Data Structures for Real-Time Verification
Description du projet
Context
This project is related to the Action de recherche collaborative (TP)I: (Timed / Probabilistic) Interfaces [13] and the ADT ETI: ECDAR for Timed Interfaces. It is conducted
within the context of the Action exploratoire ESTASE and the INRIA team DISTRIBCOM [16].

Background
Model checking [6] comprises methods and tools for the analysis and verification of complex software systems. The goal of model checking is to provide a comprehensive analysis
of a software system, with the intention of mathematically proving the system to behave
as intended. Contrary to testing, model checking is thus capable of detecting all bugs of
a system. To this end, the user provides a comprehensive formal model of the software
system and a set of formal properties the system has to satisfy, and then the model
checker can detect whether or not the system obeys the properties.
The subject of model checking within theoretical computer science is quite mature.
Many powerful tools for model checking exist [22, 23, 25, 26] and are routinely used by
industry.
Real-time model checking [2] is an extension of model-checking formalisms to also encompass properties related to timing constraints. In contrast, classical model checking
as described above can only handle and infer logical properties, ie whether or not an
action will occur, and in which order actions happen, but not precisely when.
Also the subject of real-time model checking within theoretical computer science
is well-established, with several powerful tools in existence [17, 19, 24, 28]. The world
leader in this domain is the tool UPPAAL [4] which has been developed jointly at Uppsala
University, Sweden, and Aalborg University, Denmark, and is now actively maintained
in Aalborg.
Interface theories [7] are an extension of the model checking formalism to allow for incremental verification and design. The central idea is that there is no fixed comprehensive
model of the whole system, but rather parts of the system are modeled independently
(even by independent teams) and incrementally verified and combined into bigger parts.
The subject of the ADT ETI is real-time interface theories using the ECDAR toolset [18]
which currently is based on an extension of UPPAAL. ECDAR is maintained jointly in
Aalborg and at INRIA Rennes.

Data structures
Real-time model checking is implemented using symbolic states consisting of so-called
zones [2]. Hence instead of having to keep track of precise timing information, this
information is abstracted into zones, which geometrically are a very specific kind of
convex polyhedra. Internally in tools like UPPAAL, zones are represented using socalled difference-bound matrices (DBMs) [10] and other data structures.

Data structures for real-time verification is a very active research area, as there are
a number of problems with DBMs which hinder application of tools like UPPAAL and
ECDAR. One such problem is that DBMs are not closed under union and complement:
in symbolic real-time model checking, one generally wishes to lump symbolic states
together to combat state-space explosion, but using DBMs, this is not possible.
As the current state-of-the-art, other data structures such as clock difference diagrams (CDDs) [5] are used for representing unions of zones, but these again have the
problem that one cannot efficiently perform symbolic analysis using CDDs, hence costly
conversion between CDDs and DBMs is necessary. Another problem, specific and central for the ECDAR tool, is that reuse of components is impossible using current data
structures. New data structures for real-time model checking are thus called for.
One promising such data structure is the one of convex max-plus polyhedra, [1] which
are the analogues of convex polyhedra in the algebra over the max-plus semiring (which
consists of the real numbers together with maximum and addition as operations). Recent
research [8, 11] shows that convex max-plus polyhedra can efficiently represent zones and
also some unions of zones, and that real-time model checking using convex max-plus
polyhedra is feasible.
There are other data structures for real-time model checking which have been proposed, [3, 9, 12] and through development of new tools (such as ECDAR) and formalisms
(e.g. statistical model checking), new demands on these data structures continuously
arise. Hence research on data structures for real-time model checking is a continuous
interplay between the high-level needs of real-time verification and the low-level details
of the tools.

Impact
The successful development and implementation of new data structures for real-time
model checking can lead to a dramatic increase in the usefulness of tools such as UPPAAL
or ECDAR. The current implementation of ECDAR suffers from state-space explosion
and other fundamental problems which new data structures can solve.

Cooperation
For research in max-plus polyhedra, there is a strong group at INRIA Saclay and Ecole
Polytechnique (the MAXPLUS joint team [20] headed by Stephane Gaubert) and at
CEA Saclay (the MeASI team [21] at CEA LIST headed by Eric Goubault), with which
we will cooperate. They have expertise which we will need to gain a geometric understanding of operations on zones and max-plus polyhedra which then can be translated
into algorithms.
For research in data structures and algorithms for real-time verification in general,
there is a strong group at VERIMAG (the DCS team [14] headed by Yassine Lakhnech
and the TEMPO team [27] headed by Oded Maler) in Grenoble. They will be interested
in cooperation on implementing our new data structures in their tools and in ECDAR.
For international cooperation, there is a strong group at Aalborg University, Denmark (the DES team [15] headed by Kim G. Larsen) which conducts research into data
structures and algorithms for real-time model checking, and which maintains the tool
UPPAAL.
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