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Abstract
This theme section aims to disseminate the latest research results in the area of Multi-ParadigmModeling for Cyber-Physical
Systems (MPM4CPS). MPM has a long tradition within the Model-Driven Engineering community, e.g., several workshops
have been held at the MODELS conference for over more than a decade. The MPM4CPS workshop series is a continuation of
the successful MPM workshop series with a stronger focus on CPS as especially these systems pose several new challenges
on the engineering process and beyond. This theme section covers papers on the foundations and applications of MPM for
CPS. In total, we accepted five submissions for publication in the theme section after a thorough peer-reviewing process.
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1 Introduction

We are currently facing a dramatically increasing complex-
ity in software and systems engineering with the emergence
of cyber-physical systems (CPS) [2]. This increase of the
complexity started already several decades ago when soft-
ware components havebeen introduced as embedded systems
for controlling physical parts. With CPS, this complexity is
raised to a new level where the networking aspects of the
systems and their (potentially open) environments are of
paramount importance. In order to counteract this complex-
ity, comprehensive and systematic views on all engineering
disciplines including, e.g., mechanics, electronics, software,
and network aspects, throughout the complete engineering
life-cycle are amust. As an answer, model-based engineering
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is emerging in industry to stay competitive and be successful
in such settings. As such, model-based engineering has to
be established on an enterprise-wide level as modeling is no
longer considered to be limited to a single engineer, team, or
discipline when developing CPS. However, this prominent
use of models in engineering processes has raised several
challenges which have to be tackled in order to ensure effec-
tive and efficient engineering processes for CPS. Nowadays,
most of the complexity faced in CPS engineering is due to
the huge number of cross-disciplinary design alternatives and
complex inter-domain interactions, e.g., how to deal with
continuous and discrete behaviors at the same time. Manag-
ing such inter-disciplinary engineering processes to ensure
the development, delivery, deployment, operation, and evo-
lution of CPS is required in all high-tech industries such as
automotive, aerospace, railway, energy andmanufacturing to
mention just a few prominent examples.

Multi-paradigm modeling (MPM) offers the foundational
framework for gluing the various engineering disciplines
together in a consistent and systematic way [5]. The main
principle of MPM is the use of explicit and heterogeneous
models throughout the whole engineering life-cycle [5]. This
leads to a framework where models are considered as first-
class citizens and are ubiquitous in the engineering processes.
It has to be mentioned that models in this context can be
used for many different purposes. For instance, some models
represent the (visual) syntax of modeling formalisms. Other
models are used to specify the transformations that represent
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the operational semantics of themodeling formalisms or they
specify translations for inter-formalism transformation, e.g.,
for exchanging engineering models between different disci-
plines and tools. In addition, modelsmay be used to represent
the composition of other models, e.g., representing subsys-
tems, or even the composition of modeling formalisms, e.g.,
for realizing co-simulation. On the operational level, mod-
els are used to facilitate language engineering tasks, e.g.,
evolving domain-specific modeling formalisms when engi-
neering domains and their requirements are changing, but
also tool engineering tasks are model-driven, e.g., for the
automated generation of integrated (visual) modeling envi-
ronments. The use of ubiquitous explicit models during the
whole systemengineering process, frommodeling formalism
definition to system realization, allows for various kinds of
automated analyses at themost appropriate abstraction levels
[5] with benefits in terms of performance, cost-effectiveness,
safety, etc.

Multi-Paradigm Modeling for Cyber-Physical Systems
(MPM4CPS) centers MPM on modeling problems encoun-
tered in systems which are composed of software and
hardware components, even in some extent, including human
actors [4]. The inherent complexity of CPS is managed by
allowing different levels of abstraction and viewpoints, each
expressed in the most appropriate modeling formalisms [4].
For this, MPM offers concepts, techniques, processes, and
tools that allow to capture, combine, couple, and integrate
each of the views that compose a system [5]. In this context,
MPMcovers amultitude of research topics: fromengineering
domain-specific modeling languages (including both, syntax
and semantics), over multi-view and multi-abstraction mod-
eling processes including simulation techniques for system
analysis and optimization, to efficient and effective deploy-
ment of the systems. The added complexity of CPS compared
to previous system generations, such as embedded systems
and software-intensive systems, requires extensive research
on how researchers and practitioners can apply or adapt
existing MPM concepts, techniques, processes, and tools to
this new application area, tying together multiple domains
and engineering disciplines, and which new foundations are
needed for MPM4CPS.

The Model-Driven Engineering (MDE) community has
long embraced the need for MPM. Since the first work-
shop on MPM in 2006, a series of 10 workshops were
co-located with the flagship conference inMDE: the Interna-
tional Conference on Model Driven Engineering Languages
and Systems (MODELS). Many articles relying on MPM
principles were also published in this journal, Software
and Systems Modeling (SoSyM). The Computer Automated
Multi-Paradigm Modelling (CAMPaM) [3] workshop has
also gathered researchers and practitioners to identify and
address grand challenges of MPM since 2004. Very recently,
the MPM4CPS COST Action [1,4] running from 2014 to

2018 has led to numerous workshops and training schools
and the establishment of a large inter-disciplinary research
network concerned with the foundations and applications of
MPM. In particular, two editions of theMPM4CPSworkshop
were co-located with MODELS in 2019 and 2020.

These initiatives have brought together researchers and
practitioners in the area of MPM, specifically interested in
developingCPS, to discuss synergies, common problems and
solutions of the different engineering disciplines, tool build-
ing concerns and techniques, and very importantly, the vision
for the future of the area.

2 Selected papers for this theme section

As the final outcome of a thorough peer review process, five
papers were selected for this theme section:

– Moussa Amrani, Dominique Blouin, Robert Heinrich,
Arend Rensink, Hans Vangheluwe, and Andreas Wort-
mann, in their paper “Multi-paradigm modelling for
cyber-physical systems: a descriptive framework,” present
a unifying framework to describe modeling paradigms
and their combinations. A particular focus is put on the
concepts of formalism and workflow, which are in the
center of a modeling paradigm. The proposed frame-
work allows to capture the essence of a paradigm, to
check whether a candidate modeling approach qualifies
for a given paradigm, and to support the combinations of
paradigms.

– Fatemeh Ghassemi, Iman Jahandideh, and Marjan Sir-
jani, in their paper “An actor-based framework for asyn-
chronous event-based cyber-physical systems,” present
an extension of the language Timed Rebeca for model-
ing cyber-physical systems. The language extension is
named Hybrid Rebeca and represents an actor-based lan-
guage which allows to model physical actors to represent
continuous behaviors. Hybrid automata can be derived
from Hybrid Rebeca models for analysis purposes. The
Hybrid Rebeca language is demonstrated in the automo-
tive domain with the help of a case study. Results show
that the analyzability and modularity of cyber-phyiscal
systems can be improved with Hybrid Rebeca.

– Rodrigo Cortés Porto, Daniela Genius, and Ludovic
Apvrille, in their paper “Handling causality and schedu-
lability when designing and prototyping cyber-physical
systems,” present a dedicated model-driven framework
for dealing with different models of computations during
the design and verification phases of systems consist-
ing of digital and analog parts. The focus is on statically
detecting causality issues even before simulation or
execution time. For this purpose, SysML models are
employed and dedicated algorithms are presented. The
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approach is implemented in the TTool which also allows
to derive virtual prototypes from SysML models.

– Sebastian Pilarski,Martin Staniszewski,MatthewBryan,
Frederic Villeneuve, and Dániel Varró, in their paper
“Predictions-on-Chip: Model-based training and auto-
mated deployment of machine learning models at run-
time,” present a novel method to feed machine learning
models for prediction with data coming from multi-
paradigm simulators. The resulting prediction models
can be automatically deployed by using code genera-
tion techniques into control systems which have to deal
with certain constraints such as programmable logic con-
trollers. The method is evaluated in a real-world context
covering three gas turbine bearings providing a huge
number of data points for performing predictions.

– Adrien Le Coënt, Julien Alexandre dit Sandretto, and
Alexandre Chapoutot, in their paper “Guaranteed master
for interval-based cosimulation,” present a co-simulation
approach for continuous time systems. The core of the
approach is a novel algorithm which reasons on global
solutions by using only local computations. By this,
a better scalability of the co-simulation approach can
be reached with respect to existing approaches. The
presented approach comes with tool support and is
demonstrated on several examples.
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