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Modern software systems are highly distributed and software engineering (SE) is inherently interdisciplinary, comprising both technical and human concerns. SE provides me with my preferred style of research,
which is collaborative and interdisciplinary. I seek to apply SE on real-world applications and that has taken
me to work in research labs that are not inherently related to SE, such as the ARLES team in Inria- France
(a lab on software architecture and distributed systems in French), the reflective middleware group in Lancaster University, a math models Lab at the UCV in Venezuela and more recently the research lab, which I
co-founded, ALICE at Aston (the Aston Lab for Intelligent Collectives Engineering). I have built a portfolio of
successful collaborative and innovative research in areas such as decision making under uncertainty and distributed, self-adaptive and autonomous systems where I have successfully applied innovative SE techniques.
Current Work: Decision-making Under Uncertainty
As software systems become more pervasive and mobile, there is growing uncertainty about their environment. Therefore, how the system should behave under different contexts cannot be fully predicted at
design-time [23; 10]. It is considerations such as these that have led to the development of self-adaptive systems (SAS) [25], which have the ability to dynamically and autonomously reconfigure their behavior to respond
to changing external conditions.
The self-adaptation and self-management capabilities required involve decision making under uncertainty
- that is, choosing actions based on often imperfect observations, with unknown outcomes. Designers of these
distributed and self-adaptive and software systems must take into account the various sources of uncertainty
while balancing the multiple objectives of the system [24; 11]. A key argument in my research is that current
systems engineering methods do not well support the kind of dynamic appraisal of how well the SAS is meeting its target behaviour. Furthermore, a considerable part of current research efforts in the research area of
SAS have focused on answering the question when to adapt by defining the events (known or partially known)
and the actions the system needs to take accordingly in order to perform the adaptation [25]. The approach I
have taken is rather different. I argue that a dynamically adaptive system should be able to autonomously
assess deviations from its specified behaviour and use these deviations to trigger adaptation. This is
a different way to tackle the question when to adapt and allows the running system to deal with uncertainty
in a more explicit way. The underlying hypothesis here is that explicit treatment of uncertainty by the running system, based on evaluation of evidence, improves its judgment to make decisions. Crucially, allowing
the system to exhibit explicit treatment of uncertainty by evaluation of new evidence requires the use of techniques that traditionally have not been used to support requirements, such as Bayesian learning and other AI
techniques [21; 14; 15].
QuantUn: Quantification of Uncertainty. I am working on the development of novel techniques to explicitly
quantify uncertainty to support decision-making in self-adaptive systems. An aim of QuantUn is to investigate techniques to explicitly quantify the deviation from the original specified behaviour based on
information and evidence gathered during runtime. A technique I have developed is based on the novel
idea of the definition of Bayesian surprise [1] as the basis for quantitative analysis to measure degrees of
uncertainty and deviations of self- adaptive systems from the expected behaviour. A surprise measures how
observed data affects the models or assumptions of the world during runtime. The key idea is that a “surprising” event can be defined as one that causes a large divergence between the belief distributions prior to
and posterior to the event occurring. Crucially, a surprise implies that the system may decide either to adapt
according to the new situation found or to flag that an abnormal situation is happening, and therefore the need
for adaptation may be delayed. Further, surprises associated with different non-functional requirements (a.k.a.
QoS properties) can be used to uncover unknown relationships between non-functional requirements to, therefore, allow the re-assessment of their tradeoff due to new knowledge acquired during runtime and that may
have been impossible to know before.
In [12] with my collaborators in Birmingham University, I presented a method that allows designers to make
explicit links between the possible emergence of surprises, risks and design trade-offs during design time. The
method can be used to explore the design decisions to support self-adaptation to, therefore, choose among
decisions that satisfice non-functional requirements in a better way and also address their trade-offs.
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Future Research
I plan to leverage my developed research skills to build and enhance my current portfolio with new, but
allied and complementary, lines of research, potentially collaborating to solve real-world problems relevant to
society. Models@run.time is a crucial device in the future research directions.
Uncertainty. I plan to continue working on decision-making under uncertainty. One of the benefits of
being able to characterise if a surprise is small is that the surprises could be used as a way of providing an
implementation of the RELAX language [10]. Furthermore, small surprises could be used to tolerate evidence
of unanticipated but transient environmental conditions that can trigger unnecessary adaptations. Doing so
would be an alternative solution to the one offered in [7] where the validity of design assumptions are assessed
at run time while tolerating minor and unanticipated environmental conditions that can trigger adaptations. I
am also interested in the definition of new quantification techniques alternative to Bayesian surprises.
Requirements Reflection. Requirements reflection is a new SE paradigm (a.k.a. requirements-awareness)
[11; 17], in which requirements are reified as runtime entities [8]. This allows systems to dynamically reason
about themselves at the level of the requirements. Requirements reflection supports the development of SAS
because it raises the level of discourse at which a software system is able to reflect upon itself [9]. With other
colleagues [11], I have presented a research agenda to realise the vision of requirements reflection to support
the development and operation of self-adaptive systems. Five challenges for this vision were identified. During
my Marie Curie fellowship I worked towards all these research challenges with main results towards challenges
1, 2 and 4. Challenge 1, Uncertainty, came up as my main current research topic developed earlier. Bellow, I
list the challenges and make reference to the publications associated. However, Challenges 3, 4, and 5 offer
relevant paths that can be built upon my current research and with collaboration with academics in Lancaster.
-Challenge 1: Dealing with Uncertainty. Uncertainties arise because of the stochastic nature of events in the
environment, limited sensor capabilities, and difficulties in predicting how the modification of system services
will affect behaviors and the system goals. [5; 6; 7]
-Challenge 2: Runtime representation of requirements. The first challenge is the runtime representation of
requirements in a form suitable for introspection and adaptation. Introspection implies the ability of a runtime
entity to reveal information about itself. Explicit runtime representation of systems’ requirements and goals has
a key role when endowing systems with self-awareness capabilities [9; 8; 15].
-Challenge 3 : Multi-objective decision-making. Because of the nature of conflicting requirements, run-time
resolutions of uncertainty inherently involve multi-objective decision making. In SE, multi-objective decision
making techniques most often rely on constructing a utility function, defined as the weighted sum of the different objectives. However, this approach suffers from a number of drawbacks. Firstly, it is well known that
correctly identifying the weight of each goal is a major difficulty. Secondly, the approach hides conflicts between multiple goals under a single aggregate objective function rather than truly exposing the conflicts and
reasoning about them.
-Challenge 4: Self-explanation. A problem with self-adaptive systems is that users may not understand or
trust them. Such a lack of intelligibility can mean that users may cease to use a system. I propose the use of
goal-based models during runtime to offer self-explanation of how a system is meeting its requirements, and
why the means of meeting these were chosen. [2; 3]
-Challenge 5: Synchronization between goals and architecture. The above has the subsequent need to maintain the relationship (i.e. synchronization) at runtime between goals and underlying system structures. I
therefore see a major challenge to maintain this synchronization during execution as either the requirements
are changed from above or the architecture is changed from below. [16]
Wrt Challenge 3, Multi-objective decision-making, I believe that Bayesian surprises can also be used to
explore the operating environment to therefore improve its understanding. we have envisioned [1] the use of
Bayesian surprises to support a review process of sensitivity analysis to agree on consistent utility functions.
As hinted by the initial experiments shown in [1], preferences and weights to certain QoS properties given by
experts during the sensitivity analysis process may not be ideal for some specific cases. Badly-chosen preferences and weights can either suggest unnecessary adaptations or make the system miss adaptations that may
degrade the behaviour of the system due to contexts that were not fully understood during the requirements
elicitation and design of the decision-making process. Furthermore, Bayesian surprises do not make use of
preferences or weights. Based on the above and using the application scenarios, Bayesian surprises will be
used (i) as a way to review and improve the sensitivity analysis to agree on consistent utility functions during
simulations of the system or while having the running system enabled with Bayesian surprise technique, and
(ii) to uncover conflicts between non-functional requirements and support reasoning about these conflicts and
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therefore, allow the re-appraisal of their tradeoff due to evidence found during runtime. In [13] with my PhD
student at Aston we show first experiments using techniques to reassess the preferences of quality attributes
(soft-goals or non-functional requirements) to correct unwanted effects due to initial preferences and assumptions that may not agree with the current environmental conditions and context monitored by the system.
Challenge 4: Self-explanation. The behaviour of distributed and self adaptive systems can be emergent,
which means that the system’s behaviour may be seen as unexpected by its customers and its developers.
Therefore, a distributed self-adaptive system needs to garner confidence in its customers and it also needs
to resolve any surprise on the part of the developer during testing and maintenance. I believe that these
two functions can only be achieved if the system is also capable of self-explanation. I argue a self-adaptive
system?s behaviour needs to be explained in terms of satisfaction of its requirements to be understood by
stake holders such as final users or operators. Since new expected behaviour may emerge, I propose the use
of runtime requirements models to offer self-explanation of how a system is meeting its new target behaviour.
Also, it is needed to raise the level of abstraction while developing distributed self-adaptive applications to
support reasoning and match domain-specific knowledge. In [2] we present initial results and demonstrate the
analysis of run-time requirements models to yield a self-explanation codified in a domain specific language.
Challenge 5: Synchronisation between goals and architecture. To support eternal software systems, the
focus of software development should shift away from a traditional approach where environmental conditions
are foreseen and behaviour of the system is coded accordingly. New dynamic approaches are required where
components and/or services are dynamically discovered and then composed together to recreate the system
according to the current requirements and environmental contexts. This dynamic composition requires the
synthesis of software on-the fly [16]. I believe that the use of runtime models will play an important role [4].
I am attracted to apply the above to a range of distributed systems that fall within different areas of interest,
such as IoT, cloud computing. I am also attracted by problem domains such as environmental IoT deployments,
mitigation and adaptation to environmental change, sustainability.
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