Automata, Games & Verification

#3



Definition 1. A (nondeterministic) Blichi automaton A over alphabet X is a
tuple (S,I, T, F):

e S :afinite set of states;
e [ C S:asubsetofinitial states;
o T CSx2XxS:asetoftransitions;

e F C S:asubsetof accepting states.

Definition 2. A run of a nondeterministic Blichi automaton A on an infinite
input word o = 0y010, . .. iS an infinite sequence of states s, s1, s2, . . . such that
so€landforallic w, (s;, 05, 8i41) € T.
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Definition 3. A Blichi automaton A is deterministic when
e [isasingleton and

o Voe2 Vs, 50,51€8.
(s,0,s0) € Tand (s,0,s1) € T = s¢=s1.

Definition 4. The infinity set of an infinite word « € Y* is defined as follows
In(a) = {veY|Vidj.j>iand a(j) = v}.

Definition 5. [Blichi Acceptance Condition] A run r = sysis,... of a Blichi

automaton A is accepting if

In(r)nF % @.
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Definition 6. A Blichi automaton A accepts an infinite word « if there is an
accepting run of A on .

Definition 7. The language recognized by Biichi automaton A is defined as
follows:

L(A)={aecZ?| Aacceptsa}.

Definition 8. An w-language L is Blichi recognizable if there is a Biichi
automaton A such that L(A) = L.
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Definition 9. A Blichi automaton is complete if
VseS,0e€X,3s'€S.(s,0,5")eT.

Theorem 1. For every Bilichi automaton A, there is a complete Blichi
automaton A’ such that L(A) = L(A").
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Blichi’s Characterization Theorem

Definition 10. The w-regular expressions are defined as follows.

e IfRisan regular expression where ¢ ¢ L(R),
then R® js an w-regular expression.
L(RY)=L(R)%
where L = {ugu... |u; € L,|u;| >0foralli e w} forL c T*.

e IfR s aregularexpression and U is an w-reqular expression,
then R - U is an w-reqular expression.
L(R-U)=L(R)-L(U)
where Li-Ly={r-u|reLj,uel,}forL;c X" L, C X

e IfU;and U, are w-regular expressions,
then U, + U, is an w-reqular expression.
E(Ul + Uz) = C(Ul) U £(U2)
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Definition 11. An w-regular language is a finite union of w-languages of the
form U - V¥ where U, V ¢ Z* are regular languages.

Theorem 2. I/fL,and L, are Blichi recognizable, then sois L, U L,.
Theorem 3. I/fL;and L, are Blichi recognizable, then sois L; n L,.

Theorem 4. IfL;isaregularlanguage and L, is Biichi recognizable, then L, - L,
is Blichi-recognizable.

Theorem 5. [f L is aregularlanguage then L is Biichi recognizable.

Theorem 6. [Buichi’'s Characterization Theorem (1962)] An w-languageis
Blichi recognizable iff it is w-reqgular.
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