223 | LIBRARY
Te Tumu Herenga RESEARCHSPACE@AUC KLAND‘

THE UMIVERSITY OF AUCKLAMD

http://researchspace.auckland.ac.nz

ResearchSpace@Auckland

Copyright Statement

The digital copy of this thesis is protected by the Copyright Act 1994 (New
Zealand).

This thesis may be consulted by you, provided you comply with the
provisions of the Act and the following conditions of use:

e Any use you make of these documents or images must be for
research or private study purposes only, and you may not make
them available to any other person.

o Authors control the copyright of their thesis. You will recognise the
author's right to be identified as the author of this thesis, and due
acknowledgement will be made to the author where appropriate.

¢ You will obtain the author's permission before publishing any
material from their thesis.

To request permissions please use the Feedback form on our webpage.
http://researchspace.auckland.ac.nz/feedback

General copyright and disclaimer

In addition to the above conditions, authors give their consent for the
digital copy of their work to be used subject to the conditions specified on
the Library Thesis Consent Form and Deposit Licence.

Note : Masters Theses

The digital copy of a masters thesis is as submitted for examination and
contains no corrections. The print copy, usually available in the University
Library, may contain alterations requested by the supervisor.


http://researchspace.auckland.ac.nz/
http://researchspace.auckland.ac.nz/feedback
http://researchspace.auckland.ac.nz/docs/uoa-docs/thesisconsent.pdf
http://researchspace.auckland.ac.nz/docs/uoa-docs/depositlicence.htm

A FRAMEWORK FOR ANNOTATING AND
VISUALIZING CELLML MODELS

SARALA M. WIMALARATNE

Supervised by: Dr. Matt D. B. Halstead and Associate Professor Poul F. Nielsen

A thesis submitted in partial fulfillment of the requirements for the degree of
Doctor of Philosophy in Biomedical Engineering
The University of Auckland, New Zealand
May 2009



To Sajith, mom, dad, and sister for their unconditional love



ABSTRACT

The Physiome Project was established to develop tools for international collaboration and
sharing physiological knowledge in the form of biological models and experimental data. The
CelIML language was developed in response to the need for a high-level language to
represent and exchange mathematical models of biological processes.

The language provides a flexible framework for describing the dynamics of biological
processes but does not explicitly lend itself to capturing the underlying biological concepts
such as the entities and processes that these models represent. The relationship between the
biological process and the mathematical model describing the biological process is also often
complex. This makes it difficult to see the biological concepts which the CellML structures
represent. A framework which supports visualizing the biological concepts and its
relationship to the underlying CellML model would provide a very useful toolset for
understanding the biological concepts modeled in CellML.

The CelIML models need to be annotated with biological concepts in order to provide the
machine interpretable data for generating a visual representation. We have developed an
ontological framework which can be used to explicitly annotate CellML models with physical
and biological concepts, a method to derive a simplified biological view from the
annotations, a visual language for representing all biophysical processes captured in the
CelIML models, and a method to map the visual language to the ontological framework in

order to automate the generation of visual representations of a model.

The proposed method of model visualization produces a result that is dependent on the
structure of the CellIML models which requires modelers to structure the model in a way that
best describes the biophysical concepts and abstractions they wish to demonstrate. Our

argument is that this leads to a best practice approach to building and organizing models.

As a part of this research, a software tool for visualizing CellIML models was developed.
This tool combines the visual language and the ontologies to generate visualizations that
depict the physical and biological concepts captured in CellIML models and enables different
communities in diverse disciplines to more easily understand CellML models within the

biological domain they represent.

As research continues, with further improvement to the framework it would be possible

to visually construct composite CellML models by selecting high level biological concepts.
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