Automata, Games & Verification
Summary #11

Today at 2:15pm in SR 016
Seminar “Games, Synthesis, and Robotics”
A new representation and associated algorithms for generalized planning




Nondeterministic Tree Automata

Definition 1. A nondeterministic tree automaton (over binary Y.-trees)
A = (S, s9, M, p) consists of

e S: finite set of states;

® sSp €S,

e M =5xXYx8x%5;

e (p: acceptance condition (Blichi, parity, ...).

Definition 2. A run of a nondeterministic tree automaton A on a Y-tree v
is a S-tree (T',r), s.t.

e r(€) = sp,

o (r(q),v(q),r(q0),7(ql)) € M for all g € {0, 1},
A run is accepting if every branch is accepting.
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Example: {a, b}-trees with infinitely many bs on each path.

A=(S,s9,M,c); ¥ ={a,b};

S =1{qa, ®}; 50 = qa;

M — {(Qaa a, 4q, qa)7 (Qba a, 4q, Qa)a (ch b7 db, Qb)a (Qa; a, qv, Qb)7 t }’
Biichi F' = {q}.
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Theorem 1. [Acceptance Game] A parity tree automaton A =
(S, s0, M, c) accepts an input tree t iff Player 0 wins the parity game
Gar= Vo, V1, E, ") from position (e, so).

® VO:{( aQ) | ’UJE{O,l}*,QES},’
o Vi = {(w,7) | we {01}, 7 € M};
o E={((w,q),(w,7)) | 7= (g, t(w),q0,q1), 7 € M}

q
UA{((w,7), (w'",q") | 7 =1(q,0,90,q1) and
((w" = w0 and ¢' = q}) or (W' =wl and ¢’ =q¢}))};

o d(w,q) =c(q) ifqeSs,
o d'(w,7)=01ifT e M.
€,4a

€:(9a:0:90:9a) | €. (a: @ Gb: Qb)) |
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Theorem 2. [Emptiness Game] The language of a parity tree automaton
A = (5, s0, M, c) is non-empty iff Player 0 wins the parity game G4, =
(Vo, Vi, E, ') from position sg.

® V():S,'
o Vi =M,

o b= {(Q7T) ’ T = ((1717%761'1),7 S M}
J{(r,q¢") | 7= (q,1,qy,q1) and
(@ =qyord=q)}

} — V is finite!

e d'(q) =c(q) forq e S,
e ¢(1)=0 forT e M.
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Theorem 3. Biichi tree automata are strictly weaker than parity tree
automata.

recall from Lectures 2 & 3:

Theorem 4. Deterministic Biichi word automata are structly weaker than
nondeterministic Buchi word automata.

Theorem 5. [Biichi’s Characterization Theorem (1962)] Anw-language
Is recognizable by a Bichi word automaton iff it is w-regular.
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