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ABSTRACT 
 
Combinatorial testing (CT) is an essential technique that 
usually aims for the generation of test cases. The generation of 
an optimally sized test case is a Non-deterministic Polynomial 
(NP) problem. The Combinatorial Interaction has been 
discussed by several researchers in developing different 
strategies depending on support interactions. Combinatorial 
testing taxonomy is thus Suggested to facilitate the analysis. 
In this paper, 12 algorithms were evaluated based on the 
strategy approach, supported interactions, randomness, and 
publication year. The year 2011 was noted as the most 
successful year in which researchers generated t-way 
algorithms. For them, the one-test-per-time OTAT strategy 
was the most promising area for Combinatorial t-way 
analysis. A small variation was seen in the type of interaction 
support. Nonetheless, uniform strength was the most common 
form of interaction from the year 2010 to the first half of the 
year 2018. This article was therefore implemented to review 
existing t-way strategies to identify their capabilities and 
limitations, thus providing a valuable guideline for generating 
the future. 
 
Key words: Combinatorial testing, T-Way Testing, 
Interaction Testing.  
 
1. INTRODUCTION 
 
Computer software is considered an important element these 
days, which is increasing every day[1, 2]. Software 
implementation has become an essential component due to its 
massive benefits. Therefore, performing software utilization 
properly will help in generating user satisfaction. Software 
failures can generally be avoided by conducting software 
testing [1, 3]. However, software testers will be driven to the 
limit upon exhaustive testing being carried out. When a large 
number of test cases need to be applied, software testing may 
be unable to execute the process [4, 5]. In fact, there is a risk 
of an increasing number of test cases that helps boost time and 
cost. Therefore, formulating the combinatorial software 
testing is a new testing technique that serves to address the 
issue of exhaustive testing, which includes an interaction of 
parameters. In this case, software failures are discovered, 
resulting in the interaction of several input parameters called 
 

 

t-way tests; t refers to the strength of the interaction [6, 7]. CA 
can be formulated as CA (N, vP, t), where N * P defines the 
input matrix [0, 1,2 ..., up to (v - 1)], so that each set of 
t-columns include at least once of each possible t-tuple, where 
v is a value, P the degree and t the strength [4, 8]. Several 
strategies, as well as improved t-way combinatorial testing 
techniques, have also been developed to optimize any 
algorithm and to generate smaller test sequences or an almost 
optimal number of tests. difficult problem [1, 9, 10]. Many 
researchers in this area have been encouraged by this scenario. 
Therefore, the purpose of this article is to explore existing 
algorithms or tools, as well as the current status and future 
possibilities of t-way combinatorial testing. In addition, this 
article also discusses possible improvements in t-way testing. 
It focuses on articles published from 2010 to 2019 on 
combinatorial testing, whereby published articles from 
different kinds of existing databases are sorted and ranked by 
strategic approach, search interaction, and publication year. 
The purpose of this article is to explore and analyze existing 
algorithms relevant to t-way testing, as well as to find 
alternative enhancements for t-way testing. The next section 
presents a review of combinatorial tests, while the third 
section describes existing algorithms. Then, the fourth section 
highlights the analysis and discussion. Finally, the conclusion 
is given in section four. 
 

 
Figure 1:   Support areas for Strategies on the T-way 
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1.1-Strategic Approach 
 
Much current research has focused on a computer science 
approach. It is possible and divided into two types of 
computer approaches, namely one test at a time (OTAT) and 
one parameter at a time (OPAT). The strategy in the first 
situation requires that each test case generated covers at least 
one unpaired tuple, while the optimal test covers the most 
unpaired t-way interactions for all parameters. Once the test 
case is selected, a final test suite will be added. This is called 
AETG vertical expansion [8, 11]. The OPAT approach starts 
with an empty initial test scenario, followed by a generation or 
completed test scenarios. Finally, it is added to a final test 
suite (FTS) one after the other when all interactions are 
covered by the FTS (i.e., a horizontal extension). Once 
completed, new test cases (vertical extension) can be added to 
obtain maximum coverage of interactions [10, 12]. The 
Parameter Order Strategy (IPO) was developed by Lei and Tai 
and represents innovative research using the OPAT approach 
[13, 14]. Figure 3 highlighted 90 % of cases involved OTAT 
strategy, whereas 10% OPAT strategy. 
 
1.2 Support Interaction 
 
The second description of the t-way strategy is the interaction 
between support, which can be subdivided into three children, 
namely uniform , variable strength, and input-output 
relationships [1, 15]. Uniform strength or t wise interaction: 
Uniform strength Interaction takes into account the fact that 
only one interaction strength is found between the parameters. 
This is the basis of the interaction test in which the CA has the 
same intensity interaction for all input parameters [9, 16]. 
Variable Strength (VS) extends the uniform Strength. The 
difference between the uniform Strength  and Variable 
Strength is that it alone guarantees and has more than one 
interaction strength for generating test cases[10]. 
Input-Output Relationships (IORs) involve the use of 
input-output relationship information for interaction tests. It is 
affected by a combination of related parameter inputs that 
impact on certain outputs. The IOR is launched because not 
all systems have the same attributes. it is also intended to 
avoid redundancy, test cases or the use of unnecessary test 
cases [9, 17].  
 
1.3-Randomness  
 
Randomness has two kinds first a deterministic set of 
combination strategies that participate in a property that 
creates the same test suite for each execution. While the 
second has non-deterministic concerns, the property of each 
execution requires a randomly created combination suite to 
cover all necessary t-way pairs [22]. 
 
2. EXISTING T-WAY STRATEGIES 
 
Several algorithms and techniques have been researched for 
use in combination with t-way testing. In this article, the focus 
was placed on existing algorithms produced from 2010 to 
2018. Table 1 discusses the current algorithms as identified by 

the year of publication. And Figure 2 shows Number of 
research papers on CT test suite generation. 
 

TABLE 1: comparison between strategies 

Year of 
publishing  

T-Way Strategies 

2010 Particle Swarm Optimization (PSO) 
Pairwise PSO (2010) 

Particle Swarm Test Generator (PSTG) 

2011 Generalized T way test suite Generator 
(GTWay) 
AURA 
Integrated T-Way Test Data Generation 
(ITTDG) 
Harmony Search (HS) 
Harmony Search Strategy (HSS) 

2012 
 

Discrete Particle Swarm Optimization 
(DPSO)  

 
2015 

Cuckoo Search (CS) 
Flower Strategy (FS) 

2016 Ant Colony System (ACS) 
Sine Cosine Algorithm (SCA) 

2017 Adaptive Teaching Learning Based 
Optimization (ATLBO) 

2018 pATLBO_RO pairwise Adaptive 
Teaching Learning Based Optimization 
Remedial Operator 

 
 

Figure 2: Number of Research papers on CT Test Suite 
Generation 

 
Particle swarm optimization (pso) the most popular t-way or 
combination tests were published in 2010. the algorithm 
mimics the behavior of bird swarms when searching for food. 
Each swarm individual moves to the best place and position in 
the world using the best solution. After that, their position and 
velocity are calculated [18, 19]. Several algorithms based on 
the PSO algorithm have been developed. In previous studies, 
active PSO algorithms have facilitated enhancement of the 
particle swarm test generator (PSTG) [20]. The reason why 
PSO is chosen as the core platform of PSTG for many reasons, 
such as faster convergence rate behavior, just a few 
parameters to control, can be effectively introduced into any 
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optimization problem and a load of optimization. less heavy 
calculation. Unfortunately, the PSTG can only support  
a uniform strength of up to six. 
 
Wu and co-workers [20] [2015] developed a new PSO-based 
DPSO. The recent DPSO improves performance using two 
methods, namely particle reset and additional gbest 
evaluation. The DPSO has performed much better than the 
traditional PSO [21, 22].  
In 2011, GTWay was an OTAT strategy [15, 23] that 
introduced computational search algorithms, which used the 
concept of backwards. The algorithm must map the real data 
as a symbolic representation and then only possible 
interactions between t-way pairs are generated. When done, 
the strategy should be to go back to the discovered t-way 
pairs. The t-way pairs are combined when they can be 
integrated. As such, they complement each other if the new 
combination can include the least-known pairs or pathways. 
When the pairs fail to integrate, the strategy returns to the 
initial values identified. However, GTWay [15] only supports 
a uniform strength with a maximum of six.  
 
In 2011, the ITTDG [14] was discovered. It is an OTAT 
strategy that supports variable strength interaction. Because a 
test scenario is iteratively generated to cover all interaction 
nodes, each test scenario generates multiple test case 
candidates and selects the best solution that covers the most 
discovered nuances. The best solution will be added to the 
final test case. ITTDG supports the three types of interaction: 
uniform, variable and IOR. 
 
PICT[21] is a test suite strategy developed by Czerwonka that 
has been widely used for software testing at Microsoft. In the 
beginning, PICT generates all the possibilities of nuances on 
the SUT configurations and identifies each tuple as an 
uncovered tuple. The tuples in these restrictions will be 
marked as eliminated. After that, an uncovered tuple is 
selected and extended with the gourmet method until its 
completion and the completed test scenario will be added as a 
final test. All tuples covered by this test case are marked. This 
procedure is repeated until there are no uncovered tuples 
mark. 
 
 In 2012, Alsewari invented a HHS-based strategy or HS [24]. 
HSS imitating the conduct of musicians trying to compose 
extraordinary music from improvisations, such as modifying a 
memory melody or random sampling. HSS performs its 
imitation by sequentially exploiting harmony memory to store 
the appropriate solution in its local and global search 
processes through several specified improvisations. A test 
case is selected for the final test sequence in each 
improvisation until all desired interactions are covered.  CS 
[25] proposed by Ahmed et al (2015) is a meta-heuristic 
technique for generating a test scenario that mimics the 
unique lifestyle and aggressive breeding strategy of cuckoos. 
Initially, CS generates random initial eggs on the nest of a host 
bird. The number of eggs in the nest represents the different 
solutions (each egg represents the test case). Each generation 
performs two operations. A new nest is initially generated and 
evaluated against existing nests via a Levy flight. The new 

nest is equipped with the current nest if its objective function 
is improved. Finally, CS adopts elitism to preserve elite 
solutions for the next round.  
 
AURA [26], as proposed by Ong and Zamli (2011), exploits 
the combination of recently produced interactions to generate 
a suite of tests. Then, a real-time mapping algorithm is used to 
aid symbolic values and effective data output.  FS [27], 
published by Nasser and Al Sarierai (2015), was developed 
from the activity of the flower pollination algorithm. The FPA 
is simple, scalable and involves a light calculation. The main 
advantage of this algorithm is that it is the key to the balance 
between exploitation and exploration using Levy flight. FS 
can withstand both uniform strength and VS. 
 
ACS [28] proposed by Ramli and Othman (2016) is a new 
version of the Anti-Colony (ACO) algorithm. It has 
successfully solved several combinatorial optimization 
problems and has been developed to generate an optimized 
test suite size that supports uniformity and VS. SCA [29], as 
presented by Mirjalili (2016), mimics the mathematical 
behaviors of the sine and cosine. The solutions are updated 
according to the sine or cosine equations. To facilitate the 
search process, SCA implements four random parameters 
(namely, R1, R2, R3 and R4). Although it is very effective in 
solving optimization problems, it has a weakness between 
exploration and exploitation.  
 
ATLBO [30] is a t-way meta-heuristic test that evolved from 
TLBO algorithms. According to Mamdani's fuzzy inference 
system, it allows efficient selection of local and global 
searches through the selection of fuzzy inference. ATLBO can 
withstand a uniform and variable strength. In addition, 
pATLBO_RO [31] proposed by Din and Zamli (2018) is 
based on ATLBO, but with a correction operator. 
 
3. ANALYSIS AND DISCUSSION 
 
This section presents the analysis of Section 3, with existing 
work and other related issues. 
 
3.1 Supported interaction and strategy analysis 
 
Table 2 describes the summary analysis of the t-way strategy 
discussed in the previous section. In summary, it presents the 
algorithms based on their interactions, strategy and 
randomness. All algorithms support uniform interaction. The 
second most popular type of interaction is variable strength. 
The last IOR shows in Table 2 that three algorithms are 
supported and proposed to support all types of interactions, in 
particular IOR. Algorithm development was least published in 
2012, 2014 and 2017. However, this report included 
information from the first half of 2019. The adaptive pair 
algorithm pATLBO_RO was the only algorithm released in 
2018. The algorithms published from 2010 to 2018. It is clear 
from the table that none of the OPAT algorithms supports 
IOR. Nevertheless, PSO is considered one of the most used 
algorithms compared to the other algorithms mentioned; thus, 
many algorithms have been developed based on PSO (i.e., 
PSTG, DPSO, FSAPSO) [22, 30, 32]. Figure 3 highlighted the 
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number of Uniform, variable strength and IOR supported 
interactions by year. 
 

 
Figure 3: number of Uniform, VS, and IOR Supported interaction by 

year 

 
Figure 1: OTAT and OPAT Strategy 

Table 2: Analysis of T-Way Strategies 

 

4. CONCLUSION 
This article presents t-way combinatorial tests and presents all 
categories, such as strategic approach, support interaction, 
and randomness. In addition, the manner in which the 
proposed strategy was highlighted has been defined. Refer to 
TABLE 2 Note that many algorithms have been developed 
using the OTAT strategy. only PSO uses OPAT's strategy. 
OTAT is common and preferable because it supports a 
configuration higher than OPAT because its strategy is the 
most widely used search technique compared to OPAT. IOR 
of 50% (CS, PSTG, SCA, RSS and FS) and appeared to be a 
non-deterministic strategy. In addition, in a previous study, 
the deterministic strategy has a weakness in the fully assisted 
interaction with the non-deterministic strategy. Finally, this 
study has successfully proposed a new strategy for future 
work. 
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