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Outline of Proposed Research

My MSc thesis presented a new fast, efficient and scalable clustering method (set of algorithms – TURN and TURN*) that has outperformed many of the latest state-of-the-art clustering methods already published. However, this work still has certain limitations. Having studied the needs and challenges of existing approaches, I propose to develop a complete clustering solution and study its application in a number of domains. 

A particular challenge is handling data with widely varying densities including clusters embedded inside other clusters, a major challenge to existing algorithms. The standard approach is to assign fuzzy membership to points, weighting them by probable cluster membership. As TURN* builds information of the clustering at many different resolution levels, this can be used to assign fuzzy cluster membership. A classic example of an application would be for the discovery of significant groupings in population density maps where dense areas are invariably embedded in less dense areas. Another would be detecting cancerous lesions in tissue X rays. An aspect of this work would be outlier detection – establishing in a more robust way than current approaches which patches of data are truly distinct from the larger groupings and which could be possibly ignored. One of the significant considerations when handling GIS (geographical) data is controlling for both obstacles and connectors such as bridges. Some limited work has been done on this but much more could be done including allowing queries, such as the height of water defences given the identification of rivers and surrounding low lying areas which may be subject to flooding.

Another important extension will be extending the TURN* algorithm in higher dimensions. It is designed to scale and it will be interesting to investigate the various challenges posed by very high dimensionality. An example is protein data in bioinformatics where the dimensions can number in thousands. The algorithm is suited to dimensionality reduction if full clustering breaks down due to extreme sparcity. It is generally believed, and so far has proved, that above 10 to 16 dimensions the clustering computational complexity is at least the square of the data size. Since most databases have large numbers of dimensions and data points, this poses a great hurdle to practical applications of the algorithms developed. To reduce this currently involves unacceptable compromises in accuracy. I believe I can show that a method log linear or even approximately linear in the data size can accomplish this accurately.

Having detected the clusters in a data set one can interpret them in terms of classes or patterns and then use this to classify future (or other) instances in new data. This opens the field of forecasting and I hope to explore this area. The University of Alberta Computing Science Department is expecting to collaborate with the Police Research Centre, and their data represents a large and important challenge in pattern recognition and forecasting that I would like to work on.

APO Foss – Part II

Scholarships

Award
Value
      Type

Location of Tenure
Period Held

Kitchener Scholarship
$1500
  Institutional
 Oxford University
 1972-1976

Articles published or accepted in refereed journals

1. Andrew Foss, Osmar R. Zaïane. A Parameterless Method for Efficiently Discovering Clusters of Arbitrary Shape in Large Datasets, in Proc. of the IEEE 2001 International Conference on Data Mining (ICDM'2002), Maebashi City, Japan, December 9 - 12, 2002 

2. Andrew Foss, Weinan Wang, Osmar R. Zaïane. A Non-Parametric Approach to Web Log Analysis. In Proc. of Workshop on Web Mining in First International SIAM Conference on Data Mining (SDM2001), pp. 41-50, Chicago, IL, April 5-7, 2001. 

3. Osmar R. Zaïane, Andrew Foss, Chi-Hoon Lee, Weinan Wang. On Data Clustering Analysis: Scalability, Constraints and Validation. In Proc. of the Sixth Pacific-Asia Conference on Knowledge Discovery and Data Mining (PAKDD'02), Taipei, Taiwan, May, 2002.

4. Osmar Zaïane and Andrew Foss. Data Clustering Analysis, from simple groupings to scalable clustering with constraints. Tutorial Notes for the Sixth Pacific-Asia Conference on Knowledge Discovery and Data Mining (PAKDD'02), Taipei, Taiwan, May, 2002. 

5. A.P.O. Foss, J.S. Shawe-Taylor and D.P.D. Whitworth. Search for a Trans-Plutonian Planet. Nature, Vol 239, No. 5370, p. 266, September 29, 1972

Most significant contributions to research and development

The first two papers listed above contain my research with some backup analysis from another student given credit in the second listed paper. The last paper was an equal effort between three research assistants and was featured on the front cover of Nature. I wrote a substantial part of the third paper, which also reviewed my work amongst others and did a substantial amount for the tutorial (reference 4) given by myself and Dr Zaïane in Taipei.
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Applicant’s statement

a. Research Experience 

I have always been interested in research and have been involved formally and informally since about 13 when I first got interested in AI and, simultaneously, cosmology. While at Oxford, I became convinced that cosmology and particle physics would converge and indeed essentially merge, something that took another six years to become a visible direction. At the RGO and the University of Alberta, I have been publishing but during my time at MERU I was involved in reviewing for publishing hundreds of papers in Psychology and Sociology and thus became acquainted with the statistical methods and techniques used in these fields. In recent years, I developed, marketed and supported forecasting software that has users all over the globe. This has spawned many interesting research projects with which I am associated. At the University of Alberta during graduate course projects, I developed a new agent communication language overcoming the deficiencies in the current approaches as well as novel schemes for XML indexing. Both of these exist as technical reports and are awaiting publication. 

b. Relevant Activities

Further to what is mentioned above, I am the editor of a minor academic journal, Gochara, which I am hoping to scale up to full academic standards. This has been published under my editorship for the last four years. I am frequently invited to speak about my research experiences at conferences around the world. This year I have about 15 speaking engagements in the UK, the USA, India and Taiwan. While working for MERU, I managed a publishing operation that had up to 70 people working directly under me. I have managed many projects and operations as well as my own business.

c. Research Career

While I have not been publishing in the years between Oxford and joining the University of Alberta, I have been working on forecasting and the software I developed is supporting a whole research community. With the PhD starting many threads related to forecasting can come together and there is a real potential for achievements with useful practical applications. During the Masters, I’ve come into contact with new techniques and their associated strengths and weaknesses, which are very relevant to my main interest. I have wanted to return to an academic research environment for many years and am enjoying the experience immensely. I am excited about the possibilities opening up with the PhD program and I intend to continue with this line of research work in the long-term.

d. Special Circumstances

I dropped a grade in one Masters course and thereby lost a part share in the ‘top student of the year’ scholarship because I was knocked off my bike and hospitalised by a careless motorist at a critical time near the end of term. The professor who gave me the 8 (out of 9) wrote a supporting letter that led to my being given the entire scholarship value by the insurance company. Formerly, I went through a period of great stress that pulled down my first year at Oxford so even though I got first class marks in the advanced material of the final year, I ended up with a second. However my tutor, Prof. Sir Chris Llewellyn-Smith, former Director of CERN and one of the world’s most renowned physicists, said in my final assessment that I had good potential as a researcher and supported my entry at Alberta.

