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Abstract:

Extensible software systems have been increasingly demanded as a means of
supporting in a more faithful way constantly changing user requirements and
also as a necessary logical counterpart to rapidly evolving networking architec-
tures. Such terms as open, reconfigurable, mobile and reflexive have been used
to attempt to describe relevant facets of this kind of reactive system with dynam-
ically varying functionality or structure. In this thesis, we not only characterise
extensible systems but also study their rigorous design.

We advocate a proof-theoretic step-by-step approach to the development of
extensible systems as a means of ensuring correctness, modularity and incre-
mentability. By spelling out their characteristics and identifying corresponding
logical constructions, we present as an original foundational contribution a first-
order branching time logical system that seems to be appropriate as a basis
for specification and verification. Even though our software process approach
is proof-theoretic, we provide both model and proof theories for the proposed
system, studying in the context of general logics important properties such as
soundness, completeness and expressiveness. We argue that other logical sys-
tems proposed in the literature are not adequate to achieve the same desirable
effects in design.

We also study particular software development approaches based on the ac-
tor model, on dynamic sub-classing and on meta-level architectures which could
best underpin the rigorous design of extensible systems. Specific design princi-
ples are proposed in the form of derived inference rules with their application
guidelines and composability notions are studied in terms of categories of the-
ory presentations. We show that reasoning about their local properties can be
carried out based only on such constructions but global properties may not be
verified without the additional aid of a rely-guarantee discipline. A series of
helpful theorems and realistic examples are developed to support and illustrate
how our ideas can be effectively applied in practice.
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