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Abstract. This first edition of the workshop Model-driven Software
Adaptation (M-ADAPT’07) took place in the Technische Universität
Berlin with the International Conference ECOOP’07 in the beautiful
and buzzing city of Berlin, on the 30th of July, 2007. The workshop was
organized by Gordon Blair, Nelly Bencomo, and Robert France. Partic-
ipants explored how to develop appropriate model-driven approaches to
model, analyze, and validate the volatile properties of the behaviour of
adaptive systems and its environments. This report gives an overview of
the presentations as well as an account of the fruitful discussions that
took place at M-ADAPT’07.

1 Introduction

Adaptability is emerging as a critical enabling capability for many applications,
particularly for environment monitoring, disaster management and other appli-
cations deployed in dynamically changing environments. Such applications have
to reconfigure themselves according to fluctuations in their environment. The un-
predictability of changes in the environments and their requirements pose new
challenges to Software Engineering. Current software development approaches
specify the functionality of the system at design-time. Such approaches are not
sufficiently expressive to develop systems that dynamically adapt to environ-
ment fluctuations. As a result, alternative approaches are required that take
into account the specification of behaviour and functionality during the exe-
cution. However, dynamic adaptation can lead to emergent and unpredictable
behaviour. The workshop aimed to start the establishment of a sound foundation
for the use of model-driven techniques for software adaptation.

Research and industry efforts focused on model-driven technologies have
proved the value of the use of models during the design, implementation, and
deployment stages of development. However, the use of model-driven techniques
for validating and monitoring run-time behaviour can also yield significant ben-
efits. In particular, models can be used to provide a richer semantic base for



runtime decision-making related to system adaptation and other runtime con-
cerns. For example, models can be used to help determine when a system should
move from a consistent architecture to another consistent architecture.

This workshop builds on a sister event, Models@runtime 2006, held at MOD-
ELS 2006 in Italy [2]. Models@runtime 2007 was also held at MoDELS 2007 in
Nasville, USA. Bringing the workshop to an ECOOP audience helped broaden
the discussions to cover issues related to the integration of modelling techniques
with other techniques typically covered at ECOOP (e.g. component-based and
reflection techniques).

The call for submissions mainly focused on the following research topics:

– Formal notations for modeling, analyzing, and validating adaptive systems
– Management and modelling the dynamic variability intrinsic in the structure

and behaviour of adaptive systems and their environments
– The relevance and suitability of different model-driven approaches to moni-

toring and managing systems during runtime
– Compatibility (or tension) between different model-driven approaches
– Experience related to the use of run-time models to adapt software systems
– Model-driven design for adaptability

The workshop placed strong emphasis on the cross-pollination of ideas from
different researchers from diverse research fields including model-driven engi-
neering, product lines and system families, software architectures, computational
reflection, embedded systems, and autonomous and self-adaptive systems. The
programme committee of M-ADAPT’07 reflected this diversity; thirteen inter-
national researchers from different areas were tasked with the reviewing process
of the papers submitted.

In response to the call for papers, 15 papers were submitted, of which 10
were accepted for presentation and discussion in Berlin: 6 long papers and 4
short papers. Long papers identified clear research challenges and offered clear
contributions and answers to the workshop. Short papers identified research
challenges and specific working examples during the discussions of the workshop.
The number of papers submitted represented a healthy interest in M-ADAPT.
Each submitted paper was reviewed by at least 3 programm committee members
who suggested detailed improvements to the accepted papers. The papers can
be found in the proceedings of the workshop [1] and on the associated web pages
[3].

The workshop was opened to attendees who were not co-authors of any of
presented papers; Twenty two people in total registered for the event from Brazil,
France, Germany, Spain, UK, and USA.

2 Workshop Structure

The workshop was structured in two parts: presentations during the morning
and discussions during the afternoon. During the first 15 minutes of the morn-
ing, Gordon Blair and Nelly Bencomo introduced the goals of the workshop and



proposed a roadmap of the rest of the day. On the basis of the suggested re-
search topics in the Call for Papers and on the contents of the accepted papers,
the presentation part was organized in 3 sessions. The first two sessions were
devoted to Autonomic and Embedded Systems and Specific Techniques and were
dedicated to the long papers. The third session Stated Problems included the 4
short papers.

Long papers were presented by two speakers, the first speaker was an author
of the paper and the second speaker was an independent reader. Second readers
provided a second view on the contents of the paper, placing it in relation to the
workshop topics and research questions. Authors of short papers presented their
research work and stated research challenges identified from their research.

To ensure effectiveness in trems of time, each long paper presentation was
limited to 15 minutes of presentation by the main author and 5 minutes for the
second reader followed by 5 minutes of questions. Short paper were limited to 5
minutes of presentation

The afternoon was dedicated to focused debates. The workshop was closed by
a general discussion, including an evaluation of the workshop itself by the par-
ticipants. Details of the sessions are provided in Sections 3 and 4. The proposed
format worked well, with all attendees contributing to the workshop through
constructive and friendly discussion.

3 Paper Presentations

In this session we summarize the presentations, contributions, and the discus-
sions raised from the talks.

Session 1: Autonomic and Embedded Systems
The workshop opened with three papers on Autonomic and Embedded Sys-

tems issues. The first paper “On Run-time Behavioural Adaptation in Context-
Aware Systems” by Javier Cámara 3, Gwen Salan, and Carlos Canal. The second
reader of the paper was Franck Barbier. The authors reported on their experi-
ences tackling the problem of runtime modifiable adaptation policies dependent
on the current state of the context of the system. Instead of creating an appropri-
ate adaptor to compose the different components at design time, it was explained
how their approach aims at dynamically creating this adaptor. Javier described
a way to model externally visible communication behavior of components as well
as (context-dependent) valid inter-communications between the different com-
ponents. Javier also explained how their research could be used as the basis for
dynamic adaptor generation using dynamic aspect weaving. Javier’s work was
well received as a good technique for adaptation of software. This presentation
provided a crosslink with another ECOOP Workshop, the 4th workshop on Co-
ordination and Adaptation Techniques for Software Entities (WCAT’07) [6]. The

3 We use underline to denote the name of the author presenting the paper at the
workshop.



co-authors of the paper presented by Javier were organizers of WCAT’07 making
valuable contributions to M-ADAPT.

The second paper, “A Model-driven Approach to the Development of Au-
tonomous Control Applications” by Helge Parzyjegla, Michael Jaeger, and Gero
Muehl and discussed by Mario Trapp as a second reader. Helge presented a
model-driven approach for the development of Autonomous Control applications
in sensor networks. Helge explained how their work was motivated by the need to
relieve the developer from the inherently high complexity of such development.
The authors proposed the encapsulation of the necessary expert knowledge in a
model transformation. In order to facilitate runtime adaptation, knowledge from
the model is made available at runtime. The research is partially based on the
MDA philosophy [4]; a multi-step transformation process from application mod-
els to code generation for target platforms was presented. The authors focus on
basic role deployment (i.e., a kind of impersonating behaviors that nodes/devices
can perform). Participating nodes are equipped with self-stabilizing algorithms
for inter-role communication and dynamic role assignment that are the basis of
reconfiguration at runtime. It was praised how the approach proposed by Helge
and his colleagues offer simple initial ideas on the use of a model information to
drive adaptation and auto-organization.

The last paper in the session was “Development of Safe and Reliable em-
bedded systems using dynamic adaptation” by Rasmus Adler, Daniel Schneider,
and Mario Trapp with Helge Parzyjegla as the second reader. Rasmus presented
a classification of approaches to implementing dynamically adapting systems.
Such systems were classified in four categories from ’no dynamic adaptation’ via
’implicit dynamic adaptation’ all the way through to ’systematically engineered
dynamic adaptation’. Rasmus talked about the project MARS. This project aims
at providing a seamless engineering approach from the requirements to running
systems. Starting from a feature model the system architecture is defined using
their own Architecture Description Language (ADL). After specifying the adap-
tation behavior, a design model in Matlab/Simulink is generated that combines
adaptation and functionality in an integrated model. They use validation and
verification techniques of the adaptation behavior include simulation, verifica-
tion, and probabilistic analysis. A major contribution of the presentation was
Rasmus’ comments on the state of the art and future research requirements for
the field of dynamic adaptation. The classification presented a systematic ap-
proach to the development of dynamically adapting systems. The thoughts on
future research directions led to healthy discussion about the need to study the
impact of dynamic adaptation on safety and reliability. From the discussions, it
was concluded and highlighted by Heldge that common understanding of terms
(as for example, adaptivity) is essential when developing the right model-driven
techniques for adaptive systems.

Session 2: Specific Techniques4

4 This session had originally three papers; however one of the papers could not be
presented as the speaker could not attend the workshop.



The second session was dedicated to more specific techniques for software
adaptation. The session was introduced by the paper on Applying Architectural
Constraints in the Modeling of Self-adaptive Component based Applications by
Mohammad Ullah Khan, Roland Reichle, and Kurt Geihs, with Ethan Hadar
as the second reader. Mohammad described an approach for model-based de-
velopment of dynamically reconfigurable systems. The modeling technique en-
ables developers to model the variabilities of a system with respect to runtime
adaptation. The above may result in a large combinatorial number of alterna-
tive configurations (or variants). Mohammad emphasized the fact that many of
these variants are usually not feasible, as some component realizations may re-
quire or exclude realizations for other components. Hence, he showed how the
authors adopted an approach that builds on architectural constraints specified as
part of the application model. They assumed that component realizations may
have some features (properties) that have to correspond to the features of other
component realizations or exclude some components realizations. Features are
associated with a simple constraint. These constrains (invariants) are checked by
the adaptation management when creating the application variants. Examples
of constrains are (i) a feature which is common to all involved components or
(ii) a feature exclusively provided by only one component. The modeling frame-
work follows the MDA paradigm to transform the application UML model [5],
including the architectural constraints, to appropriate source code. The final ap-
plication is deployed to a middleware platform supporting adaptive applications.
The middleware supporting the adaptive applications uses the generated source
code for filtering out all infeasible combinations at runtime, based on the feature
names and the constraints. During discussion, it was highlighted that the role
of MDA in the proposed idea was not crucial for the adaptation concerns of the
approach. The use of MDA was not different from the traditional use. The main
contribution identified is the way how Mohammad and his co-authors have tack-
led the unforeseen conditions that appear at runtime. The identification is based
on the architectural constrains using the features identified. Architectural con-
strains has a crucial role when addressing the scalability problem of the number
of variants.

The second session was closed by the paper “Modeling Software Adaptation
Patterns” by Hassan Gomaa. The second reader was Mohammad Ullah Khan.
Hassan talked about the importance of being able to dynamically adapt soft-
ware architectures at run-time. Hassan also described his research on software
adaptation patterns and their role in software system adaptation. It was shown
how a software adaptation pattern could define the way a set of components
(as an architecture or design pattern) dynamically cooperate to change the soft-
ware configuration to a new configuration. Four patterns were presented and
discussed: Master-Slave Centralized control Client/Server Decentralized control.
Hassan pointed out that for every software architectural or design pattern, there
is a corresponding software adaptation pattern, which models how the software
components and interconnections should be changed. Using his premise, it is
possible to think of automatic evolution of software architectures using software



adaptation patterns. A research challenged identified by Hassan and acknowl-
edged by other participant is the automatic selection of the appropriate adap-
tation pattern to maintain a partial service while adaptation is taking place,
and QoS issues during software adaptation, for example. Mohammad and other
participants raised the fact that the work presented was heavily based on UML
highlighting that there was no use of domain-specific languages, for example.

Session 3: Stated Problems
Four short papers were presented in the third and last session.
- “Experiments with a Runtime Component Model” by Jo Ueyama, Geoff

Coulson, Edmundo Madeira, Thais Batista, and Paul Grace
- “SELF-*: Endowing Software Components with Autonomic Capabilities

Based on Modeling Language Executability” by Cyril Ballagny, Nabil Hameurlain,
and Franck Barbier

- “Modelling Adaptation Policies for Self-Adaptive Component Architectures”
by Franck Chauvel and Olivier Barais

- “A Reconfiguration Mechanism for Statechart Based Components” by
Xabier Elkorobarrutia, Gaiuria Sagardui, and Xabier Aretxandieta

These presentations identified different problems where model-driven tech-
niques can be useful to provide sound solutions. Model-driven techniques seem to
be useful to drive software composition during runtime. Models also have a role
in guiding and generating component reconfiguration in different domains. How-
ever, it was highlighted that the potential value of models is (i) their capability to
represent the dynamic reconfiguration of sets of components (i.e. during execu-
tion), (ii) its use in conjunction with reflection. adaptation policies, autonomous
(self-adaptive) application , and (iii) validation and verification. Models can be
used to predict and analyze the quality of the adaptation behavior to enable
systematic control of the software development as highlighted by Rasmus et all.

4 Discussion Sessions

4.1 Preamble

As a preamble to the general discussion, Gordon Blair wrapped up the morn-
ing sessions summarizing what he had observed and learned so far from the
workshop.

The most striking aspect of the morning for him was the universal recog-
nition of the pressing need for Software Engineering (SE) methodologies, and
specifically model-driven techniques, for adaptive systems. However, it was clear
that the research field is currently in an embryonic stage, with no clear consensus
about approaches or even a common terminology. It is essential to use the experi-
ence from existing approaches and acknowledge the contributions already offered
by different communities. These contributions provide building blocks and the
base knowledge required to answer the open questions and research challenges



tackled in this workshop. Crucially, there are also very few opportunities to bring
together the required communities and hence this workshop was viewed as timely.

He commented that the papers from the morning actually provided a strong
and complementary representation of such existing work under the headings
techniques and methods, and methodologies:

Techniques and Methods

– The use of Components, context, composition, and adaptation techniques
[Javier Cámara et al]

– Context and policies [Franck Chauvel et al]
– State-based models (at run-time) [Cyril Ballagny et al]
– Real-time (reflective) component models [Jo Ueyama et al]
– daptation patterns, adaptation taxonomy [Hassan Gomaa]

Methodologies

– Modelling of adaptation for embedded systems [Rasmus Adler et al]
– Models, roles and self-stabilizing algorithms [Helge Parzyjegla et al]
– Models and architectural constraints [Mohammad Ullah Khan et all]

He then presented a set of key challenges that have to be tackled before
the area can mature. The first was the lack of a common terminology which
makes it difficult to have meaningful dialogue across the various contributing
communities. The second was then embracing the full complexity of real world
distributed applications where there is typically a very large design space of
components and features, where you have to deal with both anticipated and
unanticipated events, where you may need distributed and/ or decentralised
solutions for scalability, and where you need to address whether to seek domain
specific or generic solutions. He also highlighted the key distinction between
adaptive and autonomic systems (the latter embracing self-* management and
inevitably emergent properties), and the subsequent need to have model-driven
techniques that embrace what is in effect a spectrum of adaptive or autonomic
solutions.

He then concluded with a set of open questions for the audience to consider
in the afternoon [2]:

– What is an appropriate MDE methodology for adaptive and/ or autonomic
(distributed) systems

– What are the appropriate constituent models?
– What is an appropriate transformational process?
– Where is adaptation folded into such a process?
– Is there a role for models@run-time?
– What do we know (useful building blocks)?
– What do we not know (towards a roadmap)?



– and, of course, what should we do next!

The attendees then submitted a number of questions that they saw as im-
portant based on the discussions so far. From this, two key areas were identified
for further discussion in the afternoon:

– Overall (model-driven) methodologies for adaptive and/ or autonomic dis-
tributed systems

– Specific focus on the role of models at execution time (cf. Models@Runtime)

4.2 Summary of Ensuing Discussion

As mentioned above, the discussion in the afternoon focused on overall method-
ologies and also on the concept of Models@Runtime.

The discussion on overall methodologies was facilitated by Hassan Gomaa
and build on the considerable expertise in the group on different aspects of
adaptive systems. The discussion focused mainly on identifying common termi-
nology and synergy between the different approaches. Particular attention was
given to the complementary roles of triggers, adaptation actions, and adaptation
rules as defined below:

trigger : an event or condition that causes the need of adaptation, e.g. user-
related actions and changes in the environment.

action: which realizes the actual adaptation, e.g. architecture, algorithms,
and parameters.

adaptation rule: a rule that defines which triggers cause which adaptation
actions. Rules also describe the conditions that should be met to carry out an
action.

This provided a common framework to then seek more comprehensive solu-
tions for adaptive distributed systems.

The other group focused exclusively on the emerging concept of maintaining a
model of a system at runtime. This is very much a new idea and initial discussion
concentrated on motivation for such an approach, highlighting the role that such
models can have in informing and constraining the adaptation process. There
was also a view that such models can raise the level of abstraction in discourse
about such adaptive processes. The rest of the discussion then considered the key
question of what a model at runtime would look like, what level of abstraction
should this offer, and what (meta-) information should be maintained in such
models? Should their also be one model or are we looking at a series of orthogonal
models.

The two groups then came back together and discussed their collective re-
sults. The participants agreed that the workshop had raised many very valuable
questions and that this is potentially a very important area for research. Some
insights emerged during the workshop. For example, as explained in Hassan’s
work, models can be used to represent adaptation patterns that would be auto-
matically selected during runtime. The paper presented by Mohammad showed
initial ideas on how to use constrains in architecture-based models as a way to



deal with the unanticipated conditions often found in adaptive systems. Further-
more, given the potential impact of dynamic adaptation on reliability and safety
properties of systems, a major concern highlighted was the need to predict and
analyze the level of quality of adaptive behaviour. In this sense, models used
during runtime should represent information that makes explicit the use of QoS
during adaptation.

5 Final Remarks

The main goal of the workshop was to bring together researchers from different
communities interested in the field to get them to know about each other’s work.
The workshop lived up to its expectations with high-quality papers, presenta-
tions, and discussions. The fact that there are actually very few forums where the
constituent researchers from different communities can get together was high-
lighted. For these reasons the opportunity to held the workshop M-ADAPT was
timely. However, it was concluded that next steps should include clarification
of the terminology to help come to a common understanding of adaptive sys-
tems. This common understanding would help to concentrate rather than dilute
efforts. The concept of models at runtime was also flagged as a crucial area for
further investigation.

Three papers were selected to be published (in extended versions) in IEEE
Distributed Systems online [7]. These were the papers presented by Rasmus
Adler et all, Mohammad Ullah Khan et all, and Helge Parzyjegla et all.

The workshop was closed with a warm “thank you” from the organizers to all
participants for a successful workshop. After the workshop finished, participants
headed to the workshop reception at ECOOP to continue sharing ideas and enjoy
each other’s company.
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Arnor Solberg, Mario Trapp, Tháıs Vasconcelos Batista, Steffen Zschaler, Lus
Ferreira-Pires, and Bedir Tekinerdogan. We also thank to the Workshop Chairs
Peter Pepper Arnd and Poetzsch-Heff and specially Michael Cebulla for the
organization and patience dealing with the organization of the workshops. Last
but not least, the participants and authors of all submitted papers are thanked
for helping us making this workshop possible.

References

1. Blair, G., Bencomo, N., France, R., Cebulla, M.: Proceedings of the First Workshop
on Model-driven Adaptation (M-ADAPT ’07) at ECOOP 2007, Bericht Nr. 2007 -
10, (2007)

2. Blair, G., Bencomo, N., France, R.: Summary of the Workshop Models@run.time at
MoDELS 2006. Lecture Notes in Computer Science, Satellite Events at the MoDELS
2006 Conference, Springer-Verlag (2006) 226 – 230

3. http://www.comp.lancs.ac.uk/ bencomo/M-ADAPT07/index.html (2007)
4. Kleppe, A., Warmer, J., Bast, W.: MDA Explained The Model Driven Architecture:

Practise and Promise, Addison-Wesley, (2003)
5. Fowler, M., Scott, K.: UML Distilled Addison Wesley, (1999)
6. Canal, C., Murillo, J., Poizat, P.: Proceedings of the Fourth International Work-

shop on Coordination and Adaptation Techniques for Software Entities (WCAT’07,
(2007)

7. http://dsonline.computer.org (2007)


