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Preface

This volume contains the papers presented at FMICS 2015, the 20th International Work-
shop on Formal Methods for Industrial Critical Systems, which was held during
June 22–23, 2015, in Oslo, Norway. The FMICS 2015 workshop took place as a collo-
cated event of the 20th International Symposium on Formal Methods, FM 2015.

The aim of the FMICS workshop series is to provide a forum for researchers who
are interested in the development and application of formal methods in industry. In par-
ticular, FMICS brings together scientists and engineers who are active in the area of
formal methods and interested in exchanging their experiences in the industrial usage
of these methods. The FMICS workshop series also strives to promote research and de-
velopment for the improvement of formal methods and tools for industrial applications.
The topics of interest include, but are not limited to:

– Design, specification, code generation, and testing based on formal methods
– Methods, techniques, and tools to support automated analysis, certification, debug-

ging, learning, optimization, and transformation of complex, distributed, depend-
able, real-time systems, and embedded systems

– Verification and validation methods that address shortcomings of existing methods
with respect to their industrial applicability, e.g., scalability and usability issues

– Tools for the development of formal design descriptions
– Case studies and experience reports on industrial applications of formal methods,

focusing on lessons learned or identification of new research directions
– Impact of the adoption of formal methods on the development process and associ-

ated costs
– Application of formal methods in standardization and industrial forums

This year we received 20 submissions. Each of these submissions went through a
rigorous review process in which each paper received at least three reports. We selected
12 papers for presentation during the workshop and inclusion in these proceedings. The
workshop also featured invited talks by Kim G. Larsen (Aalborg University, Denmark)
and by Marielle Petit-Doche (Systerel, France). In addition, two invited talks by Dino
Distefano (Queen Mary University, UK and Facebook) and José Meseguer (University
of Illinois, USA) organized by the Workshop on Automated Specification and Verifica-
tion of Web Systems were open to FMICS participants.

We would like to thank the ERCIM FMICS working group coordinator Radu Ma-
teescu (Inria Grenoble and LIG) for his counselling and support during the organization
of FMICS 2015. We would like to thank the FM 2015 workshops chairs Marieke Huis-
man and Volker Stolz for their help with the local arrangements in Oslo. We would like
to thank the chairs of the 11th Workshop on Automated Specification and Verification of
Web Systems, Maurice H. ter Beek (ISTI-CNR, Pisa, Italy) and Alberto Lluch Lafuente
(Technical University of Denmark), for the generous offer to share their invited speak-
ers with FMICS attendants. Finally, we would like to thank the Program Committee
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members and external reviewers for their useful and detailed reviews and discussions,
all authors for their submissions, and all attendees of the workshop.

June 2015 Manuel Núñez
Matthias Güdemann
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Formal Verification of Industrial Critical Software

Marielle Petit-Doche

Systerel, Les portes de l’Arbois, Bâtiment A — 1090, rue René Descartes
13857 Aix-en-Provence CEDEX 3, France

marielle.petit-doche@systerel.fr

www.systerel.fr

Abstract. In this talk I will review the challenges for using formal verification
based on automatic tools, like model-checkers, in the industrial development pro-
cess of safety critical systems is discussed. This usage must be integrated into an
appropriate process and must allow for independent result-checking.

Our approach is illustrated with a case study from the openETCS ITEA2
research project using the Systerel Smart Solver S3, a modern SAT-based model-
checker for equivalence checking and safety properties analysis of SCADE, C or
Ada programs.

This work was partially funded by the “Direction Générale de la compétitivité, de l’industrie
et des services” (DGCIS) (Grant No. 112930309) within the ITEA2 project openETCS.



From Timed Automata
to Stochastic Hybrid Games

Model Checking, Performance Evaluation, Synthesis and
Optimization

Kim G. Larsen

Department of Computer Science, Aalborg University, Denmark
kgl@cs.aau.dk

Abstract. Timed automata [1] and games [3,7], priced timed automata [2,4] and
energy automata [6] have emerged as useful formalisms for modeling real-time and
energy-aware systems as found in several embedded and cyber-physical systems.
During the last 20 years the real-time model checker UPPAAL has been developed
allowing for efficient verification of hard timing constraints of timed automata.
Moreover a number of significant branches exists, e.g. UPPAAL CORA provid-
ing efficient support for optimization, and UPPAAL TIGA allowing for automatic
synthesis of strategies for given safety and liveness objectives. In the beginning
of this decade the branch UPPAAL SMC [10,11] has been released, providing a
highly scalable new engine that supports (distributed) statistical model checking
of stochastic hybrid automata (and games).

The most recent branch of the UPPAAL family is the tool UPPAAL STRAT-
EGO [8,9], that combines all of the above tools and extend the with techniques
from machine learning, in order to generate, optimize, compare and explore con-
sequences and performance of strategies synthesized for stochastic priced timed
games in a userfriendly manner. In particular, UPPAAL STRATEGO allows for
generation of strategies that simultaneously satisfy a number of hard real-time
constraints, while having near optimal expected performance properties.

The various branches of UPPAAL have been applied in concerted fashions to
a range of real-time and cyber-physical examples including schedulability and
performance evaluation of mixed criticality systems, modeling and analysis of
biological systems, energy-aware wireless sensor networks, synthesis and perfor-
mance evaluation of smart grids and energy-aware buildings and battery-aware
scheduling.

References

1. Alur, R., Dill, D.L.: A theory of timed automata. Theor. Comput. Sci. 126(2), 183–235 (1994)
2. Alur, R., La Torre, S., Pappas, G.J.: Optimal paths in weighted timed automata. In: Benedetto

and Sangiovanni-Vincentelli [5], pp. 49–62, http://dx.doi.org/10.1007/3-540-45351-2_8
3. Behrmann, G., Cougnard, A., David, A., Fleury, E., Larsen, K.G., Lime, D.: Uppaal-tiga:

Time for playing games! In: CAV. pp. 121–125 (2007)
4. Behrmann, G., Fehnker, A., Hune, T., Larsen, K.G., Pettersson, P., Romijn, J., Vaandrager,

F.W.: Minimum-cost reachability for priced timed automata. In: Benedetto and Sangiovanni-
Vincentelli [5], pp. 147–161, http://dx.doi.org/10.1007/3-540-45351-2_15

This work has been supported by the projects IDEA4CPS, SENSATION and CASSTING.

http://dx.doi.org/10.1007/3-540-45351-2_8
http://dx.doi.org/10.1007/3-540-45351-2_15


From Timed Automata to Stochastic Hybrid Games XIII

5. Benedetto, M.D.D., Sangiovanni-Vincentelli, A.L. (eds.): Hybrid Systems: Computation and
Control, 4th International Workshop, HSCC 2001, Rome, Italy, March 28-30, 2001, Proceed-
ings, Lecture Notes in Computer Science, vol. 2034. Springer (2001)

6. Bouyer, P., Fahrenberg, U., Larsen, K.G., Markey, N., Srba, J.: Infinite runs in weighted
timed automata with energy constraints. In: Cassez, F., Jard, C. (eds.) Formal Modeling and
Analysis of Timed Systems, 6th International Conference, FORMATS 2008, Saint Malo,
France, September 15-17, 2008. Proceedings. Lecture Notes in Computer Science, vol. 5215,
pp. 33–47. Springer (2008), http://dx.doi.org/10.1007/978-3-540-85778-5_4

7. Cassez, F., David, A., Fleury, E., Larsen, K.G., Lime, D.: Efficient on-the-fly algorithms for
the analysis of timed games. In: CONCUR. pp. 66–80 (2005)

8. David, A., Jensen, P.G., Larsen, K.G., Legay, A., Lime, D., Sørensen, M.G., Taankvist, J.H.:
On time with minimal expected cost! In: Cassez, F., Raskin, J. (eds.) Automated Technology
for Verification and Analysis - 12th International Symposium, ATVA 2014, Sydney, NSW,
Australia, November 3-7, 2014, Proceedings. Lecture Notes in Computer Science, vol. 8837,
pp. 129–145. Springer (2014), http://dx.doi.org/10.1007/978-3-319-11936-6_10

9. David, A., Jensen, P.G., Larsen, K.G., Mikucionis, M., Taankvist, J.H.: Uppaal stratego.
In: Baier, C., Tinelli, C. (eds.) Tools and Algorithms for the Construction and Analysis of
Systems - 21st International Conference, TACAS 2015, Held as Part of the European Joint
Conferences on Theory and Practice of Software, ETAPS 2015, London, UK, April 11-18,
2015. Proceedings. Lecture Notes in Computer Science, vol. 9035, pp. 206–211. Springer
(2015), http://dx.doi.org/10.1007/978-3-662-46681-0_16

10. David, A., Larsen, K.G., Legay, A., Mikucionis, M., Poulsen, D.B., van Vliet, J., Wang,
Z.: Statistical model checking for networks of priced timed automata. In: Fahrenberg, U.,
Tripakis, S. (eds.) Formal Modeling and Analysis of Timed Systems - 9th International Con-
ference, FORMATS 2011, Aalborg, Denmark, September 21-23, 2011. Proceedings. Lec-
ture Notes in Computer Science, vol. 6919, pp. 80–96. Springer (2011), http://dx.doi.org/10.
1007/978-3-642-24310-3_7

11. David, A., Larsen, K.G., Legay, A., Mikucionis, M., Wang, Z.: Time for statistical model
checking of real-time systems. In: Gopalakrishnan, G., Qadeer, S. (eds.) Computer Aided
Verification - 23rd International Conference, CAV 2011, Snowbird, UT, USA, July 14-20,
2011. Proceedings. Lecture Notes in Computer Science, vol. 6806, pp. 349–355. Springer
(2011), http://dx.doi.org/10.1007/978-3-642-22110-1_27

http://dx.doi.org/10.1007/978-3-540-85778-5_4
http://dx.doi.org/10.1007/978-3-319-11936-6_10
http://dx.doi.org/10.1007/978-3-662-46681-0_16
http://dx.doi.org/10.1007/978-3-642-24310-3_7
http://dx.doi.org/10.1007/978-3-642-24310-3_7
http://dx.doi.org/10.1007/978-3-642-22110-1_27


Contents

Formal Verification of Industrial Critical Software . . . . . . . . . . . . . . . . . . . . 1
Marielle Petit-Doche, Nicolas Breton, Roméo Courbis,
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Applications

A Case Study on Formal Verification of the Anaxagoros Hypervisor
Paging System with Frama-C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

Allan Blanchard, Nikolai Kosmatov, Matthieu Lemerre,
and Frédéric Loulergue

Intra-procedural Optimization of the Numerical Accuracy
of Programs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

Nasrine Damouche, Matthieu Martel, and Alexandre Chapoutot

Formal Analysis and Testing of Real-Time Automotive Systems Using
UPPAAL Tools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

Jin Hyun Kim, Kim G. Larsen, Brian Nielsen, Marius Mikučionis,
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