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Regular expressions

e,fERegx =0 | 1 | xeX | e-f | eVl | &

Interpretations
o languages : X a finite set, o : X — P (%),
(), {e}, concatenation, union
o relations : S an set, o : X — P (S x S),
0, 1ds, composition, union

Rationnal languages correspond to [_]: X — P (X*)
x = {x}.
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Model equivalence

e, f € Regx

Rel =e=f if VSVo:X —P(5xS),0(e) =o(f)

Rel l=e=f < [e]l =[f]
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Intersection

e,f ERegg =0 | 1 | xeX | e-f | enf | eVl | e

Rel l=e=f <« [el =I[f]

Example
[aA bl =0=[0]
a(a) ={(xy): (v, 2)}

a(b) ={(y,2),(z,t)}
a(anb)={(y,z)} #0 =c(0)

A different approach is needed.
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Graphs/Ground terms

G(1) = — e —s Glu-v)= —e—Glu)>e—G)—e—
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Graphs/Ground terms
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Gab): —O—21v0—L Vo |Gla-b)A1):

a b
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G((a-b)A(c-b)): —><: O— a b
c C b

a b
— 7 O—»
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Preorders

Preorder on graphs
G « G’ if there exists a graph morphism from G’ to G. J

((anc)-b)And

(a-b)A(c-b)

Preorder on terms
u<vif G(u) <« G(v).
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Characterization theorem

Theorem

u,v € Wy,
Rel Fu<veuay

@ P. J. Freyd and A. Scedrov. Categories, Allegories.
NH, 1990

@ H. Andréka and D. Bredikhin.

The equational theory of union-free algebras of relations.
Alg. Univ., 33(4) :516-532, 1995
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http://store.elsevier.com/Categories-Allegories/P_J_-Freyd/isbn-9780444703682/
http://dx.doi.org/10.1007/BF01225472

Graph languages Reg)/(\

Graphs/Ground terms languages

[_]: Regx — P (Wx)

[on:=0
[el = {1}
[x] = {x}

[e-fl:={w-w |wel[e] and w €[]}
[eAfl:={wAw |we][e] and w' € [f]}
fev ] =1MelUIlf]

[l :=Upentwar-----wn | Vi,w; € [el} .

Graph language of an expression

e € Regy,
G(e) ={G(w) | welel}.

Paul Brunet KL is decidable November 20t/ 2014



- (Graphlnguages Regl
Characterization theorem

S ={G|G<G G eS)

Theorem

e,f € Regg,
Rel = e<f < G(e)" C G(f)*

Almost proven in :

H. Andréka, S. Mikulas, and |. Németi. The equational theory of Kleene lattices.
TCS, 412(52) :7099-7108, 2011
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http://dx.doi.org/10.1016/j.tcs.2011.09.024
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Restriction : identity-free terms

G((a-b)ATL):



Restriction : identity-free terms

G((a-b)ATL):

uveW, =0 | xeX | u-v | uAv v

e,f ERegy =0 ] | xeX | ef | enf|eVf]|e"
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Petri Automata  Definition

Example

(b-(a-cAb)+-d)Aa Voa-b
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Language regognised by an automaton

Correctness

For any e € Regy ™,
Z((e))




Language regognised by an automaton

Correctness

For any e € Regy ™,
2 (A(e)) = G(e)*.
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Rel = e<f < G(e)*C G(f)* & L((e)) C L((F)).

Problem : J

How to compare two Petri automata?
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Comparing automata

Rel = e<f < G(e)*C G(f)* & L((e)) C L((F)).

Problem : J

How to compare two Petri automata?

. not that easily !

~ PaulBrunet KL isdecidable November 20t/ 2014



Decision Procedure

Comparing automata

Rel = e<f < G(e)*C G(f)* & L(o/(e)) C L(H(F)).

Problem :

How to compare two Petri automata?

L(a#1) C L (a%) if and only if there is a simulation relation
< C P(P1) X P(Pg -3 Pl)

between the configurations of @, and the partial maps from the places of @ to
the places of .

Paul Brunet KL is decidable November 20t/ 2014



Conclusion and future work
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Results
o Reduction of relational equivalence to equality of closed graph languages.
@ Representation of closed graph languages through Petri automata.
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Future work
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Conclusion and future work

Results
@ Reduction of relational equivalence to equality of closed graph languages.
@ Representation of closed graph languages through Petri automata.
@ Decidability of automata equivalence, thus of relational equivalence.

This decision procedure was implemented in OCAML, and is available as an online
application.

Future work
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Conclusions

Conclusion and future work

Results
@ Reduction of relational equivalence to equality of closed graph languages.
9 Representation of closed graph languages through Petri automata.

@ Decidability of automata equivalence, thus of relational equivalence.

This decision procedure was implemented in OCAML, and is available as an online
application.

Future work
@ Decidability with 1.
@ Completeness.

@ Extension with converse.

Paul Brunet KL is decidable November 20t/ 2014



Conclusions

That's it!

Thank you!

The slides of this talk will be available online shortly on my webpage :
http://perso.ens-1lyon.fr/paul.brunet/rklm.

The content presented here has been accepted for publication in JELA 2015.

Paul Brunet KL is decidable November 20t/ 2014
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