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Abstract
We describe the architecture for language processing adopted on the eScience project
‘Extracting the Science from Scientific Publications’ (nicknamed SciBorg). In this ap-
proach, papers from different sources are first processed to give a common XML format
(SciXML). Language processing modules operate on the SciXML in an architecture that
allows for (partially) parallel deep and shallow processing and for a flexible combination
of domain-independent and domain-dependent techniques. Robust Minimal Recursion Se-
mantics (RMRS) acts both as a language for representing the output of processing and as
an integration language for combining different modules. Language processing produces
RMRS markup represented as standoff annotation on the original SciXML. Information ex-
traction (IE) of various types is defined as operating on RMRSs. Rhetorical analysis of the
texts also partially depends on IE-like patterns and supports novel methods of information
access.

1 Introduction

The eScience project ‘Extracting the Science
from Scientific Publications’ (nicknamed SciBorg,
www.sciborg.org.uk) aims to build dynamic,
flexible and expandable natural language process-
ing (NLP) infrastructure which will support appli-
cations in eScience. We hope to show that au-
tonomous, adaptive methods, based on NLP tech-
niques, can be used to mine the primary literature
and other text to build an evolving knowledge base
for eScience. Overall, the goals of SciBorg are:
1. To develop a markup language for natural lan-
guage which will act as a platform for extraction of
information.
2. To develop Information Extraction (IE) technol-
ogy and core ontologies for use by publishers, re-
searchers, readers, vendors, and regulatory organi-
sations.
3. To model scientific argumentation and citation
purpose in order to support novel modes of infor-
mation access.
4. To demonstrate the applicability of this infras-
tructure in a real-world eScience environment.
The SciBorg project started in October 2005 and
is a collaboration between the Computer Labora-
tory, the Unilever Centre for Molecular Informat-
ics and the Cambridge eScience Centre, with sup-
port from the Royal Society of Chemistry, Nature

Publishing Group and the International Union of
Crystallography. We are concentrating on Chem-
istry texts in particular, but we aim to develop tech-
niques which are largely domain-independent with
clear interfaces to domain-dependent processing.
For instance, we are using some of the same tools
as the Flyslip project (Hollingsworth et al., 2005;
Vlachos and Gasperin, 2006), which concerns ex-
traction of functional genomic information to aid
FlyBase curation. We are also collaborating with
the Citation Relations and Argumentative Zoning
(CitRAZ) project, especially on the discourse pro-
cessing aspects of the project.
The goal of this paper is to introduce and motivate
the architecture which we have adopted for lan-
guage processing within SciBorg and to describe
some of the progress so far on implementing that
architecture and the various language processing
modules it comprises.
Characteristic features of our general approach to
language processing are:
1. We are integrating, adapting and further devel-
oping general tools for language processing. We
intend to avoid domain-specific solutions wherever
possible, even if this leads to lower performance in
the short term. The primary goal of the project is to
improve the language technology.
2. We are incorporating relatively deep syntactic
and compositional semantic processing. By ‘deep’,



we mean systems which use very precise and de-
tailed grammars of natural languages to analyse and
generate, especially approaches based on current
linguistic theory (see §5).
3. We are developing a semantically-based repre-
sentation language Robust Minimal Recursion Se-
mantics (RMRS:Copestake (2003)) for integration
of all levels of language processing and to pro-
vide a standardised output representation. RMRS
is an application-independent representation which
captures the information that comes from the syn-
tax and morphology of natural language while hav-
ing a sound logical basis compatible with Seman-
tic Web standards. Unlike previous approaches to
semantic representation, underspecified RMRSs can
be built by shallow language processing, even part-
of-speech (POS) taggers. See §4.
4. Integration with XML is built in to the architec-
ture, as discussed in §3. We view language process-
ing as providing standoff annotation expressed in
RMRS-XML, with deeper language processing pro-
ducing more detailed annotation.
5. As far as possible, all technology we develop is
Open Source. Much of it will be developed in close
collaboration with other groups.
Our overall aim is to produce an architecture that
allows robust language processing even though it
incorporates relatively non-robust methods, includ-
ing deep parsing using hand-written grammars and
lexicons. The architecture we have developed is
not pipelined, since shallow processing can oper-
ate in parallel to deeper processing modules as well
as providing input to them. We do not have space
in this paper for detailed comparison with previous
approaches, but note that this work draws on results
from the Deep Thought project: Uszkoreit (2002)
discusses the role of deep processing in detail.
In the next section, we outline the application tasks
we intend to address in SciBorg. This is followed
by a description of the overall architecture and the
RMRS language. §5 and §6 provide a little more de-
tail about the modules in the architecture, concen-
trating on architecture and integration details. §7
describes our approach to discourse analysis.

2 Application tasks
In this section, we outline three tasks that we intend
to address in the project. As we will explain below,
these tasks all depend on matching patterns speci-
fied in terms of RMRS. They can all be considered
as forms of information extraction (IE), although
we use that term very broadly. Most existing IE
technology is based on relatively shallow process-
ing of texts to directly instantiate domain-specific
templates or databases. However, for each new type
of information, a hand-crafted system or an exten-

sive manually-created training corpus is required.
In contrast, we propose a layered architecture us-
ing an approach to IE that takes the RMRS markup,
rather than text, as a starting point. Again, this fol-
lows Deep Thought, but only a limited investigation
of the approach was attempted there.
Chemistry IE We are interested in extraction of
specific types of chemistry knowledge from texts
in order to build a database of key concepts fully
automatically. For example, the following two sen-
tences are typical of the part of an organic synthesis
paper that describes experimental methods:

The reaction mixture was warmed to rt,
whereat it was stirred overnight. The re-
sultant mixture was kept at 0C for 0.5 h
and then allowed to warm to rt over 1 h.

Organic synthesis is a sufficiently constrained do-
main that we expect to be able to develop a formal
language which can capture the steps in procedures.
We will then extract ‘recipes’ from papers and rep-
resent the content in this language. A particular
challenge is extraction of temporal information to
support the representation of the synthesis steps.
Ontology construction The second task involves
semi-automatically extending ontologies of chem-
ical concepts, expressed in OWL. Although some
ontologies exist for chemistry and systematic
chemical names also give some types of ontological
information (see §6.2), resources are still relatively
limited, so automatic extraction of ontological in-
formation is important. Our proposed approach to
this is along the lines pioneered by Hearst (1992)
and refined by other authors. For instance, from:

. . . the concise synthesis of naturally
occurring alkaloids and other complex
polycyclic azacycles.

we could derive an expression that conveyed the in-
formation an ‘alkaloid IS-A azacycle’.

<owl:Class rdf:ID="Alkaloid">
<rdfs:subClassOf

rdf:resource="#Azacycle"\>

Ontologies considerably increase the flexibility of
the chemistry IE, for instance by allowing for
matches on generic terms for groups of chemicals
(cf., the GATE project (gate.ac.uk) ‘Ontology
Based Information Extraction/OBIE’).
Research markup The third application is
geared towards humans browsing papers: the aim is
to help them quickly see the most salient points and
the interconnections between papers. The theoreti-
cal background to this is discussed in more detail in
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The bridging 15/17-CH2 protons appear as
singlets, in agreement with what has been
observed for similar systems [9].
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However, some of the above methodologies possess 
tedious work-up procedures or include relatively strong 
reaction conditions, such as treatment of the starting 
materials for several hours with an ethanolic solution 
of conc. hydrochloric acid or TFA solution, with poor to 
moderate yields, as is the case for analogues 4 and 5.

Figure 1: A rhetorical citation map

§7, but here we just illustrate its application to cita-
tion. Our aim is to provide a tool which will enable
the reader to interpret the rhetorical status of a cita-
tion at a glance, as illustrated in Fig. 1. The exam-
ple paper (Abonia et al, 2002) cites the other papers
shown, but in different ways: Cowart et al (1998) is
a paper with which it contrasts, while Elguero et
al (2001) is cited in support of an observation. We
also aim to extract and display the most important
textual sentence about each citation, as illustrated
in the figure.

The Chemistry Researchers’ amanuensis By
the end of the project, we will combine these three
types of IE task in a research prototype of a ‘chem-
istry researchers’ amanuensis’ which will allow us
to investigate the utility of the technology in im-
proving the way that chemists extract information
from the literature. Our publisher partners are sup-
plying us with large numbers of papers which will
form a database with which to experiment with
searches. The searches could combine the types of
IE discussed above: for instance, a search might be
specified so that the search term had to match the
goal of a paper.

3 Overall architecture
Figure 2 is intended give an idea of the overall ar-
chitecture we are adopting for language processing.
The approach depends on the initial conversion of
papers to a standard version of XML, SciXML,
which is in use not just on SciBorg but on the Fly-
Slip and CITRAZ projects as well (Rupp et al.,
2006). For SciBorg, we have the XML source of
papers, while for FlySlip and CitRAZ, the source
is pdf. Following this conversion, we invoke the
domain-specific and domain-independent language
processing modules on the text. In all cases, the
language processing adds standoff annotation to the
SciXML base. Standoff annotation uses SAF (Wal-

dron and Copestake, 2006; Waldron et al., 2006).
SAF allows ambiguity to be represented using a
lattice, thus allowing the efficient representation of
multiple results from modules.
Language processing depends on the domain-
dependent OSCAR-3 module (see §6) to recognise
compound names and to markup data regions in
the texts. The three sentence level parsing modules
shown here (described in more detail in §5) are the
RASP POS tagger, the RASP parser and the ERG/PET
deep parser. The language processing modules are
not simply pipelined, since we rely on parallel deep
and shallow processing for robustness. Apart from
the sentence splitter and tokenisers, all modules
shown output RMRS. Output from shallower pro-
cessing can be used by deeper processors, but might
also be treated as contributing to the final output
RMRS, with RMRSs for particular stretches of text
being selected/combined by the RMRS merge mod-
ule. The arrows in the figure indicate the data flows
which we are currently using but others will be
added: in later versions of the system the ERG/PET
processor will be invoked specifically on subparts
of the text identified by the shallower processing.
The deep parser will also be able to use shallow
processing results for phrases within selected areas
where there are too many out-of-vocabulary items
for deep parsing to give good results.
Processing which applies ‘above’ the sentence
level, such as anaphora resolution and (non-
syntactically marked) word sense disambiguation
(WSD), will operate on the merged RMRS, enrich-
ing it further. However, note that the SciXML
markup is also accessible to these modules, allow-
ing for sensitivity to paragraph breaks and section
boundaries, for instance. The application tasks are
all defined to operate on RMRSs.
This architecture is intended to allow the benefits of
deep processing to be realised where possible but
with shallow processing outputs being used as nec-
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Figure 2: Overall architecture of the SciBorg system

essary for robustness. The aim is to always have
an RMRS for a processed piece of text. The intent
is that application tasks be defined to operate on
RMRSs in a way that is independent of the compo-
nent that produced the RMRS. Other modules could
be added as long as they can be modified to produce
RMRSs: we may, for instance, investigate the use
of a chunker. The architecture allows the incorpo-
ration of modules which have been independently
developed without having to adjust the interfaces
between individual pairs of modules.
The parallel architecture is a development of ap-
proaches investigated in VerbMobil (Ruland et al.,
1998; Rupp et al., 2000) and Deep Thought
(Callmeier et al., 2004). It is intended to be more
flexible than either of these approaches, although
it has resemblances to the DeepThought Heart of
Gold machinery and we are using some of the soft-
ware developed for that. The QUETAL project
(Frank et al., 2006) is also using RMRS. We have
discovered that a strictly pipelined architecture is
unworkable when attempting to combine modules
that have been developed independently. For in-
stance, different parsing technology makes very
different assumptions about tokenisation, depend-
ing in particular on the treatment of punctutation.
Furthermore, developers of resources change their
assumptions over time, so attempting to make to-
kenisation consistent leads to a brittle system. Our
non-pipelined, standoff annotation approach sup-
ports differences in tokenisation. It is generic
enough to allow us to investigate a range of differ-
ent strategies for combining deep and shallow pro-
cessing.

4 RMRS
RMRS is an extension of the Minimal Recursion Se-
mantics (MRS: Copestake et al. (2005)) approach
which is well established in deep processing in
NLP. MRS is compatible with RMRS but RMRS can

also be used with shallow processing techniques,
such as part-of-speech tagging, noun phrase chunk-
ing and stochastic parsers which operate without
detailed lexicons. Shallow processing has the ad-
vantage of being more robust and faster, but is less
precise: RMRS output from the shallower systems is
less fully specified than the output from the deeper
systems, but in principle fully compatible. In cir-
cumstances where deep parsing can be success-
fully applied, a detailed RMRS can be produced,
but when resource limitations (in processing capa-
bility or lexicon availability, for instance) preclude
this, the system can back-off to RMRSs produced
by shallower analysers. Different analysers can be
flexibly combined: for instance shallow process-
ing can be used as a preprocessor for deep analysis
to provide structures for unknown words, to limit
the search space or to identify regions of the text
which are of particular interest. Conversely, RMRS
structures from deep analysis can be further instan-
tiated by anaphora resolution, word sense disam-
biguation and other techniques. Thus RMRS is used
as the common integration language to enable flex-
ible combinations of resources.
Example RMRS output for a POS tagger and a deep
parser for the sentence the mixture was allowed to
warm is shown below:1

Deep processing POS tagger
h6:_the_q(x3) h1:_the_q(x2)
RSTR(h6,h8)
BODY(h6,h7)

h9:_mixture_n(x3) h3:_mixture_n(x4)
ARG1(h9,u10)

h11:_allow_v_1(e2) h5:_allow_v (e6)
ARG1(h11,u12)
ARG2(h11,x3)
ARG3(h11,h13)

1For space reasons, we have shown a rendered format,
rather than RMRS-XML, and have omitted much informa-
tion including tense and number.



qeq(h13,h17)
h17:_warm_v(e18) h7:_warm_v(e8)
ARG1(h17,x3)

RMRSs consist of ‘flat’ structures where the infor-
mation is factorised into minimal units. This fa-
cilitates processing and is key to the approach to
underspecification. Predicates correspond to mor-
phological stems, annotated with ‘v’, ‘n’ etc to
give a coarse-grained indication of sense. These
names can be constructed automatically on the ba-
sis of POS-tagged text. The POS tagged text can
thus share the same lexicalised predicates as the
deep parser output ( mixture n, allow v, warm v,
the q), although the deep parser can make more

fine-grained sense distinctions (allow v 1) and may
insert predications that arise from particular gram-
matical constructions, such as compound nouns
(not shown here).
The POS tagger has no relational information (in-
dicated in the deep output by ARG1 etc). In the
deep parser, predicates are specified in the lexicon
and are of fixed arity. Uninstantiated relational po-
sitions in the deep output are indicated by ‘u’s, ‘e’s
are eventualities, and ‘x’s other entities. The qeq
condition in the deep output is a partial scope con-
straint which relates ‘h’ labels.
RMRS has been designed to be suitable for nat-
ural language representation and as such has to
be very expressive while at the same time allow-
ing for underspecification. Formally, RMRSs (like
MRSs) are partial descriptions which correspond to
a set of logical forms in a higher-order base lan-
guage. RMRS itself is a restricted first order lan-
guage: scope relationships are reified (via the ‘h’ la-
bels) and natural language quantifiers, such as every
and most, correspond to predicates, though these
in turn correspond to generalised quantifiers in the
base language. Inference in the base language will
not, in general, be tractable, but some inferences
can be directly expressed using RMRS without re-
solving to the base language. RMRSs can be linked
to ontologies, so that the notion of underspecifica-
tion of an RMRS reflects the hierarchical ontological
relationship.

5 Domain-independent sentence
processing modules

Apart from OSCAR-3 (see next section), the mod-
ules shown in Figure 2 are essentially domain-
independent. Not all modules are shown explic-
itly. Parsing depends on the text being initially
split into chunks (typically, but not necessarily, sen-
tences). Domain-specific processing is required to
identify some regions as unsuitable for passing to
the parsers (e.g., data sections).

The three modules shown in Figure 2 have all
been developed previously and used in a variety
of applications. The RASP part of speech tag-
ger (Briscoe and Carroll, 2002) statistically deter-
mines tags for individual tokens in a text. It pro-
cesses about 10,000 words/sec (here and below
the cited processing speeds are very approximate,
based on a 1Ghz Pentium running Linux with 2
Gbyte of RAM). The RASP parser (Briscoe and
Carroll, 2002) is a statistically-trained parser which
operates without a full lexicon (speed around 100
words/sec). The English Resource Grammar (ERG)
(Copestake and Flickinger, 2000) can be processed
by the LKB (Copestake, 2002) or PET (Callmeier,
2002). It incorporates a lexicon with detailed lin-
guistic information. PET is highly optimised (5–30
words/sec, depending on the corpus) while the LKB
is more suited for development and can be used for
generation. PET, LKB and ERG are Open Source.
The ERG can produce more detailed RMRSs than
RASP, but relies on a detailed lexicon to do this. For
SciBorg, lexical information comes from the hand-
built ERG lexicon, plus additional hand-constructed
lexical entries for very common terms in Chem-
istry texts, plus unknown word handling based on
OSCAR-3 (see below) and POS tags. Since the ERG
cannot use the same tokeniser as OSCAR-3 or the
RASP tagger, unknown word processing requires a
rough match of text spans.

6 Domain-specific processing modules
and resources

6.1 OSCAR-3
One area in which this architecture differs from
more standard approaches is the role of the soft-
ware which recognises entities such as chemical
compounds in the text. Consider, for instance, the
following text snippet:

We have recently communicated that
the condensation of
5-halo-1,2,3-thiadiazole-4-carboxylate(1)
with <it>o</it>-phenylenediamine(2)
affords thiadiazepine(3)

Domain-specific processing is required to deal with
systematic chemistry names such as that of the first
compound given here. Systematic names describe
the structure of the compound, they are constructed
productively, and new compounds are described
very frequently, so this is not a matter of simply list-
ing all names. The amaneunsis application needs
to know what compound is being referred to: this
is necessary to support search on particular com-
pounds, for instance. In contrast, most domain-
independent modules need to know that this stretch
of text refers to some compound, but not the iden-
tity of the specific compound, since the linguistic



properties of a sentence are insensitive to chemical
composition. Schematically, the section should ap-
pear to the domain-independent parsers as:
We have recently communicated that
the condensation of [compound-1]
with [compound-2] affords [compound-3]

However the output of the language processing
component must be relatable to the specific iden-
tification of the compound for searches.
It is also important that the modules know about
text regions which should not be subject to gen-
eral morphological processing, lexical look-up etc.
In particular, in data sections of papers, standard
techniques for sentence splitting result in very large
chunks of text being treated as a single sentence.
Given that language processing has to be bounded
by resource consumption, the expense of attempt-
ing to parse such regions could prevent analysis of
‘normal’ text. In our current project, the domain-
specific processing is handled by OSCAR-3 (Cor-
bett and Murray-Rust, 2006).

6.2 Ontologies and other domain-specific
resources

In chemistry, the need for explict ontologies is
reduced by the concept of molecular structure:
structures and systematic names are (at least in
principle) intercovertible, many classes of com-
pounds (such as ketones) are defined by struc-
tural features, and structures may be related to
each other using concepts such as isomerism and
substructure-superstructure relationships that may
be determined algorithmically. However, there
are still many cases where explict ontology is re-
quired, such as in the mapping of trivial names
to structures, and in the assignment of com-
pounds to such categories as pesticides and natu-
ral products. The three ontologies for Chemistry
that we are aware of are: Chemical Entities of
Biological Interest (ChEBI: www.ebi.ac.uk/
chebi/index.jsp); FIX (methods and prop-
erties: obo.sourceforge.net/cgi-bin/
detail.cgi?fix) and REX (processes e.g.,
chemical reactions obo.sourceforge.net/
cgi-bin/detail.cgi?rex). FIX and REX
are currently development versions, while ChEBI
has been fully released. ChEBI comes in two
parts: a GO/OBO DAG-based ontology (‘ChEBI
ontology’), and a conventional structural database.
This second half is used in OSCAR-3, providing a
source of chemical names and structures.
The ChEBI ontology includes chemicals, classes
of chemicals and parts of chemicals: these are or-
ganised according to structure, biological role and
application. Unfortunately ChEBI does not ex-
plicitly distinguish between these types of entity.

The application and biological role ontologies are
currently relatively underdeveloped. However the
ChEBI ontology has the potential to interact with
other ontologies in the GO family.
The most useful other resource which is generally
available is PubChem (pubchem.ncbi.nlm.
nih.gov), which is designed to provide informa-
tion on the biological activities of small molecules,
but also provides information on their structure and
naming. There is also the IUPAC Gold Book which
is a compendium of chemical terminology with hy-
perlinks between entries. While not capable of di-
rectly supporting the IE needs mentioned in §2,
these resources are potentially useful for lexicons
and to support creation of ontology links.

7 Research markup and citation
analysis

Searching in unfamiliar scientific literature is hard,
even when a relevant paper has been identified as
a starting point. One reason is that the status of
a given paper with respect to similar papers is of-
ten not apparent from its abstract or the keywords it
contains. For instance, a chemist might be more
interested in papers containing direct experimen-
tal evidence rather than evidence by simulation, or
might look for papers where some result is contra-
dicted. Such subtle relationships between the core
claims and evidence status of papers are currently
not supported by search engines such as Google
Scholar; if we were able to model them, this would
add considerable value.
The best sources for this information are the papers
themselves. Discourse analysis can help, via an
analysis of the argumentation structure of the paper.
For instance, authors typically follow the strategy
of first pointing to gaps in the literature before de-
scribing the specific research goal – thereby adding
important contrastive information in addition to the
description of the research goal itself. An essen-
tial observation in this context is that conventional
phrases are used to indicate the rhetorical status of
different parts of a text. For instance, in Fig. 3 sim-
ilar phrases are used to indicate the introduction of
a goal, despite the fact that the papers come from
different scientific domains.
Argumentative Zoning (AZ), a method introduced
by Teufel (Teufel et al., 1999; Teufel and Moens,
2000), uses cues and other superficial markers to
pick out important parts of scientific papers and su-
pervised machine learning to find zones of differ-
ent argumentative status in the paper. The zones
are: AIM (the specific research goal of the cur-
rent paper); TEXTUAL (statements about section
structure); OWN (neutral descriptions of own work
presented in current paper); BACKGROUND (gen-



Cardiology: The goal of this study was to elucidate the effect of LV hypertrophy and LV geometry on the presence
of thallium perfusion defects.

Heupler et al. (1997): ‘Increased Left Ventricular Cavity Size, Not Wall Thickness, Potentiates Myocardial
Ischemia’, Am Heart J, 133(6)

Crop agriculture: The aim of this study was to investigate possible relationships between type and extent of quality
losses in wheat with the infestation level of S. mosellana.

Helenius et al. (1989): ‘Quality losses in wheat caused by the orange wheat blossom midge Sitodiplosis
mosellana’, Annals of Applied Biology, 114: 409-417

Chemistry: The primary aims of the present study are (i) the synthesis of an amino acid derivative that can be
incorporated into proteins /via/ standard solid-phase synthesis methods, and (ii) a test of the ability of the derivative
to function as a photoswitch in a biological environment.

Lougheed et al. (2004): ’Photomodulation of ionic current through hemithioindigo-modified gramicidin chan-
nels’, Org. Biomol. Chem, Vol. 2, No. 19, 2798-2801

Natural language processing: In contrast, TextTiling has the goal of identifying major subtopic boundaries, at-
tempting only a linear segmentation.

Hearst (1997): ‘TextTiling: Segmenting Text into Multi-paragraph Subtopic passages’, Computational Linguis-
tics, 23(1)

Natural language processing: The goal of the work reported here is to develop a method that can automatically
refine the Hidden Markov Models to produce a more accurate language model.

Kim et al. (1999): HMM Specialization with Selective Lexicalization, EMNLP-99

Figure 3: Similar phrases across the domains of chemistry and computational linguistics

erally accepted scientific background); CONTRAST
(comparison with or contrast to other work); BA-
SIS (statements of agreement with other work or
continuation of other work); and OTHER (neutral
descriptions of other researchers’ work). AZ was
originally developed for computational linguistics
papers, but as a general method of analysis, AZ
can and has been applied to different text types
(e.g., legal texts (Grover et al., 2003) and biologi-
cal texts (Mizuta and Collier, 2004)) and languages
(e.g., Portuguese (Feltrim et al., 2005)); we are now
adapting it to the special language of chemistry pa-
pers and to the specific search tasks in eChemistry.
Progress towards construction of citation maps is
reported in Teufel (2005) and Teufel et al. (2006).
The zones used in the original computational lin-
guistics domain concentrated on the phenomena of
attribution of authorship to claims (is a given sen-
tence an original claim of the author, or a state-
ment of a well-known fact) and of citation senti-
ment (does the author criticise a certain reference
or use it as part of their own work). For applica-
tion of AZ to chemistry, changes need to be made
which mirror the different writing and argumenta-
tion styles in chemistry, in comparison to computa-
tional linguistics. Argumentation patterns are gen-
erally similar across the disciplines (they are there
to convince the reader that the work undertaken is
sound and grounded in evidence rather than directly
carrying scientific information), but several factors
such as the use of citations, passive voice, or cue
phrases vary across domains.
For Chemistry, we intend to exploit the RMRS tech-
nology discussed earlier to detect cues. RMRS

encoding is advantageous because it allows more
concise and flexible specification of cues than do
string-based patterns and because it allows identifi-
cation of more complex cues. For instance, papers
quite frequently explain a goal via a contrast using
a phrase such as: our goal is not to X but to Y:

our goal is not to verify P but to construct
a test sequence from P2

Getting the contrast and scope of negation correct in
such examples requires relatively deep processing.
Processing of AZ cue phrases with ERG/PET should
be feasible because their vocabulary and structure is
relatively consistent.

8 Conclusion
The aim of this paper has been to describe how the
separate strands of work on language processing
within SciBorg fit together into a coherent architec-
ture. There are many aspects of the project that we
have not discussed in this paper because we have
not yet begun serious investigation. This includes
word sense disambiguation and anaphora resolu-
tion. The intention is to use existing algorithms,
adapted as necessary to our architecture. We have
also not discussed the application of Grid comput-
ing that will be necessary as we scale up to process-
ing thousands of papers.

2Gargantini and Heitmeyer (1999), ‘Using Model
Checking to Generate Tests from Requirements Specifi-
cations’ In Nierstrasz and Lemoine (eds), Software Engi-
neering - ESEC/FSE’99, Springer
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