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1 Introduction and Motivations

Within the context of the verification of infinite-state systems, “(ω)-Regular
model checking” is the name of a family of techniques in which states are rep-
resented by words, sets of states by finite automata on these objects, and tran-
sitions by finite automata operating on pairs of state encodings, i.e. finite-state
transducers. If the states are encoded by finite words, then sets of (pairs of)
states can be represented by finite-word automata. This setting can be used to
represent various classes of infinite-state systems [17], including parametric sys-
tems, FIFO-queue systems, and systems manipulating integer variables (those
defined in Presburger arithmetic). When the states are encoded by infinite words,
sets of (pairs of) states are represented by deterministic weak Büchi automata
1. This setting is mainly used to represent systems involving both integer and
real variables [4, 6], such as linear hybrid systems with a constant derivative.

It is known [7, 8] that computing the set of reachable states and verifying
linear temporal properties in this automata-based framework reduces to solving
the (ω-)regular reachability problems. Given a finite-word (resp. deterministic
weak) automaton A representing the initial states and a finite-word (resp. deter-
ministic weak) transducer T representing the transition relation, those problems
amount to computing the iterative closures T + and T +(A). This can be done
either by specific techniques that exploit the specific properties and represen-
tations of the domain being considered, or by generic techniques that consider
automata-based representations and provide algorithms that operate directly on
these representations.

In [5, 6], we have proposed a generic technique for computing T +(A) and
T + for the finite and infinite word cases. Our approach consists in computing
the limit of a possibly infinite sequence of automata. This is an undecidable
problem to which the computation of T + and T +(A) as well as several others
can be reduced. The technique has been evaluated and improved with the help
of prototypes, which have been applied on various classes of problems [5, 6, 8, 9,

1 A weak Büchi automaton is a Büchi automaton whose strongly connected compo-
nents contain either only accepting or only nonaccepting states. Deterministic weak
Büchi automata are easily complementable and admit a unique minimal form.



12]. Those prototypes predate the T(O)RMC toolset which uniforms them, and
is the subject of this paper2.

2 The Underlying Technique from [5, 6, 12]

Given a sequence S = A0, A1, A2, . . . of minimal finite-word (resp. weak) au-
tomata, the techniques computes a finite-word (resp. weak Büchi) automaton for⋃
∞

i=0
Ai. The general idea is to extrapolate one of the finite sampling sequence of

S, i.e. selected automata from one of its finite prefixes. The extrapolation step
is done by comparing successive automata in the sampling sequence, trying to
identify the difference between these in the form of an increment (i.e. a difference
in their graph structures), and extrapolating the repetition of this increment by
adding loops to the last automaton of the sequence. After the extrapolation has
been built, one has to check whether it corresponds to the limit of the sequence3.
If this is the case, then the computation terminates. Otherwise, another sampling
sequence has to be chosen.

Testing whether two (or more) automata differ by the addition of increments
is decided by a combination of forward and backward language equivalences.
Choosing the sampling sequence is a rather tricky issue and there is no guarantee
that this can be done in a way that ensures that the extrapolation step can be
applied. However, there is a number of heuristics that are very effective for
obtaining a sample sequence that can be extrapolated (see Chapter 5 of [12] to
know how to choose a “good” sampling strategy for your case study). Finally,
checking safety of the extrapolation (does it include the limit?) is simple, but
checking preciseness (is it exactly the limit?) is a much more involved problem
for which only partial solutions has been developed (see Chapter 7 of [12]). In
most of cases, working with an over approximation is practically sufficient.

3 The tool

The T(O)RMC toolset (available at [15]), builds upon the LASH toolset. LASH [11]
takes the form of a set of C functions for building and manipulating (union, in-
tersection, complementation, minimization, ...) both finite-word and weak Büchi
automata. The tool also provides some domain specific techniques for solving the
regular reachability problems. In addition, several compilers can be used to make
easier the construction of specific classes of automata (e.g. those that represent
solution of Presburger formulas). T(O)RMC improves LASH with three new
packages, that are (see [12] and [15] for details):

1. The transducer package that provides data structures and algorithms to ma-
nipulate transducers. The package also provides several heuristics to improve

2 States for Tool for (ω)-Regular Model Checking.
3 In practice, the user may also be satisfied with an extrapolation whose correctness

is unknown.



the efficiency of the composition between transducers (sometimes from days
to seconds!).

2. The extrapolation package for detecting increments in a sequence of au-
tomata, and extrapolating a finite sampling sequence. The tool allows the
user to precise (1) which sampling strategy has to be used, and (2) how to
build the successive elements in the infinite sequence.

3. The counter-word automata package that provides data structures and al-
gorithms to check the correctness of the extrapolation for several classes of
problems.

4 Summary of the Experiments

The T(O)RMC toolset has been evaluated over more than 100 case studies. Due
to space limitations, this section only briefly recaps the classes of problems for
which T(O)RMC has been used so far. Details about the experiments (includ-
ing performances in terms of time and memory, which vary from examples to
examples) can be found in Chapters 7 and 13 of [12] and in [8].

We first used T(O)RMC to compute an automata-based representation of
the set of reachable states of several infinite-states systems, including paramet-
ric systems, FIFO-queue systems, and systems manipulating integer variables.
Others experiments concerned the computation of the transitive closure of sev-
eral arithmetic relations. It is worth mentioning that the disjunctive nature of
some relations sometimes prevents the direct use of specific domain-based tech-
niques [10, 3]. We also applied T(O)RMC to the challenging problem of analyzing
linear hybrid systems. One of the case studies consisted of computing a precise
representation of the set of reachable states of several versions of the leaking
gas burner . To the best of our knowledge, only the technique in [3] was able to
handle the cases we considered. Among the other experiments, we should also
mention the computation of the set of reachable states of an augmented version
of the IEEE Root Contention Protocol [12], which has been point out to be a
hard problem [14]. The ability of T(O)RMC to compute the limit of an infinite
sequence of automata has other applications. As an example, the tool has been
used in a semi-algorithm to compute the convex hull of a set of integer vectors [9].
T(O)RMC was also used to compute a symbolic simulation over the state-space
of an infinite-state system, with the aim of verifying temporal properties [8].

5 Conclusion

We presented T(O)RMC, a tool for computing the limit of an infinite sequence
of finite-word or deterministic weak Büchi automata.

T(O)RMC implements a very general automata sequence extrapolation tech-
nique. As such it is slower than tools that are specific to the arithmetic domain
(FAST [1], LIRA [2], LASH), but is perfectly competitive when handling other
regular model checking cases (parametric systems, FIFO systems, ...) [13, 16].



The main goal of the tool is not performance improvement, but to allow exper-
imentation with automata sequence extrapolation in a variety of context that
goes beyond (omega-)Regular Model checking problems.
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