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Preface

This volume contains the proceedings of the Fifth International Workshop on Formal
Techniques for Safety-Critical Systems (FTSCS 2016), held in Tokyo on November
14, 2016, as a satellite event of the ICFEM conference.

The aim of this workshop is to bring together researchers and engineers who are
interested in the application of formal and semi-formal methods to improve the quality
of safety-critical computer systems. FTSCS strives to promote research and develop-
ment of formal methods and tools for industrial applications, and is particularly
interested in industrial applications of formal methods. Specific topics include, but are
not limited to:

– case studies and experience reports on the use of formal methods for analyzing
safety-critical systems, including avionics, automotive, railway, medical, and other
kinds of safety-critical and QoS-critical systems;

– methods, techniques, and tools to support automated analysis, certification,
debugging, etc., of complex safety/QoS-critical systems;

– analysis methods that address the limitations of formal methods in industry (us-
ability, scalability, etc.);

– formal analysis support for modeling languages used in industry, such as AADL,
Ptolemy, SysML, SCADE, Modelica, etc.; and

– code generation from validated models.

The workshop received 23 regular paper submissions. Each submission was
reviewed by at least three referees. Based on the reviews and extensive discussions, the
program committee selected nine papers for presentation at the workshop and inclusion
in this volume. Another highlight of the workshop was an invited talk by Naoki
Kobayashi.

Many colleagues and friends have contributed to FTSCS 2016. We thank Naoki
Kobayashi for giving an excellent invited talk and the authors who submitted their
work to FTSCS 2016 and who, through their contributions, made the workshop an
interesting event. We are particularly grateful that so many well-known researchers
agreed to serve on the program committee, and that they provided timely, insightful,
and detailed reviews. We also thank the editors of Communications in Computer and
Information Science for agreeing to publish the proceedings of FTSCS 2016 as a
volume in their series, and Shaoying Liu and Shin Nakajima for their help with the
local arrangements.

December 2016 Cyrille Artho
Peter Csaba Ölveczky
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On Two Higher-Order Extensions
of Model Checking

(Invited Talk)

Naoki Kobayashi

The University of Tokyo, Bunkyō, Japan
koba@is.s.u-tokyo.ac.jp

Inspired by the success of finite state model checking [2] in system verification, two
kinds of its higher-order extensions have been studied since around 2000. One is model
checking of higher-order recursion schemes (HORS) [3, 13], where the language for
describing systems to be verified is extended to higher-order, and the other is higher-
order modal fixpoint logic (HFL) model checking of finite-state systems [18], where the
logic for specifying properties to be verified is extended to higher-order. Table 1
summarizes those extensions. In general, HORS model checking can be used for
precisely modeling and verifying a certain class of infinite state systems, and HFL
model checking can be used for checking non-regular properties of systems. HORS
model checking has been successfully applied to automated verification of higher-order
programs [5, 6, 8, 9, 10, 12, 14, 16, 17, 19], whereas HFL model checking has been
studied for verification of concurrent systems [11, 18]. Although both HORS and HFL
model checking problems are k-EXPTIME complete for the order-k fragments (where
the order is the largest type-theoretic order of functions used in HORS and HFL
respectively), practical model checking algorithms have been developed, which do not
always suffer from the k-EXPTIME bottleneck [1, 4, 15]. We provide a brief intro-
duction to the HORS and HFL model checking problems, their applications, and the
state-of-the-art of higher-order model checkers and tools built on top of them. We also
touch upon our recent result on the relationship between HORS and HFL model
checking [7].

Table 1. Finite state model checking and its higher-order extensions

Models Logic
Finite state model
checking

Finite state systems Modal µ-calculus
(or, LTL/CTL/CTL*)

HORS model
checking

Higher-order recursion schemes
(HORS)

Modal µ-calculus
(or, tree automata)

HFL model checking Finite state systems Higher-order modal fixpoint
logic (HFL)
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