Automata, Games & Verification
Summary #11

Today at 4:15pm in SR 014

Games in Verification and Synthesis

Daniel Dahrendorf: Counterexample-guided control
Georg Neis: Three-valued abstractions of games

Reminder: Exam on Friday, July 25, 14:00-16:00

in Horsaal 002, building E 1 3.

The exam will be open book, i.e., handwritten notes

as well as books and other printed materials are allowed.




Determinacy of parity games

Assumptions:

e arena is finite or countably infinite.

e the number of colors is finite (max color k).

Lemma 1. Merging strategies

Given a parity game G and a set of nodes U C V', s.t. for every p € U,
Player o has a memoryless strategy f,, that wins from p, then there s
a memoryless winning strateqy f, that wins from all p € U.

Theorem 1. Parity games are memoryless determined.
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Nondeterministic Tree Automata

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

e S: finite set of states;

® spES;

o M =5xYxS5xS5;

e (: acceptance condition (Biichi, 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,
e (r(q),v(q),r(q0),r(ql)) € M for all ¢ € {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 ={qa W }; 50 = qa;

M = {(Qa, a,(a, qa)7 (Qba a, 4a, Qa)a (ch b? db, Qb)a (Qa; a, qv, Qb)7 Tt }7
Biichi F' = {q¢}.
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Theorem 2. [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).

o V= {(w7Q) ‘ w € {071}*76]6 S}'
o Vi ={(w,7) | we{0,1}* 7€ M},
e F={((w,

); (w, 7)) | 7= (¢, t(w),q0,01), 7 € M}
,7), (W', q")) | 7= (q,0, q(l)vqll) and

((w" = w0 and ¢’ = qp) or (W' =wl and ¢’ = q1))};
o d(w,q) =c(q) ifqge S,
o d'(w,7)=01ifT e M.
€, 4a

(€,(9a: s G0, Ga))(E, (Qas @ Gb, Qb))
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Theorem 3. [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 s.

® V():S,'
o Vi =M,

o b= {(%7) | T = (Q7laQ6>q/1)a7' S M}
J{(r,q¢') | 7=(q,1,qy,41) and
(¢ =qy0ord =q)}

} — V is finite!

e d'(q) =c(q) forq e S,
e ¢(1r)=0 forT e M.
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