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Abstract— Software product line (SPL) engineering paradigm is commonly used to handle commonalities and variabilities of business
applications to satisfy the specific needs or goal of a particular market. However, due to time and space complexities, testing all
products is not feasible, and SPL testing is proven to be difficult due to a combinatorial explosion of the number of products to be
considered. Combinatorial interaction testing (CIT) is suggested to reduce the size of test suites to overcome budget limitations and
deadlines. CIT is conducted to fulfill certain quality attributes. This method can be further improvised through the prioritization of

list configuration generated from CIT to gain better results in terms of efficiency and scalability, However, to the best of our
knowledge, not much research has been done to evaluate existing Test Case Prioritization (TCP) techniques in SPL. This paper
provides a survey of existing works on test case prioritization technique. This study provides classification and compares the best
technique, trends, gaps and proposed frameworks based on the literature. The evaluation and discussion are using Normative
Information Model-based Systems Analysis and Design (NIMSAD) on aspects that include context, content, and validation. The
discussion highlights the lack of technique for scalability issue in SPL with most of the work is on academia setting but not on
industrial practices.
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challenges.
[. INTRODUCTION Among the promising methods is a regression testing

Sdftware Product Line (SPL) is founded on the concept of method which is able to reduce the number of test artifacts in
reusability of products from the same family which is & Single system through minimization, selection, and
systematically being reused either as common assets or ompnormzatlon. This method has been ad_ap_t_ed |_nto SPL m_the
shared by a subset of the family [1]. Many software works of [1], [2], [3], [6]. Te;t Case F’rlorltlzanon (TCP) is
organizations changed their development process from aknown as the best regression technique that can be used to
single system to SPL to take advantage of the reduction in®Vercome these issues by rearranging the test cases which
time, cost, and effort to market while significantly increase C°Ver a lot of changed elements of a product variant in order
the quality of derived products. Among the common quality {0 achieve the desired criteria. A typical TCP phase in SPL is
assurance methods in SPL is SPL testing. The differenceoWn in Fig. 1. This study divides the focus of existing
between testing a single system and SPL testing is, in aworks into two quality attributes which are efficiency and
single system, only one product is tested at a time whereaScalability. . .

SPL testing tests a number of products at one time which,_ !N térms of efficiency, software tester can benefit the most
contributes to the need for systematic testing process due t§f@m Prioritization where only a few most important test
the commonality and variability of features. The testing caS€S from the test suite will be selected thus helps in
process becomes more complicated when the number ofCreasing the interaction coverage between SPL product
configuration grows exponentially with the number of under test as fast as possible. Whereas, for scalability issue,
features or known as a combinatorial explosion. In addition, (€ refaxation of the T-wise criterion by using TCP helps
computing these large number of products in the presence 0Fontnbute to lower testing effprt and _decer_1t coverage. This
constraints proves to be a tough issue and scalability is!S P€cause, in SPL testing, high T-wise criterion requires a
considered as an open research area in SPL [3]. Thus, i{ot Of budgets. Contributions of this paper are as the
prompts the need for a new method to overcome thesdollowing: (i) provide a classification scheme for our own
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proposed TCP model which is inspired based on three main Recently, a systematic literature study has been conducted
phases described in Fig. 1; (ii) critically evaluate existing by Machadoet al. [16] on strategies for testing software

works utilizing TCP technique to determine their strengths products. The paper explained on how products are selected
and weaknesses; and (iii) Propose a framework for SPLfrom a very large set of possible products for asset testing,
based test case prioritization. and how each selected product is tested. The results from

The remainder of the paper is structured as follows: this study confirmed the increase in SPL testing interest.
Section Il will discuss on material and methodology used. However there is a lack of effective methods and techniques
Section Il will describe the overview of test case to solve existing problems, and further investigation is
prioritization, and Section 1V discusses on our comparison needed because the number of existing general techniques is
result. Next, Section V will describe our proposed too low.

Dissimilarity-Based Prioritization Framework (DBPF). Only one researcher focus on the prioritization criteria, a
work Sanchez et al. [10] proposed five different
prioritization criteria on common metrics of feature models
in SPL such as Cross-Tree-Constraints Ratio (CTCR),
Coefficient of Connectivity-Density (CoC), VC&CC
prioritization, commonality, and dissimilarity. Though
Sanchez has contributed to a detail classification on the
prioritization technique; the paper lacks concentration on
€ A 4 SPL based prioritization testing which will be the focus of
the paper and elaborated in the following subtopics.

The comparative evaluation framework is used to
compare between existing works. The framework is based
on Normative Information Model-based Systems Analysis
and Design (NIMSAD) framework [7]. The framework
suggests that effective application of a method depends on
three elements: the method itself, the person who applies the

In recent years, there has been an increasing number ohethod, and the context in which the method is applied [8].
publications that review SPL testings such as [9], [10], [14], Four categories suggested by NIMSAD are context,
[15], [16]. One of the publications that contribute to SPL elements, user, and validation. Our framework generally
testing is a systematic study done by Engstrom and Runesogonsists of three categories which are context, content, and
[14]. Their study focuses on identifying useful approaches validation. These three categories are chosen because they
and involves six SPL testing key areas namely testsuit our purpose. Context is used to describe general
organization and process, test management, testability anghformation on existing TCP works. Next, content is divided
acceptance testing, integration testing, unit testing and tesinto two namely generation of configuration and
automation. In their findings, they classify SPL testing as an prioritization of test suite. These two categories help to
immature area because of lack research papers published ifurther improve the existing techniques.
journals compared to workshops and conferences. In Lastly, validation category from NIMSAD is extended
addition, SPL testing involves great effort and evaluations into our evaluation of effectiveness phase in our framework
are costly, thus explaining the low number of SPL empirical which is used to determine the application domain the
studies. technique is applied and the type of evaluation method used

Although the investigation contributes much more to the to investigate the effectiveness of the method and lastly their
discussion, there are many other investigations that havescale of evaluation. Table 1 shows the description of the
been conducted on this issue. For example, éteal. [9] framework category.
presented a survey on SPL testing and discussed the two
main activities of SPL testing that are domain and A- Context
application engineering. The paper also discussed the lack of The aim of the context category is to discover basic
studies on these separate engineering activities and theinformation on TCP techniques which include their goals,
relationship with each other. Moreover, this study also domain application, method input, output, elements inside
provides the context of SPL testing process in a detailedthe problem areas that the techniques are trying to solve, and
manner. Da Motat al. [15] conducted systematic mapping lastly quality attributes achieved. These details should be
study of SPL testing to investigate state-of-the-art testingextracted carefully in order to distinguish it from other
practices, synthesize available evidence, and identify gapsworks and provide us with the scope of each technique
between required techniques and existing approaches thanvolved.
are available in the literature. One of the points highlighted B. Content
in the study is the lack of studies made by the industry (_)n en _ ) )
because the majority of existing works is done by the This category focuses on the six elements involved in
significance inputs for future research, for example, non- DBPF phases which are a generation of configuration and
functional testing quality attributes such as response time,Prioritization of test suite. Each phase contains three
performance and scalability which might differ in several €lements.

SPL instances.

g N 7 N (1 B
Evaluation of
Effectiveness

Prioritization
of Test Suite

Generation of
Configuration

Fig. 1 An overview of test case prioritization phase

Il. MATERIAL AND METHOD
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TABLE |
COMPARATIVE EVALUATION FRAMEWORK DESCRIPTION

NIMSAD Phase Elements Related Questions
Category
Context Goal What is the goal of the approach?
Domain Application Which area is the technique applied to?
Method Input What are the inputs of the approach?
Method Output What are the results of the method?
Central Element Focus What are the main problems that the technique is trying tg
solve?
Quality Attributes What kind of qualities does the technique trying to achieve?
Content Generation of Testing level What type of testing is conducted by the technique?
Configuration Sampling Algorithm What type of sampling algorithm is used?
T-wise coverage What is the number of T-wise coverage used in this method
Prioritization of Prioritization criteria How does this method prioritize test cases?
Test Suite Tools used What kind of tools used?
Limitations What kind of limitations exists for the technique?
Validation Evaluation of Application Domain What areas are focused in TCP technique?
Effectiveness Evaluation method What types of evaluation method is used?
Scale of evaluation What evaluation scale is used by the TCP technique?
The categorization under these two phases helps our study TABLE Il
in analysing the issues that the techniques are trying to solve PRIORITIZATION CRITERIA
uryde_r the|r_ own scopes wh|c_h are ment|on(_ad in oyr_sub— No. Prioritization Am
criteria. This categorization will sur_ely help in identifying Criteria
the strengths and weaknesses of existing works. 1. Cross Tree Constrainf Prioritize based on complexity
First, for testing level, there are four types of SPL testing Ratio (CTCR) of products constraints
namely system testing, integration testing, acceptance testing 2. Coefficient of Prioritize the products
and unit testing. These testing types are performed in twqg Connectivity-Density | according to their Coefficient
engineering phases, domain and application engineering [9] (CoC) of Connectivity-Density(CoC)
It is beneficial to know the specific testing types included in | 3- Variability Coverage | Prioritize based on variability
each phase such Domain engineering consists unit testing, & Cyclomatic coverage and cyclomatic
and integration testing meanwhile Application engineering Complexity complexity
consists system and acceptance testing. Secondly, & (VC&CC) - —

. . - - . . 4, Commonality Prioritize based on commpn
_samplm_g aIgon_thm is used in TCP works for combinatorial features between product
interaction testing in order to reduce the number of test[ 5 Dissimilarity Prioritize based on differeht
suites. By identifying which method uses sampling features between product

algorithm and which method does not, this study will be able

to formulate the reason why certain TCP technique utilizes \joreover, there are various tools used in TCP works.
sampling algorithm. _ This investigation is beneficial because it helps to determine
Third, analysis of T-wise coverage of each TCP the pest tool to be used in TCP techniques. Lastly, Each
contributes is important in identifying the problem that the technique investigated has their own limitations in
technique’s trying to solve. The prioritization of test cases is conducting the prioritization process. Identifying the
proposed to overcome scalability issue which is known to |imitations of each technique will help to offer insights on
affect various current CIT [3]. Testing feature model with yqoms for improvements in future research.
T > 3 is not cost effective and time-consuming. Thus, the
analysis will certainly help to determine the number of . validation
coverage that an app_r(_)ach concentrates on. The values of T- Thjs category focuses on application domain applied,
wise coverage are divided into two parts with low(B)  evaluation method used and scale of evaluation. For the
and high(T>3). o _ application domain category, it helps in identifying which
Fourth, the prioritization criteria:  Analysis of gareas are being focused by SPL researchers. Next, the
prioritization criteria used is needed in order to identify the eyaluation method is important to determine the evaluation
most suitable method to be used. There are five types Ofnethods used by each technique. Lastly, for the scale of
prioritization criteria specified for test case prioritization in  ayaluation is used in this paper for TCP technique’s scale of
SPL [10]. The criteria consist of their own process on how to eyaluation is adopted from [14]. It is important to know the
conduct prioritization of test cases. Our study provides onegygjuation scale in order to identify the impact of the

additional column labelled unspecified for any method that eyaluation conducted. Value for each scale is shown in Table
is not listed by the criteria. The prioritization criteria as 3

described in [10] is shown in Table 2.
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TABLE Il will be conducted mimic to the products in the market which
PRIORITIZATION CRITERIA covered as many interactions as possible which are assumed

No. | Type Scale as the most relevant with the market release.

1. | Toy-example Small-scale . . ) )

2 | Down-scaled real world Medium scale 1) Context: WMP is applied to both parts of engineering

3. | Industrial Large-scale (domain and application engineering). Its specific input
method used is a TOMRA's product line of reverse vending

will be ranked based on a number of important interaction

.Fo_r this Eaperh we Onkly_sele(t:)tllThCIZ EtUdieS that fulfil our which resembles product in the market. The central element
criteria such as the works Is published between 201_1 to 20:_"§his technigue will be focusing on the most important feature
limited to SPL and focus on the uses of TCP technique. SiX; oo tions for market release

papers that fulfilled the criteria stated above are given below: ) ) )
2) Content: WMP is a system testing that uses covering

GOSP- Goal-oriented test case selection & prioritization [2] @@y generation algorithm for Product Lines (ICPL), a

WMP - Weight modelling prioritization [4] specific algorithm d_evelope_d for_ large feature models. _T-
SHP - Similarity heuristic prioritization [3] wise coverage fo_r this te_chr_wlque is dqne from _T1 to T3 using
DOP - Delta-oriented test case prioritization [5] CoC prioritization  criteria combm_ed with domalr_1
SP- Statistical prioritization [1] stakeholder’s objectives through the mt;remental e\(olut!on
SBP- Similarity-based prioritization [6] of the test products for continually changing market situation.
WMP is done using TOMRA Verilab. A limitation of this
A. Goal-Oriented Selection & Prioritization technique is it might be limited to TOMRA reverse vending

GOSP was proposed to overcome time and spacemaCh'ne case study because of the assumption that all

complexity on SPL testing through the selection of most market segments will be the same,

important features that are being used often and important 3) Validation: WMP  technique is validated using
from stakeholders perspective. TOMRA vending machine case study which is considered as

) ) ) ) an industrial scale case study. The evaluation is conducted in
1) Context:The main goal of GOSP is to achieve higher 4 test |ab provided by TOMRA.

error coverage by testing fewer test cases. To achieve this
goal, GOSP is applied to both parts of engineering with C. Similarity Heuristic Prioritization (SHP)

input from graphical .repre_sentation (feature model) which SHP is proposed to overcome the combinatorial explosion
shows the inter-relationship between features. The feature

) . issue which largely comes from the large feature model. The
model will undergo feature selection (removal of less

important features) based on the domain stakeholders’ goalsresearCherS stated that most CIT approaches fail to solve T-

S S wise coverage of more than three and proposed an idea to
and objectives. The output of the prioritization is test cases ) L .
L . X use TCP to relax the T-wise criterion. They also claimed that
arranged based on their importance with the most |mportanttheir method is effective and scalable

test cases will be placed highest.

2) Content: GOSP concentrates on system testing level 1) Context: SHP testing is done on both domain and
and using the pre-configured algorithm in their technique. application engineering phase, and their method input starts

GOSP also focuses on small-scale feature model and doe¥ith feature model. The output of the prioritization will be
not involve T-wise coverage. Prioritization that occurred in (€St cases with the highest summation of distance between

this technique is through calculation using weight matrix in t€St cases. The central element of focus is on the need of

order to determine the order of test cases. The prioritizationPractical solutions to test a large number of SPL.

process is highly influenced by the goal of the stakeholders; 2) Content: SHP testing level is a system testing as it
some features are going to be ranked higher based on thavolves a complete test of the system and does not use any
stakeholders’ objectives. The tools used by GOSP aresampling algorithm. SHP uses SAT solver to produce valid
fmp2rms plugin tool and Rational Software Modeler (RSM). configurations. The feature model will be converted into a
Limitation of GOSP is it does not be tested in more than oneBoolean formula, generating a valid configuration. SHP is
case study, which brings to question the viability of GOSP in also able to solve feature model with T-wise coverage higher
different feature models. than T=3 until T=6, and this technique uses dissimilarity

3) Validation: The validation of this proposed technique criteria which is similarity heuristic. The tools used in this
is done using E-shop case study which is done in academidechnique are SPLAR and SAT solver Sat4j. Limitation of

setting and categorized as toy-example. this tet_:hnique_z is some of the_ existing tools provide faster
speed in configuration generation.
B. Weight Modelling Prioritization (WMP) 3) Validation: Validation of SHP is done using APFD

WMP is proposed to effectively apply combinatorial Method using 114 feature models which are divided into two
interaction testing to an industrial product line into the categories, 100 small to medium size and 4 large size feature
market by modelling weight sub-product lines which are models. Only 13 of the feature models are real-world feature
synchronized with domain experts’ goals. The technique will models with 3 of them are large feature model application.
generate covering arrays by prioritizing interactions
according to their weights then the generation of product
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D. Delta-oriented Test Case Prioritization (DOP) algorithm is used and tested four times on Claroline DTMC

. . . . . to investigate the most frequent features in valid traces.
DOP is proposed to efficiently conduct integration testing g g

approach for SPL based on delta modelling. Delta modelling F. Similarity-Based Prioritization (SBP)
is used to the model variant rich system and helps to show . . . .
the differences between a variant of the product in deltas. 1he goal of SBP is to increase interaction coverage

DOP focuses on structural changes between products anil%etween variants under test as fast as possible. The issue that
t

identifies changed parts, where only the changed part will be is method tries to solve is a combinatorial explosion of
retested.

SPL because exhaustive testing of each product is highly not

feasible due to a large number of products.
1) Context: DOP is done in both SPL phases (domain

and architecture engineering), and their method input is 1) Context SBP focuses on domain engineering. Its
architectural models which will be used to produce method input is fea_turg m_od_el,_and output |sapr|0_r|t|zed test
regression deltas between products under test. This can b§2S€ based on their dissimilarity value with the highest will
achieved by prioritizing the most changed test as the highesP€ Placed on top followed by lower values. The central

priority and considered as the most important test cases irf/ément of focus is to overcome the combinatorial explosion
the test suite. which causes inefficient use of time and budget.

2) Content: DOP is an integration testing since it  2) CONtent:SBP is a system testing and the sampling

considers internal part of the product and does not use an@'90rithm used in _thiS, technique is CASA, Chavtal, and
sampling algorithm. DOP is based on component weight'CPL. This technique’s T-wise coverage is<3[ and

where the values of the component weight come from thePrioritization criteria used by this method is dissimilarity
number it has been used. The tool used is MSCDL which isCriteria with ratio 0-1 used to determine the similarity

directly embedded in Deltarx. The limitation of this product P&tween two configurations. SPLCAT tool is used in this
is it does not consider the influence of different orderings of [€CNNique, and its limitation is assuming that the faults are
product variants in its results. equally distributed over the features and their interactions in

3) Validation: DOP is using Body Comfort System ' L . S .
(BCS) case study which is an SPL vehicle. It comprises a 3) Vahdqtlon:Thls method validation process is done
total of 11,616 possible variants. The evaluation method YSiNg @ mobile phone and smart home feature model because

used is APCC metric whereas the context of evaluation is't 1S Widely used in academic setting and its scale of
done on academia setting and the scale of evaluation is toy€valuation is toy-example. The evaluation method is done
example. using defect simulation under general idea that defects are

generated based on the interaction between several features.
E. Statistical Prioritization (SP)

. . Co . [ll. RESULTS ANDDISCUSSION

SP is proposed to improve the prioritization technique
taking into consideration behaviour of the product used in This discussion provides evaluation for the current
Discrete-Time Markov Chain (DTMC) and Feature approach in TCP. Tables 4, 5 and 6 show the comparative
Transition System (FTS). In this technique, Markov chain is results in terms of context, content, and validation. Our study
used to extract configurations of interest according to the concludes that majority of the approaches use feature model
likelihood of their executions which will be stored in FTS. ~ to show feature and interaction between features in a

) . .. graphical fashion. In quality attributes category, our study

1) Context: SP is done on both domain and application jgensified that only one existing approach is trying to solve
engineering. Its method input is a feature model, and outpulgcqapility issue that is undeniably known as the most
is a reuse test case. Its ce_ntral elemen_t of_focus IS IMproving,ommon issue in CIT, as shown by the lack of approach
current existing CIT technique by considering the behawourtrying to solve T-wise interaction of T > 3 (Table 5). Our
of the product. The test case will be reordered based on &,4y is also able to identify the lack of trend in solving
number of times product behaviour have been used. Thegcqapility issue and their technique focusing on getting
product with the most use will be placed highest. better efficient quality attributes. In Table 5, our study

2) Content: SP is a system testing that does not use discusses the content of each prioritization technique which
sampling algorithm in its technique. This technique is typically found in TCP. Moreover, our study identified the
considers product behaviour in SPL testing, and its T-wisewide use of sampling algorithm in CIT in four of the six
coverage is non-existent. SP prioritizes using FTS by techniques, only two of techniques do not use sampling
ordering them based on the probability for it to happen. Thealgorithm because their technique focused on integration
tool used by this technique is a Phyton bot, a web crawlerlevel and SPL behavior in their TCP. Our study also noted
that systematically browses and records information about aon the wide use of sampling algorithm such as ICPL.
website. This technique is highly dependent on the nature ofMoreover, SHP mentioned about scalability issue in SPL,
the case study. and how the lack of sampling algorithm in CIT is able to

3) Validation: The validation process is done on solve large feature model. They even admitted that their own

Claroline case study which is an open-source web-based@mpling algorithm is not the fastest and suggest ICPL as the

evaluation is categorized as toy-example. The DFS Of using TCP as a promising approach to solve high T-wise
criterion is because TCP only selects few of the most

1605



important test cases in the test suite to achieve desired
criteria with low testing effort.

TABLE IV
COMPARATIVE EVALUATION FOR CONTEXT CRITERIA
Elements GOSP WMP SHP DOP SP SBP
Goal Effective testing | Effective testing | Effective & Efficient Effective testing | Effective TCP
for immediate for industrial scalable integration by considering | technique for
market release | line technique for testing SPL behaviour | SPL
large model
Domain Both Both Both Both Both Domain
Application Engineering

Method Input

Feature model

Feature model

Feature mode

Architecture
model

Feature model

Feature model

Method Output | Prioritization Prioritization Prioritized based| Test case Prioritization Test case
based on based on on their prioritized based| based on the prioritized based
importance of interaction in the| maximum on number of probability of on their
feature product distance changed parts | Valid behaviour | gissimilarity

going to happen | \que

Central Reduce time to | Reduce time to | Overcome Reduce Behaviour Reduce testing

Element Focus | market market scalability issue | redundant model in product| effort

testing effort
Quiality Efficiency Efficiency Efficiency & Efficiency Efficiency Efficiency
Attributes scalability

TABLE V
COMPARATIVE EVALUATION FOR CONTENT CRITERIA

Elements GOSP WMP SHP DOP SP SBP
Testing level System Testing System Testing System Testing Integration | System Testing System Testing

Testing

Sampling Pre- ICPL SAT solver None None CASA, Chvatal,

algorithm configuration and ICPL
algorithm

T-wise coverage| No T<3 T>3t06 No No T<3

Prioritization CTCR criteria VC&CC criteria| Dissimilarity VC&CC criteria | None Dissimilariy

criteria criteria criteria

Tools used -fmp2rms plugin| -TOMRA -SPLAR -MSCDL  into | -Phyton Bot -SPLCATOool
-Rational Verilab -SAT solver | Deltarx embedded
Software Satdj FeaturelDE
Modeler (RSM)

Limitation Limited to one Limited to one | Slow in No consideration Limited to one | Assumption of
case study case study generation on different case study fault spread

configuration orderings of equally
product variants
TABLE VI
COMPARATIVE EVALUATION FOR VALIDATION CRITERIA

Elements GOSP WMP SHP DOP SP SBP

Application Smart Software | Smart Software | High Education Smart Softwarg High Education High Education

Domain factories factories factories

Evaluation None None APFD metric APCC metric None Defect

method simulation

Scale of Toy-example Industrial Down-scaled | Toy-example Toy-example Toy-example

evaluation real world

Next evaluation of TCP in the content category is criteria is preferable to be used in TCP. For example, both
prioritization of test suite which shows various types of SHP & SBP agreed that the most dissimilar test cases would
prioritization criteria being used by researchers as classifiedgenerate more defects and more likely to cover a greater
in [10]. We found out that VC&CC and Dissimilarity are the number of t-sets than two similar ones [3], [6]. In contrast,
two most popular TCP techniques being used in the marketVC&CC focuses on stakeholder desire, which contributes to
However, there is a discussion among researchers on whiclvarious testings performed that exhaust the testing effort.
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Moreover, VC&CC does not consider the influence of produce a set of valid combination of features from Software
different orderings of product variants. Therefore, Product Lines Online Tools (SPLOT). SPLOT is a
minimization of testing effort can be better reduced using repository for hundreds of feature model in SPL. Next, the
dissimilarity technique compared to VC&CC. In the tools configuration will be placed in the test suite and undergoes
used category, most researchers integrate several tools to kihe prioritization of test suite process using existing tool
used in TCP techniques, and we found that there is nofrom Sancheet al. [10].
preferable tool for generation and prioritization. Therefore, Our approach enhances existing tools, and we also
any suitable tool can be integrated for TCP technique. propose our own prioritization technique using dissimilarity
Finally, it is noted that only one case study is being done tocriteria. The test suite will be processed, resulting to a
test an SPL model. This is because it is better to test an SPltanked test case based on their dissimilarity value. Lastly,
model using several case studies using different SPL featureéhe ranked test cases will undergo effectiveness evaluation
models. using Average Percentage Fault Detected (APFD) metric.
SBP also mentioned that their technique’'s weakness isThe APFD metric is often used in regression testing
that they assume that most of the fault is spread equallyapproaches such as test case prioritization to investigate the
among configuration which is not the case in real world SPL technique’s effectiveness in terms of fault detection rate. As
products. Our validation category consists of the last phasean evaluation method, APFD metric will be carried out on
which is an evaluation of effectiveness. This phase helps uswo case studies, Mobile Phone, and Educational Robotics.
to investigate the benchmark of these TCP techniques. InMobile Phone is chosen as the benchmark case study
this category, our study identified that researchers usedbecause it is commonly used by SPL researchers, while
experiments to prove their technique’s efficiency. However, Educational Robotics is used because we need to apply
some of the researchers only discussed on their result©DBPF method into real-world application. The result of
obtained without proving any objective. Therefore, the APFD metric will help in improving effectiveness testing to
experiment is perceived as an easy and objective way toSPL products thus contributes to the minimum amount of
evaluate an SPL technique’s effectiveness. In the scale ofesources needed in SPL testing phase.
evaluation category, three of the methods used toy-example In this paper, evaluation was divided into three parts
to validate their techniques. Only one of the techniquesnamely context, content and validation. Furthermore, our
evaluate their effectiveness using the industrial environment. survey also analyzed and discussed the comparison to
Lastly, based on the comparison of these three tables, ouanswer our research questions. Our study concludes that
study investigates the maturity of TCP techniques in SPLTCP techniques in the market currently vary according to
testing in terms of three typically used phases which is thetheir specific contexts, and the most frequent type of
generation of configuration, prioritization of test suite, and prioritization criteria used in the market is VC&CC and
evaluation of the effectiveness. The generation of Dissimilarity. Between these two criteria, Dissimilarity is
configuration can be further improved because there are notmore preferred because it offers promising results as shown
many techniques utilized to solve scalability issue. In the in the literature, plus it also tackles scalability, a tough issue
prioritization of test suite phase, the number of different in TCP for SPL. This issue is also known to be the
tools used indicates that there is significant lack of bottleneck for some techniques. Dissimilarity prioritization
standardized tools used by researchers which is an open ar@a suitable companies with the low testing budget. The
to be investigated. Moreover, to examine the effectiveness ofdiscussion also noted that most researchers focused on
their technique, APFC and APCC are used as benchmarkeducing testing effort, which is also the main reason for the
method by most researchers this indicates that this isformulation of TCP technique. Moreover, there is an
standardized (matured) way to evaluate TCP technique in thencreasing trend in CIT testing using sampling algorithm, but
SPL. there is a notable lack of sampling algorithm to be used to
generate the needed configuration. Some researchers viewed
V. CONCLUSION ICPL as the best sampling algorithm can be used in this

From the output of the review, our study proposed a resFe_anl:Ih. d lud h £ th .
complete TCP framework based on three phases Typically inally, our study concludes that most of the existing
TCP in SPL testing is divided into three parts which are works are focgsmg on acad_em|c environment and is not fully
generation of configuration, prioritization of test suite and te.flted ”21 an industrial enwrpnmeng Fo(rj futuri works, wed
evaluation of effectiveness. The important components of W' COnduct our own experiment based on the propose

these phases have been analyzed earlier in this paper a@BPF framework to provide a structured approach for each

based on that; we picked the most suitable methods or tool CP phase to gain a better and more .eff(.acnve_SI.D_L testing
to be used in our framework. process. As, future work, Our dissimilarity prioritization

DBPF starts with generation of configuration that technique will be applied to the Mobile Phone and

involves extracting valid configuration from a number of Educational Robotic (industrial) case studies and their
possible configuration through CIT using SPLCATool effectiveness will be evaluated and compared with other

integrated into Eclipse platform. The integrated tool consistsworks'
of current sampling algorithms in the market such as ICPL,
CASA, Chavtal, and SBP. The result of this process will
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