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Introduction of LTL model checking to a hybrid constraint system HyLaGI
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Hybrid Systems consist of discrete behaviors and continuous behaviors.

Physical phenomena and embeded

systems can be described as hybrid systems. HydLa is a hybrid system modeling language based on constrants.
HyLaGI is an implementation of HydLa that uses symbolic formula manipulation, which means that HyLaGI is free
from calculation errors. HyLaGI also allows us to deal with systems with symbolic parameters. HyLaGI featured
bounded model checking but its function was very limited. The purpose of this study is the introduction of LTL
(Linear Temporal Logic) model checking to HyLaGI. We propose a method to verify safety and liveness properties
expressed by LTL formulas by checking an inclusion relation between states in a trajectory. With our new HyLaGI,
we can obtain an LTL model checking result as a counterexample of an LTL proeprty or information of state space.
A feature of our method is that it uses an inclusion relation between states to detect a loop structure. In our
method, we perform LTL model checking to each trajectory in a nondeterministic model. For inclusion checking,
we need to abstract a model properly. We made preliminary experiment for automatic abstraction of programs to
support this. In this preliminary experiment, we abstracted the initial value of each variable in a hybrid system,
and succeeded in abstracting simple examples by using this method.
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Input: HydLa 7’2 2 7 & HydLaProgram, ¥ 3 2L —3 a Y # IRl
MaxT, Bt L7 Wi LTL
Output: HydLa 7’172 7 ADFEFHIE, LTL €7 UREOHE RA

1: MS := TopologicalSort(SolveCH(HydLaProgram))
2: Mgy := MazModuleSet(MS)
3: V := GetVariables(HydLaProgram)
4: T := 0,5 := ture, CP := ture
5. PA := LTL2BA(LTL)
6: (CN,RA) := InitializeModelChecking(PA, S, CP, V)
7: while T <cp MazT do
8: S := SubstituteMinTime(S, T)
9 (S,CP,E,_,.) :=
10: CalculateMCS(S, MS, E, CP, T, CheckConsistencyPP)
11: if S = false then
12: break
13: end if
14: (S, CP) := AddParameters(S, CP, V)
15: (CN, RA) := LTLModelChecking(CN, RA, PA, S, MS, E, CP, T)
16: (S, CP, B, Ay, A_) =
17: CalculateMCS(S, MS, E, CP, T, CheckConsistencylP)
18: S := SolveDifferential Equation(S)
19: if S = false V —IsUnique(S, V) then
20: break
21: end if
22: (MinT, CP) := GetElement(CompareMinTime(
23: {FindMinTime(SN CP = g)|(9 = ¢c) € A_}
24: U{ FindMinTime(S AN CP = —g)|(g = ¢) € Ay}
25: U{FindMinTime(SAN CP AN M_)|M_ € (Mqu\M)}
26: U{ FindMinTime(S AN CP A =My)|M4 € M}
27: U{ FindMinTime(S N CP = g)|g € GetEdgeGuard(PA)}
28: U{(MazT — T,true)}))
29: T := MinT+ T
30:  (CN,RA) :=
31: LTLModelChecking(CN, RA, PA, S, MS, E, CP, T)

32: end while
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1: NextCheckingNodes = {}
2: for CheckingNode € CN do
3: NextNodeCandidates

4: MakeNeztNodes(PA, S, CP, V, CheckingNode)
5: for NextNode € NextNodeCandidates do
6: (RA, NextNode) :=
7 DetectingAcceptanceCycle(NextNode, CheckingNode, RA)
8: (RA, NextNode) :=
9: DetectingLoop(NextNode, CheckingNode, RA)
10: NextCheckingNodes :=
11: AddCheckingNode( NextCheckingNodes, NextNode)
12: (RA, NextNode) :=
13: CheckSafety(NextNode, CheckingNode, RA)
14: NeztNode := CheckLiveness(NextNode, CheckingNode, RA)
15: RA := ProcessNodelnResult(RA, NextNode, CheckingNode)
16: end for
17: end for
18: CN := NextCheckingNodes
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