1 Introduction to Combinatorial Testing . .................... 1
1.1 Software Testing . . ............. ..t rnnn. 1
1.2 Combinatorial Testing and Its Applications. ............... 1
1.3 Related Combinatorial Designs . ....................... 4

131 LatinSquares.............oiiiininnennnnnnan. 4
1.32 Orthogonal Arrays. . . ........cconivvnrerinnnnn 5
133 Covering AITays . .. ... iiiine e i naannnnns 6
1.4 Covering Arrays for Testing . .. ........... ...t 8
141 Seeding ........... .00, 8
1.4.2 Variable Strength Covering Arrays and Tuple Density . . . 9
14.3 Covering Arrays with Constraints . . ............... 10
144 Covering Arrays with Shielding Parameters .. ........ 11
14.5 Sequence Covering AITays . . . .. ...c.vvvvennnnnns 11
1.4.6 An Example of Using Covering Arrays for Testing . . . . . 11
1.5 Pointerstothe Literature. . . ............ ... 13
16 Structure of ThisBook............... ... .. vt 13
References . ............ it 14
2 Mathematical Construction Methods. . .. ................... 17
2.1 Mathematical Methods for Constructing Orthogonal Arrays. . . . . 17
211 Juxaposition.............. i 17
212 Splitting. . ... .. i e e e 18
2.1.3 Hadamard Construction . .. .............covuuunn. 18
2.14 Zero-Sum Construction . ...........0vvvvennnnnn 19
2.1.5 Construction from Mutually Orthogonal Latin Squares. .. 19
2.2 Mathematical Methods for Constructing Covering Amays . ... .. 20
22,1 Simple Constructions. . .........covvveireuaann 20
222 Recursive CONSIMUCHONS. . . . . ... vvvvv e nnnunnn 21
2.2.3 Construction Based on Difference Covering Armrays. . ... 23
References .. ......... .. . i, 25

. ) ) HE
Bibliografische Informationen digitalisiert durch I L
http://d-nb.info/1050155998 BLIOTHE



http://d-nb.info/1050155998

Contents

OneTestataTime ............... ...ttt 27
3.1 General Idea of the One-Test Strategy ... ................ 27
3.2 Automatic Efficient Test Generator (AETG) ............... 28
321 The AETG Algorithm ................ovvnn... 28
322 AETGExample ...............cciiiiinnnnn. 29
33 AETG Variants . . ... ...t itin v nniiniinnnnnns 34
3.4 Test Generation Using Constrained Optimization. ........... 35
34.1 Example of PBO-Based Algorithm . ............... 37
References . ........ccoiieii it eneann 39
The IPOFamily. .. .............. ... .. 41
4.1 In-Parameter-Order. ................. i errunrnn. 41
4.2 TPOG-C for Handling Constraints ...................... 43
43 TPOG-CExample. ... ......o i iiiinnineenannn 43
44 TPOVamantS. . .. ..o vv vt nn i tneeenensaneneennas 48
References .. ..o v vttt et i it it e e i e e s 49
Evolutionary Computation and Metaheuristics ............... 51
5.1 Methods for Solving Optimization Problems . . .. ........... 51
5.2 Applying Evolutionary Algorithms to Test Generation . ....... 52
53 GeneticAlgorithms . ........... ... ... i, 53
5.3.1 Applying GA to Obtain the Whole Covering Array. . ... 53
5.3.2 Applying GA to Obtain a Good Test Case . . ......... 54
54 Simulated Annealing ............... ... . o i 55
5.5 Particle Swarm Optimization. . . ..............00vn... 56
56 TabuSearch ............ .00ttt iininiinnnnssns 57
57 OtherMethods .............iiiiiiiniiinneenarnn 58
References .. .....coitimie ittty 58
Backtracking Search . ............... ... ... i 61
6.1 Constraint Satisfaction Problems . ...................... 61
6.1.1 Backtracking Algorithms for Solving CSPs. . . ........ 62
6.1.2 Constraint Propagation. . . ......... ..o, 62
6.1.3 Symmetry Breaking................... ... .. ... 63
6.1.4 Constraint Solving Tools . . .. ................... 64
6.2 Constraint Solving and the Generation of Covering Armrays . . . . . 64
6.3 Backtracking Search for Generating Covering Arrays......... 65
6.3.1 Preprocessing ............oiiiiiirieereaaaa 65
6.3.2 The Search Procedure ......................... 65
6.3.3 Exploiting SymmetriesinCA.................... 66
6.3.4 Sub-combination Equalization Heuristic. ............ 68
6.3.5 Combination of Strategies ...................... 69
6.3.6 Constraint Propagation. . . .. ...........ovteenn.. 70
6.3.7 An Example of the Search Process ................ 71

638 ANewSmallerCA........ ... iiiinnnns 72



Contents xi

6.4 Backtracking Search for Generating Orthogonal Arrays . ...... 73
6.4.1 Preprocessing . ...........ooertineiiinnnnn..s 73

64.2 TheBasicProcedure . ............... ..., 74

6.4.3 Exploiting Symmetries. . .. ............ ... .. ..., 75
References . ... ...ttt 71

7 Toolsand Benchmarks. ...................c. ... 79
7.1 Test Input Generation Tools . .. ....................... 79
7.2 Applications and Benchmarks . . ....................... 80
References .. ........cciitiiiiiiinn ittt 82

8 OtherRelated Topics.................. e 85
8.1 Problems Related to Test Input Generation ... ............. 85

82 Modeling .......coiiiiiii it e 86

8.3 Test Case Prioritization and Test Suite Reduction ........... 87

84 FaultLocalization ................c.iiii... 87

20 =15 11 =< J 89



