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History-determinism (HD)

...Is a restricted type of non-determinism where an automaton is HD if it can resolve
choices only by looking at the past input..
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Definition
An automaton A is history-deterministic if there exist a resolver, a function



r: 1 X2 — | that maps every tinite prerix run and letter to a next transition so that
for every word w, if w € L(.A) then the run r prescribes on it is accepting.

Equivalently, a resolver is a winning strategy for P2 in the Letter Game:
In every round 1/,

1. P1 picks a letter a; €
2. P2 extends the run by an a-labelled edge.
P1 wins iff the word w = ajasaz ... € L(A) but the run chosen by P2 is not accepting.

Equivalent Characterizations

TFAE. A finite w-automaton is
Good-for-Trees [Kupferman, Safra & Vardi '96]

Good-for-Games [Henzinger & Piterman '06]

- Adaquate to Letter Games [Henzinger & Piterman '06]

history-deterministic [Colcombert'09]

Good for Composition with Alternating Automata [Colcombet '13]

Beyond w-regular Properties

Quantitative automata: HD # GfG [Boker & Lehtinen '21]
(For mean-payoff values, HD = GfG but not vv.)



Dhat oy HD =X = Aalowfor ofo <

Questions to ask about HD-X-automata
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- Abstract -
We explore the notion of history-determinism in the context of timed automata (TA). History-
deterministic automata are those in which nondeterminism can be resolved on the fly, based on the
run constructed thus far. History-determinism is a robust property that admits different game-based
characterisations, and history-deterministic specifications allow for game-based verification without
an expensive determinization step.

We show yet another characterisation of history-determinism in terms of fair simulation, at the 4
general level of labelled transition systems: a system is history-deterministic precisely if and only if
it fairly simulates all language smaller systems. \‘j

For timed automata over infinite timed words it is known that universality is undecidable for 2—
Biichi TA. We show that for

nd synthesis all remain decidable and are EXpTIME-complete.

For the subclass of TA with safety or reachability acceptance, we show that checking whether

such an automaton is history-deterministic is decidable (in EXPTIME), and history-deterministic TA

with vithout introducing new states.
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» Theorem 4. For every fair LTS S and initial state q the following are equivalent:
1. S is history-deterministic.

2. For all complete fair LTS S" with initial state ¢', ¢’ Cr, q if and only if ¢ < q.
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» Definition 19 (Timed synthesis game). Given a timed language L C (X1 x ¥X0)%., the
synthesis game for L proceeds as follows. At turn i:

Player I plays a delay d; and a letter a; € Xj

Player II plays a letter b; € Xo.

Player II wins if dg (gg)dl (211) € L or if time does not progress. If Player II has a winning

strategy in the synthesis game, we say that L is realisable.

» Theorem 20. Given a history-deterministic timed parity automaton T, the synthesis game
for L(T) is decidable and EXPTIME-complete.
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» Theorem 16. Given a safety or reachability TA, deciding whether it is history-deterministic

1s decidable in EXPTIME.
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