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ABSTRACT

With the ever increasing number of biomedical articles, keeping up with new information has become a
big challenge for biomedical researchers. Much of the information biologists need resides in semi-structured
biomedical text articles, making it difficult for researchers to realize the full benefits of these findings. Infor-
mation retrieval (IR) and information extraction (IE) have been the central technologies for seeking informa-
tion from large corpora of unstructured text. Advances in these technologies can have a direct impact to the
research methodologies for research areas such as biomedical research.

While the fields of IR and IE have matured in the past decade, current technologies still have yet to
fulfill the promise of supporting biomedical research. In particular, traditional IE technologies adopt a ‘black-
box’ approach, in which biologists have no means in expressing their extraction needs. In addition, typical
automated IE technologies rely on manually curated data to learn syntactic patterns for extraction. However,
curation of such data is known to be labor-intensive, limiting the applicability of IE in the biomedical domain.
While there have been successes in utilizing linguistic structures for IE, linguistic structures have yet to be
adopted in the current technologies for IR. Syntactic parsing over large corpus of text is known to be com-
putationally expensive, and this is not ideal for IR, which is expected to respond to users in a timely manner.
However, the lack of usage of linguistic structures leads to suboptimal performance for certain queries in the
biomedical domain.

In this thesis, these issues in IR and IE are tackled by proposing a novel framework called JR+PTQL.
The core idea of the framework is to model and store the syntactic and semantic information of the text
corpora in a specialized database called the parse tree database. Extraction is then expressed in the form
of database queries. A core component is the automated query generation that generates extraction patterns
without training data. The evaluation results demonstrate that the query generation component contributes
positively to the performance of IR and IE. The applicability of the framework is illustrated with various

applications in the genomics domain.
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1. INTRODUCTION

Finding information from the literature is a necessary process in scientific discovery for biologists. How-
ever, biologists face the problem of information overload with the increasing number of published articles.
From 1994 to 2004, close to 3 million biomedical articles were published by US and European researchers.
This publication rate has resulted in approximately 18 million publications in PubMed, which serves as a
repository of biomedical articles. This implies that biologists consume most of their time in finding relevant
information from articles rather than focusing on their efforts in developing hypotheses for research. There is
an urgent need to reduce the information burden of biologists so that they can focus and speed up the process
of scientific discovery.

1.1. Information retrieval

Information retrieval (IR) is an active research area that studies the problem of handling information
conveyed in large amount of unstructured natural language text. Web search is a well-recognized form of
information retrieval, which allows users to seek information from the web by expressing their search interest
with keywords. In this thesis, we focus on the retrieval of information from a collection of text articles,
which is sometimes referred as document retrieval, particularly biomedical articles in the form of abstracts or
full-text articles.

A typical IR system (or IR engine) is composed of the indexing and retrieval components. The indexing
component tokenizes each of the words in the document collection to build an inverted index for efficient
document retrieval. Common terms that appear with very high frequencies, such as the word “the”, are seen
to have little value to retrieval. These terms are known as stopwords. It is a common practice to discard
stopwords in documents from being indexed. The retrieval component fetches relevant documents and ranks
the documents according to their relevance with respect to the query. There are various retrieval models in
deciding the relevance of a document. These include boolean model, vector space model, language model
and probabilistic model [1]. The main idea behind these models is that documents are modeled as a bag of
words, so that ordering of words in a document are not captured by such retrieval models. Word frequency

is the main factor in computing the relevance of documents. This means that in the bag-of-words approach,
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document with the sentence “Mary is quicker than Tom” is treated as the same as document with the sentence
“Tom is quicker than Mary.” [1]

While natural language processing (NLP) has been viewed as a critical part of IR [2-4], the role of NLP
in IR has been limited to stemming. Stemming is a method to find the infectional forms of the words. For
instance, “be” is the infectional form of the word “is”. By applying stemming to the process of indexing and
retrieval, it is largely seen as a way to increase the recall of the system, with possible decrease in precision.
Whether stemming has a positive impact to IR has been inconclusive for years [5], until recent publications
show that applying stemming with certain conditions results in a significant impact to the performance of
1R [6,7].

Another fundamental component to increase the recall of IR systems is query expansion. Basic query ex-
pansion considers synonyms or acronyms of terms, which can be obtained through resources such as WordNet
or through automated extraction [1]. Effective expansion of queries is particularly important for biomedical
applications, due to the wide variety of ways that can be used to express a concept in the biological domain.
Pseudo-relevance feedback is one of the query expansion techniques that has been shown to be effective to
the performance of retrieval [8]. The idea behind pseudo-relevance feedback is that an initial query is used to
retrieve documents, and frequently occurring terms are selected from the top-k documents. These terms are
then used to augment the initial query, and the enhanced query is applied to perform another retrieval of docu-
ments. However, a recent study [9] shows that using frequently occurring keywords in relevant documents do
not necessarily improve the performance of retrieval. It is necessary to consider the context of the frequently
occurring keywords that are used in query expansion.

To evaluate the performance of IR, it is important to consider both precision and the rank of results.
Ranking is critical as thousands of results may be retrieved, and it is ideal to present the relevant results
to the users as highly ranked. The mean average precision (MAP) is a popular measure for the evaluation
of ranked lists of results. MAP incorporates aspects of both precision and recall. Let n be the number of

retreived documents for a particular query, and rank(¢) be the i-th document in the ranked list of documents.
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