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Summary of thesis contents

The issue of retrieving semantically similar mathematical expressions has received
considerable attention in mathematical information access research field. Semantic search
for mathematical expressions improves search accuracy by ascertaining the contextual
meaning of mathematical terms as they appear in a search-able database to generate more
relevant results. Semantic enrichment, a process of associating semantic tags, usually
concepts, with mathematical expressions, is an important technology in a content-based
search engine for mathematical expressions.

The best-known open markup format for representing mathematical expressions on the
web is Mathematical Markup Language (MathML). It is a format recommended by the
W3C Math Working Group as a standard to represent mathematical expressions. MathML
Is an XML application for describing mathematical notations and encoding mathematical
content within a text format. MathML has encoding of two types: content-based encoding,
called Content MathML and presentation-based encoding, called Presentation MathML.
Content MathML addresses the semantic meaning whereas Presentation MathML
addresses the display structure of the mathematical expressions. Throughout this
dissertation, the term "semantic enrichment™ of mathematical expressions is used to refer to
"adding Content MathML markup to Presentation MathML markup of mathematical
expressions".

This dissertation presents a method for ""semantic enrichment of mathematical expressions"
based on Statistical Machine Translation (SMT) approach. SMT is the most widely studied
machine translation method. SMT uses a large dataset of good translations, which
comprises a corpus of texts already translated into another language called a parallel corpus.
It uses these parallel texts to infer a statistical model of translation automatically. The
dissertation first formulated the problem as a translation from Presentation MathML to
Content MathML, and used MathML parallel markup dataset can be used as a training
corpus for SMT. To deal with the structural difference between the two MathML
representations, the dissertation proposes a type of rule, named the "segmentation rule”. A
Support Vector Machines (SVM) classifier is used to disambiguate the sense of
mathematical terms. Features for the SVM are extracted from both the presentation of
mathematical expressions and their surrounding text.

This dissertation also introduces a SMT-based method that uses a MathML parallel
markup corpus to generate pseudo training datasets for the problem of mathematical term
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sense disambiguation. Experimental results showed that the proposed method can generate
such data automatically and with reasonable accuracy. Based on the dataset generated, a
Support Vector Machines classifier is used to disambiguate the sense of mathematical
terms. This approach, combined with the statistical machine translation approach,
improves the semantic enrichment of mathematical expressions performance.

This dissertation also presents content-based mathematical search system enhanced with
the proposed semantic enrichment method. By ascertaining the underlying semantic
meanings of mathematical expressions, a mathematical search system is expected to yield
better results. Through the experimental study using different types of queries, the
dissertation points out the importance to select an appropriate search strategy depending on
the search context: Presentation MathML-based search systems are more suitable for
elementary functions with less ambiguity in the Presentation MathML expression. Content
MathML-based search systems are preferable when dealing with functions with
domain-specific definitions. Another situation in which Content MathML works better is
when there exist many Presentation MathML representations for a single Content MathML
expression.

This research is the first attempt for a quantitative evaluation of a semantic enrichment of
mathematical expressions using a manually constructed dataset. The research also
proposed two standard metrics for evaluating the task: the tree-edit-distance error rate and
the perfect translation rate. Based on the constructed dataset and evaluation metrics, the
research firstly showed the potential improvement of mathematical search system using
semantic enrichment. The results of this research will serve as a base for future studies in
this field.
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