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DATA LANGUAGES

Sets of words over an intinite alpharet.
B Query-rased l[anGuaces

= MML processing

= URLs

e process—caleuli

Such an alpharet may Be respresented as a Nominal set.
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THIS PAPER

Data languaces
Operational semanties: Syntax:

testing, alaorithms specification, other algorithms

Nominal automata
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Data languaaes

Operational semantics: Syntax:
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QOUTLINE

W I. Nominal automata
Il. Brackets

Il Kleene Theorem
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NOMINAL SETS Notations I—

a,b,c,--- €A

Transposition (a b):A — A

a if c=b,
c =< b if c=a

c otherwise.
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NOMINAL SETS Notations I—

a,b,c,--- €A

' ’7 ... 06
Transposition (a b): A — A 5 #

a if c=b,
c =< b if c=a
c otherwise.

(Cinitely supported) Permutation: composition of transpositions.
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NOMINAL SETS Notations |——

a,b,c,--- €A
" w7, € Ga
Transposition (a b): A — A X, y, 2, €X

a if c=b,
c =< b if c=a
c otherwise.

(Cinitely supported) Permutation: composition of transpositions.

Nominal set

A nominal set is a set X with two functions

-1 6p x X — X and supp(-): X — Pr(A)

such that:
ne (o x)=mon - x
2y supp(w - x) = 7 - supp(x);
3y (Va € supp(x),m(a) =a) = 7-x = x.
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ORBIT-FINITE NOMINAL SETS

Oregits
B X~y 88 Immox=y.
w Oreit of x ={7-x | 1 €6Ga} = [X]wo
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ORBIT-FINITE NOMINAL SETS

Oregits
B X~y 88 Immox=y.
w Oreit of x ={7-x | 1 €6Ga} = [X]wo

A nominal set is oreit-finite if it has finitely many orgits,
ie. ~p has finite index.
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ORBIT-FINITE NOMINAL SETS

Oregits
B X~y 88 Immox=y.
w Oreit of x ={7-x | 1 €6Ga} = [X]wo

A nominal set is oreit-finite if it has finitely many orgits,
ie. ~p has finite index.

Tractagle suesets I
A C X is tractaele i

n A intersects finitely many oraits

2y A is supported By a finite set S C A, meaning

(Vae S,n(a)=a)=>Vx,xe A -x €A
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NFA

Non-deterministic Finite Automata

o = (Q,X,A,l,F)

Where:

= Q M set of states

w3 finite alphapet

B ACQxXxQ finite transition relation
w [, F C Q finite sets of initial/final states

Paul Brunet
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NOFA

Non-deterministic Orrit-Finite Automata

o = (Q,X,A,l,F)

Where:

= Q tractaele set of states

B ) tractaele alpharet

= A CQXXXQ tractarle transition relation
' |, F C Q tractarle sets of initial/final states

Bojar/\m_yk, Klin < Lasota, "Automata theory in nominal sets”, LMCS 204+
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DETERMINISTIC VS. NON-DETERMINISTIC

Theorem
NOFA are strickty more expressive than their determin-

istic counterparts.

Theorem
Eauivalence of NOFA is undecidarle.

Paul Brunet 8/



QOUTLINE

I. Nominal automata

W Il. Brackets

Il Kleene Theorem
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TRACES WITH BRACKETS

Given a nominal alphaget X, we Build a8 nominal set of
SYMBOIS:
=XU{({, |acA}U{,) |acA}.
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TRACES WITH BRACKETS

Given a nominal alphaget X, we Build a8 nominal set of
SYMBOIS:

=XU{(, |acA}U{,) |acA}.

We aenerate words over X from traces, ie. words over

Transducer

s,s' € (Ax A
s —[(, /el=>T s :: (a, b) (if b & mas)
s —[x/m-x]=7s  (if Va € supp(x), m(a) = s(a))
su(ab)s [/ ]—Tsas (if a ¢ s’ A b ¢ mas’)

L(u)=A{v | L—[u/v]>7T L}.

Paul Brunet 1o/m



FIRST LANGUAGES FROM WORDS WITH

BRACKETS
Example

Trace:

<aa<bba><aab> a>

Stack:

l Output:
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FIRST LANGUAGES FROM WORDS WITH

BRACKETS
Example

Trace:

—~

aia<bba><aab> a>

Stack:

l Output:
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FIRST LANGUAGES FROM WORDS WITH

BRACKETS
Example

Trace:

Stack:
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iANGUAGE% FROM WORDS WITH BRACKETS
Second Example

Trace:

(2aaaa0(aa20(s22) a)

Stack:

l Output:




iANGUAGE% FROM WORDS WITH BRACKETS
Second Example

Trace:

(aaa.)(a2a) (222 2)

Stack:

l Output:
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Second Example

Trace:

(aaa.) {22 (222 2

—~

Stack:

l Output:
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Trace:

(0322202320 (a32) a)

Stack:

l Output:
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iANGUAGE% FROM WORDS WITH BRACKETS
Second Example

Trace:

(032220220 (a32) a)

Stack:

l Output:

ar— x XYy




iANGUAGE% FROM WORDS WITH BRACKETS
Second Example

Trace:

(0322202 2)(a3 ) &)

Stack:

l Output:

ar— x XYy




iANGUAGE% FROM WORDS WITH BRACKETS
Second Example

Trace:

(032220220 (a30) a)

Stack:

l Output:

Xyyz

Paul Brunet
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iANGUAGE% FROM WORDS WITH BRACKETS
Second Example

Trace:

(3(222)(a24)(a32) a)

Stack:

l Output:

Xyyz

Paul Brunet
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L ANGUAGES FROM WORDS WITH BRACKETS

Second Example

Trace:

(232320234 (a32) o)

Stack:

l Output:

Xyyz

Paul Brunet
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REGULAR

EXPRESSIONS WITH BRACKETS

e eRea( ),

L(e) = U ampy

u€le]

where [e] is the reaular lanGuace (in the classical sense)
associated with e
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REGUI EXPRESSIONS WITH BRACKETS

e eRea( ),

L(e) = U L(u).

u€le]

where [e] is the reaular lanGuace (in the classical sense)
associated with e

| Memory finiteness I

An expression e is memory finite if there is a Bound
N € N such that i uv € [e], u has at most N unmatched (,.

Paul Brunet 13/11



QOUTLINE

I. Nominal automata
Il. Brackets

@, Il Kleene Theorem

Paul Brunet

I4+/11



FROM EXPRESSIONS TO AUTOMATA

Theorem
For every memory-finite expression e there is a NOFA
o such that L(e) = L ().

ldea of the proos: compose the NFA for e with the
tranducer 7.

Paul Brunet I5/1



FROM AUTOMATA TO EXPRESSIONS

Theorem
For every NOFA & there is a memory-finite expression
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FROM AUTOMATA TO EXPRESSIONS

Theorem
For every NOFA & there is a memory-finite expression

e such that L(e) = L ().

ldea of the proo#:
B pick a finite representative (NFA) of «7;
B transform transitions:

® < @

where supp(p) \ supp(q) = {a1...an}
supp(q) \ supp(p) = {b1...bm}.
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FROM AUTOMATA TO EXPRESSIONS

Theorem
For every NOFA & there is a memory-finite expression

e such that L(e) = L ().

ldea of the proo#:
B pick a finite representative (NFA) of «7;
B transform transitions:

® < @

(o e

® @

where supp(p) \ supp(q) = {a1...an}
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FROM AUTOMATA TO EXPRESSIONS

Theorem
For every NOFA & there is a memory-finite expression

e such that L(e) = L ().

ldea of the proo#:
B pick a finite representative (NFA) of «7;
B transform transitions:

® < @

(o e

b b @

where supp(p) \ supp(q) = {a1...an}
supp(q) \ supp(p) = {b1...bm}.

B extract an expression from the NFA.
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THATS ALL FOLKS!

Thank you!

See more at:
http://paul.brunet-zamansky.fr
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http://paul.brunet-zamansky.fr

	Nominal automata
	Brackets
	Kleene Theorem

