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Abstra t. The paper presents a new tool for automated veri
ation of
Timed Automata as well as proto ols written in the spe i ation language Estelle. The urrent version o ers an automati translation from
Estelle spe i ations to timed automata, and two omplementary methods of rea hability analysis, the rst of whi h is based on Bounded Model
Che king (BMC), while the se ond one is an on-the- y veri ation on
an abstra t model of the system.

1 Introdu tion
We present a new tool for automated veri ation of Timed Automata as well as
proto ols written in the spe i ation language Estelle. The main novelty of our
tool onsists in ombining the translation from a subset of Estelle to Timed Automata [7℄ with the translation of the rea hability problem for Timed Automata
to the satis ability problem of propositional formulas (SAT-problem) [20℄. The
latter problem is very eÆ iently solved by the SAT-solver ZCha [14℄ that is
exploited in our tool. Sin e the above approa h is mainly appli
p able for nding
errors, i.e., disproving safety properties, we extend our tool eri s with another
module, whi h is used when the orre tness is to be proved. This module is
based on our original method [17℄ of building a pseudo-bisimulating model for a
timed automaton, whi h preserves the rea hability properties. Rea hability over
a pseudo-bisimulating
p model is he ked on-the- y, i.e., while building the model.
The ar hite ture of eri s is omposed of the following modules (see also Fig. 1):

{ Language Translator from the fragment of Estelle to the intermediate
language,
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{ TA Translator from the intermediate language to timed automata,
{ BBMC Rea hability Analyser that veri es rea hability properties over
timed automata,

{ Splitter that generates pseudo-bisimulating model for timed automata,
{ Veri er that veri es re hability properties over pseudo-bisimulating models.

2 Related Tools
The high-level modelling languages, among whi h Estelle [11℄, SDL [12℄, LOTOS
[10℄ and Promela [9℄ belong to most widely used, were reated to des ribe logi al
ir uits, distributed systems and ommuni ation proto ols. Many tools for design
in these languages were produ ed, but they usually la ked any support of formal
veri ation. On the other hand, for a long time the model- he king tools were
designed for testing new s ienti ideas, without paying mu h attention to their
appli ability for veri ation of real-world omplex on urrent systems.
The rst kind of model- he king tools were expli it state-spa e he kers, suffering the state explosion problem. Model he kers based on an expli it state
spa e representation are still developed (SPIN [9℄, Kronos [21℄, UppAal [3℄ et .),
exploting various methods of over oming the above drawba k. Another methodology is symboli model he king, in whi h an expli it representation of states
is repla ed by a symboli one (usually of a form of a de ision diagram). The
above approa h is exploited in many pa kages, like Rabbit [4℄ and SMV [13℄.
The next bran h of tools, represented by NuSMV [6℄ and MATHSAT [18℄, is
based on Bounded Model Che king. Veri ation problems are here transformed
to he king satis ability of boolean formulas, solved by a SAT-prover.
Several solutions for onne ting the above languages and tools were proposed.
IF [5℄ uses an intermediate language IF, to whi h higher-level spe i ations an
be translated, enabling further veri ation using one of the above tools. Another
example of a development environment is CADP [8℄, whi h allows to transform
a LOTOS system des ription to the formats a epted by model he kers.

3 Theory Behind
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The theoreti al ba kground for our implementation has been presented in several
papers [7, 15, 20℄. In this se tion we sket h the main ideas.
Our tool a epts three kinds of input: spe i ations written in a subset of Estelle or in the intermediate language, or timed automata. Estelle [11℄ is an ISO
standard spe i ation language designed for des ribing ommuni ation proto ols
and distributed systems. The intermediate language (IL) [7℄ allows for des ribing a system as a set of pro esses, whi h ex hange information by message
passing (via bounded or unbounded hannels) or memory sharing (using global
variables). A pro ess is des ribed in terms of states and transitions similarly like
in Estelle.
The translation from the subset of Estelle to the intermediate language is quite
straightforward, as the exe ution models and the syntax of these formalisms are
2

similar, although some Estelle language onstru tions require spe ial and areful
treatment. The details about the translation an be found in [7℄.
A system des ribed in the intermediate language an be further translated either
to a set of timed automata [1℄, ea h of whi h represents a omponent of the
system, or to a global (produ t) timed automaton (for the des ription see
p [7℄).
The automata that are obtained are then passed to other omponents of eri s,
whi h are aimed at performing rea hability model he king.
Given a property p, rea hability model he king onsists in an exploration of the
state spa e of the system, testing whether there exists a rea hable state where
p holds. Our tool o ers two omplementary methods of rea hability analysis,
the rst of whi h is based on Bounded Model Che king (BMC) and a SATsolver, while the se ond one is an on-the- y veri ation on an abstra t model
of the system. The BMC-based method ombines the well-know forward rea hability analysis and the bounded model he king method for Timed Automata
[15, 16, 19, 20℄. The forward rea hability algorithm sear hes the state spa e by
moving from a state to its su essors in the breadth- rst mode, whereas BMC
performs a veri ation on a part of the model exploiting a SAT-solver. The detailed des ription of the above method an be found in [19, 20℄. In ase when
any state satisfying a tested property is not rea hable, the SAT-based method
Therefore, in parallel to the BMC-based rea hability analysis,
paneribes oineerse ative.
veri ation method onsisting in generating nite abstra t models
for Timed Automata (the pseudo-bisimulating ones [17℄), using a partitioning
algorithm, and performing an on-the- y rea hability veri ation. The detailed
des ription of the above algorithm an be found in [17℄.

4 Tool Overview

p

As it has been already stated, eri s allows for an input in Estelle. Moreover,
the system to be veri ed an be given in the intermediate language or in the
form of timed automata in the Kronos-like format. Below, we present a short
des ription of the ase, where an Estelle spe i ation is given as an input.
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An Estelle spe i ation is automati ally translated to a des ription in the intermediate language (by the Language Translator). The obtained spe i ation
usually requires additional (manual) modi ations, aimed at adding properties
to states or bounds on sizes of bu ers (all these features are not handled in the
Estelle standard). Then, the enri hed spe i ation is passed to the TA Translator, whi h generates either a set of timed automata orresponding to the omponents of the system, or a global timed automaton. The automata are returned
p in
the Kronos-like format. Then, they are passed to another omponent of eri s
aimed at rea hability model
p he king, i.e., BBMC or Splitter. The onne tion
between the modules of eri s is presented in Fig. 1.

5 Case Studies
We provide experimental results for three well-known examples: the Alternating
Bit Proto ol, Fisher's Mutual Ex lusion Proto ol and Railroad Crossing System
(RCS). As the input for the rst example we have used an Estelle spe i ation.
Two properties have been tested: \whenever the sender re eives an a knowledgement and its bit is set to 0, then the re eiver's bit is set to 0 as well" (false), and
\whenever the sender re eives an a knowledgement, its bit is set to 0 and the
re eiver managed to hange its bit, then the re eiver's bit is set to 0" (true). In
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the ase of the Mutual Ex lusion Proto ol we have usedpan input in the intermediate language. The timed automata returned by the eri s translation of this
spe i ation are presented in Fig. 2. We have tested them for various values of
the parameters, as only if  < Æ , then the mutual ex lusion property is ensured.
In ase of the system RCS, the three system automata of the train, gate and
ontroller, and the automaton for a property (see Fig. 3) have been used as the
input. The property automaton des ribes that \whenever the gate is down it is
moved ba k up within K se onds", whi h is satis ed for K < 700.
The experimental results are presented in Fig. 4. In all the examples, the BBMC
Rea hability Analyser has been used to show that a state satisfying a tested
property is rea hable, while the Splitter module has been applied to generate
the whole model of the system, i.e., to show that no state satisfying the property
4
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Fig. 4. Experimental results
an be rea hed. We provide the times and the amounts of memory needed for
BBMC Rea hability Analyser to prove rea hability of the state, and the sizes
of pseudo-bisimulating models generated by Splitter. For the Mutual Ex lusion
Proto ol, NP denotes the number of pro esses whi h have been tested.
Among all the examples we onsidered, the Mutual Ex lusion Proto ol is most
widely overed in the literature. Unfortunately, we have not been able to ompare
our results with ones of other SAT-based model he kers, due to the la k of su h
experiments in the literature for the property we have tested. However, for the
same proto ol and another property we obtained better results than the ones of
[2℄ (34 pro esses instead of 19 only). This allows to expe t better results also
in other ases. On the other hand, our pseudo-bisimulating models are usually
smaller than forward-rea hability and bisimulating models generated by Kronos.
A web page of our tool is available at http://www.ipipan.waw.pl/pen zek/veri s.
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