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The problem

Consider a service-based application for mobile devices that synchronizes video and audio streams
coming from various sources and redistributes to several clients following different consumer protocols.
• How to predict, compositionally from its component services and the underlying architectural
glue, key (qualitative and quantitative) properties characterizing its global behaviour and
evolution in an open, changeable environment?
• How to guarantee satisfaction of such behavioural properties at runtime?
• How to ensure the application meets the performance requirements specified in service-level
agreements with its clients?
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The theme

Service-based software systems [8] are built by plugging services together which interact by exchanging data, performing computation, and modifying their environment. Services are dynamic
entities, running on different platforms often owned by different organisations, interacting through
public interfaces, and typically remaining loosely coupled, if not utterly unaware of each other.
Designing such systems right is very difficult, because their complexity is beyond the current
practical reach of formal methods. In particular, existing models for service behavior specification
lack means for reasoning about real-time and performance characteristics/requirements of interacting services. Such inadequacy is explained by systems complexity (which entails the need for
flexible compositional approaches), inappropriate simplifications (e.g., the assumption that QoS
parameters are independent of each other) and the inability to deal with insufficient data about
service behavior and/or QoS characteristics.
The questions above are about predicting properties and ensuring they are
maintained, within certain limits of invariance, along the system’s life. Change
being the norm rather than the exception, architectural dynamic reconfiguration, i.e., the ability of a system to adjust itself at runtime in response to
perception of context, to maintain behavioural and QoS invariants, is a major,
open research issue, which frames this PhD project.
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Objectives

This PhD project aims at developing
new and effective formal techniques for modeling, analyzing and reasoning
about architectural reconfiguration of (service-based) time/performance critical
systems, encompassing monitoring, reassembling and redeployment at runtime.
This entails both:
• The development of a QoS-aware architectural model and an associated modeling language.
• The semantic characterization of a notion of architectural reconfiguration over such a model
and the development of the corresponding theory.
• The design of a framework to derive on-the-fly reconfigurations of systems, simulate their
effects and analyze their impact on a (model) of the application.
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Envisaged approach
• It is expected that the whole research will be framed in the context of Reo[3, 4], a model
for exogenous coordination of software with strict service decoupling to support loose intercomponent dependency, under development at CWI, Amsterdam. The dissertation will
contribute to the development of Reo, at different levels (semantics, analysis and tools); its
tool-oriented deliverables will be developed as plug-ins for ReoTools [11].
• In this sense, the project will start with the development (within the context of Reo) of a
QoS-aware architectural model and specification language, on top of which specific architectural patterns could be defined and used in the sequel. Current work on QoS annotations
and forms of stochastic composition for Reo, and associated (partial) tool support, will be
taken as the starting point.
• Such architectural patterns should be annotated with QoS attribute values and equipped
with some notion of robustness, measuring the quality of response to unpredictable change
and avoidance of failure. Robustness is studied in several contexts. A possible approach
relies on game-theoretic semantic models [2, 1], resorting to a notion of adversary to model
environmental factors beyond the system control. Game-theoretic approaches enable a finegrained understanding of the logical principles underlying interaction based on the system’s
structure, which may provide an interesting alternative to model endurance to failure.
• QoS analysis of architectural patterns and their reconfigurations may resort to suitable
model-checking tools, namely Prism [10, 12], for probabilistic model-checking, and Ivy [5],
a model based tool for the analysis of interactive systems design under current development
at Minho.
• A challenging, but fundamental issue in this PhD project concerns modeling reconfigurations
and the development of a suitable calculus of reconfigurations whose objects are expressions
describing architectural patterns (in the language defined for the project’s QoS-aware architectural model). Graph-based formalisms, in particular, graph rewriting techniques [6, 7, 9]
will, most probably, be interesting candidates.
• The overall PhD project will include (and, to a certain extent, be driven by) 2 to 3 case
studies in the envisaged area of application.
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Context

This PhD project is integrated in a research line on Formal techniques for architectural design
within the HASLab group. The candidate is expected to take part in the group regular scientific
activities as well as to help in running exercise classes and supervising teamwork projects within
graduate curricular units managed by HASLab staff. All of these activities will be suitably
certified and mentioned in the candidate’s diploma supplement.
It is envisaged a close collaboration with the Reo project, including short-term research stages
at Prof. F. Arbab’s group in CWI, Amsterdam.
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