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Prologue

This manuscript studies the Abstract Behavioural Specification (ABS), a formal
language for designing executable models of parallel and distributed object-oriented
systems [48]. ABS is defined in terms of a formal operational semantics which
enables a variety of static and dynamic analysis techniques for ABS models, e.g.,
deadlock detection [14,39], verification [30] and resource analysis [5].

The overall goal of this thesis is to extend the asynchronous programming model
and the corresponding analysis techniques in ABS. Based on the different results, the
thesis is structured as follows: Part I gives a preliminary overview of the ABS. In part
IT, we apply an extension of ABS with a notion of shared memory which preserves
encapsulation to a case study, where we provide a parallel and distributed model of
preferential attachment which is used to simulate large-scale social networks with
certain mathematical properties. Encapsulation is preserved by a single-write policy.
In Part III, we formally extend ABS to enhance both asynchronous programming
by data streaming between processes, and parallelism by multi-threading within
an actor. Finally in part IV, a new technique based on predicate abstraction is
introduced to analyze the ABS models for the absence of deadlock within an actor.

Validation. This work has been carried out in the context of the UpScale Project,
an EU-funded project where the vision was:

to provide programming language support to efficiently develop applica-
tions that seamlessly scale to the available parallelism of manycore chips
without abandoning the object-oriented paradigm and the associated
software engineering methodologies.

In particular, the above extension of ABS concerning streaming of data has been
validated by the case study on preferential attachment for the efficient multicore
and distributed simulation of large-scale social networks. The results of this thesis
have been separately validated by the peer-reviewed scientific publications listed in
Table 1.
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