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Motivation

» Model checking
» p-calculus formula
» modular Petri net
> fused transitions
> finite semantics of the modules
» Exploit modularity to alleviate the state space explosion problem
» incremental approach
» try to conclude as soon as possible
» formula-dependent hierarchical reductions
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Modular Petri nets

Global system:
collection of Petri nets with

fused transitions.

Theorem (Semantics consistency) [Christensen and Petrucci, 1992]

[Ni@-eN,] = [M]e-e[N]
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Modular Petri nets

Global system:
collection of Petri nets with

fused transitions.

Theorem (Semantics consistency) [Christensen and Petrucci, 1992]

[Ni@-eN,] = [M]e-e[N]

Application: semantics of net (Ny,..., Ns) computed equivalently as :

> [[Nl@...@[\[5]]
> [[Nl (&) NQ]] ® |IN3 (&) N4ﬂ ® |IN5]]

4
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Exploiting the modularity

» Local verification of the formula : ¢ 4 S;
» Formula dependent abstraction

> A reduction operation : [S],
» An equivalence relation on the transition systems: ~%

Theorem (~¥ preserves the truth value of ¢)

L8], = &

2. IfS;~¥ S! forall i then $; ®--® S, ~¥ 5/ ®--® S,

3. If 51 ~% S, then g0;151 I'ff(pé S, and 51 E @) iff S» Ep
Application: with [N ]| , £ L[Na] ], we have:

[Me-eN,] =~ [M]e-&[N] ~7 [N, ,®&|Ny],
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» Goal :
» Goal :
» Goal :

» Goal :

Venv,((x,env) = p < (y,env) E @)
Venv, ((x,env) = p = (y,env) E p)
Venv,((x,env) £ = (y,env) = p)
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Construction of || ||,

» Goal : Venv,((x,env) E ¢ < (y,env) E p)

» Goal : Venv,((x,env) E = (y,env) E @)

» Goal : Venv,((x,env) £y = (y,env) E ¢)

» Goal : If envi= 7 Then (x,env) ¢ = (y,env) E ¢

» Goal : If env = (¢, 0)(x,y) Then (x,env) e = (y,env) E ¢

» We build (1, p)s : @ - B(Ex) where
» @ states of module S

» Ex state variables in 1 and ¢ external to S
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Inductive construction of (v, @)

Base case
(By, Ba)(x,y) € Bi@x = ByQy = ~B10x v B,Qy
Example:( B, B))

LTS
1

2
» a and b are local variables [a,ﬂb] I [ba ﬂa]

» v and w are external variables

» where B=(avv)Aa(bvw)

we have BO1 =w and B@2=v so :

(1,1);(2,2) »T1
((B,B))—{ (1,2) =WV Vv

(2,1) > vV w
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Other rules

Disjunction rule

(10, 01V @2} (x,¥) = (U, 1) (X, ) V (¥, 02) (x, ¥)

Local next rule

(v, (Neh(x,y) = V1, (0, 0) 6 yD) v (9, L) (%, y)

Synchronized next rule

<<<s>w,<s>so>><x,y>:{ T ALV, 5 (oK y) =T

1 otherwise

Fixed point rule

(X, o) = (P (X)), o)
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Dependency graph : what needs to be computed

dependency graph of (®,d)

<<¢l¢>>
» ¢ =puX(XVB (B v (I)d,d)
» | is a local action <\
» a and b are local variables (B,®) ((ne,®)
» v and w are external variables /
(B,(®vB)
N\

(B,(n®) (B,B)

Theorem

The fixed-point computations converge
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» ifv=Tthen1-7E B so
1-7¢

/
d=
/
/
6
7

/
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Module S

» d=puX.()XVvB

» B=(anv)Vv(barw)

»ifv=Tthenl1l-7E B so
1-7¢

»ifw=Tthen8FBsol-7TF®

»ifw=landv=_1thenl-7T§#®

/
i reduced module || S|/
/

4
/
7
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Conclusion

» A framework to incrementally analyze modular system using formula
dependent reductions

» Next step:
good/optimal hierarchical decomposition
= stop the analysis as soon as possible

» Implementation

» Case studies
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