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Abstract

Model checking is among the most effective techniques for automatic verification of hardware and
software systems’ properties. Generally, in this method, a model of the desired system is generated and
all possible states are explored in the space state graph to find errors and undesirable patterns. In
moadels of large, complex systems, if the size of the generated state space is too extensive, so that not all
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available states can be explored due to computational restrictions, the problem of state space explosion
occurs. In fact, this problem confines the validation process in model verification systems. To use the
model checking technique, the system must be described in a formal language. Graphs are very
beneficial and intuitive tools for describing and modelling software systems. Correspondingly, graph
transformation system provides a proper tool for formal description of software system features as well
as their automatic verification.

Various techniques have been investigated in the researches to reduce the effect of state space explosion
problem in the model checking process. Some of these methods try to reduce the required memory by
reducing the number of cases explored. Among others are symbolic model checking, partial-order
reduction, symmetry reduction, and scenario-driven model checking. In a complex system, these
algorithms, along with conventional methods such as DFS or BFS search algorithms may not afford any
complete answer due to the explosion of state space. Hence, the use of intelligent methods such as
knowledge-based techniques, datamining, machine learning, and meta-heuristic algorithms which do not
entail full state space exploration could be advantageous.

Recent researches attest that exploring the state space using intelligent methods could be a promising
idea. Therefore, an intelligent method is used in this research to explore the state space of large and
complex systems. Accordingly, in this paper, first a model of the desired system is created using graph
conversion system. Then, a portion of the state space of the model is generated. Afterwards, using the
conditional probability table, the dependencies between the rules in the paths toward the goal state are
discovered. Finally, by means of the discovered dependencies, the rest of the model state space is
intelligently explored. In other words, only promising paths, i.e., those who match the detected
dependencies are explored to reach the goal state. It is worth noting that the first goal of the proposed
approach is to find a goal state, i.e., one in which either the safety property is violated, or the
reachability property is satisfied in the shortest possible time. The second less important goal is to
reduce the number of explored states in the graph of the state space until reaching the goal state. This
paper provides a way to check the availability feature in complex, large software systems modelled in
the official graph transformation language. The suggested method is implemented in GROOVE, which
is an open-source toolset for designing and model checking graph transformation systems. The results of
experimental tests indicate that the proposed approach is faster than the previous methods and
produces a shorter counterexample/witness.

Keywords: Model checking, State space explosion, Graph transformation system, Conditional
probability table, Reachability property
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Figure-11: details of the designed model for the dining philosopher’s problem in the GROOVE toolset
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Algorithm 1: The BFS algorithm in GROOVE

1)  Input: M: a model described by GTS.

2)  Output: S: the state space of M.

3) GraphState state = the initial state of M;
4)  LinkedList<GraphState> stateQueue=new LinkedList<GraphState> ();

5)  stateQueue.enqueue (state);
6)  S.nodes.add (state);

7)  while stateQueue.size () > 0 do

8) state = stateQueue.dequeue ();

9) for each MatchResult match in state.getMatches () do

10) GraphState next = state.applyMatch(match);

11) if next I= null then

12) if 1S.nodes.contains (next) then
13) stateQueue.enqueue (next);
14) S.nodes.add (state);
15) end if

16) S.edges.add (new Transition (state,match,next));
17) end if

18) end for

19) end while

20) returnS;

Algorithm 2: Generate the conditional probability table

1) Input: training set, p: a set of all Rules.
2)  Output: conditional probability table.

3) Table: conditional probability table.
4)  for i=1to length of p do

5) for j=1 length of p do

6) Calculate the probability p(X1=ri | X0=rj) for each pair ri and rj in the
training set and set in the conditional probability table.

7) end for;

8) end for;
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Algorithm 3: Intelligent checking of the large model.

1) Input: test set, large model, conditional probability table.

2) Output: a witness for reachabiliy property

3) foreach path in the test set do

4) Calculate the probability the path using conditional probability table.
5) end for

6) Sortall paths of the test set according to the probability value.

7) foreach path in test set do

8) apply path on the large model.

9) If current state is a goal state then

10) return the path starting from initial state and leading to the current state as a witness
11) else

12) path=next path in test set;

13) end if

14) end for
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Figure-2: Diagram of the proposed approach
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Table-1: The initial values of parameters

Benchmark Value GA PSO

Dining philosophers,

process life cycle 10 Crossover rate 50% Cl|2
Beam width

Travel agency 30 Mutation rate 30% Cc2 |2

Electronic control Position of crossover | Middle of chromosomes | W | 0.8
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Table- 2: Details of the considered problems
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Table- 3: Comparison of running times of all approaches to solving the dining philosopher’s problem to verify
the reachability property
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Tab-le 4: Comparison of running times of all approaches to solving the Process life cycle problem to verify the reachability

property
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Tab-le 5: Comparison of running times of all approaches to solving the travel agency problem to verify the reachability property
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Table- 8: Comparison of the number of the explored states by all approaches to verify the reachability property
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Figure- 3: Comparison of the accuracy by all approaches to verify the reachability property
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