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Parity games are two-players games played on graphs using a token. The players can move
the token from the current vertex to an adjacent vertex, in a turn-based fashion. A play is thus
a (infinite) sequence of vertices. The so-called parity condition describes the set of winning
sequences for each player. The parity condition is very general and it allows to express for
instance : reachability conditions (a sequence is winning if it contains an accepting vertex),
safety conditions (a sequence is winning if it contains no accpeting vertex), or Büchi conditions
(a sequence is winning if it contains an infinite number of occurrence of an accepting vertex).
No polynomial-time algorithm is known to solve general parity games.

On the other hand, the technique of antichains has recently been introduced to fight the
combinatorial explosion in classical problems of finite automata theory. For instance, promising
results have been obtained for the universality problem (which asks whether a given finite
automaton accepts every finite word) which has exponential complexity [2]. This technique
relies on identifying and exploiting the structure of the underlying graphs. In the case of the
universality problem, we use the (determinization) subset construction for finite automata, and
this construction has specific properties that can be very useful algorithmically. In practice,
this technique can deal with automata of 10,000 states while classical approaches are limited
to a few hundred of states.

The ingredients of this success (a problem on finite-state models, with exponential com-
plexity, and with particular structure) call for applying the antichain technique to parity
games.

During this internship, we will focus on an algorithmic solution using antichains for solving
parity games. We will start from a translation of parity games to safety games, and on the
existence of functions called small progress measures which, when they satisfy local conditions
on a graph, guarantee non-local conditions such as the existence of a winning strategy for one
of the players [1, 3]. These functions give a structure to parity games that can be exploited
to define an antichain algorithm. The intern shall define and implement this new algorithm,
study or propose suited data structures, and compare (theoretically and practically) this new
algorithm with the state-of-the-art solutions.
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