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The oreChem project, funded by Microsoft, is a collaboration between chemistry scholars and information scientists to develop and deploy the infrastructure, services, and applications to enable new models for research and dissemination of scholarly materials in the chemistry community. Although the focus of the project is chemistry, the work is being undertaken with an attention to general cyberinfrastructure for eScience, thereby enabling the linkages among disciplines that are required to solve today’s key scientific challenges such as climate change and prevention of global pandemics.

The collaborators participating in the project are engaged in a variety of technical work components focusing on the modeling of semantically-expressive chemical information, the storage and availability of the information for rich services (e.g., chemical structure query), and the extraction of that information from pre-existing corpora.  The participants in the project are also acutely aware of and are studying the profoundly socio-technical nature of the scholarly process and the deep resistance in the chemistry community to potentially disruptive change.

This short paper summarizes two key components of the project work: ontologies for modelling chemistry scholarship and automated extraction of chemistry data.  Additional aspects will be described in a presentation at the conference.

Ontology for modelling the artifacts of chemistry scholarship

A fundamental aspect of our proposed infrastructure is an ontology, a set of vocabulary terms and relationships among those terms, that provides the building blocks for semantic descriptions of chemistry artifacts in RDF, the language of the semantic web.  The artifacts that we are focusing on are documents (e.g. journal and conference papers) and the entities that they describe: datasets (e.g., NMR spectra), chemical compounds, reactions, and experiments.  Our work builds on the work of the Open Archive Initiative – Object Reuse and Exchange project
, a web architecture-based model for describing compound information objects. Our model mixes project-specific vocabulary terms with the ChemAxiom vocabulary
 created by a member of the project team, and external vocabularies such as Dublin Core metadata terms, the Friend of a Friend (foaf) vocabulary for describing people, and the bibo bibliographic ontology.    

Automated extraction from PDF documents

The value of an ontology depends on having instance data to populate data stores that subsequently permit ontology-based queries on that data.  Although our work plan includes the development of applications that will create this instance data de novo, most chemistry data, like all disciplines,  are locked in traditional (pre-digital scanned and OCRed, or “born-digital” PDF) publications that need to be extracted in order to be usable.

We are using the SeerSuite
 information extraction routines that extract the metadata from scholarly documents including title, abstract, keywords, and technical report numbers.  The author identification routines identify the authors of the papers along with the attributes of the authors available in the documents, such as author affiliation, mailing address, and email address usually by examining the first page of a paper.  The date of publication is also extracted if available. Additional metadata related to a document is extracted from citations to the document in other documents including venue type (conference, journal, technical report, etc.), the page numbers of the article, the information about editors of a book in which the article was published, the publishers, and the publisher address.  When an article appeared in a journals or book-series, our tools extract the volume and number of the journal or book-series. 

We use TableSeer
 to extract tables and their associated metadata from tables appearing in digital documents.  Apart from the data in the tables, the associated metadata extracted by TableSeer consist of table caption, footnotes, headers, and reference text in the document where the author describes the contents of the table, and the page-number indicating which page the table appears in.  

We have also built a machine-learning-based extractor that identifies and extracts paragraphs that talk about experiments from chemistry documents.  The algorithm uses terms that represent concept names in the ChemAxiom ontology and other terms that we identified as appearing significantly more frequently in experiment descriptions than otherwise in chemistry-related documents.  Using these terms as features, along with a set of features representing the section of the paper the paragraph appears in, and a training set obtained by manually marking up a set of documents, the algorithm builds a classifier that tags experiment-related paragraphs in chemistry documents. We are currently experimenting with detecting and extracting parts of papers that list the steps that are followed to perform the experiment.  

Members of the project team are also working on automatic extraction and semantic enrichment of NMR spectral and molecular information from documents, for conversion to the Chemical Markup Language (CML)
 and incorporation into our data storage infrastructure.  An overview of our extraction process is shown in the following figure. Initial steps identify the various primitive features of interest; lines, polylines and text character statements in the PDF stream, along with the record numbers in the source file. Subsequent steps label groups of features as semantic objects: spectra and molecular structures. Finally, we export the semantic objects as CML documents. 
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� Refer to � HYPERLINK "http://www.openarchives.org/oreChem/participants.html" ��http://www.openarchives.org/oreChem/participants.html� for the full list of oreChem collaborators, all of whom have contributed to the results of the project.


� http://www.openarchives.org/ore.


� http://wwmm.ch.cam.ac.uk/blogs/adams/?p=219


� http://sourceforge.net/projects/citeseerx/.


� Liu, Y., Bai, K., Mitra, P., and Giles, C. L. 2007. TableSeer: automatic table metadata extraction and searching in digital libraries. In Proceedings of the 7th ACM/IEEE-CS Joint Conference on Digital Libraries (Vancouver, BC, Canada, June 18 - 23, 2007). JCDL '07. ACM, New York, NY, 91-100. DOI= http://doi.acm.org/10.1145/1255175.1255193
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