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Short Abstract

Exhaustive testing of software systems with a large number of input parameters and combinations between them often causes the problem of
combinatorial explosion. Combinatorial t-way testing is a technique that generates an array of test cases to maximize combinations covering of between
input parameters. Generating a minimum covering array is an optimization problem that many strategies based on metaheuristic algorithms such as
teaching and learning based optimization, particle swarm optimization, and genetic and cuckoo search algorithms have been used for solving it. Although
these strategies have produced smaller covering arrays, complete minimization has not yet been performed. In this paper, we propose a new strategy
based on the success-history and linear population size reduction based adaptive differential evolution algorithm (so-called LSHADE), which is one of
winners of IEEE CEC competitions, to generate minimum covering array. The results of Friedman mean rank show that the LSHADE strategy has the
first rank in terms of generating the covering array with the lowest size and the lowest average number of algorithmic calls, compared to mathematics
based strategies such as TConfig, greedy strategies such as IPOG, Jenny and PICT and meta-heuristics such as GS, TLBO, HC-BAT, PSTG, WOA ,
BAPSO and GSTG. While, in terms of the average number of fitness function evaluations and the average runtime, this strategy has the first rank after
the GS strategy. Moreover, the convergence diagrams confirm the high convergence speed of this strategy compared to the other meta-heuristic
strategies.
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1-  Short Introduction

In functionality (black-box) testing of a software, the internal structure of the software is ignored and the requirements of the software are considered
for test case generation. For the black-box test to be successful, it should be comprehensive. It is possible that the exhaustive testing of complex software
systems cause the problem of combinatorial explosion. Combinatorial t-way testing is a technique that generates an array of test cases to maximize
combinations covering of between input parameters. Due to the NP-hardness of minimum covering array generation, different metaheuristic algorithms-
based strategies such as teaching-learning optimization, particle swarm optimization, genetic and cuckoo search algorithms have been proposed to solve
it.

2-  Proposed Work and Methodology (including comprision, simulation/experimental results and discusion)

Although the proposed strategies have produced smaller covering arrays, complete minimization has not yet been obtained. Success-History based
Adaptive DE (SHADE) is an example of algorithms which use a historical memory including successful parameter settings that were previously found
during the run, to generate new parameter setting. In SHADE, the paremeters of scaling factor and crossover rate are automatically adjusted, whereas
the population size remains fixed throughout the search. Since small population sizes accelerate the convergence of evolutionary algorithms, the new
version of SHADE (so-called LSHADE) is proposed in which the population size of SHADE is continuously reduced in accordance with a linear
function. In this paper, we propose a new strategy based on LSHADE to generate minimum covering array. The implementation results of this strategy
along with other strategies on 73 configurations show that the LSHADE strategy in 80% of cases has the best performance compared to mathematical
based strategies such as TConfig (4%), greedy such as IPOG (12%), Jenny (2%), PICT (0%) and metaheuristic such as GS (33%), TLBO (23%), HC-
BAT (17%) and PSTG (11%). As a future work, LSHADE can be combined with other metaheuristic algorithms or we can use the one-parameter-at-a-
time method instead of the one-row-at-a-time method.

3-  Conclusion

Combinatorial t-way testing is a technique that generates an array of test cases to manage combinatorial explosion problem. In this paper, we have used
the success-history and linear population size reduction based adaptive differential evolution algorithm (so-called LSHADE) to generate minimum
covering array. The results of Friedman mean rank show that the LSHADE strategy has the first rank in terms of generating the covering array with the
lowest size and the lowest average number of algorithmic calls, compared to mathematics based strategies such as TConfig, greedy strategies such as
IPOG, Jenny and PICT and meta-heuristics such as GS, TLBO, HC-BAT, PSTG, WOA , BAPSO and GSTG. While, in terms of the average number
of fitness function evaluations and the average runtime, this strategy has the first rank after the GS strategy. Moreover, the convergence diagrams
confirm the high convergence speed of this strategy compared to the other meta-heuristic strategies.
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Algorithm 1 The LSHADE algorithm

Input: N, D, H, Nin, NFEuax, Archivese, fit;

Output: A vector X = (Xq, ..., Xp) With the highest fitness;
. Ninit = N; Archive A = @;

2: Initialize the population of X randomly;

3: CRF M = New CRF[H];

4:for i=1toHdo

5; MI[i].CR =0.5; M[i].F=0.5;

6

7

8

=

cend
: CRF Mnew = New CRF[N];
: while The termination criteria are not met do
91* Scr= 0; Se=0;
10y for i=1toNdo
11 fk = Select from [1,H] randomly.
12:] | CR=findrnd (M[K].CR, 0.1);
13:1 | F=findrnd (M[K].F, 0.1);
14:1 | Generate Y[i] from X[i] using Formula (1);
15:1 1 Update Y[i] using Formula (2);
16:! | Generate Z[i] from X[i] and Y[i] using Formula (3);
17:: Mnew(i].CR = CR; Mnew[i].F = F;
18:| a’ld
19:) fori=1toNdo
20:) * if fit (X[i]) < fit (Z[i])) then

2L Xnew [i] = Z[i];

22:1 A=Au Z[i;

23:1 | Scr=Scr UMnew[i].CR ; S¢ =S¢ U Mnew[i].F ;
24:1 | else

25: : I Xnew [i] = X[i];

261 * end

27| end

28: | RemoveExtra (A);

29:| Update M using Scrand Sk ;

30: | Compute Npew Using Formula (4);

31 | Sort vectors of Xnew based on their fitness;
32: | if Npew< N then

33: | Remove lowest N-Npe, vectors from Xnew;
34: : Update the size of A due to Ny

35: | end

36: w X =Xnew ; N = Npey;

37:end

36: return the vector of X with the highest fitness;
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