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ABSTRACT 
 Combinatorial test data generation strategies have been known to be effective to detect the fault in the product due 
to the interaction between the product’s features. Over the years, many combinatorial test data generation strategies have 
been developed supporting uniform and variable strength interactions. Although useful, these existing strategies are lacking 
the support for Input Output Relations (IOR). In fact, there are only a handful of existing strategies addresses IOR. This 
paper will review the existing combinatorial test data generation strategies supporting the IOR features specifically taking 
the nature inspired algorithm as the main basis. Benchmarking results illustrate the comparative performance of existing 
nature inspired algorithm based strategies supporting IOR. 
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INTRODUCTION 
 In recent decades, researchers have developed 
combinatorial test data generation strategies based on 
different approaches in the literature to solve the 
combinatorial optimization problem of test suite 
generation (Nie, Wu et al. 2015; Palacios, García-Fanjul et 
al. 2015; Pérez Lamancha, Polo et al. 2015). Most of the 
existing combinatorial test data generation strategies 
addresses the supporting of uniform and variable 
interaction strength. Although helpful in addressing the 
uniform interaction strength and variable interaction 
strength, existing strategies lackthe ability to generate test 
cases when the system configuration dictates specific 
parameter interactions (called Input Output based relations 
(IOR)). Some of existing strategies that addresse IOR 
include (Density (Bryce and Colbourn, 2007; Bryce and 
Colbourn, 2009), TVG (Tung and Aldiwan, 2000; Arshem 
2009), Union (Schroeder, 2001), Greedy (Schroeder and 
Korel, 2000), Para Oreder (Ziyuan, Changhai et al. 2007), 
ReqOrder (Ziyuan, Changhai et al. 2007), ITTDG(Othman 
and Zamli 2011), and AURA(Ong and Zamli 2011)).  
 Recently there are some of the existing 
combinatorial test data generation strategies adopt nature 
based algorithms to construct a combinatorial test data 
suite including Genetic Algorithm (GA) (Shiba, Tsuchiya 
et al. 2004), Ant colony Algorithm (ACA) (Shiba, 
Tsuchiya et al. 2004), Simulated Annealing (SA)(Cohen, 
Gibbons et al. 2003), and Particle Swarm Test suite 
Generation (CPSO) (Jarboui, Cheikh et al. 2007). These 
nature inspired strategies are effective to support both 
uniform interaction strength and variable interaction 
strength in the sense that they generate satisfactorily 
optimum results in most cases.  Indeed, nature based 
strategies have great potentials, yet their strength have not 
been have sufficiently been tapped to support IOR. 
Addressing these issues, there is need to investigate further 
on the adoption of the nature inspired algorithm increasing 
the flexibility of interaction testing through supporting 

IOR.   
 
MODEL FOR IOR TEST SUITE GENERATION   
 To elaborate of the IOR support, we have adopted 
the program (Pl) from (P. J. Schroeder, P.  Faherty et al. 
2002). The model has four inputs (Inputs = {A, B, C, D} 
and three outputs (Outputs = {E, F, G}). The output (E) is 
the combinations between (A, and B), the output (F) is the 
combination between (A, and C) and the last combination 
output (G) between (B, and D). (See Figure-1). 

 

 
 

Figure-1. IOR for Program Model (P1). 
 

As shown in Figure-1 the combination between 
the parameters ((A with B), (A with C), and (B with D) 
can be considered as (partial) pairwise combinations as not 
all pair combinations need to be covered. Figure-2 shows 
all the unique combinations whilst Table-1 illustrates the 
test data that have been constructed based on pairwise 
combinations. 
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Figure-2. The interaction pairwise combinations. 
 

Table-1. The smallest possible test data size which 
covered all the combinations in Figure-2. 

 

 
 

Considering the IOR, we can generate each 
unique combination for (E = (A with B), F = (A with C), 
and G = (B with D)) of Program P1 test data input values 
that influences each output variable.  
 Here, each output variable is based on the 
corresponding input combination condition (binary 
number, i.e. E = (1100), F = (1010), and G = (0011)). 
Figure-3 demonstrates all possible combinations for each 
one binary. Based on these combinations Table-2  displays 
test data size which covered all the combinations in 
Figure-3. 
 

 
 
 

 
 

Figure-3. The Required combinations based on the 
outputs variables. 

 
Table-2. Test suite for Program P1 based on the outputs 

variables E, F, and G. 
 

 
 

Referring to the test data size in Table-2, the test 
data has been reduced to merely 4 test cases from all 
possible 16 test cases (i.e. considering all parameters 
combinations). Additionally, considering only the IOR 
pair combinations Table-2 has less test case as compared 
to Table-1 which considers  all pairs combinations. 

 
RELATED WORK 

 In last 10 years, many combinatorial test data 
generation exists. In this paper, we will review the existing 
strategies supporting the IOR features. Based on the 
adopted algorithms, there are two main approaches that 
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can be used to classify the combinatorial test data 
generation strategies: pure computational approach and 
nature based approach. The pure computational approach 
strategies greedy and iteratively process to generate the 
test data. The approach such as (Density (Bryce and 
Colbourn, 2007; Bryce and Colbourn, 2009), TVG (Tung 
and Aldiwan, 2000; Arshem, 2009), Union (Schroeder, 
2001), Greedy (Schroeder and Korel, 2000), 
ITTDG(Othman and Zamli 2011), ParaOreder(Ziyuan, 
Changhai et al. 2007), ReqOrder (Ziyuan, Changhai et al. 
2007) and AURA (Ong and Zamli, 2011)) are typical 
examples. Recently, significant efforts are also emerging 
to adopt nature based strategies in this approach. Each 
nature based strategy mimics the behavior of the natural 
like (the gene of the chromosomes, ants, swarm of birds or 
fish, and etc.) to produce test suite. All the existing nature 
based strategies as (SA, GA, ACA, PSO and HSS) 
(Stardom 2001; Shiba, Tsuchiya et al. 2004) support 
uniform strength. While natural based strategies generates 
most optimum results in most cases in uniform strength, 
but until now not a single one of them address IOR for test 
data generation. 

In line with such a good prospect, this paper 
advocates the new combination of test data generation 
strategy based on nature inspired algorithms. 

 
BENCHMARKING AND DISCUSSION 

This section discusses the comparison and the 
discussion between the existing published strategies 
defined the IOR such as that Density, TVG, ReqOrder, 
Union, Greedy, ITTDG, and AURA. All the results for 
abovementioned strategies are available in the published 
(Ziyuan, Changhai et al. 2007; Ong and Zamli, 2011; 
Othman and Zamli, 2011). The result in Tables-3 and 4 
based on the two experiments based on the benchmark 
defined in (Ziyuan, Changhai et al. 2007; Ong and Zamli, 
2011; Othman and Zamli, 2011). These experiments are;
  
 The first experiment consider a system configuration 

IOR(N, 310, R) 
 The second experiment consider a system 

configuration IOR(N, 23 33 43 51, R) 
In each experiment R will start with the first 10 

requested interactions and then add the next 10 and the 
next 10 until add 60 requested interactions in the 
experiments.  
 
Where R=[{1, 2, 7, 8}, {0, 1, 2, 9}, {4, 5, 7, 8}, {0, 1, 3, 
9}, {0, 3, 8}, {6, 7, 8}, {4, 9}, {1, 3, 4}, {0, 2, 6, 7}, {4, 
6}, {2, 3, 4, 8}, {2, 3, 5}, {5, 6}, {0, 6, 8}, {8, 9}, {0, 5}, 
{1, 3, 5, 9}, {1, 6, 7, 9}, {0, 4}, {0, 2, 3}, {1, 3, 6, 9}, {2, 
4, 7, 8}, {0, 2, 6, 9}, {0, 1, 7, 8}, {0, 3, 7, 9}, {3, 4, 7, 8}, 
{1, 5, 7, 9}, {1, 3, 6, 8}, {1, 2, 5}, {3, 4, 5, 7}, {0, 2, 7, 9}, 
{1, 2, 3}, {1, 2, 6}, {2, 5, 9}, {3, 6, 7}, {1, 2, 4, 7}, {2, 5, 
8}, {0, 1, 6, 7}, {3, 5, 8}, {0, 1, 2, 8}, {2, 3, 9}, {1, 5, 8}, 
{1, 3, 5, 7}, {0, 1, 2, 7}, {2, 4, 5, 7}, {1, 4, 5}, {0, 1, 7, 9}, 
{0, 1, 3, 6}, {1, 4, 8}, {3, 5, 7, 9}, {0, 6, 7, 9}, {2, 6, 7, 9}, 
{2, 6, 8}, {2, 3, 6}, {1, 3, 7, 9}, {2, 3, 7}, {0, 2, 7, 8}, {0, 
1, 6, 9}, {1, 3, 7, 8}, {0, 1, 3, 7}]  

Tables-3 and 4 depict the test size results obtained for the 
existing IOR based strategies (Density (D), TVG (T), 
ReqOrder (Re), Union (U), Greedy (G), ITTDG (I), and 
AURA (A)) for each part. The darkened cells specify the 
best result for a specific test configuration. 
 

Table-3. Comparison of test suite size generated by the 
existing IOR strategies for IOR (N, 310 , R ). 

 

 
 

Table-4. Comparison of test suite size generated by the 
existing IOR strategies for IOR (N, 23 33 43 51, R). 

 

 
 

Referring to the first configuration IOR(N, 310, R) 
in Table-3, ITTDG produces the most optimum test suite 
size in all cases and overcomes all the existing strategies 
except when R is 40, ParaOrder produce the most 
optimum result. Density, came in the second place in term 
of producing a good test size in all cases. Due to the worst 
result in Table-3, Union is the worst strategy in all cases. 
Unlike the Union strategy, the other strategies (AURA, 
ParaOrder, Greedy, ReqOrder, and TVG) produce a 
satisfactory test data size. 

 Considering the second configuration IOR(N, 23 
33 43 51, R) in Table-4, Density produces most optimum 
test data size at the cases when R is (30, 40, 50, and 60). In 
the case Density does not generate the most optimum 
results, but it generates acceptable and close to the most 
optimum results which they have produced by the other 
strategies. Greedy generates the most optimum test suite 
size test suite at the cases of (R=10, and 20}. The rest of 
the existing strategies in Table-4 produces acceptable test 
suite size. Here, Union generates the worst test suite. 

    
CONCLUSIONS 

This paper presents the need for the combination 
test data generation and shows some of the existing 
corresponding strategies. The Input Output Relation 
feature has been introduced and illustrated by an example. 
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A review of the existing combination test data strategies 
which addresses the supporting of Input Output Relation 
feature has been presented. Only pure computational based 
combination test data generation strategies addressed the 
IOR feature. Until now, no of the existing nature based 
combination test data generation strategy addressed this 
feature. Benchmarking and discussion show the existing 
published strategies defined the IOR such as (Density (D), 
TVG (T), ReqOrder (Re), Union (U), Greedy (G), ITTDG 
(I), and AURA (A)). As a suggestion for future work, it 
seem useful to investigate the adoption of any nature based 
algorithm such (GA, PSO, or any one) for providing IOR 
support. 
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