Automata, Games & Verification

Summary #38

Today at 2:15pm in SR 016
Seminar “Games, Synthesis, and Robotics”
Church’s Problem Revisited




Alternating Automata

e nondeterministic automaton,
L =a(a+ b)“:

e alternating automaton,
L = aa(a + b)*
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Definition 1. An alternating Biichi automaton is a tuple A = (S, sg, 9, I"),
where:

e S is a finite set of states,
e sy € S is the initial state,
e ' C S is the set of accepting states, and

e §:5 xX — BT(S) is the transition function.

Definition 2. A run of an alternating automaton on a word o« € X% is an
S-labeled tree (T, r) with the following properties:

[ T(E) = S0 and
o forallneT,
ifr(n) =s, then {r(n’) | n’ € children(n)} satisfies d(s, a(|n|)).
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Example:

L = ({a,b}" b)*

a
@D true

b

S ={p.q}
F'={p};
6(p,a) =pAgq, 0(p,b) =p;, d(q,a) =q; 6(q,b) = true

example word w = (aab)® has the following run:

s
00 :p/()ll: q IOl
ooorp/
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Theorem 1. For every LTL formula @, there is an alternating Biichi
automaton A with L(A) = models(p)

o S = C|osure(gp) — {’(p’ —|?7D ‘ ’Qb Is subformula of QO},

® So =@,

e §(p,a) =trueif p € a, false if p ¢ a;
d(—p,a) = false if p € a, true if p ¢ a;
5(true a) = true;
d(false, a) = false;

o 5(1h1 Npo,a) = (21, a) A 6(¢2,a);
o 5(1h1 Vapo,a) = 6(1,a) V 6(¢2,a);
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e (0¥, a) =1,

o 6(P1 U Pa,a) = 0(2,a) V (6(¢1,a) Apr U o),
o )(,a) =d(¢,a);

o ) =) foryp €8]

o —) =1 foryp €S,
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e true = false; false = true;

o I'={~(¢1 U ¢2) € closure(y)}
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Example:

© = Op = (true U p)
S = {true U p,—~(true U p), true, ~true, p, =p}

d(true U p, ) = d(p, D) V (6(true, @) Atrue U p) = true U p
o(true U p,{p}) = 0(p, {p}) Vv (6(true, {p}) Atrue U p) = true

%)
N\

{p}
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@ := 0OO0p = —(true U —(true U p))

d(p,a)=0(—(true U p),a) V (d(true, a) A true U —(true U p))
= d(true U p,a) N\ —=(true U —(true U p))
= (0(p,a) V (6(true,a) Atrue U p)) A @
= (0(p,a) Vtrue U p) A\ ¢

d(p, @) =trueld pAp

5(907 {p}) = ¢
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