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ABSTRACT

Dynamically Adaptive Systems (DAS) modify their behaviours in re-
sponse to (sometimes unpredictable) changes in their environment
or to the evolution of their own abilities (sensors and actuators). To
support adaptation, a reference architecture (such as the MAPE-K
model) is paramount. Yet, this is not sufficient as challenges con-
cerning the fine-grained variability management and testability
remain. The STARS Ph.D. project aims at developing a variability
and context-aware architectural model for DAS that particularly
takes into account testability. In particular, we want to adapt tests at
runtime in order to assess and prevent the impact of inappropriate
adaptations.
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1 CONTEXT

The advent of internet-of-things (IoT) and Smart Homes has led to
an ever-increasing number of connected devices and sensors, which
produce an enormous amount of data, that in turn fuel smarter
software systems [12]. An important characteristic of such systems
refers to their capability of dynamically self-adapting according to
changes in their execution environment in a way that is transparent
to their users [10]. Also, adaptations are difficult to define since
they may take place at the early stages of the development process,
but also at runtime where there are many situations to consider,
e.g., limited connectivity, hardware heterogeneity, changes of user
preferences, etc. Software architecture is paramount to support
adaptation robustly and efficiently. As a result, the role of software
architecture is gaining momentum in the research and practitioners
communities [4].
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Besides that, there are challenges to testing because the context
is unpredictable and may change at any time [5]. In this scenario, is
necessary to consider the dynamic context changes while testing a
dynamically adaptive system (DAS). Some works [3] [5] [9], present
solutions can help us to understand how to test DAS, taking into
account its adaptability to context. These solutions can be used to
develop more testable and adaptable architectures.

2 OBJECTIVE

The main objective of the Software Technology for Adaptable and
Reusable Systems (STARS) project is to develop an architecture
model for DSPL construction that allows the analysis of context
based on sensors or data produced by other systems and in the
sequence initialize the reconfiguration process. For this purpose, it
must take into account the models of Variability and Context [6].
Moreover, the STARS project is based on the Smart Home Envi-
ronment (SHE) Architecture and SHE Framework [12], aimed to
support Dynamic Software Product Lines (DSPL). The SHE project
is based on the MAPE-K architecture, capable to support Monitor-
ing, Analysis, Planning and Execution activities, required to handle
self-adaptive systems [7],[2]. Besides, the SHE project also handles
Knowledge, as a means to provide the necessary data to support
the system reconfiguration process and interact with all the other
activities.

Also, we want to understand how these architectures can be
tested at runtime to minimize the impacts of inappropriate adapta-
tions to unpredictable contexts. To such purpose, the research will
explore the links between DAS and testability, e.g., how to adapt
the test methodology and tools to dynamically evolving features.

3 RESEARCH QUESTIONS

The STARS project is articulated with respect to the following
research questions:

RQ1. What are suitable models and mechanisms to han-
dle variability in a DSPL architecture? To address this research
question, we will survey the existing architectural proposals, no-
tably those based on MAPE-k loops, and investigate how existing
variability mechanisms (e.g., feature models [8]) can be related to
the model. As a result, a new architectural model will be proposed.
This architectural model will particularly take into account testa-
bility.

RQ2. How does the architecture support the identification
of a specific context to foster the requested system adapta-
tion? In particular, we will assess the identification capabilities of
the proposed architectural model on the SHE platform.
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RQ3. What are the appropriate adaptation mechanisms
and how can they be tested? As we have seen, two adaptation
strategies exist: ECA and goal-based. The goal of this research
question is to explore which strategies are the most appropriate
and how can they be efficiently tested.

4 BRIEF WORK PLAN

To investigate the proposed research questions, we will generally
follow an empirical approach, using the SHE implementation as
validation platform. The first step is to investigate about the testing
of the DAS because the context is unpredictable and may change
at any time. Then a literature survey will be conducted to cover
the test techniques, methods, and tools necessary to perform the
assessment in RQ3. We expect that this step will take six months
and the outputs will be the literature survey (a journal publication
is envisioned) and a technical report describing the test strategies
for DAS.

The second step is to investigate the areas of SPL engineering,
DSPL engineering, Context-Aware Systems, MAPE-K model, model-
driven engineering (MDE), Event-Condition-Action (ECA) rules
and goal optimization. Understanding these underlying concepts
is of utmost importance to follow up on this research. Then a
literature survey will be conducted to cover the models necessary
to perform the assessment in RQ1. We expect that this step will
take six months and the outputs will be the literature survey (a
journal publication is envisioned) and a technical report describing
the proposed architectural model.

The third step is to perform an exploratory study to assess the
SHE platform. The study aims to understand when and how the
SHE platform is capable to identify the specific context and, based
on it, finding the appropriate sequence of actions and the software
mechanisms that enable adaptation. A follow-up study will be con-
ducted to identify when and how the SHE to adapt to perform the
assessment in RQ2 in relation with the architectural model pro-
posed. This step will require to extend the platform to support the
requirements of the architectural model. We estimate that one year
and half is necessary to carry out this step and that it will result in
three conference publications.

The fourth step consists in investigating the adaptation mech-
anisms identified during the first step with respect to the SHE
platform. In particular, we will implement and test them on the
SHE platform with respect to various application scenarios: incident
management (fire, health issue) or efficient energy management.
This step will last one year and result in one journal publication.

Finally, the last year will be dedicated to the dissertation writing
and the thesis defense.

5 RELATED WORK

Perrouin et al. [11] presented an approach, which allows dynam-
ically adapting not only the system but also both its adaptation
mechanisms and its adaptation policies. This work exploits the
ECA-based and Goal-based techniques to define a dynamically re-
configurable adaptation loop. The adaptation loop allows evolving
Dynamically Adaptive Systems (DAS) in a much more flexible man-
ner. Moreover, the authors, pointed out the synchronization issue
when evolving the variability model at runtime and highlighted the
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need for a runtime checker ensuring the validity of dynamically
adaptive systems. Both works consider the MAPE loop as the basis
for adaptive systems. However, STARS does not combine reasoning
strategies (goals or ECA) to cope with new requirements, optimize
DAS to use the most adapted reasoner or easily integrate new di-
mensions of the environment, it uses the MAPE-K loop. That is,
we use the data produced by the system as a strategy for decision
making.

Baresi et al. [1] proposed a reference architecture for dynami-
cally evolving DSPLs, which manages the validation, rebinding and
adaptation stages of the DSPL evolution process. For each stage, the
authors propose the reasoning operations to avoid consistency and
correctness issues, which cannot be properly handled manually by
the DSPL maintainer due to their complexity. In addition, explained
how this architecture supports the evolution of DSPLs based on
Feature Models extended with cardinality and attributes. Our work
uses the MAPE-K loop to bind and unbind new features according
to DSPL reconfiguration rules and context.
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