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Model-Based Test Case Generation from Graph
Transformation Specifications using Beam Search Algorithm
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Abstract: Software testing is one of the key activities in software development life cycle that plays an important role in software
quality. More than half of the software development costs and time are often spent on the test. Obviously, the automation of software
testing, especially in generating test cases that is a key activity of this process, will dramatically reduce the costs. Among the
prosperous testing techniques is model-based testing that utilizes model checker tools to automatically extract test cases. However, as
these tools basically designed for model verification, not for test generation, the researches in the testing context are encountered
with some major challenges such as state space explosion problem and duplication of the vast majority of test cases. In this paper, we
propose a novel method using Beam-search algorithm for generating tests from systems specified through graph transformation
specification. The popopsed approach not only improvs the mentioned challenges, but also generates the test suites with high
coverage and low size in a desired time budget. We implemented it in the model checker tool GROOVE. To assess the efficiency of
our approach, we compared it with model checker-assisted testing, search-based testing strategies and random testing. The empirical
results over some case studies in the domain of service-oriented systems confirm it's superiority in terms of coverage size, test suit
size and speed.

Keywords: Software testing, test case generation, model-base testing, beam search algorithm, graph transformation system.
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1
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4 S CREATE a trap property using LTL formula for ¢
5. While search budget

6. MODEL CHECK f

7 If fis not satisfy

8. MARK ¢ as untestable

9. BREAK

10. Else

11. LET p be a counterexample for

12. If p is a def-clear path

13. LET S¢p) be the set of test objectives covered by p
14. For each test case ¢ in T where S(t) S(p)
15. T T- {1}

16. End

17. TT i{p}

18. MARK ¢ as covered

19. BREAK

20. End

21. End

22, End

23. End

24, RETURNT
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1. queue Q= {initial state}
2. while (Q 1s not empty)
3. priority queue Q° =0
4. remove S from Q
5. For each successor state 5° of 8
6. If S° not already visited
7. If S° 1s the goal
8. BREAK
9. Else
10. f e his?)
11. store (87 . f )in Q°
2. remove all but k best elements from Q°
13. Q=0
14. End
15. End
16. End
17. End
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INnput: Test suite T , Coverage criterion D;
Output: Fitness value F;
1: L et O be the test objectives, including all dependent pairs of rules with respect D;
2: L et C be the covered objectives. At first, it is empty;
3: FFor each testcase tin T
4: Let EPath(t) be the explored path by t;
5: For each subsequent pair of rule transitions (d, u), namely p, in EPath(t)
6: Ifpe Oandp &C
7: 1T D equals to Create-Read
8: If d.addedHostEntities N u.readHostEntities = @ Then Add p to C ;
o:
10: Else If D equals to Create-Delete
11: IT d.addedHostEntities N u.removedHostEntities == @ Then Add p to C;
12:
13: Else If D equals to Create-Update
14: IT d.addedHostEntities N u.updatedHostEntities == @ Then Add p to C;
15: End
16: End
17: End
18: End
19: F «— |C];
20: Return F;
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