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Abstract—In this case study, the model checkers Simulink
Design Verifier (SDV) and UPPAAL are compared qualitatively,
with respect to their ability to be used in an actual industrial
process for formal verification of requirements. The insights
gathered from the case study is that in contrast to UPPAAL, SDV
offers the support for fixed- and float-point numbers and clearly
defined interfaces, which appeal to the typical engineer. As an
embedded feature of Simulink, which is widely used in industry,
it solves the problem of model transformation and supports the
formalization of requirements as Simulink models. However, in
comparison to UPPAAL, which offers high performance and relies
on well-founded theories for handling complexity, the scalability
of the techniques used in SDV are questionable.

I. INTRODUCTION

Model Checking (MC) is a technique for formal verification
of requirements, most notably used in industry for verification
of hardware systems and communication protocols [1]. In
order to achieve a more widespread industrial use of MC,
it is crucial to identify and solve the practical problems that
are found when this technique is introduced within an actual
system production process. This requires evaluation of the
methodology and the tools in realistic settings, involving real
system developers.

This case study constitutes a first step in this direction where
the MCs Simulink Design Verifier (SDV) 1 and UPPAAL [2]
are compared qualitatively, with respect to their ability to be
used in an actual industrial process for formal verification of
requirements. SDV was chosen since it is an embedded MC in
Simulink, which is nowadays a de facto standard for design
and evaluation of embedded systems. UPPAAL was chosen
since it is a popular and well documented MC, and has been
successfully applied to problems of similar characteristics.

The insights gathered from the case study is that SDV offers
key features, such as the support for fixed- and float-point
numbers and clearly defined interfaces, which appeal to the
typical engineer. As an embedded feature of Simulink, which
is widely used in industry, it solves the problem of having
to transform the system to be verified into a formal model,
and supports the formalization of requirements as Simulink
models. However, as shown in this case study, the scalability
of the tool, is questionable. UPPAAL, on the other hand,
offers high performance and relies on well-founded theories
for handling complexity. However, the formalization of the

1http://www.mathworks.se/products/sldesignverifier/

system to be verified, into a timed automata, requires a bit of
expertise and opposes a big obstacle for its integration with
current industry practices.

Out of a literature study on examples where model checking
have been applied to industrial case-studies [3], [4], [5], [6],
[7], [8], it was found that the focus lies on quantitative
analyses regarding computational efficiency, and/or that the
model checking process was carried out by experts and not by
typical engineers. In contrast to the above-mentioned works,
the model checking process in this case study was carried out
by two engineers that had taken a course on model checking,
but who cannot be considered experts. The emphasis was not
placed on proving correctness of the system design, nor on the
computational efficiency of the tools, but on the ability of the
tools to be used within the organization in an actual process,
in order to identify the problems faced by regular engineers
performing model checking.

II. SIMULINK DESIGN VERIFIER AND UPPAAL

The MC of SDV is called Prover Plug-In, provided by
Prover technology. Given a Simulink model, a requirement
specification is expressed as a combination of Proof objectives
and Proof assumptions that define a relation between the inputs
and the outputs of the model. Proof objectives and assumptions
can be modeled by logical and relational operators (e.g.
⇒, AND, or ≤,≥,==, etc), by MATLAB functions or by
Stateflow graphs. A Proof objective is proven valid if there
does not exits any state of the model that violates the Proof
objective, given restrictions on the inputs, as specified by Proof
assumptions. When a violation is detected, SDV generates a
test vector that can demonstrate the violation in simulation.
SDV provides model support for fixed-point and floating-point
models, but does not have a symbolic representation of time
and hence generates explicit states for all possible values based
on the sampling time of the model.

UPPAAL is an MC based on the theory of timed automata [2]
that allows symbolic representation of time. UPPAAL provides
a graphical editor, a simulator and a verifier. The verifier
verifies properties that are defined as a subset of TCTL (Timed
Computer Tree Logic) and whenever a property is not satisfied,
it provides a counter example in the form of a trace that can
be explored with the help of the simulator.



Fig. 1. Simulink model of the FLD component

III. INDUSTRIAL CASE - THE FLD COMPONENT

The simulink model of the Fuel Level Display (FLD)
component is shown in Fig. 1. Its functionality is to provide
an estimate totalFuelLevel[%] of the actual fuel volume in
the tank by a Kalman filter by relying on an estimate of
the fuel consumption fuelConsumption[Litres/h] and the signal
fuelLevel[%] from sensor in the tank. The signal oldFuelVol-
ume[%] is the value of totalFuelLevel[%] that is saved at
shutdown and the signal parkingbrakeapplied[Bool] is used
in an algorithm to detect if a refill has been made.

The engineers were told to verify 7 requirements on the FLD
component. Due to space restrictions, we only show one:

AER202-2. The lowFuelLevelWarning[Boolean] should be
set to 1 (TRUE) when input totalFuelLevel[%] is below 10%.

IV. REQUIREMENT VERIFICATION WITH SIMULINK
DESIGN VERIFIER

The formalization of the requirements with SDV seemed
fairly easy to grasp for the engineers, since it is based on
function blocks and this is a well-known concept in sys-
tems and control engineering. Moreover, since SDV uses the
original Simulink model, the interfaces between the submod-
ules are clearly defined. This becomes very helpful because
system requirements are typically defined in terms of these
submodules/interfaces. One slight irration was that several
blocks had to be replaced from the original model since SDV
only supports a sub-set of all the blocks that are supported
by Simulink. SDV does, however, provide algorithms for
block replacement and there exist documentation listing all
the blocks that are not supported.

As expected, all the requirements were satisfied by the
system. Table.I shows the time needed for each verification.
It is remarkable that some of the proofs needed a substantial
amount of time, despite the simplicity of the system. This
raised concerns about the scalability of this technique.

V. REQUIREMENT VERIFICATION WITH UPPAAL

The engineers first had to manually construct a model
of the FLD component based on timed automata, and sub-
sequently formalize the requirements into TCTL properties.
These manual activities required extra supervision, and needed
much more time than initially expected. The first problem
was associated with the fact that UPPAAL does not support
for using fix- and float-point numbers in the models, and

hence requires scaling up to integer numbers, which for
complex systems requires a bit of expertise. Second, that due
to the degree of abstraction, the engineers had some issues
of mapping the elements of the timed automata with the real
elements of the system.

Due to this, and because of the strict time requirements
of the project, all of the requirements in Table.I were not
verified with UPPAAL. Nevertheless, since the focus of this
work is more on the process than on the actual results of
the formal verification, we are satisfied with the experience,
as it actually helped us to identify the real problems to be
faced. However, for the requirements that were verified, the
verification time was substantially lower than in the case of
SDV, e.g. the verification time of AER202-2 was 0.2s.

VI. CONCLUSIONS

For industries that regularly use Simulink as a modelling
tool, SDV solves the problem of having to transform the
system to be verified into a formal model, and further supports
requirements specifications as Simulink models. In contrast to
UPPAAL, SDV also provides support for fixed- and float-point
numbers, and does not hence require scaling up to integer
numbers, which requires a bit of expertise. However, as shown
in this case study, the scalability of the tool is questionable.
UPPAAL, on the other hand, offers high performance and relies
on well-founded theories for handling complexity. However,
the fact that UPPAAL forces the user to transform the model
into timed automata, which is a relatively unknown concept to
a typical engineer, becomes a big obstacle for its integration
with current industry practices.
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