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Software as Heterotopia

• Categories and categorization schemes appear to be 
cultural constructs, and hence rather arbitrary.

• There is reason to believe that an associative model is 
appropriate to describe information: Human memories 
seem to be associative in nature.

• Associative descriptions of categorical metadata seem 
like an appropriate direction for study.
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Defining Metadata

• Metadata descriptions vary, especially between the 
library science, computer science and commercial 
publishing communities.

• I defined metadata as “information used to administer, 
describe, preserve, present, use or link other 
information held in resources, especially knowledge 
resources, be they physical or virtual.”

• A mechanism is needed to computationally separate 
virtual, physical and conceptual metadata.
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Why Software Fails

(a) Bug types vs. (b) Cost of correction

• Software bit-rots as it is maintained.  The very act of 
maintenance introduces bugs, and strains early design 
choices.

• However, maintenance failure is typically a 
consequence of the loss of coupling between software 
components and system metadata.

The 60/60 Rule of Software Maintenance
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What Can Be Done

• Maintain the relationships between software 
components and system metadata.

• Relational navigation of software system metadata has 
been shown to facilitate maintenance decisions.
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Problem Statement

• What elements of system metadata are required 
during software maintenance?

• How should system metadata be applied to existing 
software projects?  Should it be attached to source 
code, stored in parallel to source code or are there 
other alternatives?
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Problem Statement

• Can the loss of coupling between software 
components and system metadata be prevented, or 
can a software project recover from the loss in order 
to avoid maintenance failure?

• Can a methodology be defined that facilitates ongoing 
maintenance without requiring a significant amount of 
“extra” work during the initial software development 
phase?
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Elements of Metadata

What elements of system metadata are required during 
software maintenance?

• The SEC ontology defines a minimal set of metadata 
for software maintenance activities.
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Application of Metadata

How should system metadata be applied to existing 
software projects?  Should it be attached to source code, 

stored in parallel to source code or are there other 
alternatives?

• System metadata may be attached or separate, but 
attached/separable metadata provides the greatest 
benefits because its reuse may be automated and it 
may be maintained in situ.
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Maintainable Systems

Can the loss of coupling between software components 
and system metadata be prevented, or can a software 

project recover from the loss in order to avoid 
maintenance failure?

• The SWAMM methodology prevents or recovers a loss 
of coupling between software components and system 
metadata.
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A Methodology

Can a methodology be defined that facilitates ongoing 
maintenance without requiring a significant amount of 
“extra” work during the initial software development 

phase?

• The SWAMM methodology minimizes metadata 
collection actions during development.
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Implementations

• Extended Persistent URL (PURL) service

• SEC Ontology in OWL

• Agent model of the SWAMM Methodology

• Inhibit.js and Active PURL prototypes

• Prototype relational navigation user interface
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Theoretical Claim

• Formalized and standardized metadata has been 
underutilized in software system descriptions, resulting 
in an inability to efficiently coordinate software 
maintenance activities.  The use of formalized and 
standardized metadata to describe software systems 
provides a basis for more efficient software 
maintenance.
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Theoretical Contributions

• A general classification for applications of metadata to 
resources, inclusive of trust relationships, on the World 
Wide Web and a theory of the application of metadata 
to software source code supported by that 
classification. 
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Methodological Claim

• The maintenance of system metadata is shown to 
facilitate understanding and relational navigation of 
software systems and thus to forestall maintenance 
failure.
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Methodological Contributions

• PURLs, the SEC ontology and the SWAMM 
methodology are tools for addressing software 
systems that continuously evolve, whose requirements 
are not static and which were imperfectly executed 
during their initial development.
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Responses to Prof. Sutton

Shorten Chapter III’s historical perspective:

• My (imperfectly described) attempt in the historical 
narrative was to identify metadata “best practices”.

• G.K. Chesterton called this approach the “democracy 
of the dead” and political commentator Wick Allison 
recently noted that it “gives the benefit of the doubt to 
customs and laws tried and tested in the crucible of 
time.”

• I would prefer to better state my case than to shorten 
the analysis.
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Responses to Prof. Sutton

Other possible means to address scaling limitations in 
Chapter VIII:

• Query-based systems (e.g. Inhibit w/Active PURLs) to 
limit data quantity.

• Server-side spooling systems (e.g. Backstage) to allow 
full access to data in time.

• Client-side spooling systems to accept more data on 
the client.
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Responses to Prof. Sutton

What were the issues encountered when developing 
SWAMM and SEC?

• I have been a “small s” Semantic Web advocate and 
thus a bit uncomfortable with the logical formalisms of 
OWL.  SEC and its application in SWAMM was to some 
degree an experiment to see if OWL is useful.

• My relative lack of experience in language formalisms 
lead to a limiting of SEC to OO and focused on Java.

• I work in small teams and tend toward “Agile” 
methodologies; SWAMM reflects that.  I would like to 
try SWAMM in a large product shop (e.g. Microsoft, 
Apple) for comparison.
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Responses to Prof. Sutton

What discoveries were made with SWAMM when applied 
to the JRDF and PURL projects?

• Benefits accrue during maintenance, not development.

• JRDF was forked, thus losing access to the initial 
developer; the PURL project lost the key server 
developer.
– In both cases, the most useful feature of SWAMM for me was 

mapping of a particular developer’s code to tests and 
requirements for the purpose of learning how to change the 
code without breaking it.
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Responses to Prof. Whitehead

Prof. Whitehead caught at least two significant 
oversights on my part:

• Support for deletion of software components (with 
retention of metadata) requires additional metadata 
(version number, datetime and active status).

• The sheer number of information resources and their 
associated metadata are increasing rapidly.  Mention of 
this fact was unintentionally dropped from an early 
draft.
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Responses to Prof. Whitehead

SWAMM metadata must be kept up-to-date.  Why does 
this not leave us with the same problems of metadata 
maintenance?

• SWAMM was designed to allow post-facto and/or 
partial application, as in reverse engineering activities 
for recovery of software system metadata to avoid 
maintenance failure.
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Responses to Prof. Whitehead

How is inconsistency handled in distributed SWAMM 
metadata?

• RDF includes an Open World presumption in its design; 
disagreements are explicitly allowed.

• Resolution of disagreements may be social (via human 
interpretation or negotiation) or technical (e.g. via 
owl:sameAs, skos:narrower).
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Responses to Prof. Whitehead

What are the major benefits to using RDF over an 
RDBMS?  Are RDF queries more expressive?

• Possibility of distribution: RDBMSs have been mired in 
vendor internecine warfare, prohibiting a standard 
distribution mechanism.

• RDF queries are more expressive only in that 
vocabulary description (schema) information is explicit, 
not implicit as in SQL.
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Responses to Prof. Whitehead

What are the advantages of the PURL approach over the 
WebDAV approach?

• The WebDAV approach is indeed an alternative and 
was under-represented in my thesis.

• PURLs and WebDAV differ in that PURLs notionally 
separate metadata from data.  Whether metadata 
should be allowed to be separated from data is an 
ongoing discussion in the community.

• PURLs also use unmodified HTTP (a weak advantage in 
that more clients may be used without modification).
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Responses to Prof. Whitehead

• Questions and comments marked “minor” were not 
covered in this presentation.

• I will gladly respond to any questions verbally in the 
interest of time.
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Questions for Reviewers

• Do each of you wish to see and approve changes to 
my thesis prior to final acceptance? Or will final approval 
be delegated to UQ staff?

• Where might the brief history of metadata be 
separately published?
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Thank you for your attention
“Ancora imparo” -- Michelangelo di Lodovico Buonarroti Simoni

David Hyland-Wood
d.hylandwood@uq.edu.au

david@zepheira.com
+1 540 538 9137
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Limitations and Future Research

• Understand distributed 
publishing impacts and 
control mechanisms

• “Follow your nose” vs. 
centralized query approaches 
for metadata (e.g. LOD 
project)

• User interfaces to support 
differing metadata strategies

• SEC ontology extensions to 
support other language 
constructs/project 
descriptions

• Tools and techniques to 
support open systems 
development and 
maintenance

• Research to understand 
software systems as open 
systems (e.g. impact of 
third party changes to 
libraries)

• SWAMM support in IDEs

• Further exploration of the 
Active PURL concept
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