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Enriching a Document Collection by
Integrating Information Extraction and PDF Annotation

Brett Powley, Robert Dale, and Ilya Anisimoff

Centre for Language Technology, Macquarie University, Sydney, Australia
{bpowley,rdale,ilya}@ics.mq.edu.au

ABSTRACT

Modern digital libraries offer all the hyperlinking possibilities of the World Wide Web: when a reader finds a
citation of interest, in many cases she can now click on a link to be taken to the cited work. This paper presents
work aimed at providing the same ease of navigation for legacy PDF document collections that were created
before the possibility of integrating hyperlinks into documents was ever considered. To achieve our goal, we need
to carry out two tasks: first, we need to identify and link citations and references in the text with high reliability;
and second, we need the ability to determine physical PDF page locations for these elements. We demonstrate the
use of a high-accuracy citation extraction algorithm which significantly improves on earlier reported techniques,
and a technique for integrating PDF processing with a conventional text-stream based information extraction
pipeline. We demonstrate these techniques in the context of a particular document collection, this being the AcL
Anthology: but the same approach can be applied to other document sets.

1. INTRODUCTION

When a researcher is reading a scholarly article, she encounters citations which correspond to complete references
provided in footnotes, in end notes, or in a bibliography at the end of the article. The purpose of these references,
of course, is to enable the reader to locate the actual documents referred to. In a pre-web world, locating such
a document meant a trip to one’s bookcase, or perhaps to the library; today, where an increasing number of
documents are to be found floating in cyberspace, it often means the posing of a query to a search engine such
as Google.

Given the relative ease with which document production systems such as BTgX and Microsoft Word now
enable the incorporation of hyperlinks, we foresee a future where documents are not cast adrift upon creation,
but are born as nodes in a rich network of easy-to-follow citation linkages: if you are curious about another
paper referred to in the article you are currently reading, that paper will be retrievable in the blink of an eye by
simply clicking on the citation. Indeed, some publishers already produce documents containing hyperlinks that
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