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Abstract

This thesis describes a new approach to achieving high quality distributed
garbage collection using the Train Algorithm. This algorithm has been investi-
gated for its ability to provide high quality collection in a variety of contexts,
including persistent object systems and distributed object systems. Prior lit-
erature on the distributed Train Algorithm suggests that safe, complete, asyn-
chronous, and scalable collection can be attained, however an approach that
achieves this combination of behaviour has yet to emerge. The mechanisms and
policies described in this thesis are unique in their ability to exploit the dis-
tributed Train Algorithm in a manner that displays all four desirable qualities.
Further the mechanisms allow any number of mutator and collector threads
to operate concurrently within a site; this is also a unique property amongst
train-based mechanisms (distributed or otherwise).

Confidence in the quality of the approach promoted in this thesis is obtained
via a top-down approach. Firstly a concise behavioural model is introduced
to capture fundamental requirements for safe and complete behaviour from
train-based collection mechanisms. The model abstracts over the techniques
previously introduced under the banner of the Train Algorithm. It serves as
a self-contained template for correct train-based collection that is independent
of a target object system for deployment of the algorithm. Secondly a means
to instantiate the model in a distributed object system is described. The in-
stantiation includes well-established techniques from prior literature, and via
the model these are correctly refined and reorganised with new techniques to
achieve asynchrony, scalability, and support for concurrency. The result is a
flexible approach that allows a distributed system to exhibit a variety of local
collection mechanisms and policies, while ensuring their interaction is safe, com-
plete, asynchronous, and scalable regardless of the local choices made by each
site.

Additional confidence in the properties of the new approach is obtained from
implementation within a distributed object system simulation. The implemen-
tation provides some insight into the practical issues that arise through the
combination of distribution, concurrent execution within sites, and train-based
collection. Executions of the simulation system are used to verify that safe col-
lection is observed at all times, and obtain evidence that asynchrony, scalability,

and concurrency can be observed in practice.

viil



Declaration

This work contains no material which has been accepted for the award of any other
degree or diploma in any university or other tertiary institution and, to the best of
my knowledge and belief, contains no material previously published or written by
another person, except where due reference has been made in the text.

I consent to this copy of my thesis, when deposited in the University Library,

being available for loan and photocopying.

Matthew Clifton Lowry,
15 December 2004.

ix



Acknowledgements

Firstly I would like to thank my supervisor Dr David Munro for his guidance
and whip-cracking through the years in which the research presented here was un-
dertaken. I am also grateful to my colleagues in the Jacaranda Research Group for
refusing to believe my blithe assertions and arguing with me. In particular I am very
grateful to Dr Katrina Falkner for effectively being an unofficial second supervisor. I
must also give many thanks to my family and friends for the unlimited support they
provided and their incessant credulity that I would eventually complete this work.

Also I would like to acknowledge the contributions (mostly inadvertent, I suspect)
that have been made by the many researchers who have or continue to investigate the
Train Algorithm; our interaction through workshops and research visits has certainly
influenced the outcome of my own efforts. Lastly I would like to acknowledge the
financial support I've received through the Australian Postgraduate Association, The
University of Adelaide, the Australian Research Council, and my parents for making

all this possible.

Typeset in Concrete and Euler using BTEX.



