore, there is no indicator to show the similarity or
differences between test cases that have the same priority value.

Assume that the number of if-else conditions in TC1 is greater than in TC2. From the
perspective of the complexity measurement theory, it is extremely doubtful to assume
that both correspond to the same complexity measurement. Thus, an indicator that
could detect between similarities and differences needs to be defined to cater to this
issue. Ammar et al. (2016) found that whenever two or more test cases have equal
weight, they would mostly cover the same segment of codes. Based on that finding,
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they arranged the test cases using the initial orders. Hence, without strong
justifications based on findings, as reported by Ammar et al. (2016), we cannot simply
assume that all test cases with the same priority value cover the same faults during
testing. However, the current issue that this study aims to address is how to define an
indicator to prove that test cases with the same priority value have different fault
coverage.

Based on the Systematic Literature Review (SLR) evaluation which has been
conducted, most of the previous researchers either applied random technique or did
not provide any information regarding the same priority value issues in their research.
Out of 50 primary studies, 98 percent applied random technique in case if two or more
test cases have same priority value during the prioritization process. Detail of the SLR
analysis is in Appendix A. Those limitations been a burgeoning interest for this
research to propose a unique weight approach to prioritize event sequences test cases.

1.3 Research Objectives

This research objectives that are addressed in this thesis are as follows:

i.  Toidentify and analyze issues of the test case prioritization technique for event

sequences test cases.

ii.  To propose an approach based on unique weight for prioritizing the event
sequence test cases.

iii.  To automate the proposed approach by providing supporting tool.

iv.  To empirically evaluate and measure the effectiveness and efficiency of the
proposed approach. The effectiveness is measured in terms of its capability to
detect faults early, while the efficiency is based on the prioritization ranking.

1.4 Research Scope

Numerous TCP techniques have been proposed by many researchers. Most of the
proposed techniques use one or more factors to determine the priority value for test
cases. Our research proposed a TCP technique for both regression and non-regression
testing since no historical data is required for calculating the priority value. However,
this research focuses on testing a module that consist of several functions sharing a
private data structure (i.e. modules that have memory). For such components, their
test cases is in the form of sequence of events, and not a single event. Therefore, the
proposed TCP technique is specifically developed to determine the priority value of
event sequences test cases.



15 Research Contributions

This research aimed to enhance the TCP technique based on the gaps left by previous
work in this field. Based on the limitations and gaps, this reseach has made the
following contributions:

i It has defined the issues that have been left out by the existing works in
prioritizing the event sequence test cases that occur during the prioritization
process (C. Y. Huang et al., 2010; Roongruangsuwan & Daengdej, 2010).

ii. It implemented a tool support for automating the prioritization process
suggested by MFWA technique. The MFWA tool can be applied in any related
experimental work to test other test cases capability in detecting faults.

iili.  The empirical result was gained based on the comparisons and evaluations
made between the random technique and the MFWA technique. The
measurement used the same test suite and codes, but different approaches. The
effectiveness of the proposed approach was measured in terms of its capability
to detect faults earlier than other techniques. Meanwhile the efficiency was
measured in terms of how quickly each technique is capable of detecting faults
by referring to the position of the test case that capable to killed mutants.

1.6 Thesis Organization

This thesis comprises of seven chapters. The first chapter consists of the introduction
of this research. Hence, the research problem, the objective and scope, as well as the
contributions of this research are also described in the first chapter.

The second chapter presents the detailed study of the existing TCP technique. The
research background, which consisted of the issues that have been left out by the
existing works, are discussed in detail in this chapter. Apart from that, two key areas
are focused on, whereby this research looked into how previous studies handled the
same issue of priority value and how they applied the proposed approach in the event
sequence test cases. The knowledge gaps left by previous works are also highlighted
in this chapter.

The third chapter presents the methodology involved in this research. The research
methods, materials or resources, and the deliverables obtained throughout the phases
are explained in this chapter. Generally, this chapter highlights the three phases that
have been previously defined, namely, the definition of the analysis and problems, the
design and development of the tool to support the proposed approach, and finally, the
evaluation phase involved in producing the empirical result.



The fourth chapter describes the conceptual design of the MFWA technique using six
factors. Details of the reasons for the selection of the six factors and how each of the
factors produced the weight to be used in the last stage of the prioritization process are
explained in this chapter.

The fifth chapter describes the implementation of the MFWA technique, which
involved six factors. This chapter discusses in detail how each factor was processed
during the tool execution phase.

The sixth chapter presents the experimental procedure and the results of the
experiments using the MFWA technique. It provides the statistical analysis using the
Paired T-Test statistical model.

The final chapter is Chapter Seven, which consists of the conclusion and future works
for this research. Some suggestions for future work that can be investigated by future
researchers are explained in this chapter.
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