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Abstract. The third ACES-MB workshop brought together researchers
and practitioners interested in model-based software engineering for real-
time embedded systems, with a particular focus on the use of models for
architecture description and domain-specific design, and for capturing
non-functional constraints. Twelve presenters proposed contributions on
metaheuristic search techniques for UML, modelling languages and map-
pings, model based verification and validation, software synthesis, and
embedded systems product lines. In addition, a lively group discussion
tackled these issues in further detail. This report presents an overview
of the presentations and fruitful discussions that took place during the
ACES-MB 2010 workshop.

1 Introduction

The development of embedded systems with real-time and other critical con-
straints raises distinctive problems. In particular, development teams have to
make very specific architectural choices and handle key non-functional con-
straints related to, for example, real-time deadlines and to platform parameters
like energy consumption or memory footprint. The last few years have seen an
increased interest in using model-based engineering (MBE) techniques to cap-
ture dedicated architectural and non-functional information in precise (and even
formal) domain-specific models in a layered construction of systems.

MBE techniques are interesting and promising because they allow to capture
dedicated architectural and non-functional information in precise (and even for-
mal) domain-specific models, and they support a layered construction of systems,
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in which the (platform independent) functional aspects are kept separate from
architectural and non-functional (platform specific) aspects, where the final sys-
tem is obtained by combining these aspects later using model transformations.

The Third Workshop on Model Based Architecting and Construction of Em-
bedded Systems (ACES-MB 2010) brought together researchers and practitioners
interested in all aspects of model-based software engineering for real-time embed-
ded systems. The participants discussed this subject at different levels, from re-
quirements specifications, model specification languages and analysis techniques,
embedded systems product lines, model synthesis, to model based verification
and validation.

2 Workshop Contributions

The keynote [2] was given by Prof. Lionel C. Briand from the University of
Oslo and the Simula Research Laboratory, Norway, who discussed the use of
metaheuristic search for the analysis and verification of UML models.

There is a growing research activity around the use of metaheuristic search
techniques (e.g., genetic algorithms) in software engineering, for example to sup-
port test case generation, often referred to as search-based software engineering
(SBSE). Several years of research have focused on using metaheuristic search to
support the analysis and verification of UML models and its extensions such as
MARTE and OCL. Examples include the analysis of real-time deadlines (schedu-
lability analysis), concurrency problems, and constraint solving, for example
for supporting model-based test case generation. Results suggest that applying
metaheuristic approaches to these problems lead to practical and scalable solu-
tions that rely solely on UML and extensions, and does not require translations
into other languages and formalisms.

6 full papers and 5 short papers had been accepted for the workshop, see [1].
A synopsis of each presentation is given below. Extended versions of articles [5]
and [6] are included in this workshop reader.

[3] presents a MARTE to AADL mapping that is valuable for MARTE users in
order to enable the use AADL analysis tools on MARTE models. For example,
CAT, the Consumption Analysis Toolbox, allows for system-level power and
energy consumption estimation for AADL models.

[4] addresses the problem that real-time embedded software today is com-
monly built using programming abstractions with little or no temporal seman-
tics. The paper discusses the use of an extension to the Ptolemy II framework
as a coordination language for the design of distributed real-time embedded sys-
tems. Specifically, the paper shows how to use modal models in the context of
the PTIDES extension of Ptolemy II.

[5] uses UML Interaction Overview Diagrams as the basis for a user-friendly,
intuitive, modelling notation that is well-suited for the design of complex, het-
erogeneous, embedded systems developed by domain experts with little back-
ground on modelling software based systems. To allow designers to precisely
analyse models written with this notation, a part of it is provided with a formal



72 S. Van Baelen et al.

semantics based on temporal logic, upon which a fully automated, tool supported
verification technique is built.

[6] argues that system development and integration with a sufficient maturity
at entry into service is a competitive challenge in the aerospace sector, and can
only be achieved using efficient model-based techniques for system design as well
as for system testing. Building on the general idea of model-based systems en-
gineering, an integrated virtual verification environment for modelling systems,
requirements, and test cases is proposed, so that system designs can be simulated
and verified against the requirements in the early stages of system development.
The paper exemplifies its application in a ModelicaML modelling environment.

[7] addresses the early validation of automobile electronic systems by provid-
ing a transformation of EAST-ADL models to SystemC at different layers of
abstraction. This allows specific analysis with hardware-software co-simulation
iteratively in the development process. The proposed approach is realized in a
tool chain and demonstrated by an automotive use case, showing the potential of
an early validation of system and software designs based on architecture models.

[8] argues that modelling tools should become development environments and
support a methodologically guided development in which milestones are indi-
cated and warnings are generated to inform the user about issues that are to
be solved to reach these milestones. The paper indicates model maturity levels
that correspond to an underlying development method and shows in the model
maturity view which elements or parts of the model do not yet reach a certain
level and why.

[9] proposes to abstract away from architectural platforms and their induced
architectural styles to more abstract representation of applications. Architecture-
independent application models, developed using modern model-based develop-
ment techniques, can be mapped to application architectures in a variety of
architectural styles. Architectural mappings therefore play an important role in
synthesis of software implementations from abstract application models.

[10] proposes to integrate multiple partially overlapping models from different
tools, since each tool and associated modelling language have different strengths
and weaknesses. It is crucial that relevant dependencies between models and
related timing properties are explicitly captured, allowing the analysis of the
impact of changes on the timing properties and timing requirements. The paper
proposes to use the concept of megamodels as a solution for the support of those
dependencies relevant for timing properties, so that no violation may remain
undetected.

[11] presents a model of an evolutionary product line process based on ar-
chitecture transformations. The model attempts to give an accurate description
of how real architects actually work. Key elements of the approach are how
the transformations interact with consistency constraints and with feasibility in
terms of resource limitations.

[12] proposes an approach for the identification of features supported by class
models annotated with stereotypes. The models are automatically reverse en-
gineered by a tool called Rejasp/Dmasp where attributes and methods are



Model Based Architecting and Construction of Embedded Systems 73

stereotyped if they have some relation with candidate features. The approach
consists of four guidelines and focuses on identifying features in embedded sys-
tems for ground vehicles.

[13] states that much meaning can be given to a model using a domain spe-
cific language (DSL), and the code generation rate can be increased. Model-based
product line development is possible using code generation to realize variabil-
ity. The paper presents a case study where a high rate of code generation was
achieved by using two DSLs, the characteristics of which supplement each other.
Structure is described by a highly general DSL and behaviour by a specialised
DSL. Various kinds of products have been developed from a product line effi-
ciently by using code generation from DSLs to realize variability.

3 Summary of the Workshop Discussions

The workshop was divided into 3 sessions: modelling languages and mappings,
verification and validation, and a position statement session. After each session,
a group discussion was held on issues raised during the session presentations.
The following integrates and summarizes the conclusions of the discussions.

Mappings between modelling languages
An important issue for mappings between modelling formalisms concerns
the level of detail that can be expressed in each formalism and the ability
to transform information from one modelling formalism into another. One
viewpoint is to consider a mapping between modelling formalisms as a ded-
icated transformation for a specific purpose, e.g., model analysis in the case
of the MARTE to AADL mapping. This means that a mapping can abstract
away certain details from the source model that are useless for the transfor-
mation purpose. In addition, specific information can be refined or added to
the target model by enlarging the target model or by using an in-between
Platform-Specific Model (PSM) profile on top of the source model, e.g., an
AADL profile for MARTE. OCL constraints can added to the PSM profile
in order to validate the correctness of the added information. In order to
bridge the semantic gap between the two modelling levels, abstraction pat-
terns can be introduced, e.g., by creating user-defined extensions for AADL.

Constructing architectural models
The construction of architectural models raises a number of issues, such as
dealing with a multitude of inter-model dependencies and coping with model
changes and the ripple effects they can cause. In addition, a product line ap-
proach can be beneficial but even further complicates the architectural mod-
elling phase, since one should focus on an architecture for the whole product
line instead of for a single product. When generative techniques are used,
there was a common agreement on never touching the generated models or
code. If changes seem necessary, either the source model or the generator
itself should be changed.
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Using a megamodel approach
Although the use of megamodels was recognised as a need in order to support
different modelling formalisms, it was not clear if one should stay in the
same technological space or not. It can be difficult to arrive at a combined
megamodel. Therefore, it is sometimes better to use transformations or filters
to combine different models rather than try to squeeze them into a single
megamodel.
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