ISSN 1066-369X, Russian Mathematics (Iz. VUZ), 2010, Vol. 54, No. 1, pp. 26-45. (© Allerton Press, Inc., 2010.

*

Weighted Automata and Weighted Logics on Infinite Words

M. Droste! and G. Rahonis?
!Leipzig University, Leipzig, D-04109 Germany'

2 Aristotle University of Thessaloniki, Thessaloniki, 54124 Greece?
Received March 20, 2007

Abstract—We introduce weighted automata over infinite words with Muller acceptance condition
and we show that their behaviors coincide with the semantics of weighted restricted MSO-
sentences. Furthermore, we establish an equivalence property of weighted Muller and weighted
Biichi automata over certain semirings.
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1. INTRODUCTION

One of the cornerstones of automata theory is Biichi’s theorem [1] on the coincidence of the class of
regular languages of infinite words with the family of languages definable by monadic second order logic.
This led to the development of several models of automata acting on infinite words, like Biichi, Muller,
Rabin and Streett, ci. [2—4] for surveys; it also led to practical applications in model checking and for
non-terminating processes, cf. [5—7].

On the other hand, Schiitzenberger [8] introduced finite automata with weights which can model
quantitative aspects of transitions like use of resources, reliability or capacity. Schiitzenberger charac-
terized the behavior of such automata as rational formal power series. For the theory of weighted au-
tomata, see [9—12] for surveys. Recently, weighted automata were applied in digital image compression
[13—16] as well as in speech-to-text processing [17, 18].

[t is the goal of this paper to extend Biichi’s theorem mentioned above into the context of weighted
automata, thereby obtaining a quantitative version. The last few years weighted automata over infinite
words have attracted the interest of several researchers. This effort is not a simple generalization of the
finitary case since convergence problems arise depending on the underlying semiring. This issue is dealt
with either by considering special classes of automata[19, 20] or by restricting the underlying semirings
so that convergence problems can be solved [21—26].

Very recently, Droste and Gastin [27] extended the result of Biichi and Elgot [28, 29] to weighted
automata over finite words. They introduced a monadic second order logic with weights and described
the semantics of the formulas obtained as formal power series. The main result of their paper states that
the recognizable formal power series over commutative semirings coincide with the series definable by
certain weighted MSO-sentences.

In this paper, we will introduce weighted Muller automata acting on infinite words, and we will extend
the weighted monadic second order logic of [27] to infinite words. We describe the behavior of weighted
Muller automata as formal power series on infinite words. Our first main result states the coincidence
of these w-Muller-recognizable series with the semantics of a restricted weighted MSO logic and also
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