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ABSTRACT

Software continuously changes to address new requirements and to fix defects.
Regression testing is performed to ensure that the applied changes do not adversely
affect existing functionality. The increasing number of test cases makes it infeasible
to execute the whole regression test suite. Test case selection is adopted to select a
subset of the test suite, which is associated with the changed parts of the software.
These parts are assumed to be error-prone. We present and evaluate a test case
selection approach in the context of black-box regression testing of embedded
systems. In this context, it is challenging to relate test cases with a set of distinct
source code elements to be able to select those test cases associated with the
modified parts of the source code. We analyze previously fixed defects for this
purpose. We relate test cases that detect these defects with the source files that
are previously modified for fixing them. Then, we select test cases related with
source code files that are modified in the subsequent revision. The strength of
this relation is determined as the number of changes associated with fixed defects
previously detected by the same test cases. We conduct a case study on 3 real
projects from the consumer electronics domain. Results show that it is possible
to detect from 65% up to 85% of the defects detected by the whole test suite by

selecting from 30% up to 70% of the test cases.
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OZETCE

Yazilim, yeni gereksinimleri kargilamak ve kusurlar1 gidermek icin siirekli olarak
degismektedir. Regresyon testleri, uygulanan degisikliklerin mevcut islevselligi
olumsuz etkilemediginden emin olmak igin yapilmaktadir. Artan test senary-
olari, regresyon testlerinin tamaminin yapilmasini elverigsiz hale getirmektedir.
Test senaryosu secimi ile, yazilimin degisen pargalar ile iligkili olan test senary-
olarinin secilmesi benimsenmektedir. Bu tezde, regresyon testlerinde kara kutu
test yaklagimi ile gomiilii sistemler tlizerinde test senaryo se¢imi icin bir yaklagim
sunulmaktadir. Bu kapsamda, yazilimdaki degisen kaynak kodlar: ile test senary-
olar1 arasinda bir iligki oldugunu ve bu degisen kaynak kodlar: ile test senaryolari
se¢menin miimkiin oldugu iddia edilmektedir. Hatalari tespit eden test senaryolari,
bunlar1 diizeltmek i¢in onceden degistirilmis kaynak dosyalari ile iligkilendirilmekt-
edir. Ardindan, bir sonraki yazilimda degistirilen kaynak kod dosyalar: ile ilgili
test senaryolar1 segilmektedir. Ayrica, degisen dosya birden fazla hata ile ilgili ola-
bilecegi i¢in, degigen kod ve test senaryosu arasindaki iligki her bir test senaryosu
icin farkli olarak tamimlanmaktadir. Bu tezde tiiketici elektronigi alaninda faaliyet
gosteren 3 gercek proje tlizerinde caligilmaktadir. Sonuclar, test senaryolarmin
%30™u ile %70’1 arasinda secim yaparak tiim test senaryolar1 tarafindan tespit
edilen hatalarim %65’inden %85’ine kadar tespit edilmesinin miimkiin oldugunu

gostermektedir.
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CHAPTER I

INTRODUCTION

Software systems evolve as a result of maintenance activities to fix defects as well
as to address changing requirements and technology. Regression testing process
ensures that these maintenance activities do not adversely affect existing function-
ality [1]. This process involves the (re)execution of a set of test cases taking part
in the regression test suite. Increasing size of regression test suites and limited
resources make it infeasible to execute the whole test suite [2]. The widespread
adoption of continuous integration and increased frequency of software builds am-
plify the cost of regression testing as well. Test case selection, test case prioriti-
zation and test suite minimization approaches have been proposed to reduce this
cost [1]. In this thesis, we focus on test case selection [3], where we select a subset
of test cases within the regression test suite. This subset is associated with the
changed parts of the software that are assumed to be error-prone.

Test case selection requires a mapping between the test cases and the source
code so that one can make a selection of test cases based on source code modi-
fications. The mapping can be at various granularity levels such as statements,
methods, files and modules [4]. However, it is harder to perform this mapping for
black-box test cases that are developed and applied from the user point of view.
There exists a significant gap between these high-level specifications of user inter-
action and the low level implementation. One might measure code coverage during
the execution of test cases to associate them with source code elements. However,
it might not be possible or trivial to collect these measurements for all types of
systems such as embedded systems. Moreover, it might not be meaningful to rely
on coverage measures even if they are available. There might be certain parts of

the source code such as the entry points in the control flow that are involved in



the execution of every test case. As a result, it is challenging to relate black-box
tests with a set of distinct source code elements.

In this work, we analyze previously fixed defects for black-box test case selec-
tion. We relate test cases that detect these defects with the source files that are
modified for fixing the defects. Then, we select test cases related with source code
files that are modified in the subsequent revision. There have been studies [5, 6]
that propose and evaluate the same method for establishing a relation between
test cases and source code files. However, these studies considered a binary re-
lation only. In our study, we analyze the trade-off when the relation strength is
considered in terms of the number of changes in source files associated with previ-
ously fixed defects. We conduct an industrial case study by collecting data from
8 versions of 3 real projects from the consumer electronics domain. Our dataset
includes 482 defects and 38 test cases. Results show that it is possible to detect
from 65% up to 85% of the defects detected by the whole test suite by selecting
from 30% up to 70% of the test cases. We also observe that a threshold value set
regarding the relation strength is useful in balancing the trade-off between cost
and effectiveness of the test suite in case of limited resources.

The rest of this thesis is organized as follows. We provide a summary of the
related studies in the following section. We explain our approach in Section 3. We
present an industrial case study and discuss the results in Section 4. Finally, we

conclude the thesis in Section 5.



CHAPTER 11

RELATED WORK

Test case selection has been studied for more than three decades [4]. Many so-
lution approaches have been introduced and evaluated for this problem. Some of
these approaches [7, 8] are based on similarity analysis performed among the test
cases. The idea is to employ various techniques to identify [8] and cluster [7] test
cases so that the execution of similar test cases can be avoided and diversification
among the selected test cases is maximized. On the other hand, most of the ap-
proaches are based on white-box testing and code analysis to evaluate the impact
of configuration [9] or code [10] changes and select a subset of the test cases that
can best capture the corresponding potential side-effects.

One of the earlier studies [11] perform a mapping between test cases and im-
plementation based on control flow graphs derived from the source code. Control
flow graphs are constructed both for the current and the previous version of the
program. The differences between these graphs are captured. Then, those test
cases are selected, which cover the modified elements of the graph.

Graves et al. presented an empirical study [12] to evaluate and compare the
costs and benefits of alternative test selection strategies, including namely mini-
mization, dataflow, safe, random and re-test all. The simplest strategy is obviously
re-test all, where the whole test suite is executed. This is the most comprehensive
one but it turns out to be prohibitively expensive. Another simple strategy in-
volves random selection of test cases. Results of the empirical study suggest that
the effectiveness of this strategy grows as the selection ratio grows but the rate
of growth decreases [12]. Results also showed that minimization techniques select
the smallest but the least effective test suites at the same time. The other two

strategies, safe and dataflow turn out to be similar in cost effectiveness and they



find the same types of defects for the same selection ratios. All of these strategies
except random and re-test all rely on coverage measurements unlike our approach.
We used re-test all strategy in our study as the baseline.

Elbaum et al. presented a multiple case study [13] to evaluate alternative test
selection strategies, including namely re-test all, modified non-core-function [14],
modification-focused minimization [15], and coverage-focused minimization [16].
These are all coverage-based strategies as their names imply or they require a
mapping between functions of the program and test cases. Results of the study [13]
showed that some attributes of the applied changes can have significant impact
on the effectiveness of test selection strategies. In particular, the distribution
of changes throughout the functions and files of a program turned out to be a
dominant factor, whereas the size of the applied changes did not.

The so-called fiz-cache approach [6] selects test cases in three steps. First, all
the files are ranked according to defect probabilities based on three properties: i)
lines of code, i) number of high severity error reports associated with the source
file, and #4) modification frequency. Second, the top 10 percent of the listed files
are determined as the set of defect-prone files. Finally, test cases are selected
if they are linked to a modified source file, which also takes place in the set of
defect-prone files. An empirical evaluation of this approach [5] provides promising
results.

We consider the fiz-cache approach to be the most related one to our approach
that is presented and evaluated in this thesis. It employs the same method as
depicted in Figure 1 for linking test cases to source code files. The implemented
framework [6] daily analyzes the closed defect reports to determine source files
updated to fix the defect and relate them to the test case that detected the defect.
However, previous studies [5, 6] do not go deeper in the analysis of these relations.
Some of the files can be changed only once due a defect detected by a test case,
whereas some other files can be changed many times for the same reason. The

number of changes suggests a level of strength for relations between test cases and



source files. In our study, we analyze the trade-off involved in a test case selection
strategy that considers the variation of this strength. The traditional fix-cache
approach considers a binary relation instead [6]. It employs a fault prediction
algorithm [17] to determine a set of defect-prone files and uses this set to narrow
down the selection. In our approach, we use a threshold parameter regarding the
relation strength to control the size of the test suite. In the following, we present

our test case selection approach.



CHAPTER III

TEST SELECTION APPROACH

Figure 1 illustrates the way that test cases are related to source code files. In
our approach, we utilize the bug! repository as well as the code repository of the

project.

Bug

Repository

A

from

—1 detected b
E“L s

fixed by
modifying

4

related to

source
files

retrieved
from

Code
Repository

Figure 1: Relating test cases to source files.

We collect bugs that are previously reported and fixed for the project. Each
of these bugs is detected by at least one of the test cases in the regression test
suite and it is fixed as a result of a set of source code modifications. Hence, a
bug is related to a test case as well as a set of source files that are modified to
be able to fix the bug. We establish a relation between these source files and the

test case that detected the bug. Our test case selection approach employs these

"'We use the terms bug and defect interchangeably in the rest of the thesis.



relations, where a test case is selected if it is related to any of the source files that
are modified in the last revision.

An illustrative toy example regarding the approach is depicted in Figure 2
with four test cases, three bugs and six source files. Hereby, Test Case 1 detected
Bug 1. Source File 1 and Source File 3 are changed to fix it. Test Case 2 detected
Bug 2 and Source File j is changed to fix it. Test Case 3 has not detected any
bugs yet. Finally, Test Case 4 detected Bug 3. Source File 5 and Source File 6
are changed to fix it. Given this information, if Source File 4 and Source File 5
are modified before the next release, our approach would select Test Case 2 and
Test Case 4 from the regression test suite since, there are the test cases that

previously detected bugs associated with the modified source files.

Test || Test | | Test || Test
Case | | Case | | Case | | Case

1 2 3 4
Bug Bug Bug
1 2 3

Source Source Source Source Source Source
File File File File File File

Figure 2: An illustrative sample scenario.

We observed two peculiarities to be addressed when this approach is applied
in practice. First, it is not always possible to associate a bug with a unique test
case. A bug can be reported after the execution of a set of tests. In such cases,

we associate the bug with all of these tests. Second, the relation between tests



and source files are not always binary. A file can be modified multiple times to
fix various bugs detected by a test case. The more such modifications exist, the
stronger the relation becomes. We use a threshold parameter, S for adapting the
considered relation strength for the selection of test cases. Let F' = fi, fo, ..., fn
be a set of files subject to modification and T' = t1, 15, ..., t;. be the set of test cases
to be selected. The number of times file f; has been modified? to fix bugs that
are associated with test case ¢; is denoted as c¢(f;,t;). Then, the binary decision

to select t; or not, s(t;), is given as listed in the following.

1, if3feF, st L 100> S
s(t) = s 4 (1)

0, otherwise

Hereby, a test t; is selected only if there exists a file that is modified in the
last revision and that file was previously changed to fix bugs detected by ¢;. In
addition, the ratio of these changes must be greater than S with respect to all the
changes performed on all the files to fix all the bugs detected by ¢;. Our rationale
is that a file can be related to a test if it is distinguished among other files in terms
of the relation strength. The value of the parameter S determines the expected
difference in relation strength as the selection criterion. No difference is expected
and we consider a binary relation if S = 0, in which case a test is selected even if
a modified file is changed only once to fix a bug detected by that test before. The
selection of a value for S leads to a trade-off. Smaller values increase the test suite
size. On the other hand, larger values can decrease the defect detection ability.
In the following section, we present an industrial case study for the evaluation of

our approach as well as this impact of the threshold parameter on results.

2Note that a file can be modified multiple times in various commits to fix more than one
defect.



CHAPTER IV

INDUSTRIAL CASE STUDY

In this section, we present an industrial case study that is conducted in the con-
text of Vestel !, which is one of the largest TV manufacturers in Europe. Vestel
produces TV products for 157 different brands from 145 different countries. There
are hundreds of test suites being used in the company for testing these systems.
These test suites are created for different types of tests such as performance tests,
certification tests, connectivity tests and regression tests. In our project, we focus
on regression tests only. We aimed at answering the following 4 research questions

in this study.

e RQ1: How much cost reduction can be achieved with test case selection by

relating code changes with previously fixed defects?

e RQ2: How is the effectiveness of the selected test cases in terms of defect

detection ability?

e RQ3: What is the impact of the considered relation strength on the cost

and effectiveness of test case selection?

e RQ4: How is the effectiveness of the selected test cases in detecting defects

caught and reported by real users from the field?

The main goal of test case selection is to reduce the cost of regression testing by
selecting a subset of the test cases from the regression test suite. RQ)1 is defined for
measuring to what extent this goal is achieved. We measure the cost both in terms
of the number /ratio of test cases selected and test execution time. Test duration

reflects the real cost especially when there is a high variance among the execution

‘http://wuw.vestel.com.tr
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times of test cases [18]. This is the case for our study since some of the test cases are
not automated. The drawback of test case selection is the risk of compromising
from defect detection ability, while reducing cost. RQ)2 is defined to evaluate
our approach from this aspect. The adjustment of the threshold parameter, S
regarding the considered relation strength leads to a trade-off as explained in the
previous section. R(@)3 is defined for evaluating the impact of this parameter on
results. Finally, RQ)4 aims at investigating the effectiveness of the approach in
capturing field errors reported by the end users. In the following, we introduce
our experimental setup prepared for answering these research questions.

Our approach for test selection and evaluation of defect ability rate with se-

lected test cases is depicted in Figure 3.

?

A A 4

Extract changed Extract defects and Calculate the number
source files from test cases that of defects detected by
SVN commits detect these defects all the test cases

N
1 |

Select a subset of test cases
. Calculate the defect
based on the considered . ..
. detection ability
relation strength

Figure 3: Test selection and evaluation of the defect detection rate

We compare the defect detection ability of the selected set of test cases with
respect to that of all the test cases. We explain our experimental setup in the

following section.



4.1 Experimental Setup

We used 3 Smart TV projects as experimental objects, enumerated as P1, P2 and
P3. We collected data regarding 8 software versions of these projects as listed in
Table 1. These projects and versions were selected to increase the availability of
data for analysis. They were the most active ones with the most number of end

users.

Table 1: The list of enumerated projects used in the study, their versions and SVN
revisions.

Project ID | Software Version | SVIN Revision

P1 V1.37.0.0 319.405 — 320.082
P1 V1.48.0.0 323.377 — 323.742
P1 V1.71.0.0 334.026 — 334.618
P2 V1.44.0.0 328.479 — 328.822
P2 V1.47.0.0 329.316 — 329.819
P2 V1.53.0.0 332.343 — 332.631
P3 V0.51.19.0 311.881 — 312.796
P3 V0.51.28.0 324.786 — 325.791

We retrieved all the source file updates performed between the initial and final
commits registered on the SVN 2 repository, which correspond to the transition
to the new software version as listed in the last column of Table 1. We analyzed
a total of 438 source code files, which are enumerated as shown in Table 2.

Table 2: A sample list of enumerated source files that are subject to change.

File ID | Changed File Name

CF1 /branches/Lu*** /... /Sub™**.cpp
CF2 /branches/Lu*** /... /NovoFol***.cpp
CF3 /branches/Lu***/... /NovoSys™***.cpp
CF4 /branches/DTV***/_ /Novo***.cpp
CF5 /branches/DTV***/_/Ope***.cpp

CF438 | /branches/Ky***/.../Tun®™**.cpp

There are 38 test cases in the regression test suite as listed in Table 3 together
with their duration in minutes. The total execution time is 437 minutes (more

than 7 hours) if all of the test cases are executed. As an example, the test steps

’https://subversion.apache.org/
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of the NFX Videoplay and FExit case are shown in appendix B. We can observe
a high variation in test execution times. 18 test cases take 5 minutes or less to
complete each. However, the execution time for T'C§ and T'C32 is half an hour,
for instance.

Table 3: The list of test cases in the regression test suite and their duration in
minutes.

ID Test Case Name Duration
TC1 | SmartCenter Video Dis- | 25

play

TC2 | Send UART Command 1

TC3 | Switch to HDMI Source | 2

TC4 | Standby Off-On 2

TC5 | Extended Logging 15
5
5
3

TC6 | Channel Navigation
TC7 | Oppap Installation
TC8 | Set Timer-Record and

Play
TC9 | Google Assistant Control | 15
TC10 | HBB Videoplay and Exit | 10
TC11 | Web Page Videoplay and | 15
Exit
TC12 | AMZ Videoplay and Exit | 10
TC13 | NFX Videoplay and Exit | 10
TC14 | YT Videoplay and Exit | 10
TC15 | MB Videoplay and Exit | 10
TC16 | Switch to Encrypted | 2

Channels
TC17 | Global Search 4
TC18 | First Time Installation 5)
TC19 | Power Off-On 3
TC20 | Install SatCodex 5)
TC21 | Manual Search 2
TC22 | Change Menu Values 5
1
2
1
5
5

TC23 | Alexa Voice Command 5
TC24 | Automatic Search 0
TC25 | Change Volume
TC26 | Open Portal and Exit
TC27 | Add-Delete Favourite
Channel
TC28 | HD+ Installation 5)
TC29 | Feature OSD Control 20
TC30 | Transponder Control 20
TC31 | EIB Control 20
TC32 | Timeshifht Control 30
TC33 | Additional Logging 15
TC34 | Interactive Channel Nav- | 20
igation
TC35 | Internet Update 50
TC36 | FVP Videoplay and Exit | 10
TC37 | Channel List Filter 5
TC38 | Switch to Wireless Dis- | 5
play Source
Total | 437

12



We collected bug reports from Jira®, which is the bug tracking system used
by the company. An example bug report is shared in Appendix A. In total, 482
defects reported in the past software versions were analyzed. Test cases that are
associated with the detection of these defects as well as the source code files that
are modified to fix these defects were extracted. It turns out that it is not always
possible to associate a bug with a unique test case. A bug can be reported after
the execution of a set of test cases, in which it is not possible to single out a
particular test case to be responsible for detecting the bug. In such cases, we
associated the bug with all of the test cases in the set. The maximum size of these
sets was 5 in our case study. Table 4 shows a sample list of bugs and a set of test
cases associated with the detection of these bugs for P1. In addition to the 482
defects detected during test executions, we also collected defect reports from the

field for P3* to answer RQ4 since P3 has the most number of end users.

Table 4: A sample list of bugs and a set of test cases (TC) associated with the
detection of these bugs for P1.

T #1 #2 #3 #4 #5
Bu

P1-10115 | TC5
P1-10070 | TC7 TC8 | TC11 | TC13
P2-5589 TC3 | TC19
P2-5149 TC11 | TC12 | TC13 | TC14 | TC15
P2-4205 TC14 TC4
P3-13790 | TC18 | TC19 | TC11
P3-7473 | TC25 | TC15 | TC22 | TC2

We identified the files that are changed for fixing a bug and associated these
with the corresponding test cases. For instance, the set of files that are changed
for fixing the bug P2-5589 in Table 4 are associated with TC3% and TC19. Table 5
lists the changed files and the number of changes applied to fix defects associated

with 3 test cases for P1.

Shttps://www.atlassian.com/software/jira
4We collected defect reports from the field only for P3 because the product corresponding to
this project have been used in the field for a long period of time as opposed to the other projects.
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Table 5: The list of changed files and the number of changes (#) associated with
fixing defects for 3 test cases for P1.

TC1 TC2 TC3
File | # File | # File | #
ID ID ID
CF2 |1 CF3 |4 CF4 |4
CF72 | 1 CF15 | 12 CF5 |2
CF73 | 1 CF16 | 1 CF35 | 1
CF77 | 2 CF11 | 1 CF36 | 1
CF93 | 2 CF98 | 6 CF7 | 4
CF94 |1 CF100| 1 CF37 | 1
CF95 | 3 CF170| 2 CF38 | 3
CF85 | 1 CF160| 1 CF39 | 1
CF180| 2 CF241] 1 CF40 | 1
CF228| 2 CF41 | 2
CF229 3 CF3 |1
CF121| 1 CF13 | 1
CF104| 1 CF6 |2
CF107] 1 CF90 | 5
CF100] 1 CF91 | 6

CF96 | 2
CF110] 1
CF111] 1
CF107| 8
CF142| 1
CF104| 2
CF105] 1
CF109] 1
CF121] 2
Total | 23 Total | 29 Total | 58

We can observe in Table 5 that the number of files, the number of changes in
these files and the variance of this number is different for the listed test cases. For
instance, CF15 was changed 12 times to fix defects that are associated with T'C2.
This number is not even close to the number of changes recorded for the other
files. Although there are more number of changed files associated with TC1, the
number of changes ranges between 1 and 3. We decided to take this variation into
account and adapt the test case selection process with a threshold parameter, S

as explained in the previous section. For instance, T'CI is selected if any of the
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15 files associated with this test case is modified as listed in Table 5 when S = 0.
On the other hand, it will be selected only if either CF95 or CF229 is changed
when S = 10. This threshold value means that the number of changes previously
recorded for the considered files must be greater than 10% of the total number of
changes (23). Therefore, only those files with the number of changes greater than
2.3 are considered to be relevant for this setting. We performed experiments with
gradually increasing S values ranging between 1 and 10. We extended this range
up to 20 when we observe no significant impact on results for values of S up to

10. Results are presented and discussed in the following.
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4.2 Results and Discussion

Results are depicted in two sets of charts for each project. Figures show the
percentage of the selected test cases and the percentage of bugs detected by these
test cases for P1, P2 and P3, respectively. Figure 7, 8, 9, 13, 14, 15, 18 and 19
depict bar charts that show the number of defects detected by each test case for P1,
P2 and P3, respectively. The percentage of selected test cases (PSTC) is simply
calculated by multiplying the number of selected test cases by 100/38 since there
are 38 test cases in total. The percentage of bugs detected (PBD) is calculated as

follows:

# of defects detected by the selected test cases

PBD =
# of defects detected by all the test cases

x 100 (2)

Figure 4, Figure 5 and Figure 6 depicts the results for PI1. In all the charts
here, as well as the charts regarding the other projects (i.e., Figures 10, 11, 12,
16 and 17), PSTC is depicted with a red line, whereas PBD is depicted with a
green line. Both of these values are aligned with the percentage values listed on
the y-axis between 0 and 100. The x-axis represents various threshold values, i.e.,
S. Figure 4 depicts the results regarding version V1.71.0.0 of P1. We can see
that both PBD and PSTC remain constant when S < 2. Hereby, 85% of the bugs
can be detected by selecting only 60% of the test cases. We also observe that
the amount of decrease in PBD and PSTC is aligned (the corresponding lines are
almost parallel to each other) when S increased to 3, 4 and 5. However, there is a
sudden drop in PBD when S is increased to 6. We observe similar trends for the
other versions of P1 as well, although the break points in lines are different. PBD
and PSTC remain constant when S < 4 for version V1.48.0.0 (See Figure 5). A
significant decrease of PBD is observed when S is increased to 9. We observe a
balanced decrease in both PBD and PSTC for smaller values as potential trade-off
points. PBD and PSTC remain constant when S < 10 for version V1.37.0.0 (See

Figure 6). PBD quickly declines when S > 12.
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Figure 4: PSTC and PBD values obtained for project P1, version V1.71.0.0 for
increasing threshold values regarding the number of changes.
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Figure 5: PSTC and PBD values obtained for project P1, version V1.48.0.0 for
increasing threshold values regarding the number of changes.
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Figure 6: PSTC and PBD values obtained for project P1, version V1.37.0.0 for
increasing threshold values regarding the number of changes.

The reason for sharp declines observed in PBD while S increases turns out to
be the high variance in the number of bugs detected by test cases. Figure 7 8 9
depict this variation. For instance, elimination of T'C'6 when S is increased to 6 in
version V1.71.0.0 caused the sharp decrease in PBD. Likewise, T'C6 is eliminated
in version V1.48.0.0, when S is increased to 9. We see in Figure 9 that TCY
(Standby off on) in version V1.37.0.0 detects almost 25% of bugs detected by the
whole test suite. This is because there is a large number of standby functions
in changed files, and in general the target software incorporates the resolution of

standby defects.
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Figure 7: The number of detected bugs each test cases are presented for project
P1, version V1.71.0.0.
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Figure 8: The number of detected bugs each test cases are presented for project
P1, version V1.48.0.0.
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Figure 9: The number of detected bugs each test cases are presented for project
P1, version V1.37.0.0.

10, Figure 11, Figure 12 depicts the results for P2. 63% of the bugs can be
detected in version V1.53.0.0 (See Figure 10) with 36% of the test cases when
S < 2. We observe a sharp decrease in PBD when S is increased to 2 and 8.
We also see that PBD remains constant for values of S between 5 and 8 although
PSTC decreases. Hereby, TC6 and TC7 are eliminated, which do not detect any

bugs (See Figure 13).
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Figure 10: PSTC and PBD values obtained for project P2, version V1.53.0.0 for
increasing threshold values regarding the number of changes.
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Figure 11: PSTC and PBD values obtained for project P2, version V1.47.0.0 for
increasing threshold values regarding the number of changes.
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Figure 12: PSTC and PBD values obtained for project P2, version V1.44.0.0 for
increasing threshold values regarding the number of changes.

PBD decreases from 60% to 29% when S is increased from 5 to 7 in version
V1.47.0.0 (See Figure 11). This is due to the elimination of TC4 and TC15,
which account for the detection of a high number of bugs (See Figure 14). Sharp
decreases in PBD for version V1.44.0.0 (Figure 12) is again attributed to high
variation in the number of bugs detected by test cases (See Figure 15). The
sudden degradation of PBD when S is increased from 6 to 7 is again caused by

the elimination of T'CY, which detects the highest number of bugs.
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Figure 13: The number of detected bugs each test cases are presented for project
P2, version V1.53.0.0.
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Figure 14: The number of detected bugs each test cases are presented for project
P2, version V1.47.0.0.
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Figure 15: The number of detected bugs each test cases are presented for project
P2, version V1.44.0.0.

Figure 16 and Figure 17, depict the results for P3. We analyzed two versions
of this project. PDB is at its maximum value (65%) for version V0.51.19.0 (See
Figure 16) when S < 3. It remains very high for version V0.51.28.0 in general.
As seen in Figure 19, 24 out of 40 errors were related to TC6, which may explain

this high PBD value. These defects were all related to the channel navigation

functionality:.
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Figure 16: PSTC and PBD values obtained for project P3, version V0.51.19.0 for
increasing threshold values regarding the number of changes.
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Figure 17: PSTC and PBD values obtained for project P3, version V0.51.19.0 for
increasing threshold values regarding the number of changes.
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Figure 18: The number of detected bugs each test cases are presented for project
P3, version V0.51.19.0.
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Figure 19: The number of detected bugs each test cases are presented for project
P3, version V0.51.28.0.
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In addition to the bugs detected during regression testing, we also collected
customer complaints for the corresponding products in the field. These complaints
arise because not all the test cases can be executed after every revision due to
resource constraints including both human resources (especially for manual tests)
and time. That is also why a cost-effective test selection strategy is necessary. A
total of 5 defects were reported for version V0.51.19.0, which could be detected
by the regression test suite.

We summarized all the results for P17, P2 and P3 in Tables 6, 7, 8, 9, 10,
11, 12 and 13 respectively.

We can conclude regarding RQ)1 that significant cost reduction is possible as
a result of test case selection. The ratio of selected test cases is below 70% for all
the versions of all the projects. Cost reduction is not only achieved in terms of the
number of test cases but also the actual time necessary for test execution. Test
execution time for the whole test suite is 437 minutes. It is possible to reduce this
duration by at least 30% (considering the duration for the largest selected test set
for version V1.48.0.0 of PI as 299 minutes). Test duration can be even reduced
down to 69 minutes (See Table 9 for version V1.53.0.0 of P2) if the resources
are very limited. Obviously, the more we reduce cost, the more we compromise
from defect detection ability. However, the amount of decrease in PBD is mostly
proportional to PSTC as discussed in the following.

The drawback of test case selection is the risk of compromising from defect
detection ability, which was the motivation for defining RQ)2. We observed that
PBD indeed decreases; however, the amount of decrease can be acceptable in case
of limited resources. Consumer electronics companies have to manage hundreds
of brands from hundreds of companies at the same time [19, 20]. There is simply
not enough time to always execute the whole test suite for every product. Results
showed that one might still detect the majority of the defects rather than following
an ad-hoc approach or not executing any tests at all. For instance, it is possible

to detect from 76.32% to 86.84% of the test cases by executing only 26.31% to
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36.84% of the test cases for version V0.51.28.0 of P3 (See Table 13). In general,
it is possible to detect from 65% up to 85% of the defects detected by the whole
test suite by selecting from 30% up to 70% of the test cases when the threshold
value is set as the minimum.

We observed that the inevitable trade-off discussed above can be balanced
systematically by adjusting the threshold parameter, S. In general, we observed
that the amounts of decrease in PBD and PSTC are aligned for increasing values
of S up to a certain point. Potential trade-off points can be identified especially
for S < 10 as listed in Tables 6, 7, 8, 9, 10, 11, 12 and 13 respectively.
Therefore, we concluded regarding RQ)S that S is useful in balancing the trade-off
between PBD and PSTC.

We observed regarding R()4 that we could indeed detect field defects that could
be otherwise omitted, by balancing the trade-off in test case selection systemati-
cally. In one of the versions of P3, 3 out of 5 field defects could be prevented by
reducing the test duration from 437 minutes down to 166 minutes. A field defect
could be prevented in another version of the project by just 82 minutes of text
execution time. Although the number of these error could seem to be insignificant,

their impact is very significant.

Table 6: Overall results for P71 V1.71.0.0

V1.71.0.0
S (%) STCD | PBD | PSTC
1 177 85.71 | 60.53
4 162 76.19 | 55.26
5 147 61.90 | 52.53
6 142 33.33 | 50

28



Table 7: Overall results for P71 V1.48.0.0

V1.48.0.0
S (%) STCD | PBD | PSTC
4 299 83.33 | 68.42
6 249 65 60.52
8 234 58.33 | 55.26
9 142 33.33 | 50

Table 8: Overall results for P V1.37.0.0

V1.37.0.0
S (%) STCD | PBD | PSTC
9 292 67.65 | 60.52
12 282 66.18 | 57.89
17 252 95.88 | 52.63
19 142 33.33 | 50

Table 9: Overall results for P2 V1.53.0.0

V1.53.0.0
S &9 STCD | PBD | PSTC
2 121 63.41 | 36.84
106 39.02 | 31.58
8 69 31.71 | 18.42

Table 10: Overall results for P2 V1.47.0.0

V1.47.0.0
S (%) STCD | PBD | PSTC
1 281 69.09 | 55.26
3 266 67.28 | 52.63
5 231 60 47.37
6 196 47.27 | 42.10
8 194 29.09 | 39.47
9 192 23.64 | 36.84

Table 11: Overall results for P2 V1.44.0.0

V1.44.0.0
S (%) STCD | PBD | PSTC
1 199 62.90 | 60.52
2 189 54.84 | 44.74
6 138 35.48 | 34.21
8 136 14.52 | 31.58
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Table 12: Overall results for P3 V0.51.19.0

S (%) V0.51.19.0
STCD | PBD | PSTC | RFE
3 178 62.75 | 50 4/5
5 176 49.02 | 47.37 3/5
6 166 43.14 | 44.74 3/5

Table 13: Overall results for P3 V0.51.19.0

S (%) V0.51.28.0

STCD | PBD | PSTC | RFE
6 114 86.84 | 36.84 1/4
7 99 81.58 | 34.21 1/4
14 82 76.32 | 26.31 1/4
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4.3 Threats to Validity

Our evaluation is subject to an external validity threat since we conducted a case
study targeting at embedded systems that are developed and maintained within
the context of a single company. More case studies in different companies and
domains must be conducted to be able to generalize the results.

There are wnternal validity threats due to the dataset we used in our experi-
mental setup. We collected data automatically from the bug and code repositories.
However, the data itself is manually provided by developers and test engineers.
Hence, there might be incorrect or missing entries. Some of the source code
modifications might not be correctly linked to the corresponding defect items for
instance. We also employed the regression test suite being used in the company
as is. This test suite was prepared before our study.

In our study, we analyzed a previously produced project in which we examined
field returns. We did not perform evaluations for a larger number of field projects
since source code designs are not accessible in practice. In addition, there was
not much practical data in the scope of regression tests from user complaints in
projects produced in the past and in the field.

One might consider a construct and conclusion validity threat due to the size
of the regression test suite that is being reduced. There are 38 test cases in the
regression test suite in total. Although this number does not seem to be high, the
total test execution duration is more than 7 hours. We observed that significant
reduction is possible both in the number of test cases and in test execution time
as a result of the test cases selection process. Moreover, such a reduction is
possible without compromising from the defect detection ability. We present our

concluding remarks in the following section.
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CHAPTER V

CONCLUSION

We introduced an approach for black-box test case selection. Our approach relies
on the assumption that the changed source code files are error-prone. Therefore,
only those test cases that are related with these files should be selected. However,
it is challenging to establish a relation between source code files and black-box test
cases. We analyzed information regarding the previously fixed defects to address
this challenge. We associated test cases that detect a defect with those source
code files that had to be modified to fix the defect. Then, a regression test suite
for the subsequent test cycle is determined by selecting those test cases that are
associated with the source code files modified in the last revision.

We conducted an industrial case study by collecting data from 8 versions of
3 real projects from the consumer electronics domain. We analyzed 482 defect
reports regarding these projects. We associated these defects with modifications
performed on 438 source code files. We observed that the strength of the relation
between test cases and source code files can be subject to a high variation. Some
of the files are changed only once due a defect detected by a test case. Some
others are changed a dozen times due to various defects detected by the same test
case. Hence, the test case selection process is subject to a trade-off between cost
and effectiveness that can be balanced by adjusting a threshold parameter for the
considered relation strength. Such a parameter is useful in balancing this trade-off
because we observed that the amount of decrease in both cost and effectiveness is
aligned for increasing values of the threshold up to a certain point. The exact value
to be assigned for this parameter would depend on the available resources and the
criticality of the project. Our results showed that it is possible to detect from 65%

up to 85% of the defects detected by the whole test suite by selecting from 30%
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up to 70% of the test cases when the threshold value is set as the minimum.

In our future work, we would like to investigate the effectiveness of black box
test case selection technique to other functional and non functional tests. We
would like to investigate alternative approach that can be adapt for our prioriti-

zation approach.
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