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ABSTRACT
We propose in this paper a generalization of the famous Kleene/Biichi’s theorem on
formal languages, one of the cornerstones of theoretical computer sCience, to the timed
model of clock languages. These languages extend the now classical timed languages
introduced by Alur and Dill as a suitable model for real-time systems. As a corol-
lary of our main result, we get a simple algebraic characterization of timed languages
recognized by (updatable) timed automata.
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1. Introduction

The notion of timed automata has been introduced in a seminal paper by Alur and
Dill [3, 4], in order to provide a suitable model for timed systems. Since its introduc-
tion, this model has been largely studied under several aspects: determinization [5],
definitions of interesting subclasses [23], minimization [1], power of clocks [2, 21], of
e-transitions [10], extensions of the model [6, 9, 19, 16] and logical characterization
[28] have been considered in particular. Moreover this model has been successfully
used for verification and specification of real-time systems [18, 29, 22, 26, 30, 20, 17].
But there is a lack of algebraic characterizations of timed languages or timed au-

tomata. Even the famous Kleene’s theorem [25] and its extension to w—languages by
Biichi [15] has only partial counterparts in the framework of timed languages. An
interesting result, due to Asarin, Caspi and Maler [8], proposes such a Kleene the—
orem for a slightly different notion of timed languages. But the main drawback of
their characterization is that it uses in a crucial way the operations of intersection
and renaming [24].
In [13], we also proposed a Kleene/Buchi theorem for timed automata but with-

out the need of intersection and renaming. To this purpose we defined composition
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