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Abstract. We show how to transform formulae written in the real-time tempo-
ral logic MITL into timed automata that recognize their satisfying models. This
compositional construction is much simpler than previously known and can be
easily implemented.

Prediction is very difficult, especially about the future.
Niels Bohr

1 Introduction

Decision procedures for model-checking of temporal logic formulae [MP91, IMP935]
play a central role in algorithmic verification [CGP99]. Such procedures are based,
in the linear-time context, on deriving from a formula ¢ an automaton-like device
that accepts exactly sequences of states or events that satisfy it [VWS86]. For discrete-
time models, used for functional verification of software or synchronous hardware,
the logical situation is rather mature. Logics like LTL (linear-time temporal logic) or
CTL (computation-tree logic) are commonly accepted and incorporated into verifica-
tion tools. LTL admits a variety of efficient algorithms for translating a formula into an
equivalent automaton [GPVW95,SB00,|GOO01} [IKPOS[ and it even underlies the indus-
trial standard PSL [KCV04, HFEO4].

When considering timed models and specification formalisms whose semantics in-
volves the time domain R rather than N, the situation is somewhat less satisfac-
tory [A04]. Many variants of real-time logics [Koy90, AH92a, [Hen98| [HR04] as well
as timed regular expressions [ACMO2] have been proposed but the correspondence
between simply-defined logics and variants of timed automata (automata with aux-
iliary clock variables [AD94]) is not as simple and canonical as for the untimed
case, partly, of course, due to the additional complexity of the timed model. Conse-
quently, existing verification tools for timed automata rarely use temporal properties
other than safety. One of the most popular dense-time extensions of LTL is the logic
MITL introduced in [AFH96] as a restriction of the logic MTL [Koy90]]. The princi-
pal modality of MITL is the timed until {{; where I is some non-singular interval. A
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formula plf,,p) q is satisfied by a model at any time instant ¢ that admits g at some
t' € [t + a,t + b], and where p holds continuously from ¢ to ¢’. The decidability of
MITL was established in [AFH96] and it was, together with MTL, subject to further
investigations [AH92b, RSHO8| [HRS98| IOWO0S5]]. However, the automaton construc-
tion in JAFH90] is very complicated (11 pages) and, to the best of our knowledge,
has never been implemented. The only logic that has been integrated into a real-time
model-checking tool was the timed version of CTL, TCTL [HNSY94], used in the
tool KRONOS [Y97]H

In this paper we remedy this situation somewhat by presenting a simple construc-
tion of timed automata that accept exactly models of MITL formulae. The construc-
tion is based on two ideas, the first being the modular construction of property testers
for untimed formulae [KPOS] and the other is the observation, similar to the one al-
ready made in [AFH96]|, that the evolution over time of the satisfiability of a formula
of the form p{[4,4] g is of bounded variability, regardless of the variability of p and g.

The rest of the paper is organized as follows. In Section 2 we illustrate the modu-
lar construction of testers for (untimed) LTL formulae. The logic MITL is presented
in Section 3 together with its semantic domain (Boolean signals) and timed automata.
The main result, the construction of property testers for MITL, is presented in Sec-
tion 4, followed by a brief discussion of the differences between the version of MITL
that we use and the one presented in [AFH96].

2 Temporal Testers for LTL

In this section we discuss some of the problems associated with the construction of
automata that accept models of LTL formulae, and describe the modular procedure
of [KPOS|] which we later extend for MITL. We feel that, independently of its timed
generalization, this construction, based on composition of acausal sequential trans-
ducers, improves our understanding of temporal logic and can serve as a unifying
framework for both verification and monitoring. We assume familiarity with basic
notions of LTL, whose syntax is defined according to the grammar

pi=p| o0l eiVer |O¢ | pildps

where p belongs to a set P = {p1,...,p,} of propositions. LTL is interpreted over
n-dimensional Boolean w-sequences of the form £ : N — B”. We abuse p to denote
the projection of the sequence & on p. The semantics of LTL formulae is typically
given via a recursive definition of the relation (£, ¢) = ¢ indicating that the sequence
¢ satisfies ¢ at position ¢. The satisfaction of a compound formula op(¢1, ¢2), where
op is a temporal or propositional operator, by a sequence £ is an op-dependent func-
tion of the satisfaction of the sub formulae ¢, and o by £. Functionally speaking,
the satisfaction of by arbitrary sequences can be viewed as a characteristic func-
tion x¥ which maps sequences over B" into Boolean sequences such that 8 = x® (&)

* An efficient emptiness checking algorithm for timed Biichi automata has been proposed
and implemented in [TYBOS] but without an upstream translation from a logical formal-
ism.



