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Abstract
To stimulate the development and application of formal methods in industry, we need to promote research and development for
the improvement of formal methods and tools for industrial applications, and we need to exchange experiences of the industrial
usage of these methods and tools. This special issue of Software Tools for Technology Transfer presents various tools and
experience reports that are targeting the use of formal methods in industry. The papers in this special issue are extended
versions of selected conference papers from the proceedings of the 27th International Conference on Formal Methods for
Industrial Critical Systems (FMICS 2022).

Keywords Deductive verification · Smart contracts · Interactive validation · Spatio-temporal logics · Autonomous driving ·
Avionic software · Monotony analysis stochastic specifications · Real-time operating systems

1 FMICS

This special issue of the journal Software Tools for Technol-
ogy Transfer (STTT) contains revised and extended versions
of six papers selected out of 13 papers accepted for presenta-
tion at the 27th International Conference on Formal Methods
for Industrial Critical Systems (FMICS 2022) [4].

The aim of the FMICS conference series is to provide
a forum for researchers interested in the development and
application of formal methods in industry. FMICS brings
together scientists and engineers who are active in the area
of formal methods and are interested in exchanging their
experiences of the industrial usage of these methods. The
FMICS conference series also strives to promote research
and development for the improvement of formal methods
and tools for industrial applications.

Topics of interest for FMICS are:

• Case studies and experience reports on industrial applica-
tions of formal methods, focusing on lessons learned or
identification of new research directions.

• Methods, techniques, and tools to support automated anal-
ysis, certification, debugging, descriptions, learning, opti-

mization and transformation of complex, distributed, real-
time, embedded, mobile, and autonomous systems.

• Verification and validation methods (model checking, the-
orem proving, SAT/SMT constraint solving, abstract inter-
pretation, etc.) that address shortcomings of the existing
methods with respect to their industrial applicability (e.g.,
scalability and usability issues).

• Impact of the adoption of formal methods on the develop-
ment process and associated costs. Application of formal
methods in standardization and industrial forums.

2 This Special Issue

The peer-reviewed papers collected in this special issue have
been invited by the guest editors among the top papers pre-
sented at FMICS 2022.

The papers in this special issue all develop tool-supported
verification and validation techniques. The first two papers
describe how verification and validation techniques can be
made adapted and extended to make them usable in an in-
dustrial context. The next two papers focus in particular on
verification and validation techniques that can be used on
safety-critical applications. The last two papers investigate
how verification can be made more scalable by exploiting
compositionality.

Below we give a short summary of each paper.
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2.1 Industrial verification and validation

Deductive verification of smart contracts with
Dafny [2]

The paper presents a methodology for verifying Ethereum
smart contracts using Dafny. The methodology is developed
in several steps. First, support for reasoning about closed
contracts that do not depend on external calls is developed.
In addition, support to reason about code using external calls
is added, by modeling (potential) callbacks explicitly (and
nondeterministically) in Dafny. As a result, it is possible to
prove properties that are preserved by arbitrary callbacks,
e.g., using a global invariant and additional specifications.
The paper demonstrates the approach on verified versions of
a token contract (with and without external calls and locks)
and an auction contract.

Generating interactive documents for domain-
specific validation of formal models [7]

The paper describes tool support for the validation of B
specifications by improving domain-specific visualizations
of animation traces and interactive models. These visual-
izations are important to get the feedback from stakeholders
and domain experts in an early stage of the development. The
paper focuses on how this visualization support is developed.

2.2 Safety-critical applications

Monitoring of spatio-temporal properties with nonlin-
ear SAT solvers [6]

This paper presents a runtime verification approach for moni-
toring spatio-temporal properties with a demonstration in the
setting of autonomous driving. Spatio-temporal logic com-
bines temporal logic with metric spaces. It is shown how this
logic can be encoded in the first-order logic over the Reals
(FOLR), which can be reasoned about using SMT. The ap-
proach has been integrated with a simulation test-bed based
on the CARLA simulator allowing for real-world testing with
images from a traffic camera.

Certification of avionic software based on machine
learning: the case for formal monotony analysis [3]

This paper discusses how the use of machine learning im-
pacts certification for avionic software. It focuses on one
particular case, the monotony guarantees that ensure the cor-
respondence with the underlying physics. The paper pro-
poses an approach for the analysis of monotony of neural
networks, by proposing an algorithm for splitting the input
space into increasingly smaller partitions, to give lower and
upper bounds on the nonmonotonic space coverage. The al-
gorithm identifies a partition as not satisfying monotony,

partially satisfying it, or totally satisfying it (meaning that
each point within it satisfies monotony). The approach uses
logical encoding in linear real arithmetic and MILP solving
in an incremental loop that refines the space partitioning.
To illustrate the approach, an aeronautical use case is pre-
sented where a pretrained neural network is used to estimate
brake distance for airplanes (based on the status of different
brakes).

2.3 Compositional verification

Formally verifying decompositions of stochastic
specifications [5]

This paper presents a new framework for compositional
verification by means of refinement analysis of real-time
probabilistic systems, where traces are used to describe the
continuous-time evolution of the system. This is relevant for
industrial safety-critical applications, as their behaviors are
often of stochastic nature, for example, giving a bound on
the probability that a system failure will occur before a given
time. The paper specifies the behavior of such systems using
timed automata combined with probabilistic acceptance con-
ditions. It then shows how such systems can be verified in a
compositional manner by reducing the verification problem
to checking emptiness of the solution space for a system of
linear inequalities.

Reusable formal models for concurrency and commu-
nication in custom real-time operating sys-
tems [1]

This paper proposes a reusable set of UPPAAL timed au-
tomata templates that can be used to model and verify con-
crete processes that are scheduled for their execution us-
ing a real-time operating system (RTOS), in particular, the
templates model tasks, events, scheduler, sensor inputs, data
queues, and so on. Timing constraints (BCET and WCET) for
individual steps of tasks are encoded as location invariants
and transition guards. The resulting verification framework is
applied to a model of a search-and-rescue robot application.
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