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Preface

We are pleased to introduce the proceedings of the 2nd Workshop on NLP
and XML (NLPXML-2002). Following the 1st NLP and XML Workshop,
held in Tokyo in November 2001, this is the second in what we hope will be
a regular series.

The goals of this workshop are: to provide a forum for presentation and
discussion of XML use in NLP (including resource and software develop-
ment, applications, tools, etc.); and to clarify the “big picture” for NLP
applications and resources vis-à-vis the XML framework and development
of the Semantic Web. As such, the workshop is intended not only for those
already using XML, but also for members of the NLP community who seek a
fuller understanding of the motivations and implications of XML and related
standards for the field.

This volume of proceedings contains 10 full papers and 5 project notes
covering a wide range of relevant topics, including: XML use for linguistic
annotation; position statements concerning the implications of XML, RDF
and the Semantic Web; XML-based document generation; XML in multi-
modal and speech technology; use of XML mechanisms (especially XSLT)
in specific applications; and several XML-based NLP tools.

We would like to thank the program committee for their timely and
constructive reviews of the large number of submitted papers. We would also
like to thank the Workshops Chair and other organizers of COLING-2002
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of the first NLPXML workshop, Naoyuki Nomura and Chieko Nakabasami,
for initiating the NLPXML workshop series.
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Abstract 

Content selection is a key factor of any 
successful document generation system. 
This paper shows how a content selection 
algorithm has been implemented using an 
efficient combination of XML/XSL 
technology and the framework of RST for 
discourse modeling. The system generates 
multilingual documents adapted to user 
profiles in a learning environment for the 
web.  This CourseViewGenerator applies 
simplified RST schemes to the elaboration 
of a master document in XML from which 
content segments are chosen to suit the 
user's needs. The personalisation of the 
document is achieved through the 
application of a sequence of filtering levels 
of text selection based on the user aspects 
given as input. These cascading filters are 
implemented in XSL. 

Introduction 

It is widely accepted that content selection 
plays a crucial role in text generation (Reiter 
and Dale 2000). This process is normally seen 
as a goal-directed activity in which text 
segments are fit into the discourse structure of 
the text so as to convey a coherent 
communicative goal (Grosz and Sidner 1986). 
Content planning techniques, such as textual 
schemas (McKeown 1985) or plan operators 
(Moore and Paris 1993), have been successfully 
used as models of text generation. There are 
cases, though, in which these techniques may 
face some limitations, for example, when the 
structure of the discourse is difficult to 
anticipate (Mellish et al. 1998). Nevertheless, 
when a set of well-defined communicative 
goals exists, complex goals can be broken down 
into sequences of utterances and generation 
becomes an efficient "top-down'' process 
(Marcu 1997). 

This paper shows a macro level content 
selection algorithm that applies user profiles to 

constrain and discriminate the contents of a 
text, whose discourse structure is represented 
using a simplified version of Rhetorical 
Structure Theory (Mann and Thompson 1988). 
The algorithm has been implemented using 
XML/XSL-based technology in a multilingual 
document generation system for educational 
purposes. The main objective of this 
CourseViewGenerator system (Barrutieta, 2001 
and Barrutieta et al., 2001) is to automatically 
produce multilingual learning documents that 
suit the student's needs at each particular stage 
of the learning process. Figure 1 shows the 
overall architecture of the system. 
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Figure 1: General scheme of the multilingual 
document generation system 

We will begin by explaining the different 
parts of the system before addressing in more 
detail the content selection algorithm itself. The 
system starts by constructing a master 
document of the kind Hirst et al. (1997) 
proposed. This master document consists in a 
full-fledged text with references to all necessary 
multimedia elements (figures, tables, pictures, 
links, etc.). In our case, this master document 
takes the shape of a simple text file with all 
relevant information tagged in XML. Tags 
carry information of the logical composition of 
the text as well as metadata information about 



 

its discourse structure. The text is seen as raw 
data, and tags encapsulate these raw data as 
metadata. The structure of the discourse is 
represented using a simplified version of RST. 
RST is simplified in the sense that the 
granularity of discourse segments does not 
transcend the boundaries of the sentence. 

Table 1. illustrates this gross-grained 
version of RST in which discourse relations are 
represented as XML tags.  

 
 

<RST> 
  <RST-S> 
    <PREPARATION> 
      <S>  What is knowledge management?  </S> 
    </PREPARATION> 
  </RST-S>     
  <RST-N> 
    <S> 
      Knowledge, in a business context, is the organizational    
      memory, which  people know collectively and individually 
    </S> 
    <S> 
      Management is the judicious use of means to accomplish     
      an end 
    </S> 
    <S> 
      Knowledge management is the combination of those  
       concepts, KM = knowledge + management 
    </S> 
  </RST-N> 
</RST> 
<RST> 
  <RST-S> 
    <PREPARATION> 
      <S>  ¿Qué es gestión del conocimiento?  </S> 
    </PREPARATION> 
  </RST-S>     
  <RST-N> 
    <S> 
      Conocimiento, en el contexto de los negocios, es la memoria 
      de la organización, lo que la gente sabe colectiva 
      e individualmente 
    </S> 
    <S> 
      Gestión es el uso juicioso de recursos para alcanzar un fin 
    </S> 
    <S> 
      Gestión del conocimiento es la combinación de esos dos  
      conceptos, GC = gestión + conocimiento 
    </S> 
  </RST-N> 
</RST> 
<RST> 
  <RST-S> 
    <PREPARATION> 
      <S>  Zer da ezagutzaren kudeaketa?  </S> 
    </PREPARATION> 
  </RST-S>     
  <RST-N> 
    <S> 
      Kudeaketa, negozioetan, erakundearen memoria  
      da, jendeak bakarka eta taldeka dakiena  
    </S> 
    <S> 
      Kudeaketak erabideen erabilera zuzena du helburu 
    </S> 
    <S> 
      Ezagutzaren kudeaketa bi kontzeptu hauen nahasketa da,  
      EK = ezagutza + kudeaketa 
    </S> 
  </RST-N> 
</RST> 

Table 1: Gross-grained RST in XML 

As any other standard RST discourse tree, 
this simplified RST contains a nucleus for each 
text paragraph, and one or several satellites 
linked by a discourse relation to the nucleus 
within the same paragraph. The nucleus is an 
absolutely essential segment of the text, as it 
carries the main message that the author wants 
to convey. Satellites can be replaced or erased 
without changing the overall message and play 
an important supporting role for the nucleus. 

In our system, satellites are selected or 
discarded depending on the reader’s profile. 
The reader’s profile is defined through a set of 
user aspects. These take the form of multi-
value parameters that were sketched after a 
number of surveys were conducted among 
teachers, students and other experts from the 
educational context. As a result of these surveys 
a user model was proposed (Barrutieta et al, 
2002). Table 2 illustrates a simplified version of 
the model. 

 
 
 

Specific User Aspects Discrete values 

Subject Language processors 
Moment in time Before the course / Period 1 / 

Period 2 / … / After the 
course (review) 

Languages EN/ ES/ EU 
General User Aspects Discrete values 

Level of expertise Null / Basic / Medium / High
Reason to read To get an idea / To get deep 

into it 
Background Not related to the subject / 

Related to the subject 
Opinion or motivation Against / Without an opinion 

or motivation / In favour 
Time available A little bit of time / Quite 

some time / Enough time 

Table 2:  User model 

Based on this user model, we will now 
discuss the content selection algorithm 
(henceforth CSA). The CSA determines which 
segments of the discourse are going to be used 
in order to make explicit  the set of parameters 
that conform with the user’s profile. In 
principle, nuclei will always be chosen (as they 
convey the main message of the text); satellites, 
however, will be selected depending on their  
relation to the nucleus and the user aspects that 
are activated at the time of generation. 

 



 

The selection algorithm works in three 
consecutive phases: parallel selection, 
horizontal filtering and vertical filtering. 
Vertical filtering is the most important phase of 
the three as it is here that the parts of the 
discourse tree are selected or discarded. 

1 CSA - Parallel selection - Phase 1 

In the phase of parallel selection two of the 
three specific user aspects are taken into 
account: subject and languages. These aspects 
identify the relevant XML master document in 
the chosen language (as illustrated in figure 2.). 
There is one master document for each subject 
covered by the system, and these documents 
contain parallel aligned versions of the texts in 
each language (English, Spanish and Basque, in 
our case). 

 
 

 

Figure 2: CSA – Parallel selection 

As a result of this first filtering phase, the 
appropriate language division of the master 
document is selected. This text division is the 
input for subsequent filtering phases in which 
the particular segments of the document will be 
discriminated.  

2 CSA - Horizontal filtering - Phase 2 

The horizontal filtering phase concerns the third 
remaining user aspect that is moment in time, 
which is used to suit the generated text to the 
particular moment of the learning plan.  This 
aspect cuts horizontally the parallel selection of 
the previous section. 

The master document is structured in 
accordance with a set of course scheduling 
parameters. Each day and learning unit within 
the day is correlated with corresponding set of 
learning entities in the XML master document. 
In this way, the generated document can be  
targeted for learning unit 1 of day 1, or any 

other day or unit. The XML master file also 
contains some informative elements that the 
reader may need to know even before the 
course starts or after it has finished. These will 
be generated also as a result of some specific 
user aspects that are activated. Figure 3 shows a 
graphical representation of horizontal filtering. 
 
 
 

 

Figure 3:  CSA – Horizontal filtering 

3 CSA - Vertical filtering - Phase 3 

The final phase of vertical filtering comprises 
the five user aspects of level expertise, reason 
to read, professional background, opinion or 
motivation and time available. These five 
aspects will be relevant to discriminate those 
parts of the discourse tree which have been 
previously selected and filtered.  

Nuclei will be always maintained because 
they are, by definition, irreplaceable segments 
of the text and convey the main message. 
Satellites are segments of the text that will be 
subject to the algorithm's process of selection. 
Figure 4. shows graphically this filtering phase. 

 
 
 

 

Figure 4: Vertical filtering 

 



 

The set of discrimination rules applied in 
this first version of the content selection 
algorithm is described below. These rules apply 
in subsequent checking levels of filtering, and 
therefore have a cascading effect. It is known 
that RST covers an indefinite number of 
relation-satellites (Knott, 1995) which have 
been classified by Hovy & Maier (1997), but 
we will only mention the set of relation-
satellites used in the master document taken as 
example. 

 
3.1 Vertical filter – Level of expertise 

If level_expertise = “null” or  
   level_expertise = “basic” Then 
   no relation-satellite is discarded; 
 
If level_expertise = “medium” or      
   level_expertise = “high” Then 
   discard example, exercise, background  
   and preparation relation-satellites; 

 
Rationale for the rule: Any user with a null 

or basic level of expertise on the selected 
subject will need all the information available 
to understand the text. Alternatively, a user with 
a medium or high level of expertise will not 
require examples, exercises, background, 
preparation and similar relation-satellites.  

 
3.2 Vertical filter – Reason to read 

If reason_to_read = “to get an idea” Then  
   discard exercise and elaboration (all the     
   types of elaboration: textual elaboration,  
   link elaboration and image elaboration)  
   relation-satellites; 
 
If reason_to_read = “to get deep into it”Then 
   no relation-satellite is discarded; 

 
Rationale: Any user wishing to broaden his 

knowledge in the selected subject will need 
additional information. Conversely, a user with 
the intention of just getting an idea does not 
need any exercise, elaboration, or similar 
relation-satellites, which often require a more 
active role on the part of the user. 

 
3.3 Vertical filter – Professional background 

If job_studies =  “not related subject” Then 
   no relation-satellite is discarded; 
 
If job_studies = “related subject” Then 
   discard background and preparation     
   relation-satellites; 

 

Rationale: Any user whose professional 
background is not related to the subject will 
need all the additional supporting text to 
understand its meaning. Conversely, if the user 
is related to the selected subject, we may 
assume that background, preparation and 
similar relation-satellites will be unnecessary. 

 
3.4 Vertical filter – Opinion or motivation 

If opinion_motivation = “against” or 
   opinion_motivation = “without an opinion     
   or motivation” Then 
   no relation-satellite is discarded; 
 
If opinion_motivation = “in favour” Then 
   discard motivate, antithesis, concession  
   and justify relation-satellite; 

 
Rationale: A motivated or favourable user 

will not require additional motivation and, 
therefore, the motivate, antithesis, concession, 
justification, and similar relation-satellites will 
be disregarded, since they play a role in 
changing the opinion of the user to be in favour 
of the course material. 

 
3.5 Vertical filter – Time available 

If time_available = “a little bit of time” Then 
discard all the relation-satellites; 
 

If time_available = “quite some time” Then 
   discard exercise relation-satellite; 
 
If time_available = “enough time” Then 
   no relation-satellite is discarded; 

 
Rationale: Time availability is a crucial user 

aspect. If the user is in a rush or has little time, 
the system has to provide only the most 
elementary information. In such case only 
nuclei will be generated. If the user has a bit 
more time, but not much, exercises are not 
offered, since they are usually quite time 
consuming and they require an active 
participation of the user. Finally, if the user has 
plenty of time, all the additional information is 
delivered. 

 
3.6 Final comments on vertical filters 

Cascading filters apply to the relation-
satellites that are still active after the previous 
phases in the generation process. When a 
vertical filter 3 tries to get rid of a relation-
satellite already abandoned at a previous phase 
(2 or 1), there will be nothing to act upon, but 

 



 

this circumstance will produce no consequence, 
since the CSA continues the filtering process on 
the remaining text. Thus, the order in which the 
vertical filters are applied is not relevant. 

After the filtering process has been 
successfully completed, there is still a final 
presentation task. A good presentation is, in our 
opinion, one that will provide the student with 
an optimal version of the document to read, 
understand and fruitfully assimilate its content. 

4 Implementation 

The javascript code manages the user aspects 
(one of the inputs of the algorithm) and the 
application of the casdading filters (the CSA). 

Depending on the user aspects given by the 
user, the variables sXSL1 to sXSL5 take the 
value of the filter to be applied for each user 
aspect (level of expertise, reason to read, 
background, opinion or motivation and time 
available). 

The sResult variable contains the XML file 
whose content will be varying after each filter is 
applied. Table 3 shows the code that executes a 
filter. 

 
  

 
objData.loadXML(sResult); 
objStyle.load(sXSL1); 
sResult=objData.transformNode(objStyle);
 

Table 3:  Javascript implementation 

XSL filters pass on (or not) one element to 
the following vertical filter depending on the 
rules described before. Table 4 shows how this 
is done with the relation-satellite 
BACKGROUND. 

 
 
 
<xsl:template 

match="BACKGROUND"> 
  <xsl:copy> 
     <xsl:apply-templates/> 
  </xsl:copy> 
</xsl:template> 
 

Table 4:  XSL implementation 

5 Experimentation 

The objective of the experiment is to validate 
the hypothesis expressed in the filtering rules 
and the actual filtering mechanism of the CSA. 

Several ideas are taken into consideration in 
this respect, but we are aware that users 
(students, professor and other scholars) are the 
final judges. Their assessment of the system 
will depend on whether the generated document  
meet (or fail to do so) their information 
requirements, providing them with just the right 
type and amount of information. 

Conclusions 

In the tests conducted so far, the 
CourseViewGenerator is functioning correctly. 
One of the features that is worth considering is 
the scalability of the filtering mechanism. We 
anticipate two types of expansions to the 
system: (1) Increasing the size of the corpus, 
including more subjects and master documents, 
and (2) augmenting the user model by adding 
user aspects or by adding more parameters to 
the existing user aspects. 

The first type of expansion will not require 
any alteration of the CSA as long as the added 
document tokens conform to the existing DTD 
and our RST model. In order to increase the 
size of the corpus, it will be necessary to 
annotate XML discourse-tree metadata 
manually. This is a complex and time-
consuming task (as has been noted by Carlson 
and Marcu, 2001). Future research activities 
should focus on helping automate the 
annotation process, for example using cue 
phrases à la Knott (Knott 1995; Alonso and 
Castellón, 2001). 

The second type of expansion requires only 
the elaboration of additional XSL filters. 
Adding new values to existing user aspects 
requires only the modification of the 
corresponding XSL filter. Any of these last two 
operations can be incorporated easily. 
Therefore, adding a new user aspect or a new 
discrete value does not increase in any 
substantial way the complexity of the system.  
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Abstract
In this paper we sketch the design, motivation
and use of the GeM annotation scheme: an
XML-based annotation framework for prepar-
ing corpora involving documents with complex
layout of text, graphics, diagrams, layout and
other navigational elements. We set out the
basic organizational layers, contrast the techni-
cal approach with some other schemes for com-
plex markup in the XML tradition, and indicate
some of the applications we are pursuing.

1 Introduction
In the GeM project (“Genre and Multimodal-
ity”: http://www.purl.org/net/gem)1 we are
investigating the relationship between different
document genres and their potential realiza-
tional forms in combinations of text, layout,
graphics, pictures and diagrams. The central fo-
cus of the project is to develop a theory of visual
and textual page layout in electronic and paper
documents that includes adequate attention to
local and expert knowledge in information de-
sign. By analysing resources across visual and
verbal modes, we aim to reveal the purpose of
each in contributing to the message and struc-
ture of the communicative artefact as a whole.
We see it as crucial, however, that research of
this nature be placed on as solid an empirical
basis as has become common in other areas of
linguistic inquiry. The data basis for many of
the claims made in this area hitherto has been
far too narrow: the provision of suitable corpus
materials is therefore fundamental.

For such an enterprise to succeed, it is es-
sential to obtain or construct a structured set

1The GeM project is funded by the British Economic
and Social Research Council, whose support we grate-
fully acknowledge. We also thank the anonymous review-
ers for this workshop for some very useful comments.

of data on which to base the analysis; that
is, in the words of Gunther Kress, a leading
researcher in the area of multimodal meaning
(cf., e.g., Kress and Van Leeuwen (2001)): we
need “to turn stuff into data”. In our case,
the “stuff” consists of raw paged-based infor-
mation presentations, such as illustrated books,
newspapers (print and online versions), instruc-
tional texts, manuals, and so on; the “data”
is then highly structured re-representations of
these documents that bring out parallel but in-
terrelated dimensions of organization crucial for
the total effect, or meaning, of the ‘page’.

Although it is (a) widely accepted that data
for designing and improving natural language
processing can best be made available in the
form of structured, standardized annotated cor-
pora and (b) increasingly accepted that such
data should stretch to include more than the
traditional concerns of linguistics–i.e., speech
and plain text data–and take in more visu-
ally challenging presentations, movements in
this direction have to date been very limited.
The GeM annotation scheme is being devel-
oped in order to support analyses of the broader
range of layout-text-graphical interactions that
is commonplace in professionally designed doc-
uments. We are currently annotating an ex-
ploratory corpus in order to bring out the com-
plex interrelationships that can be observed
within page-based information delivery.

2 Annotation content
The starting basis for our annotation draws
on some detailed non-computational ac-
counts of the organization of multimodal
pages/documents–most specifically, the seminal
account of constraints on document design
by Waller (1987)–and exploratory computa-
tional accounts–such as the layout structures



introduced by Bateman et al. (2001). This
organization reflects both artefact-internal
considerations such as the layout, text and
graphics, as well as artefact-external consid-
erations such as design decisions, production
constraints (e.g., cost), and artefact constraints
(i.e., the limited size of a piece of paper
contrasted with the theoretically unbounded
scrollable window on a computer screen). These
external considerations are often connected.
The ‘ideal’ layout of information on a page
might as a consequence never occur: it must
be ‘folded in’ to the structures afforded by the
artefact, and labelled and arranged according
to the structures required for access.

In order to pick apart and explicitly repre-
sent the strands of meaning that we believe play
a crucial role in multimodal page-based docu-
ment design, we require several orthogonal lay-
ers of annotation. We claim that these levels are
the minimum necessary for revealing accounts
of the operation of the kinds of visual artifacts
being gathered in our corpus–we expect further
layers to be added. Indeed, we consider it a
crucial design feature that the annotation lay-
ers adopted be additive and open rather than
excluding and closed. The layers at the focus of
attention within the current phase of the GeM
enterprise are:

• Rhetorical structure: the rhetorical rela-
tionships between content elements; how
the content is ‘argued’;

• Layout structure: the nature, appearance
and position of communicative elements on
the page;

• Navigation structure: the ways in which
the intended mode(s) of consumption of the
document is/are supported.

We then need in addition to these layers, ex-
plicit representation of constraints that range
freely over the layers and which relate design
decisions to document types, or genres. Further
constraints that are known to determine docu-
ment design include: canvas constraints, arising
out of the physical nature of the object being
produced (e.g., page or screen, fold-geometry in
leaflets, and so on), production constraints, aris-
ing out of the production technology, and con-
sumption constraints, arising out of the time,

place, and manner of acquiring and consuming
the document. Further details and background
for our approach to document design and de-
scription are given in Delin et al. (2002).

Our corpus needs to contain information
about each of these contributing sources of con-
straint in a way that supports empirical in-
vestigation. Our hypothesis, following Waller
(1987), is that not only is it possible to find
systematic correspondences between these lay-
ers, but also that those correspondences them-
selves will depend on specifiable aspects of their
context of use. But to verify (or otherwise) this
hypothesis, the data gathering and annotation
must come first. And this leads directly to some
important technical issues, since the structures
induced by these layers of constraint can be
highly divergent and need to be mapped onto
one another with extreme flexibility. The well-
known corpus annotation problem of intersect-
ing hierarchies therefore arises here with consid-
erable force.

3 Technical approach

Our approach to implementing the required
multiple layer annotation scheme is to adopt
multiple level ‘stand-off’ or ‘remote’ annota-
tions similar to those suggested by Thompson
and McKelvie (1997) or the Corpus Encoding
Standard (e.g., CES, 1999: Annex 10). For
each document to be included in the corpus,
therefore, we create a ‘base level’ document
whose purpose is provide a common set of units
to which all subsequent stand-off levels refer.
These base level units range over textual, graph-
ical and layout elements and give a comprehen-
sive account of the material on the page, i.e.
they comprise everything which can be seen on
the page/pages of the document, including: or-
thographic sentences, sentence fragments initi-
ating a list, headings, titles, headlines, photos,
drawings, diagrams, figures (without caption),
captions of photos, drawings, diagrams, tables,
text in photos, drawings, diagrams, icons, tables
cells, list headers, list items, list labels (itemiz-
ers), items in a menu, page numbers, footnotes
(without footnote label), footnote labels, run-
ning heads, emphasized text, horizontal or ver-
tical lines which function as delimiters between
columns or rows, lines, arrows, and polylines
which connect other base units. Each such el-



ement is marked as a base unit and receives a
unique base unit identifier.

The more abstract annotation levels may
then group base units as required; these group-
ings must again be very flexible–for exam-
ple, it is quite possible that non-consecutive
basic units need to be grouped (and that
differing non-consecutive basic units will be
grouped within differing annotation layers).
Each of the more abstract layers is repre-
sented formally as a further structured XML
specification whose precise informational con-
tent and form is in turn defined by an ap-
propriate Document Type Definition (DTD).2
Each layer defines a particular structural view
of the original document. The markup
for a single document then consists mini-
mally of the following four inter-related layers:
Name content
GeM base base units
RST base rhetorical structure
Layout base layout properties and

structure
Navigation base navigation elements

and structure
All information apart from that of the base

level is expressed in terms of pointers to the rel-
evant units of the base level. This stand-off ap-
proach to annotation readily supports the nec-
essary range of intersecting, overlapping hierar-
chical structures commonly found in even the
simplest documents.

The relationships of the differing annotation
levels to the base level units is depicted graph-
ically in Figure 1. This shows that base units
(the central column) provide the basic vocabu-
lary for all other kinds of units and can, further,
be cross-classified.

Space precludes a detailed account of the or-
ganization of all the levels of the annotation
scheme. Instead we select some examples of an
annotated document at each layer of annotation
to give an indication of the annotation scheme in
action. For further technical details and spec-
ifications of the annotation scheme, the inter-
ested reader is referred to the technical manual
(Henschel, 2002). For ease of exposition, we will
draw most of our examples from the annotation
of the page shown in Figure 2. This page has

2For the DTDs themselves, as well as further infor-
mation and examples, see the GeM corpus webpages.

base unitsLayout
Semantic

Content

RST

segments

navigational

elements

layout units

Figure 1: The distribution of base elements to
layout, rhetorical and navigational elements

Figure 2: Example page: Flegg, J. (1999)
Collins Gem Birds. Italy: Harper Collins. p21.
Used by kind permission of the publisher.

the advantage that it is relatively straightfor-
ward; more complex examples can be found on
the corpus webpages.

The base unit annotation (GemBase) for an
extract from the centre of the page is as follows:

<unit id="u-21.5">---------------</unit>
<unit id="u-21.6"
src="gannet.jpg" alt="gannet-photo"/>

<unit id="u-21.7">
Huge (90cm) unmistakable seabird.

</unit>
<unit id="u-21.8">
Watch for white, cigar-shaped body and
long straight, slender, black-tipped wings.

</unit>
<unit id="u-21.9">
In summer, yellow head of
adult inconspicuous. </unit>



<unit id="u-21.10">
Plunges spectacularly for fish.</unit>

<unit id="u-21.11">Sexes similar.</unit>

Although the base annotation generally has a
flat structure, in certain cases, we diverge from
this and allow nested markup, i.e., base units
inside base units. This is used in the following
situations: emphasized text portions in a sen-
tence/heading, icons or similar pictorial signs in
a sentence, text pieces in a diagram or picture,
arrows and other graphical signs in a diagram
or picture, and document deictic expressions oc-
curring in a sentence.

The layout base then consists of three main
parts: (a) layout segmentation–identification of
the minimal layout units, (b) realization infor-
mation – typographical and other layout prop-
erties of the basic layout units, and (c) the lay-
out structure information–the grouping of the
layout units into more complex layout entities.
Whereas in typography, the minimal layout el-
ement (in text) is the glyph, here we are con-
cerned with groupings of base units that have
a visual coherence and unity with respect to
the organisation of the page: these groupings
are termed layout units and, unlike the base
units, are organized into a non-trivial hierarchi-
cal structure as required to describe the page.
Again, each layout-unit has an id attribute,
which carries an identifying symbol; in addition,
however, the stand-off annotation is achieved
via an attribute xref which points to the base
units which belong to that layout unit. It is
possible, but not necessary, to store the corre-
sponding text portions of the original text file
between the start and end tag of a layout-unit
for mnemonic purposes; this text information is
not used in any further processing. The follow-
ing extract shows the layout unit corresponding
to the main block of text underneath the gannet
photo.

<layout-unit id="lay-flegg-text"
xref="u-21.7 u-21.8 u-21.9

u-21.10 u-21.11">
Huge (90cm) unmistakable seabird.
Watch for white, cigar-shaped body
and long straight, slender,
black-tipped wings. In summer, yellow
head of adult inconspicuous. Plunges
spectacularly for fish. Sexes similar.

</layout-unit>

The second part of the layout base is the re-
alization. Each layout unit specified in the lay-
out segmentation has a visual realization. The
most apparent difference is which mode has
been used – the verbal or the visual mode. Fol-
lowing this distinction, the layout base differen-
tiates between two kinds of elements: textual
elements and graphical elements marked with
the tags <text> and <graphics> respectively.
These two elements have a differing sets of at-
tributes describing their layout properties. The
attributes are generally consistent with the lay-
out attributes defined for XSL formatting ob-
ject and CSS layout models. The id of each
layout unit of the segmentation part of the lay-
out base has to occur exactly once under xref
in the realization part: either in a <text> or
a <graphics> element. In the following cod-
ing example, we have five layout units which
share typographical characteristics. These cor-
respond to the five table cells in the first column
of the table on the page shown in Figure 2.

<text xref="lay-21.12 lay-21.14 lay-21.16
lay-21.18 lay-21.20"

font-family="sans-serif"
font-size="10" font-style="normal"
font-weight="bold"
case="mixed" justification="right"
color="black"/>

The third part of the layout base then serves
to represent the hierarchical layout structure.
Generally we assume that the layout structure
of a document is tree-like with the entire docu-
ment being the root; this will certainly be prob-
lematic for some document types but also has
sufficient applicability to enable us to make con-
siderable headway. Each layout chunk is a node
in the tree, and the basic layout units, which
have been identified in the segmentation part of
the layout base, are the terminal nodes of that
tree. In our annotation, we use several different
tags for the nodes in the layout tree. The three
most common are: <layout-root>, the ele-
ment describing the entire document, <layout-
chunk>, all non-terminal nodes in the layout
tree except for the root, and <layout-leaf>,
the terminal nodes. A slightly simplified (i.e.,
some further substructure is ommitted) extract
of the layout structure for our example page is
depicted graphically in Figure 3; it is described
by the following XML annotation:



page-21

header-21 body-21 page-no-21

lay-21.2 lay-21.3

Figure 3: Example page layout structure shown
graphically

<layout-root id="page-21">
<layout-leaf xref="header-21"/>
<layout-chunk id="body-21">

<layout-leaf xref="lay-21.2"/>
<layout-leaf xref="lay-21.3"/>

</layout-chunk>
<layout-leaf xref="page-no-21"/>

</layout-root>

Whereas the annotations so far specify the
hierarchical structuring of a page into visually
distinguishable and groupable layout units, we
need also to record specific information about
how layout units are placed on their pages: the
page or page segment layout is not fully deter-
mined by grouping layout units into a tree struc-
ture since further information is required about
the actual position of each unit in the docu-
ment (on or within its page). For this, we in-
troduce an area model, which serves to deter-
mine the position of each layout-chunk/layout-
leaf in an abstract, but fully explicit, way. The
area model is a generalization of common no-
tions of ‘page models’. Each page usually par-
titions its space into sub-areas and these can be
used for positioning or aligning layout units or
subtrees of the layout structure. For instance,
a page is often designed in three rows – the
area for the running head (row-1), the area for
the page body (row-2), and the area for the
page number (row-3) – which are arranged ver-
tically. The page body space can itself consist
of two columns arranged horizontally. These
rows/columns need not to be of equal size. For
the present, we restrict ourselves to rectangular
areas and sub-areas, and allow recursive area
subdivision. The partitioning of the space of
the entire document is defined in the area-root,
which structures the document (page) into rect-
angular sub-areas in a table-like fashion.

The tag to represent the area root is <area-

root>. The tag to represent the division of
a sub-area into smaller rectangles is <sub-
area>, this shares the attributes of the root
but adds a location attribute so that subareas
are positioned relative to their parent. Loca-
tions are indicated with respect to a logical grid
defining rows and columns. The area model for
our example page therefore contains a single col-
umn with 5 rows (the header, the photograph,
the text block, the table, and the footer), in
which the fourth row, the table, is itself made
up of a subarea corresponding to the rows and
columns of a virtual table. This is captured by
the following annotation:

<area-root id="page-frame" cols="1" rows="5"
hspacing="100" vspacing="5 40 15 45 5"
height="16cm" width="14cm">

<sub-area id="table-frame" location="row-4"
cols="2" rows="5" hspacing="10 90"
vspacing="100"/>

</area-root>

The attribute vspacing=‘‘5 40 15 45 5’’
means that the area for the running head takes
5% of the entire page height, the area for the
next row 40%, etc. The area model then pro-
vides logical names for the precise positioning
of the layout units identified in the hierarchi-
cal layout structure. This makes it straightfor-
ward to indicate, for example, that collections
of siblings in the layout structure share (or fail
to share) some particular alignment properties
within the page.

The RST base presents the rhetorical struc-
ture of the document. The rhetorical structure
is annotated following the Rhetorical Structure
Theory (RST) of Mann and Thompson (1988).
The relation between rhetorical structure and
layout is currently an important area of study
in multimodal document description and so its
inclusion in the GeM annotation scheme is es-
sential. Several annotation schemes for RST
have been proposed in the literature (cf. Daniel
Marcu and Mick O’Donnell’s proposals, e.g.,
www.sil.org/˜mannb/rst/toolnote.htm and the
RAGS rhetorical level: Cahill et al. (2001)).
The precise GeM notation differs from these
in certain respects, but the main principles of
representation remain similar. Since many of
the details of the rhetorical annotation presume
some familiarity with the decomposition of texts
according to RST, we will note here simply that



this annotation layer again represents a hierar-
chical decomposition in which the leaves of the
tree can correspond to both textual and graph-
ical base units.

Finally, the navigation base captures those
parts of the document/page which tell the
reader where the current text, or ‘document
thread’, is continued or which point to an al-
ternative continuation or continuations. These
make up the navigation layer of annotation.
The addresses used by such pointers are either
names of RST spans or names of layout chunks.
For long-distance navigation, typical nodes in
the RST structure and in the layout structure
have been established for use in pointers; in
particular, chapter/section headings are names
for RST spans and page numbers are names
for page-sized layout-chunks. This structure
imposed by the navigational elements is thus
quite different from the preceding layers and
can freely cross-cut the hierarchicies expressed
there. Again, for further details, the reader is
refered to the documentation manual.

4 Comparison with other
XML-based approaches

It is useful to consider other approaches to
representing ‘overlapping hierarchies’ that have
been proposed in the XML literature; since
these are early days in the construction of such
annotation schemes, it is likely that the expe-
rience gained with differing schemes will prove
highly beneficial for further development.

The first examples of extensive overlapping
hierarchies within markup for NLP are proba-
bly to be found in speech corpora. It is clear
that intonational phenomena, for example, may
or may not respect grammatical or other kinds
of structure and so need to be maintained sep-
arately. Speech-oriented corpora generally use
the time line as a basic reference method since
speech events are necessarily strictly ordered
in time. This is quite different in the GeM
case where we have found the non-linearity and
the non-consecutive nature of the units grouped
within our annotation scheme as presenting a
major problem for annotation models that have
been developed in the speech processing tradi-
tion where contiguity of units is the expected
case. Whereas the speech signal can be encoded
by means of time-stamps, in the GeM model we

need to use the layout structure (or even the
area model within the layout structure) instead
for placing elements within the physical docu-
ment.

One of the most detailed general considera-
tions of the range of XML-based solutions to
the multiple, overlapping hierarchies problem,
as well as an extensive listing of further litera-
ture, is given by Durusau and O’Donnell (sub-
mitted). After reviewing several requirements
and approaches to the problem, Durusau and
O’Donnell propose a Bottom-Up Virtual Hier-
archy approach which (i) creates multiple in-
stances of the source document, each with its
own consistent XML-defined hierarchy and (ii)
creates one further document instance called the
‘base file’, in which each basic element of the
document is linked via XPath expressions to its
position in each of the separately defined hier-
archy documents. The position in each separate
hierarchy is captured as the value of a distinct
attribute to a base element tag. This means
that the base file becomes extremely complex,
although Durusau and O’Donnell envisage that
this file could in future be automatically con-
structed and maintained.

The similarity of this approach to the inde-
pendently developed GeM approach argues to
a certain extent for the necessity of proceeding
in this direction. The differences between the
approaches arise from the different tasks that
are being considered and the corresponding dif-
ferences in emphasis. Durusau and O’Donnell
are considering the task from the perspective of
differing ‘interpretations’ of a text in the sense
more commonly pursued in text corpus markup:
it is, therefore, natural to consider each hier-
archy as an autonomous marked-up document.
We are concerned with linguistic analyses of
documents, where the structure of the analy-
ses themselves is itself a major focus of atten-
tion. It is then no longer so important that
each level of analysis transparently represents
a ‘view of the text’. When querying the cor-
pus for structural and realizational regularities,
we are free to do this across any set of the an-
notation layers present, using the full power of
properly parsed XPath expressions, and with-
out the need to always decompose such queries
into the terms of the elements of the base file.
This is the XML reflex of the linguistic strategy



of stratification of linguistic information across
the linguistic system.

Single structured text views can, of course,
be created out of the GeM markup by following
the indirection links present in any individual
GeM annotation layer. This requires that that
layer be interpreted with respect to the corre-
sponding base level document and is not then
‘locally’ complete. This (formally slight) com-
plexity is, we feel, more than balanced by the
fact that we need neither any additional com-
plexity in our base level markup nor the double
coding of the position of nodes in hierarchies
and base elements. It is also straightforward
to introduce intermediate levels of structural
analysis–as, for example, already done in our se-
lection of base units as units relevant to layout
rather than ‘words’ or other more straightfor-
ward formal units. Indeed, when the more tra-
ditional linguistic levels of annotation (syntax,
semantics) are added into the complete scheme,
many of the GeM annotation layers will con-
tinue not to access the leaves of these structures
at all, and will continue to work with the base
units illustrated here; this variable granularity
may prove to be a general requirement for lin-
guistically complex analyses. And, finally, we
also need not recompile our base level document
whenever an additional layer of annotation is
added to the scheme, thereby simplifying main-
tenance. Further comparison of the approaches
will, however, require more detailed evaluation
in use.

Finally, we can consider the GeM approach
as contrasted with directions within the XML
community itself since there, too, there are pro-
posals for capturing distinctions of content, lay-
out (e.g., in terms of formatting objects: XSL-
FO) and navigational elements (e.g., in terms of
Xlink). Whereas we are attempting to make the
GeM description as compatible with these con-
structs as possible–for example, as noted above
with respect to the realizational possibilities for
the layout units–it is important to understand
the very different aims involved. The purpose
of the GeM project is to analyse the multimodal
decisions made in a wide range of document
types and it is not yet clear which theoretical
levels and which theoretical constructs within
those levels will prove appropriate. The format-
ting object description is only suited to a certain

class of layout types (which excludes, for exam-
ple, newspapers) and so is in many respects too
specific for our more exploratory purposes. We
are also searching for effective levels of abstrac-
tion at which to characterize our data: effective
here meaning that these will be the constructs
over which canvas constraints, production con-
straints and consumption constraints are most
appropriately expressed. Perhaps, to offer an
NLP analogy: whereas the XML modelling de-
cisions correspond to a fine-scaled phonetic de-
scription of a language event, we are in the
GeM project searching for the higher levels of
abstraction corresponding to the grammar, se-
mantics and pragmatics of the language events.
We expect this to give us a substantially better
theoretical grasp of the meaning-making poten-
tial of layout decisions and their control by ex-
ternal constraints.

5 Applications of the annotated
corpus

A number of uses are currently being made of
the annotated GeM corpus. While our empiri-
cal study will need considerably more data to be
encoded before we can make reliable statements
concerning the patterning of various constraints
with document decisions, we have already been
struck by the rather wide variation that exists
within single documents between selected lay-
out structures on the one hand and rhetorical
organization on the other. In surprisingly many
cases, this variation goes beyond what might
be considered ‘good’ design: in fact, we would
argue that most such designs are flawed and
would be improved by a more explicit attention
to the rhetorical force communicated by partic-
ular layout decisions. This represents the use of
the corpus for document critique and improve-
ment (cf. Delin and Bateman (2002)).

We are also using the data gathered so far to
inform the design of a prototype automatic doc-
ument generation system capable of producing
the kinds of variation and layout forms seen in
our corpus. In this work, the annotation scheme
provides skeletal data structures that define tar-
get formats of various stages of the generation
process. Thus, for example, layout planning
needs to produce a structure that is an instan-
tiated version of a layout structure as we have
defined it above. Some first results are reported



in Henschel et al. (to appear) which describes a
prototype implemented as a set of XSLT trans-
formations that convert a content representa-
tion into an XSL-FO document. The transfor-
mations are conditionalized so as to respond to
various features of the content, the modes of the
available material, and the rhetorical structure;
so far pages generated include further examples
of the kind used as an example in this paper as
well as pages from instructional texts such as
telephone user guides.

Conditionalization is expressed in terms of
XPath specifications that check the presence or
absence of particular configurations within any
of the GeM annotation layers as required. Such
specifications are, however, somewhat cumber-
some for more complex queries. Whether fur-
ther developments such as XQL or XQuery will
bring benefits is not yet clear. Somewhat dis-
appointing was the unsuitability of the previous
generation of linguistic-oriented corpus tools,
which, despite considerable investment, seem to
have been outstripped by the very rapid devel-
opments seen in the mainstream XML commu-
nity. Most of our current work is done directly
with XMLSpy and XLST tools such as Xalan.

The final goal of our corpus collection work
and the prototype document generation systems
is to place the commonly quoted aim of using
XML markup for document ‘repurposing’ on a
solid theoretical foundation. Thus, for example,
the ability automatically to generate very dif-
ferent presentational forms for the instructional
texts or bird pages mentioned above is an in-
herent feature of the GeM model. More impor-
tant for us is to uncover as precisely as possi-
ble the conditions which make certain presen-
tational selections more appropriate than oth-
ers. In general, we relate the need for present-
ing information in different forms to the kinds
of constraints we introduced above: very differ-
ent canvas constraints are imposed, for exam-
ple, depending on whether the delivery medium
is across the telephone, on a palmtop, or as a
display on a big screen. However, it is not sim-
ply a matter of the differing affordances of the
display device. The selection of particular infor-
mation and information display modes is also a
matter of established document types. These
document types change over time, due both to
changing production constraints and to the es-

tablishment of new genres. It is not possible to
deploy inappropriate realizations for established
genres; a newspaper that changed its presenta-
tion style to that of birdbooks would quickly be
out of business–and vice versa. Mapping out
these possibilities and showing what larger pat-
terns hold is then our eventual goal. And for
this, extensive and detailed empirical studies of
the kind we hope the GeM corpus and annota-
tion scheme will support are crucial.
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Abstract

We describe our ongoing work on an application
of XML/XSL technology to a dictionary, from
whose source representation various views for
the human reader as well as for automatic text
generation and understanding are derived. Our
case study is a dictionary of discourse markers,
the words (often, but not always, conjunctions)
that signal the presence of a disocurse relation
between adjacent spans of text.

1 Overview

Electronic dictionaries have made extensive use
of SGML encoding in the past, but to our
knowledge, the advantages of contemporary
frameworks such as XML/XSL are only be-
ginning to be explored. We are applying this
framework to our work on a lexicon of ‘dis-
course markers’ and will outline the advantages
of deriving a variety of views from the common
underlying lexical resource: different views for
different demands by the human eye, but also
application-specific views that tailor the dictio-
nary to either the parsing or the generation task
(a third one would be machine translation but
is not covered in this paper), and that respect
the conventions of the specific underlying pro-
gramming language. Using XSL style sheets for
producing the views automatically is especially
useful when the lexicon is still under develop-
ment: the ramifications of particular modifica-
tions or extensions can be made visible easily
by running the conversion and testing the ap-
plications in question.

Discourse markers are words (predominantly
conjunctions) that signal the kind of semantic or
rhetorical relationship between adjacent spans
of text. In text generation, when given a rep-
resentation of propositions and relations hold-
ing between them, the task is to select an ap-

propriate discourse marker in the context. In
text understanding, discourse markers are the
most important clues for inferring the ‘rhetori-
cal structure’ of the text, a task that has lately
been called ‘rhetorical parsing’. While these
discourse markers are a somewhat idiosyncratic
class of lexical items, we believe that our general
approach to applying XML/XSL can be fruitful
to other branches of the dictionary as well (in
particular to the open-class “content words”).

After reviewing some earlier work on XML-
based dictionaries (Section 2) and discussing the
notion of discourse markers (Section 3), we pro-
ceed to outline the particular requirements on
a discourse marker lexicon from both the text
generation and the text understanding perspec-
tive (Section 4). Then, Section 5 describes our
XML/XSL encoding of the source lexicon and
the views for the human eye, for automatic text
generation, and for text understanding. Finally,
Section 6 draws some conclusions.

2 Dictionaries and XML: Related
work

Recent research in lexicology has been focused
on two different goals: the mark-up process
for existing print dictionaries, and the success-
ful construction of machine-readable dictionar-
ies from scratch.

The first approach has received more at-
tention in the past. This is partly due to
the fact that the transformation of existing
print dictionaries into modules for NLP applica-
tions promises to be less time-consuming than
the construction of a new machine-readable
database. Lexicologists agree on the fact that a
dictionary entry is inherently hierarchical, i.e.,
it consists out of atomic elements grouped to-
gether within non-atomic elements in a tree-like
hierarchy. Many approaches place orthograph-



ical and phonological information together in
one group, while grammatical information is put
in a different group. This hierarchical approach
also allows to denote scope by inserting informa-
tion at different levels of the hierarchy. Again,
information about orthography and phonology
generally applies to every facet of the headword
and are thus placed high in the hierarchy, while
other information might only apply to single
definitions and thus ranks lower hierarchically
(Amsler/Tompa, 1988; Ide, Véronis, 1995; Ide
et al., 2000).

A common problem of lexicologists working
with print dictionaries is the fact that there is
a certain variation between entries in any two
given dictionaries or even within the same dic-
tionary. This results in a neccessary trade-off
between the descriptive power and the gener-
ality of an approach, i.e. to design a SGML
application that is both descriptive enough to
be of practical value and general enough to ac-
comodate the variation.

There has been, on the other hand, only little
research on machine-readable dictionaries that
are not based on print dictionaries. To our
knowledge, only (Ide et al., 1993) deals with
this issue by reviewing several approaches to-
wards encoding machine-readable dictionaries.
One of these is the use of text models that ap-
ply a rather flat hierarchy to mark up dictio-
nary entries. These text models might chiefly
use typographical or grammatical information.
Another approach is using relational databases,
in which the information contained in a dictio-
nary entry is distributed over several databases.
A third approach is based on feature structures
that impose a rich hierarchical structure on the
data. The authors finally describe an example
application that uses feature structures encoded
in SGML to set up a machine-readable dictio-
nary.

The papers mentioned above agree on us-
ing SGML for the mark-up. We found that
their SGML code is, however, in general XML-
compliant.

3 Discourse markers

Several contemporary discourse theories posit
that important aspects of a text’s coherence
can be formally described (and represented) by
means of discourse relations holding between

adjacent spans of text (e.g. Asher, 1993; Mann,
Thompson, 1988). We use the term discourse
marker for those lexical items that (in addition
to non-lexical means such as punctuation, as-
pectual and focus shifts, etc.) can signal the
presence of such a relation at the linguistic sur-
face. Typically, a discourse relation is associ-
ated with a wide range of such markers; con-
sider, for instance, the following variety of Con-

cessions, which all express the same underly-
ing propositional content. The words that we
treat as discourse markers are underlined.

We were in SoHo; {nevertheless | nonetheless
| however | still | yet}, we found a cheap bar.

We were in SoHo, but we found a cheap bar
anyway.

Despite the fact that we were in SoHo, we
found a cheap bar.

Notwithstanding the fact that we were in
SoHo, we found a cheap bar.

Although we were in SoHo, we found a cheap
bar.

If one accepts these sentences as paraphrases,
then the various discourse markers all need to
be associated with the information that they
signal a concessive relationship between the two
propositions involved. Notice that the markers
belong to different syntactic categories and thus
impose quite different syntactic constraints on
their environment in the sentence. Discourse
markers do not form a homogeneous class from
the syntactican’s viewpoint, but from a func-
tional perspective they should nonetheless be
treated as alternatives in a paradigmatic choice.

A detailled characterization of discourse
markers, together with a test procedure for
identifying them in text, has been provided for
English by (Knott, 1996). Recently, (Grote, to
appear) adapted Knott’s procedure for the Ger-
man language. Very briefly, to identify a dis-
course marker (e.g., because) in a text, isolate
the clause containing a candidate from the text,
resolve any anaphors and make elided items ex-
plicit; if the resulting text is incomplete (e.g.,
because the woman bought a Macintosh), then
the candidate is indeed a ‘relational phrase’, or
for our purposes, a two-place discourse marker.

In addition to the syntactic features, the dif-
ferences in meaning and style between similar
markers need to be discerned; one such differ-
ence is the degree of specificity: for example,



but can mark a general Contrast or a more
specific Concession. Another one is the no-
table difference in formality between, say but ...
anyway and notwithstanding.

From the perspective of text generation, not
all paraphrases listed above are equally felici-
tous in specific contexts. In order to choose
the most appropriate variant, a generator needs
knowledge about the fine-grained differences be-
tween similar markers for the same relation.
Furthermore, it needs to account for the interac-
tions between marker choice and other genera-
tion decisions and hence needs knowledge about
the syntagmatic constraints associated with dif-
ferent markers. We will discuss this perspective
in Section 4.1

From the perspective of text understanding,
discourse markers can be used as one source of
information for guessing the rhetorical structure
of a text, or automatic rhetorical parsing. We
will characterize this application in Section 4.2.

4 Requirements on a discourse
marker lexicon

As the following two subsections will show, text
generation and understanding have quite dif-
ferent preferences on the information coded in
a discourse marker lexicon, or “DiMLex” for
short. In addition, different systems employ dif-
ferent programming languages, and the format
of the lexicon has to be adapted accordingly.
Yet we want to avoid coding different lexicons
manually and thus seek a common “core rep-
resentation” for DiMLex from which the var-
ious application-specific instantiations can be
derived. Before proposing such a representa-
tion, though, we have to examine in more detail
the different requirements.

4.1 The text generation perspective
Present text generation systems are typically
not very good at choosing discourse mark-
ers. Even though a few systems have incor-
porated some more sophisticated mappings for
specific relations (e.g., in DRAFTER (Paris et
al., 1995)), there is still a general tendency to
treat discourse marker selection as a task to
be performed as a “side effect” by the gram-
mar, much like for other function words such as
prepositions.

To improve this situation, we propose to view
discourse marker selection as one subtask of the

general lexical choice process, so that — to con-
tinue the example given above — one or another
form of Concession can be produced in the
light of the specific utterance parameters and
the context. Obviously, marker selection also
includes the decision whether to use any marker
at all or leave the relation implicit. When these
decisions can be systematically controlled, the
text can be tailored much better to the specific
goals of the generation process.

The generation task imposes a particular view
of the information coded in DiMLex: the en-
try point to the lexicon is the discourse relation
to be realized, and the lookup yields the range
of alternatives. But many markers have more
semantic and pragmatic constraints associated
with them, which have to be verified in the gen-
erator’s input representation for the marker to
be a candidate. Then, discourse markers place
(predominantly syntactic) constraints on their
immediate context, which affects the interac-
tions between marker choice and other realiza-
tion decisions. And finally, markers that are still
equivalent after evaluating these constraints are
subject to a choice process that can utilize pref-
erential (e.g. stylistic or length-based) criteria.
Therefore, under the generation view, the infor-
mation in DiMLex is grouped into the following
three classes:

— Applicability conditions: The necessary
conditions for using a discourse marker, i.e., the
features or structural configurations that need
to be present in the input specification.

— Syntagmatic constraints: The constraints
regarding the combination of a marker and the
neighbouring constituents; most of them are
syntactic and appear at the beginning of the list
given above (part of speech, linear order, etc.).

— Paradigmatic features: Features that label
the differences between similar markers sharing
the same applicability conditions, such as stylis-
tic features and degrees of emphasis.

Very briefly, we see discourse marker choice
as one aspect of the sentence planning task
(e.g. (Wanner, Hovy, 1996)). In order to
account for the intricate interactions between
marker choice and other generation decisions,
the idea is to employ DiMLex as a declara-
tive resource supporting the sentence planning
process, which comprises determining sentence
boundaries and sentence structure, linear order-



ing of constituents (e.g. thematizations), and
lexical choice. All these decisions are heavily
interdependent, and in order to produce truly
adequate text, the various realization options
need to be weighted against each other (in con-
trast to a simple, fixed sequence of making the
types of decisions), which presupposes a flexible
computational mechanism based on resources
as declarative as possible. This generation ap-
proach is described in more detail in (Grote,
Stede, 1998).

4.2 The text understanding perspective
In text understanding, discourse markers serve
as cues for inferring the rhetorical or semantic
structure of the text. In the approach proposed
in (Marcu, 1997), for example, the presence of
discourse markers is used to hypothesize indi-
vidual textual units and relations holding be-
tween them. Then, the overall discourse struc-
ture tree is built using constraint satisfaction
techniques. Our analysis method uses the lexi-
con for an initial identification and disambigua-
tion of discourse markers. They serve as one
of several other shallow features that determine
through a statistical, learned language model
the optimal rhetorical analysis.

In contrast to the use of markers in genera-
tion, the list of cues is significantly longer and
includes phrasal items like aus diesem Grund
(for this reason) or genauer genommen (more
precisely).

5 Our XML/XSL solution

In the following we show some sample represen-
tations and style sheets that have been abridged
for presentation purposes.

5.1 Source representation
In our hierarchical XML structure, the
<dictionary> root tag encloses the entire file,
and every single entry rests in an <entry>
tag, which unambigously identifies every entry
with its id attribute. Within the <entry> tag
there are four subordinate tags: <form>, <syn>,
<sem>, and <examples>.

The <form> tag contains the orthographic
form of the headword; at present this amounts
to two slots for alternative orthographies. The
<syn> area contains the syntactic information
about the headword. In this shortened exam-
ple, there is only the <init field> tag present,

<?xml version="1.0" ?>
<?xml-stylesheet type="text/xsl"
href="short_dictionary.xsl" ?>

<!DOCTYPE dictionary SYSTEM "DTD.dtd">
5 <dictionary>

<entry id="05">
<form>

<orth>denn</orth>
<alt_orth>none</alt_orth>

10 <!-- . . . -->
</form>
<syn>

<init_field>-</init_field>
<!-- . . . -->

15 </syn>
<sem>

<function>causal</function>
<!-- . . . -->

</sem>
20 <examples>

<example>Das Konzert muss ausfallen,
*denn* die S&auml;ngerin ist erkrankt.
</example>
<example>Die Blumen auf dem Balkon sind

25 erfroren, *denn* es hat heute nacht
Frost gegeben.</example>

</examples>
</entry>
<entry>

30 <!-- more entries -->
</entry>

</dictionary>

Figure 1: The XML structure

which shows whether the headword can be used
in the initial field of a sentence. Correspond-
ingly, <sem> contains semantic features such as
the <function> tag, which contains the seman-
tic/discourse relation expressed by the head-
word. Finally, <examples>, contains one or
more <example> tags that may each give an ex-
ample sentence.

We have shortened this presentation consider-
ably; the full lexicon contains more fine-grained
features for all three areas: within <form>, in-
formation on pronounciation, syllable structure,
and hyphenation; within <syn>, information
about syntactic subcategorization and possible
positions in the clause; within <sem>, for exam-
ple the feature whether the information subor-
dinated by the marker is presupposed or not.

5.2 HTML views

The listing in Figure 4 shows a style sheet that
provides an HTML by listing the XML data in
a format that roughly resembles a print dictio-



nary. Figure 2 shows the output that results
from applying this XSL file to the XML source
in figure 1.

05: denn
Occurrences: middle field / Nullstelle
Semantics: kausal
Related markers: weil da

Examples: Das Konzert muss ausfallen, *denn* die

Sängerin ist erkrankt.

Die Blumen auf dem Balkon sind erfroren, *denn* es hat

heute nacht Frost gegeben.

Figure 2: One HTML view of the data

We assume that the general structure of the
formatting part of XSL is familiar to the reader.
We would like to highlight some details.

XLINK is used to ensure that the entry con-
tains an HTML-anchor named after the head-
word (ll. 14-20). This way it is possible to link
to a certain entry from the <rel> tag of a dif-
ferent entry (39-45).

We also employ the XSL equivalent to
an if/then/else construct (24-31). The
<xsl:choose> tag encloses the choices to be
made. The <xsl:when> tag contains the con-
dition match=".[alt orth=’none’]" that does
nothing if the <alt orth> tag contains the
data none. Every other case is covered by
the <xsl:otherwise> tag that prints out the
<alt orth> information if it is not no entry.

Entry alt orth init field mid field . . .
denn none - + . . .
da none + + . . .
zumal none - - . . .
weil none - - . . .
als none - - . . .

Figure 3: Another possible HTML view of the
data

Figure 3 shows another possible view for the
data. In this case the data is presented in table
form, ordered by the value of the mid field tag.
It would be easy to show that it is possible to
use a <xsl:choose> construct as shown in the
example before to print out only those entries
that satisfy a certain condition.

5.3 The text generation view
For the lexicon to be applied in our text
generation system ‘Polibox’ (Stede, 2002),
we need a Lisp-based version of DiM-
Lex. Using the (defstruct <name> <slot1>

<?xml version="1.0"?>
<xsl:stylesheet
xmlns:xsl=

"http://www.w3.org/1999/XSL/Transform">
5 <xsl:template match="/">

<FONT SIZE="-2">
<xsl:apply-templates/>

</FONT>
</xsl:template>

10 <xsl:template match="dictionary">
<xsl:apply-templates/>

</xsl:template>
<xsl:template match="entry">

<P><font size="2"><B><A>
15 <xsl:attribute name="NAME">

<xsl:value-of select="form/orth"/>
</xsl:attribute>
<xsl:value-of select="./@id"/>:
<xsl:value-of select="form/orth"/>

20 </A></b></font>
<xsl:apply-templates/></P>

</xsl:template>
<xsl:template match="form">

<xsl:choose>
25 <xsl:when match=".[alt_orth=’none’]">

</xsl:when>
<xsl:otherwise>

<BR/><B>Alternative orthography:</B>
<xsl:value-of select="alt_orth"/>

30 </xsl:otherwise>
</xsl:choose>

</xsl:template>
<xsl:template match="sem">

<BR/><B>Semantics:</B>
35 <xsl:value-of select="ko_sub"/>

/ <xsl:value-of select="function"/>
<br/><b>Related markers:</b>

<xsl:for-each select="rel">
<A><xsl:attribute name="HREF">

40 #<xsl:value-of select="."/>
</xsl:attribute>
<xsl:value-of select="."/></A>

</xsl:for-each>
</xsl:template>

45 <xsl:template match="syn">
<BR/><B>Occurrences:</B>
<xsl:choose>

<xsl:when match=".[init\_field=’-’]">
</xsl:when>

50 <xsl:otherwise>
initial field /

</xsl:otherwise>
</xsl:choose>

</xsl:template>
55 <xsl:template match="examples">

<BR/><B>Examples:</B>
<xsl:for-each select="example">

<xsl:value-of select="."/><BR/>
</xsl:for-each>

60 </xsl:template>
</xsl:stylesheet>

Figure 4: The XSL file for the HTML view
shown in Figure 2



.. <slotn>) construct, we define a class of ob-
jects for discourse markers, where the features
needed for generation are stored in the slots.
Again, we abbreviate slightly:

(defstruct DiscMarker
Relation N-Complexity S-Complexity
Ortho POS ... Style)

Now, a Lisp-object for each individual dis-
course marker entry is created with the func-
tion make-Discmarker, which provides the val-
ues for the slots. Figure 5 shows the shape of the
entry for denn, whose XML-source was given in
figure 1.

Again, we aim at deriving these entries au-
tomatically via an XSL sheet (which we do not
show here). Notice that the mapping task is
now somewhat different from the HTML cases,
since the transformation part of XSL (XSLT)
comes into play here. Instead of merely display-
ing the data in a web browser as in the examples
before, an XSLT processor may transform data
for use in some XML based client application.

As explained in Section 4.1, in the generation
scenario we are given a tree fragment consist-
ing of a discourse relation node and two daugh-
ters representing the related material, the nu-
cleus and the satellite of the relation. In order
to decide whether a particular marker can be
used, one important constraint is the “size” of
the daughter material, which can be a single
proposition or an entire sub-tree. The gener-
ator needs to estimate whether it will fit into
a single phrase, clause, sentence, or into a se-
quence of sentences; a subordinating conjunc-
tion, for instance, can only be used if the ma-
terial can be expressed within a clause. Thus,
the Lisp-entry contains slots N-Complexity and
S-Complexity, which are highly application-
specific and thus do not have a simple corre-
sponding feature in the XML source represen-
tation of the dictionary. The XSL sheet thus
inspects certain combinations of daughter at-
tributes of <syn> and maps them to new names
for the fillers of the two Complexity slots in
the Lisp structure. (Similar mappings occur in
other places as well, which we do not show here.)

5.4 The text understanding view
Our analysis method recasts rhetorical parsing
as a set of classification decisions, where a pars-

(make-Discmarker
:Relation cause
:N-Complexity sent
:S-Complexity sent

5 :Ortho denn
:POS coordconj
:Style unmarked)

Figure 5: Lisp-version of generation-oriented
dictionary entry for denn (abridged)

ing framework builds a tree structured analy-
sis. Each of the decisions is based on a set of
features. Feature types range from syntactical
configuration to the presence of a certain dis-
course marker. The mapping from a pattern of
observed features to a rhetorical relation may be
learned automatically by a classification learn-
ing algorithm.

Learning and analysis applications use a pars-
ing framework that gives us a set of text span
pairs. Every two text spans are subject to a
classification learning algorithm (during train-
ing) or the actual classifier. So, a rhetorical rela-
tion is assigned to these two spans of text along
with a score so that the parsing framework may
decide which of several competing classifications
to accept.

Learning and actual rhetorical analysis are
accomplished by a set of distinct tools that add
specific annotations to a given input text, be-
fore resulting relations are learned or guessed.
These tools include a data mining component, a
part-of-speech tagger and a segmenter. They all
access data organized in an XML syntax. The
central learning and parsing application makes
use of a Document Object Model (DOM) repre-
sentation of the corpus. This data structure is
effectively used for information interchange be-
tween several components, because it allows us
to easily visualize and modify the current data
at each processing step during development.

With the present corpus data, the learning al-
gorithm is theoretically able to identify rhetori-
cal markers automatically and could thus com-
pile a marker lexicon. However, markers are
highly ambiguous. Even though many of them
can be tagged as adverbials or conjunctions,
markers often lack distinctive syntactic and/or
positional properties; some of them are phrasal,
some are discontinuous. To identify significant
cue - relation correlations, a lot of annotated



data is necessary: more than is usually avail-
able. In a sparse data situation, we want to
easen the learning task for the rhetorical lan-
guage model: It makes sense to use a discourse
marker lexicon.

On the other hand, we do not expect a hand-
crafted lexicon to contain all contextual con-
straints that would enable us to assign a sin-
gle rhetorical relation. These constraints can be
very subtle; some of them should be represented
as probabilistic scalar information.

Thus, DiMLex contributes to initial dis-
course marker disambiguation. From each en-
try, we interpret syntactic positioning informa-
tion, morphosyntactic contextual information
and a scope class (sentential, phrasal, discourse-
level) as a conjunction of constraints. The pres-
ence of a certain discourse marker in a specified
configuration is one of the features to be ob-
served in the text.

Depending on the depth of the syntactic and
semantic analysis carried out by the text un-
derstanding system, different features provided
by DiMLex can be taken into account. Certain
structural configurations can be tested with-
out any deep understanding; for instance, the
German marker während is generally ambigu-
ous between a Contrast and a Temporal-

Cooccurrence reading, but when followed by
a noun phrase, only the latter reading is avail-
able (während corresponds not only to the En-
glish while but also to during).

In the parsing client application, DiMLex
serves as resource for the identification of cue
phrases in specific structural configurations.
Rhetorical information from the DiMLex entries
may serve as one of several cues for the classi-
fication engine. The final linking from cue pat-
terns to rhetorical relations is learned from a
corpus annotated with rhetorical structures.

6 Summary

We have presented our ongoing work on con-
structing an XML-based dictionary of discourse
markers, from which a variety of views are de-
rived by XSL sheets: For the dictionary de-
signer or application developer, we present the
dictionary in tabular form or in a form resem-
bling print dictionaries, but with hyperlinks in-
cluded for easy cross-referencing. Similarly, text
generation and understanding systems are on

the one hand written in different programming
languages and thus expect different dictionary
formats; on the other hand, the information
needed for generation and parsing is also not
identical, which is accounted for by the XSL
sheets. Evaluation of the approach will depend
on the client applications. Their implementa-
tion will determine the final shape of DiMLex.
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Abstract
We describe the use of a suite of highly flexible
XML -basedNLP tools in a project for processing and
interpreting text in the medical domain. The main
aim of the paper is to demonstrate the central role
that XML mark-up andXML NLP tools have played
in the analysis process and to describe the resultant
annotated corpus ofMEDLINE abstracts. In addition
to theXML tools, we have succeeded in integrating
a variety of non-XML ‘off the shelf’ NLP tools into
our pipelines, so that their output is added into the
mark-up. We demonstrate the utility of the anno-
tations that result in two ways. First, we investigate
how they can be used to improve parse coverage of a
hand-crafted grammar that generates logical forms.
And second, we investigate how they contribute to
automatic lexical semantic acquisition processes.

1 Introduction
In this paper we describe our use ofXML for an anal-
ysis of medical language which involves a number
of complex linguistic processing stages. The ulti-
mate aim of the project is to to acquire lexical se-
mantic information fromMEDLINE through parsing,
however, a fundamental tenet of our approach is that
higher-levelNLP activities benefit hugely from be-
ing based on a reliable and well-considerered initial
stage of tokenisation. This is particularly true for
language tasks in the biomedical and other technical
domains since general purposeNLP technology may
stumble at the first hurdle when confronted with
character strings that represent specialised techni-
cal vocabulary. Once firm foundations are laid then
one can achieve better performance from e.g. chun-
kers and parsers than might otherwise be the case.
We show how well-founded tools, especiallyXML -
based ones, can enable a variety ofNLP components
to be bundled together in different ways to achieve
different types of analysis. Note that in fields such
as information extraction (IE) it is common to use

statistical text classification methods for data anal-
ysis. Our more linguistic approach may be of as-
sistence inIE: see Craven and Kumlien (1999) for
discussion of methods forIE from MEDLINE.

Our processing paradigm isXML -based. As a
mark-up language forNLP tasks, XML is expres-
sive and flexible yet constrainable. Furthermore,
there exist a wide range ofXML -based tools forNLP

applications which lend themselves to a modular,
pipelined approach to processing whereby linguis-
tic knowledge is computed and added asXML an-
notations in an incremental fashion. In processing
MEDLINE abstracts we have built a number of such
pipelines using as key components the programs
distributed with theLT TTT and LT XML toolsets
(Grover et al., 2000; Thompson et al., 1997). We
have also successfully integrated non-XML public-
domain tools into our pipelines and incorporated
their output into theXML mark-up using theLT XML

programxmlperl(McKelvie, 2000).
In Section 2 we describe our use ofXML -based

tokenisation tools and techniques and in Sections 3
and 4 we describe two different approaches to
analysingMEDLINE data which are built on top of
the tokenisation. The first approach uses a hand-
coded grammar to give complete syntactic and se-
mantic analyses of sentences. The second approach
performs a shallower statistically-based analysis
which yields ‘grammatical relations’ rather than
full logical forms. This information about gram-
matical relations is used in a statistically-trained
model which disambiguates the semantic relations
in noun compounds headed by deverbal nominali-
sations. For this second approach we compare two
separate methods of shallow analysis which require
the use of two different part-of-speech taggers.

2 Pre-parsing of Medline Abstracts
For the work reported here, we have used the
OHSUMED corpus ofMEDLINE abstracts (Hersh et



<RECORD>
<ID>395</ID>
<MEDLINE-ID>87052477</MEDLINE-ID>
<SOURCE>Clin Pediatr (Phila) 8703; 25(12):617-9</SOURCE>
<MESH>
Adolescence; Alcoholic Intoxication/BL/*EP; Blood Glucose/AN; Canada; Child; Child, Preschool;
Electrolytes/BL; Female; Human; Hypoglycemia/ET; Infant; Male; Retrospective Studies.
</MESH>
<TITLE>Ethyl alcohol ingestion in children. A 15-year review.</TITLE>
<PTYPE>JOURNAL ARTICLE.</PTYPE>
<ABSTRACT>
<SENT><W P=’DT’>A</W> <W P=’JJ’>retrospective</W>
<W P=’NN’ LM=’study’ >study</W> <W P=’VBD’ LM=’be’ >was</W>
<W P=’VBN’ LM=’conduct’>conducted</W> <W P=’IN’>by</W> <W P=’NN’ LM=’chart’ >chart</W>
<W P=’NNS’ LM=’review’>reviews</W> <W P=’IN’ >of</W> <W P=’CD’>27</W>
<W P=’NNS’ LM=’patient’>patients</W> <W P=’IN’>with</W> <W P=’JJ’>documented</W>
<W P=’NN’ LM=’ethanol’>ethanol</W> <W P=’NN’ LM=’ingestion’>ingestion</W><W P=’.’>.</W>
</SENT> <SENT> .. . </SENT> <SENT> .. . </SENT>
</ABSTRACT>
<AUTHOR>Leung AK.</AUTHOR>
</RECORD>

Figure 1: A sample from theXML -marked-upOHSUMED Corpus

al., 1994) which contains 348,566 references taken
from the years 1987–1991. Not every reference
contains an abstract, thus the total number of ab-
stracts in the corpus is 233,443. The total number of
words in those abstracts is 38,708,745 and the ab-
stracts contain approximately 1,691,383 sentences
with an average length of 22.89 words.

By pre-parsing we mean identification of word
tokens and sentence boundaries and other lower-
level processing tasks such as part-of-speech (POS)
tagging and lemmatisation. These initial stages of
processing form the foundation of ourNLP work
with MEDLINE abstracts and our methods are flex-
ible enough that the representation of pre-parsing
can be easily tailored to suit the input needs of sub-
sequent higher-level processors. We start by con-
verting theOHSUMED corpus from its original for-
mat to anXML format (see Figure 1). From this
point on we pass the data through pipelines which
are composed of calls to a variety ofXML -based
tools from theLT TTT and LT XML toolsets. The
core program in our pipelines is theLT TTT program
fsgmatch, a general purpose transducer which pro-
cesses an input stream and rewrites it using rules
provided in a hand-written grammar file, where the
rewrite usually takes the form of the addition of
XML mark-up. Typically, fsgmatchrules specify
patterns over sequences ofXML elements and use a

regular expression language to identify patterns in-
side the character strings (PCDATA) which are the
content of elements. For example, the following
rule for decimals such as “.25” is searching for a
sequence of twoS elements where the first contains
the string “.” as itsPCDATA content and the second
has been identified as a cardinal number (C=‘CD’,
e.g. any sequence of digits). When these twoS el-
ements are found, they are wrapped in aW element
with the attributeC=‘CD’ (targ sg). (HereS ele-
ments encode character sequences, see below, and
W elements encode words.)

<RULE name="decimal" targ_sg="W[C=‘CD’]">
<REL match="S/#˜ˆ[\.]$"></REL>
<REL match="S[C=‘CD’]"></REL>

</RULE>

Subparts of a pipeline can be thought of as dis-
tinct modules so that pipelines can be configured to
different tasks. A typical pipeline starts with a two-

<S C=’UCA’>A</S><S C=’LCA’>rterial</S>
<S C=’WS’> </S><S C=’UCA’>P</S>
<S C=’LCA’>a</S><S C=’UCA’>O</S>
<S C=’CD’>2</S><S C=’WS’> </S>
<S C=’LCA’>as</S><S C=’WS’> </S>
<S C=’LCA’>measured</S>

Figure 2: Character Sequence (S) Mark-up



stage process to identify word tokens within ab-
stracts. First, sequences of characters are bundled
into S (sequence) elements usingfsgmatch. For each
class of character a sequence of one or more in-
stances is identified and the type is recorded as the
value of the attributeC (UCA=upper case alphabetic,
LCA=lower case alphabetic,WS=white space etc.).
Figure 2 shows the stringArterial PaO2 as mea-
suredmarked up forS elements (line breaks added
for formatting purposes). Every single character in-
cluding white space and newline is contained inS

elements which become building blocks for the next
call to fsgmatchwhere words are identified. An al-
ternative approach would find words in a single step
but our two-step method provides a cleaner set of
word-level rules which are more easily modified and
tailored to different purposes: modifiability is criti-
cal since the definition of what is a word can differ
from one subsequent processing step to another.

A pipeline which first identifies words and then
performs sentence boundary identification andPOS

tagging followed by lemmatisation is shown in Fig-
ure 3 (somewhat simplified and numbering added
for ease of exposition). The Perl program in step 1
wraps the input inside anXML header and footer
as a first step towards conversion toXML . Step 2
calls fsgmatchwith the grammar fileohsumed.grto
identify the fields of anOHSUMEDentry and convert
them intoXML mark-up: each abstract is put inside
a RECORDelement which contains sub-structure re-
flecting e.g. author, title,MESH code and the ab-
stract itself. From this point on, all processing is di-
rected at theABSTRACT elements through the query
“.*/ ABSTRACT”1. Steps 3 and 4 make calls tofsg-
matchto identify S and W (word) elements as de-
scribed above and after this point, in step 5, theS

mark-up is discarded (using theLT TTT program
sgdelmarkup) since it has now served its purpose.

Step 6 contains a call to the other mainLT TTT

program, ltpos (Mikheev, 1997), which performs
both sentence identification andPOS tagging. The
subquery (-qs ) option picks outABSTRACTs as the
elements withinRECORDs (-q option) that are to
be processed; the-qw option indicates that the in-
put has already been segmented into words marked

1The query language that theLT TTT andLT XML tools use
is a specialisedXML query language which pinpoints the part
of the XML tree-structure that is to be processed at that point.
This query language pre-dates XPath and in expressiveness it
constitutes a subset of XPath except that it also allows regular
expressions over text content. Future plans include modifying
out tools to allow for the use of XPath as a query language.

up asW elements; the-sent option indicates that
sentences should be wrapped asSENT elements; the
-tag option is an instruction to outputPOStags and
the-pos attr option indicates thatPOStags should
be encoded as the value of the attributeP on W ele-
ments. The finalresource.xml names the resource
file that ltpos is to use. Note that the tagset used
by ltpos is the Penn Treebank tagset (Marcus et al.,
1994).

1. ohs2xml.perl \
2. | fsgmatch -q ".*/TEXT" ohsumed.gr \
3. | fsgmatch -q ".*/ABSTRACT" pretok.gr \
4. | fsgmatch ".*/ABSTRACT" tok.gr \
5. | sgdelmarkup -q ".*/S" \
6. | ltpos -q ".*/RECORD" -qs ".*/ABSTRACT" \

-qw ".*/W" -sent SENT \
-tag -pos_attr P resource.xml \

7. | xmlperl lemma.rule

Figure 3: Basic Tokenisation Pipeline

Up to this point, each module in the pipeline has
used one of theLT TTT or LT XML programs which
are sensitive toXML structure. There are, however,
a large number of tools available from theNLP com-
munity which could profitably be used but which are
not XML -aware. We have integrated some of these
tools into our pipelines using theLT XML program
xmlperl. This is a program which makes underly-
ing use of anXML parser so that rules defined in
a rule file can be directed at particular parts of the
XML tree-structure. The actions in the rules are de-
fined using the full capabilities of Perl. This gives
the potential for a much wider range of transforma-
tions of the input thanfsgmatchallows and, in par-
ticular, we use Perl’s stream-handling capabilities
to pass the content ofXML elements out to a non-
XML program, receive the result back and encode it
back in theXML mark-up. Step 7 of the pipeline in
Figure 3 shows a call toxmlperl with the rule file
lemma.rule . This rule file invokes Minnen et al.’s
(2000)morphalemmatiser: thePCDATA content of
each verbal or nominalW element is passed to the
lemmatiser and the lemma that is returned is en-
coded as the value of the attributeLM. A sample
of the output from the pipeline is shown in Figure 1.

3 Deep Grammatical Analysis
As part of our work with OHSUMED, we have
been attempting to improve the coverage of a hand-
crafted, linguistically motivated grammar which



provides full-syntactic analysis paired with logical
forms. The grammar and parsing system we use
is the wide-coverage grammar, morphological anal-
yser and lexicon provided by the Alvey Natural Lan-
guage Tools (ANLT) system (Carroll et al. 1991,
Grover et al. 1993). Our first aim was to increase
coverage up to a reasonable level so that parse rank-
ing techniques could then be applied.

TheANLT grammar is a feature-based unification
grammar based on theGPSGformalism (Gazdar et
al., 1985). In this framework, lexical entries carry
a significant amount of information including sub-
categorisation information. Thus the practical parse
success of the grammar is significantly dependent
on the quality of the lexicon. TheANLT grammar
is distributed with a large lexicon and, while this
provides a core of commonly-occurring lexical en-
tries, there remains a significant problem of inade-
quate lexical coverage. If we try to parseOHSUMED

sentences using theANLT lexicon and no other re-
sources, we achieve very poor results (2% coverage)
because most of the medical domain words are sim-
ply not in the lexicon and there is no ‘robustness’
strategy built intoANLT. Rather than pursue the
labour-intensive course of augmenting the lexicon
with domain-specific lexical resources, we have de-
veloped a solution which does not require that new
lexicons be derived for each new domain type and
which has robustness built into the strategy. Fur-
thermore, this solution does not preclude the use of
specialist lexical resources if these can be used to
achieve further improvements in performance.

Our approach relies on the sophisticatedXML -
based tokenisation andPOStagging described in the
previous section and it builds on this by combin-
ing POStag information with the existingANLT lex-
ical resources. We preservePOStag information for
content words (nouns, verbs, adjectives, adverbs)
since this is usually reliable and informative and
we dispose ofPOS tags for function words (com-
plementizers, determiners, particles, conjunctions,
auxiliaries, pronouns, etc.) since theANLT hand-
written entries for these are more reliable and are
tuned to the needs of the grammar. Furthermore,
unknown words are far more likely to be content
words, so knowledge of thePOStag will most often
be needed for content words.

Having retained content word tags, we use them
during lexical look-up in one of two ways. If the
word exists in the lexicon with the same basic cat-
egory as thePOStag then thePOStag plays a ‘dis-

ambiguating’ role, filtering out entries for the word
with different categories. If, on the other hand, the
word is not in the lexicon or it is not in the lexicon
with the relevant category, then a basic underspeci-
fied entry for thePOStag is used as the lexical entry
for the word, thereby allowing the parse to proceed.
For example, if the following partially tagged sen-
tence is input to the parser, it is successfully parsed.

We studied VBD the value NN of
transcutaneous JJ carbon NN dioxide NN
monitoring NN during transport NN

Without the tags the parse would fail since the word
transcutaneousis not in theANLT lexicon. Further-
more,monitoring is present in the lexicon but as a
verb and not as a noun. For both these words, or-
dinary lexical look-up fails and the entries for the
tags have to be used instead. Note that the case
of monitoring would be problematic for a strategy
where tagging is used only in case lexical look-up
fails, since here it is incomplete rather than failed.
The implementation of our wordtag pair look-up
method is specific to theANLT system and uses its
morphological analysis component to treat tags as a
novel kind of affix. Space considerations preclude
discussion of this topic here but see Grover and Las-
carides (2001) for further details.

Another impediment to parse coverage is the
prevalence of technical expressions and formulae in
biomedical and other technical language. For ex-
ample, the following sentence has a straightforward
overall syntactic structure but theANLT grammar
does not contain specialist rules for handling ex-
pressions such as5.0+/-0.4 grams tensionand thus
the parse would fail.

Control tissues displayed a reproducible response to
bethanechol stimulation at different calcium
concentrations with an ED50 of 0.4 mM calcium
and a peak response of 5.0+/-0.4 grams tension.

Our response to issues like these is to place a fur-
ther layer of processing in between the output of
the initial tokenisation pipeline in Figure 3 and the
input to the parser. Since theANLT system is not
XML -based, we already usexmlperl to convert sen-
tences to theANLT input format of one sentence per
line with tags appended to words using an under-
score. We can add a number of other processes at
this point to implement a strategy of usingfsgmatch
grammars to package up technical expressions so as
to render them innocuous to the parser. Thus all
of the following ‘words’ have been identified using



fsgmatchrules and can be passed to the parser as
unanalysable units. The classification of these ex-
amples as nouns reflects a hypothesis that they can
slot into the correct parse as noun phrases but there
is room for experimentation since the conversion to
parser input format can rewrite the tag in any way.

<W P=‘NN’>P less than 0.001</W>
<W P=‘NN’>166 +/- 77 mg/dl</W>
<W P=‘NN’>2 to 5 cc/day</W>
<W P=‘NN’>2.5 mg i.v.</W>

In addition to these kinds of examples, we also
package up other less technical expressions such as
common multi-word words and spelled out num-
bers:

<W P=‘CD’>thirty-five</W> thirty-five CD
<W P=‘CD’>Twenty one</W> Twenty∼oneCD
<W P=‘IN’>In order to</W> In∼order∼to IN
<W P=‘JJ’>in vitro</W> in∼vitro JJ

In order to measure the effectiveness of our at-
tempts to improve coverage, we conducted an ex-
periment where we parsed 200 sentences taken at
random fromOHSUMED. We processed the sen-
tences in three different ways and gathered parse
success rates for each of the three methods. Ver-
sion 1 established a ‘no-intervention’ baseline by
using the initial pipeline in Figure 3 to identify
words and sentences but otherwise discarding all
other mark-up. Version 2 addressed the lexical ro-
bustness issue by retainingPOS tags to be used by
the grammar in the way outlined above. Version 3
applied the full set of preprocessing techniques in-
cluding the packaging-up of formulaic and other
technical expressions. The parse results for these
runs are as follows:

Version 1 Version 2 Version 3

Parses 4 (2%) 32 (16%) 79 (39.5%)

Even in Version 3, coverage is still not very high but
the difference between the three versions demon-
strates that our approach has made significant in-
roads into the problem. Moreover, the increase in
coverage was achieved without any significant al-
terations to the general-purpose grammar and the
tokenisation of formulaic expressions was by no
means comprehensive.

4 Shallow Analysis
In contrast to the full syntactic analysis experi-
ments described in the previous section, here we

describe two distinct methods of shallow analy-
sis from which we acquire frequency information
which is used to predict lexical semantic relations
in a particular kind of noun compound.

4.1 The Task

The aim of the processing in this task is to pre-
dict the relationship between a deverbal nominalisa-
tion head and its modifier in noun-noun compounds
such astube placement, antibody response, pain re-
sponse, helicopter transport. In these examples, the
meaning of the head noun is closely related to the
meaning of the verb from which it derives and the
relationship between this noun and its modifier can
typically be matched onto a relationship between
the verb and one of its arguments. For example,
there is a correspondence between the compound
tube placementand the verb plus direct object string
place the tube. When we interpret the compound
we describe the role that the modifier plays in terms
of the argument position it would fill in the corre-
sponding verbal construction:

tube placement object
antibody response subject
pain response to-object
helicopter transport by-object

We can infer thattube in tube placementfills the
object role in theplace relation by gathering in-
stances from the corpus of the verbplaceand dis-
covering thattubeoccurs more frequently in object
position than in other positions and that the object
interpretation is therefore more probable.

To interpret such compounds in this way, we need
access to information about the verbs from which
the head nouns are derived. Specifically, for each
verb, we need counts of the frequency with which
it occurs with each noun in each of its argument
slots. Ultimately, in fact, in view of the sparse data
problem, we need to back off from specific noun in-
stances to noun classes (see Section 4.4). The cur-
rent state-of-the-art inNLP provides a number of
routes to acquiring grammatical relations informa-
tion about verbs, and for our experiment we chose
two methods in order to be able to compare the tech-
niques and assess their utility.

4.2 Chunking with Cass

Our first method of acquiring verb grammatical re-
lations is that used by Lapata (2000) for a similar
task on more general linguistic data. This method
uses Abney’s (1996) Cass chunker which uses the



finite-state cascade technique. A finite-state cas-
cade is a sequence of non-recursive levels: phrases
at one level are built on phrases at the previous
level without containing same level or higher-level
phrases. Two levels of particular importance are
chunksand simplex clauses. A chunk is the non-
recursive core of intra-clausal constituents extend-
ing from the beginning of the constituent to its head,
excluding post-head dependents (i.e.,NP, VP, PP),
whereas a simplex clause is a sequence of non-
recursive clauses (Abney, 1996). Cass recognizes
chunks and simplex clauses using a regular expres-
sion grammar without attempting to resolve attach-
ment ambiguities. The parser comes with a large-
scale grammar for English and a built-in tool that
extracts predicate-argument tuples out of the parse
trees that Cass produces. Thus the tool identifies
subjects and objects as well asPPs without how-
ever distinguishing arguments from adjuncts. We
consider verbs followed by the prepositionby and
a head noun as instances of verb-subject relations.
Our verb-object tuples also include prepositional
objects even though these are not explicitly iden-
tified by Cass. We assume thatPPs adjacent to the
verb and headed by either of the prepositionsin, to,
for, with, on, at, from, of, into, through, uponare
prepositional objects.

The input to the process is the entireOHSUMED

corpus after it has been converted toXML , to-
kenised, split into sentences andPOS tagged us-
ing ltpos as described in Section 2. The output of
this tokenisation is converted to Cass’s input format
which is a non-XML file with one word per line and
tags separated by tab. We achieve this conversion
using xmlperl with a simple rule file. The output
of Cass and the grammatical relations processor is a
list of each verb-argument pair in the corpus:

manage :obj refibrillation
respond :subj psoriasis
access :to system

4.3 Shallow Parsing with the Tag Sequence
Grammar

Our second method of acquiring verb grammati-
cal relations uses the statistical parser developed by
Briscoe and Carroll (1993, 1997) which is an ex-
tension of theANLT grammar development system
which we used for our deep grammatical analysis as
reported in Section 3 above. The statistical parser,
known as the Tag Sequence Grammar (TSG), uses a
hand-crafted grammar where the lexical entries are

for POStags rather than words themselves. Thus it
is strings of tags that are parsed rather than strings
of words. The statistical part of the system is the
parse ranking component where probabilities are as-
sociated with transitions in anLR parse table. The
grammar does not achieve full-coverage but on the
OHSUMED corpus we were able to obtain parses for
99.05% of sentences. The number of parses found
per sentence ranges from zero into the thousands
but the system returns the highest ranked parse ac-
cording to the statistical ranking method. We do
not have an accurate measure of how many of the
highest ranked parses are actually correct but even a
partially incorrect parse may still yield useful gram-
matical relations data.

In recent developments (Carroll and Briscoe,
2001), theTSG authors have developed an algorithm
for mappingTSG parse trees to representations of
grammatical relations within the sentence in the fol-
lowing format:

These centres are efficiently trapped in proteins at low
temperatures
(|ncsubj| |trap| |centre| |obj|)
(|iobj| |in| |trap| |protein|)
(|detmod| |centre| |These|)
(|mod| |trap| |efficiently|)
(|aux| |trap| |be|)
(|ncmod| |temperature| |low|)
(|ncmod| |at| |trap| |temperature|)

This format can easily be mapped to the same for-
mat as described in Section 4.2 to give counts of the
number of times a particular verb occurs with a par-
ticular noun as its subject, object or prepositional
object.

As explained above, theTSG parses sequences
of tags, however it requires a different tagset from
that produced byltpos, namely theCLAWS2 tagset
(Garside, 1987). To prepare the corpus for parsing
with theTSG we therefore tagged it with Elworthy’s
(1994) tagger and since this is a non-XML tool we
usedxmlperl to invoke it and to incorporate its re-
sults back into theXML mark-up. Sentences were
then prepared as input to theTSG—this involved us-
ing xmlperlto replace words by their lemmas and to
convert toANLT input format:

These DD2 centre NN2 be VBR efficiently RR
trap VVN in II protein NN2 at II low JJ
temperature NN2

The lemmas are needed in order that theTSG out-
puts them rather than inflected words in the gram-
matical relations output shown above.



4.4 Compound Interpretation

Having collected two different sets of frequency
counts from the entireOHSUMED corpus for verbs
and their arguments, we performed an experiment to
discover (a) whether it is possible to reliably predict
semantic relations in nominalisation-headed com-
pounds and (b) whether the two methods of col-
lecting frequency counts make any significant dif-
ference to the process.

To collect data for the experiment we needed to
add to the mark-up already created by the basic
pipeline in Figure 3, (a) to mark up deverbal nomi-
nalisations with information about their verbal stem
to give nominalisation-verb equivalences and (b) to
mark up compounds in order to collect samples of
two-word compounds headed by deverbal nominal-
isations. For the first task we combined further use
of the lemmatiser with the use of lexical resources.
In a first pass we used themorpha lemmatiser to
find the verbal stem for-ing nominalisations such
asscreeningand then we looked up the remaining
nouns in a nominalisation lexicon which we created
by combining the nominalisation list which is pro-
vided byUMLS (2000) with theNOMLEX nominali-
sation lexicon (MacLeod et al., 1998) As a result of
these stages, most of the deverbal nominalisations
can be marked up with aVSTEM attribute whose
value is the verbal stem:

<W P=’NN’ LM=’reaction’ VSTEM=’react’>reaction</W>
<W P=’NN’ LM=’growth’ VSTEM=’grow’ >growth</W>
<W P=’NN’ LM=’control’ VSTEM=’control’ >control</W>
<W P=’NN’ LM=’coding’ VSTEM=’code’>coding</W>

To mark up compounds we developed anfsgmatch
grammar for compounds of all lengths and kinds
and we used this to process a subset of the first two
years of the corpus.

We interpret nominalisations in the biomedical
domain using a machine learning approach which
combines syntactic, semantic, and contextual fea-
tures. Using theLT XML program sggrep we
extracted all sentences containing two-word com-
pounds headed by deverbal nominalisations and
from this we took a random sample of 1,000 nom-
inalisations. These were manually disambiguated
using the following categories which denote the
argument relation between the deverbal head and
its modifier: SUBJ (age distribution), OBJ (weight
loss), WITH (graft replacement), FROM (blood elim-
ination), AGAINST (seizure protection), FOR (non-
stress test), IN (vessel obstruction), BY (aerosol ad-

ministration), OF (water deprivation), ON (knee op-
eration), andTO (treatment response). We also in-
cluded the categoriesNA (non applicable) for nom-
inalisations with relations other than the ones pre-
dicted by the underlying verb’s subcategorisation
frame (e.g.,death stroke) andNV (non deverbal) for
compounds that were wrongly identified as nomi-
nalisations.

We treated the interpretation of nominalisations
as a classification task and experimented with dif-
ferent features using the C4.5 decision tree learner
(Quinlan, 1993). Some of the features we took into
account were the context surrounding the candidate
nominalisations (encoded as words orPOS-tags), the
number of times a modifier was attested as an argu-
ment of the verb corresponding to the nominalised
head, and the nominalisation affix of the deverbal
head (e.g.,-ation, -ment). In the face of sparse
data, linguistic resources such as WordNet (Miller
and Charles, 1991) andUMLS were used to recre-
ate distributional evidence absent from our corpus.
We obtained several different classification models
as a result of using different marked-up versions of
the corpus, different parsers, and different linguistic
resources. Full details of the results are described
in Grover et al. (2002); we only have space for a
brief summary here. Our best results achieved an
accuracy of 73.6% (over a baseline of 58.5%) when
using the type of affixation of the deverbal head, the
TSG, and WordNet for recreating missing frequen-
cies.

5 Conclusions

We have performed a number of differentNLP tasks
on the OHSUMED corpus of MEDLINE abstracts
ranging from low-level tokenisation through shal-
low parsing to deep syntactic and semantic analy-
sis. We have usedXML as our processing paradigm
and we believe that without the coreXML tools the
task would have become extremely hard. Further-
more, we have built fully-automatic pipelines and
have not resorted to hand-coding at any point so that
our output annotations are completely reproducable
and our resources are reusable on new data. Our
approach of building a firm foundation of low-level
tokenisation has proved invaluable for a variety of
higher-level tasks.

TheXML -annotatedOHSUMED corpus which has
resulted from our project will be useful for a num-
ber of different tasks in the biomedical domain. For
this reason we are developing a web-site from which



many of our resources (including the pipelines
described in this paper) are available:http://
www.ltg.ed.ac.uk/disp/ . In addition, we pro-
vide various marked-up and tokenised versions of
OHSUMED, including the output of the parsers de-
scribed here.
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Abstract

The basic mechanism of CLaRK for linguistic pro-
cessing of text corpora is the cascade regular gram-
mar processor. The main challenge to the grammars
in question is how to apply them on XML encoding
of the linguistic information. The system o�ers a so-
lution using an XPath language for constructing the
input word to the grammar and an XML encoding
of the categories of the recognized words.

1 Introduction

This paper describes a mechanism for de�nition and
application of cascaded regular grammars over XML
documents. The main problems are how to de�ne
the input words for a grammar and how to incorpo-
rate back in the document the grammar categories
returned by the rules of the grammar. The presented
solutions are implemented within the CLaRK Sys-
tem { an XML-based System for Corpora Develop-
ment (Simov et. al., 2001).
The main goal behind the design of the system

is the minimization of human intervention during
the creation of corpora. Creation of corpora is still
an important task for the majority of languages like
Bulgarian, where the invested e�ort in such devel-
opment is very modest in comparison with more
intensively studied languages like English, German
and French. We consider the corpora creation task
as editing, manipulation, searching and transform-
ing of documents. Some of these tasks will be done
for a single document or a set of documents, others
will be done on a part of a document. Besides eÆ-
ciency of the corresponding processing in each state
of the work, the most important investment is the
human labor. Thus, in our view, the design of the
system has to be directed to minimization of the hu-
man work. For document management, storing and

� This work is funded by the Volkswagen Stiftung, Federal
Republic of Germany under the Programme \Cooperation
with Natural and Engineering Scientists in Central and East-
ern Europe" contract I/76 887. The authors are grateful to
Tylman Ule from SfS, University of T�ubingen, Germany and

the three anonymous reviewers for their comments on the ear-
lier drafts of the paper. Needless to say, all remaining errors
in the text are ours.

querying we have chosen the XML technology be-
cause of its popularity and its ease for understand-
ing. The XML technology becomes a part of our
lives and a predominant language for data descrip-
tion and exchange on the Internet. Moreover, a lot
of already developed standards for corpus descrip-
tions like (XCES, 2001) and (TEI, 2001) are already
adapted to the XML requirements. The core of the
CLaRK System is an XML Editor which is the main
interface to the system. With the help of the editor
the user can create, edit or browse XML documents.
To facilitate the corpus management, we enlarge the
XML inventory with facilities that support linguistic
work. We added the following basic language pro-
cessing modules: a tokenizer with a module that sup-
ports a hierarchy of token types, a �nite-state engine
that supports the writing of cascaded regular gram-
mars and facilities for regular pattern search, the
XPath query language which is able to support nav-
igation over the whole set of mark-up of a document,
mechanisms for imposing constraints over XML doc-
uments which are applicable in the context of some
events. We envisage several usages of our system:

1. Corpora markup. Here users work with the
XML tools of the system in order to mark-
up texts with respect to an XML DTD. This
task usually requires an enormous human ef-
fort and comprises both the mark-up itself and
its validation afterwards. Using the available
grammar resources such as morphological ana-
lyzers or partial parsing, the system can state
local constraints reecting the characteristics of
a particular kind of texts or mark-up. One ex-
ample of such constraints can be as follows: a
PP according to a DTD can have as parent an
NP or VP, but if the left sister is a VP then the
only possible parent is VP. The system can use
such kind of constraints in order to support the
user and minimize his/her work.

2. Dictionary compilation for human users. The
system supports the creation of the actual lexi-
cal entries whose structure is de�ned via a DTD.
The XML tools will be used also for corpus in-
vestigation that provides appropriate examples



of the word usage in the available corpora. The
constraints incorporated in the system are used
for writing a grammar of the sub-languages of
the de�nitions of the lexical items, for imposing
constraints over elements of lexical entries and
the dictionary as a whole.

3. Corpora investigation. The CLaRK System of-
fers a set of tools for searching over tokens and
mark-up in XML corpora, including cascaded
grammars, XPath language. The combinations
between these tools are used for tasks such as:
extraction of elements from a corpus - for exam-
ple, extraction of all NPs in the corpus; concor-
dance - for example, give me all NPs in contexts,
ordered by a user's de�ned set of criteria.

The structure of the paper is as follows: in the
next section we give a short introduction to the
main technologies on which the CLaRK System is
built. These are: XML technology; Cascaded regu-
lar grammars; Unicode-based tokenizers; and Con-
straints over XML documents. The third section
describes the de�nition of cascaded regular gram-
mars. The fourth section presents an approach for
applying cascaded regular grammars over XML doc-
uments. The last section concludes the paper.

2 The technologies behind the
CLaRK System

CLaRK is an XML-based software system for cor-
pora development implemented in JAVA. It incor-
porates several technologies:

� XML technology;

� Unicode;

� Regular Grammars (they are presented in the
next sections);

� Constraints over XML Documents.

2.1 XML Technology

The XML technology is at the heart of the CLaRK
system. It is implemented as a set of utilities for
structuring, manipulation and management of data.
We have chosen the XML technology because of its
popularity, its ease of understanding and its already
wide use in description of linguistic information. Be-
sides the XML language (see (XML, 2000)) proces-
sor itself, we have implemented an XPath language
(see (XPath, 1999)) engine for navigation in docu-
ments and an XSLT language (see (XSLT, 1999))
engine for transformation of XML documents. The
documents in the system are represented as DOM
Level1 trees (see (DOM, 1998)). We started with ba-
sic facilities for creation, editing, storing and query-
ing of XML documents and developed further this
inventory towards a powerful system for processing
not only single XML documents but an integrated

set of documents and constraints over them. The
main goal of this development is to allow the user to
add the desirable semantics to the XML documents.
In the implementation of cascaded regular gram-

mars within the CLaRK System, a crucial role plays
the XPath language. XPath is a powerful language
for selecting elements from an XML document. The
XPath engine considers each XML document as a
tree where the nodes of the tree represent the ele-
ments of the document, the document's most outer
tag is the root of the tree and the children of a
node represent the content of the corresponding el-
ement. The content nodes can be element nodes or
text nodes. Attributes and their values of each ele-
ment are represented additionally to the tree.
The XPath language uses the tree-based termi-

nology to point to some direction within the tree.
One of the basic notions of the XPath language is
the so called context node, i.e. a chosen node in the
tree. Each expression in the XPath language is eval-
uated with respect to some context node. The nodes
in the tree are categorized with respect to the con-
text node as follows: the nodes immediately under
the context node are called children of the context
node; all nodes under the context node are called
descendant nodes of the context node; the node im-
mediately above the context node is called parent of
the context node; all nodes that are above the con-
text node are called ancestor nodes of the context
node; the nodes that have the same parent as the
context node are called sibling nodes of the context
node; siblings of the context node are divided into
two types: preceding siblings and following siblings,
depending on their order with respect to the context
node in the content of their parent - if the sibling is
before the context node, then it is a preceding sib-
ling, otherwise it is a following sibling. Attribute
nodes are added with the context node as attribute
nodes and they are not children, descendant, parent
or ancestor nodes of the context node. The context
node with respect to itself is called self node.

2.2 Tokenization

XML considers the content of each text element a
whole string that is usually unacceptable for cor-
pus processing. For this reason it is required for the
wordforms, punctuation and other tokens in the text
to be distinguished. In order to solve this problem,
the CLaRK system supports a user-de�ned hierar-
chy of tokenizers. At the very basic level the user can
de�ne a tokenizer in terms of a set of token types.
In this basic tokenizer each token type is de�ned by
a set of UNICODE symbols. Above this basic level
tokenizers the user can de�ne other tokenizers for
which the token types are de�ned as regular expres-
sions over the tokens of some other tokenizer, the so
called parent tokenizer. For each tokenizer an alpha-
betical order over the token types is de�ned. This



order is used for operations like the comparison be-
tween two tokens, sorting and similar.

2.3 Constraints on XML documents

Several mechanisms for imposing constraints over
XML documents are available. The constraints can-
not be stated by the standard XML technology
(even by the means of XML Schema (XML Schema,
2000)). The following types of constraints are imple-
mented in CLaRK: 1) �nite-state constraints - addi-
tional constraints over the content of given elements
based on a document context; 2) number restriction
constraints - cardinality constraints over the content
of a document; 3) value constraints - restriction of
the possible content or parent of an element in a
document based on a context. The constraints are
used in two modes: checking the validity of a docu-
ment regarding a set of constraints; supporting the
linguist in his/her work during the process of cor-
pus building. The �rst mode allows the creation of
constraints for the validation of a corpus according
to given requirements. The second mode helps the
underlying strategy of minimization of the human
labor.
The general syntax of the constraints in the

CLaRK system is the following:

(Selector, Condition, Event, Action)

where the selector de�nes to which node(s) in the
document the constraint is applicable; the condition
de�nes the state of the document at the time when
the constraint is applied. The condition is stated as
an XPath expression which is evaluated with respect
to each node selected by the selector. If the evalu-
ation of the condition is a non-empty list of nodes
then the constraints are applied; the event de�nes
some conditions of the system when this constraint
is checked for application. Such events can be: the
selection of a menu item, the pressing of key short-
cut, some editing command as enter a child or a
parent and similar; the action de�nes the way of the
actual application of the constraint.
Here we present constraints of type "Some Chil-

dren". This kind of constraints deal with the content
of some elements. They determine the existence of
certain values within the content of these elements.
A value can be a token or an XML mark-up and the
actual value for an element can be determined by
the context. Thus a constraint of this kind works in
the following way: �rst it determines to which ele-
ments in the document it is applicable, then for each
such element in turn it determines which values are
allowed and checks whether in the content of the el-
ement some of these values are presented as a token
or an XML mark-up. If there is such a value, then
the constraint chooses the next element. If there is
no such a value, then the constraint o�ers to the

user a possibility to choose one of the allowed values
for this element and the selected value is added to
the content as a �rst child. Additionally, there is a
mechanism for �ltering of the appropriate values on
the basis of the context of the element.

3 Cascaded Regular Grammars

The CLaRK System is equipped with a �nite-state
engine which is used for several tasks in the system
such as validity check for XML documents, tokeniz-
ers, search and cascaded regular grammar. In this
and the next section we present the use of this en-
gine for cascaded regular grammars over XML doc-
uments along the lines described in (Abney, 1996).
The general idea underlying cascaded regular gram-
mars is that there is a set of regular grammars. The
grammars in the set are in particular order. The in-
put of a given grammar in the set is either the input
string if the grammar is �rst in the order or the out-
put string of the previous grammar. Another speci�c
feature of the cascaded grammars is that each gram-
mar tries to recognize only a particular category in
the string but not the whole string. The parts of
the input word that are not recognized by the gram-
mar are copied to the output word. Before going
into detail of how to apply grammars in the CLaRK
System some basic notions about regular expressions
are given.
Regular grammars standardly are formalized as a

set of rewriting rules of the following kinds

A -> b C
A -> B
A -> b

where A, B, C stand for non-terminal symbols and
b stands for terminal symbols. Such grammars are
applied over a word of terminal symbols in order to
parse it to a special goal symbol S. Each language
accepted by such a grammar is called regular. Using
such a formalization one could situated the regular
languages within the families of other languages like
context free languages, context sensitive languages
and so on. In practice this formalization is rarely
used. Other formal devices for dealing with regular
languages are regular expressions and �nite-state au-
tomata with the well know correspondence between
them. Although regular grammars are not expres-
sive enough in order to be a good model of nat-
ural languages they are widely used in NLP. They
are used in modelling of inectional morphology (see
(Koskenniemi, 1983)), tokenization and Named En-
tity recognition (Grover et. al., 2000), and many oth-
ers.
In our work we modify the de�nition of regular

grammars along the lines of (Abney, 1996). We use
rewriting rules of the following kind:

C -> R



where R is a regular expression and C is a category
of the words recognized by R. We can think of C as
a name of the language recognized by R.
A regular grammar is a set of rules such that the

regular expressions of the rules recognize pairwise
disjoint languages. The disjointness condition is nec-
essary in order the grammar to assign a unique cat-
egory to each word recognized by it.
A regular grammar works over a word of letters,

called input word. The grammar scans the input
word from left to right trying to �nd the �rst sub-
word such that it belongs to the language of the
regular expression presented by some of the rules of
the grammar. If there is no such word starting with
the �rst letter in the input word, then the grammar
outputs the �rst letter of the word and prolongs the
scanning with the second letter. When the gram-
mar recognizes a sub-word then it outputs the cate-
gory of the corresponding rule and prolongs the scan-
ning with the letter after the recognized sub-word.
The grammar works deterministically over the input
word. The result of the application of the grammar
is a copy of the input word in which the recognized
sub-words are substituted with the categories of the
grammar. The result word is called output word of
the grammar. In this respect such kind of regular
grammars could be considered a kind of �nite-state
transducers.
An additional requirement suggested by (Abney,

1996) is the so-called longest match, which is a way
to choose one of the possible analyses for a grammar.
The longest match strategy requires that the recog-
nized sub-words from left to right have the longest
length possible. Thus the segmentation of the in-
put word starts from the left and tries to �nd the
�rst longest sub-words that can be recognized by
the grammar and so on to the end of the word.
An example of such a regular grammar is the

grammar �1 for recognition of dates in the format
dd.mm.yyyy (10.11.2002) de�ned by the following
rule:

Date ->
( (0,(1|2|3|4|5|6|7|8|9)) |
((1|2),(0|1|2|3|4|5|6|7|8|9)) |
(3,(0|1))

)
,
.
,
((0,(1|2|3|4|5|6|7|8|9))|(1,(0|1|2)))
,
.
,
(((1|2|3|4|5|6|7|8|9),
(0|1|2|3|4|5|6|7|8|9)*))

Application of this grammar on the following input

word

The feast is from 12.03.2002 to 15.03.2002.

will produce the output word

The feast is from Date to Date.

A cascaded regular grammar (Abney, 1996) is a
sequence of regular grammars de�ned in such a way
that the �rst grammar works over the input word
and produces an output word, the second grammar
works over the output word of the �rst grammar,
produces a new output word and so on.
As one example of a cascaded regular grammar let

us consider the sequence of �1 as de�ned above and
the grammar �2 de�ned by the following rule:

Period -> from, Date, to, Date

Application of the grammar �2 on output of the
grammar �1:

The feast is from Date to Date.

will produce the following output word

The feast is Period.

In the next section we describe how cascaded reg-
ular grammars can be applied to XML documents.

4 Cascaded Regular Grammars over
XML Documents

The application of the regular grammars to XML
documents is connected with the following problems:

� how to treat the XML document as an input
word for a regular grammar;

� how should the returned grammar category be
incorporated into the XML document; and

� what kind of `letters' to be used in the regu-
lar expressions so that they correspond to the
`letters' in the XML document.

The solutions to these problems are described in
the next paragraphs.
First of all, we accept that each grammar works

on the content of an element in an XML document.
The content of each XML element1 is either a se-
quence of XML elements, or text, or both (MIXED
content). Thus, our �rst task is to de�ne how to
turn the content of an XML element into an input
word of a grammar. We consider the two basic cases
- when the content is text and when it is a sequence
of elements.
When the content of the element to which the

grammar will be applied is a text we have two
choices:

1Excluding the EMPTY elements on which regular gram-
mar cannot be applied.



1. we can accept that the 'letters' of the grammars
are the codes of the symbols in the encoding of
the text; or

2. we can segment the text in meaningful non-
overlapping chunks (in usual terminology to-
kens) and treat them as 'letters' of the gram-
mars.

We have adopted here the second approach. Each
text content of an element is �rst tokenized by a to-
kenizer2 and is then used as an input for grammars.
Additionally, each token receives a unique type. For
instance, the content of the following element

<s>
John loves Mary who is in love with Peter
</s>

can be segmented as follows:

"John" CAPITALFIRSTWORD
" " SPACE
"loves" WORD
" " SPACE
"Mary" CAPITALFIRSTWORD
" " SPACE
"who" WORD
" " SPACE
"is" WORD
" " SPACE
"in" WORD
" " SPACE
"love" WORD
" " SPACE
"with" WORD
" " SPACE
"Peter" CAPITALFIRSTWORD

Here on each line in double quotes one token from
the text followed by its token type is presented.
Therefore when a text is considered an input word

for a grammar, it is represented as a sequence of to-
kens. How can we refer now to the tokens in the
regular expressions in the grammars? The most
simple way is by tokens. We decided to go further
and to enlarge the means for describing tokens with
the so called token descriptions which correspond to
the letter descriptions in the above section on reg-
ular expressions. In the token descriptions we use
strings (sequences of characters), wildcard symbols
# for zero or more symbols, @ for zero or one sym-
bol, and token categories. Each token description
matches exactly one token in the input word.
We divide the token descriptions into two types

- those that are interpreted directly as tokens and

2There are built-in tokenizers which are always available
and there is also a mechanism for de�ning new tokenizers by
the user.

others that are interpreted as token types �rst and
then as tokens belonging to these token types.
The �rst kind of token descriptions is represented

as a string enclosed in double quotes. The string is
interpreted as one token with respect to the current
tokenizer. If the string does not contain a wildcard
symbol then it represents exactly one token. If the
string contains the wildcard symbol # then it denotes
an in�nite set of tokens depending on the symbols
that are replaced by #. This is not a problem in
the system because the token description is always
matched by a token in the input word. The other
wildcard symbol is treated in a similar way, but zero
or one symbol is put in its place. One token descrip-
tion may contain more than one wildcard symbol.
Examples:
"Peter" as a token description could be matched

only by the last token in the above example.
"lov#" could be matched by the tokens "loves"

and "love"
"lov@" is matched only by "love"
"@" is matched by the token corresponding to the

intervals " "
"#h#" is matched by "John", "who", and "with"
"#" is matched by any of the tokens including the

spaces.
The second kind of token description is repre-

sented by the dollar sign $ followed by a string. The
string is interpreted as either a token type or a set
of token types if it contains wildcard symbols. Then
the type of the token in the input word is matched
by the token types denoted by the string. If the to-
ken type of the token in the text is denoted by the
token description, then the token is matched to the
token description.
Examples:
$WORD is matched to "loves", "who", "is", "in",

"love", "with"
$CAP# is matched to "John", "Mary" and "Peter"
$#WORD is matched to "John", "loves", "Mary",

"who", "is", "in", "love", "with", and "Peter"
$# is matched to any of the tokens including the

spaces.
Now we turn to the case when the content of a

given element is a sequence of elements. For instance
the above sentence can be represented as:

<s>
<N>John</N><V>loves</V><N>Mary</N>
<Pron>who</Pron><V>is</V><P>in</P>
<N>love</N><P>with</P><N>Peter</N>
</s>

At �rst sight the natural choice for the input word
is the sequences of the tags of the elements: <N>
<V> <N> <Pron> <V> <P> <N> <P> <N>, but when
the encoding of the grammatical features is more
sophisticated (see below):



<s>
<w g="N">John</w>
<w g="V">loves</w>
<w g="N">Mary</w>
<w g="Pron">who</w>
<w g="V">is</w>
<w g="P">in</w>
<w g="N">love</w>
<w g="P">with</w>
<w g="N">Peter</w>

</s>

then the sequence of tags is simply <w> <w> ...,
which is not acceptable as an input word. In order to
solve this problem we substitute each element with a
sequence of values. This sequence is determined by
an XPath expression that is evaluated taking the ele-
ment node as context node. The sequence de�ned by
an XPath expression is called element value. Thus
each element in the content of the element is replaced
by a sequence of text segments of appropriate types
as it is explained below.
For the above example a possible element value

for tag w could be de�ned by the XPath expression:
\attribute::g". This XPath expression returns the
value of the attribute g for each element with tag
w. Therefore a grammar working on the content of
the above sentence will receive as an input word the
sequence: "<" "N" ">" "<" "V" ">" "<" "N" ">" "<"
"Pron" ">" "<" "V" ">" "<" "P" ">" "<" "N" ">"
"<" "P" ">" "<" "N" ">". The angle brackets "<"
">" determine the boundaries of the element value
for each of the elements.
Besides such text values, by using of XPath ex-

pressions one can point to arbitrary nodes in the
document, so that the element value is determined
di�erently. In fact, an XPath expression can be eval-
uated as a list of nodes and then the element value
will be a sequence of values.
For example, if the element values for the above

elements are de�ned by the following XPath ex-
pression: \text() j attribute::g"3, then the input
word will be the sequence: "<" "John" "N" ">" "<"
"loves" "V" ">" "<" "Mary" "N" ">" "<" "who"
"Pron" ">" "<" "is" "V" ">" "<" "in" "P" ">" "<"
"love" "N" ">" "<" "with" "P" ">" "<" "Peter"
"N" ">".
Using predicates in the XPath expressions one

can determine the element values on the basis
of the context. For example, if in the above
case we want to use the grammatical features
for verbs, nouns and pronouns, but the actual
words for prepositions, we can modify the XPath
expression for the element value in the follow-
ing way: \text()[../attribute::g="P"] j at-
tribute::g[not(../attribute::g="P")]". In this

3The meaning of this XPath is point to the text child of

the element and the value of the attribute g.

case the XPath expression will select the textual con-
tent of the element if the value of the attribute g for
this element has value "P". If the value of the at-
tribute g for the element is not "P", then the XPath
expression will select the value of the attribute g.
The input word then is: "<" "N" ">" "<" "V" ">"
"<" "N" ">" "<" "Pron" ">" "<" "V" ">" "<" "in"
">" "<" "N" ">" "<" "with" ">" "<" "N" ">".
The element value is a representation of the im-

portant information for an element. One can con-
sider it conceptual information about the element.
From another point of view it can be seen as a tex-
tual representation of the element tree structure.
At the moment in the CLaRK system the nodes

selected by an XPath expression are processed in the
following way:

1. if the returned node is an element node, then
the tag of the node is returned with the addi-
tional information con�rming that this is a tag;

2. if the returned node is an attribute node, then
the value of the attribute is:

(a) tokenized by an appropriate tokenizer if the
attribute value is declared as CDATA in
the DTD;

(b) text if the value of the attribute is declared
as an enumerated list or ID.;

3. if the returned node is a text node, then the
text is tokenized by an appropriate tokenizer.

Within the regular expressions we use the angle
brackets in order to denote the boundaries of the
element values. Inside the angle brackets we could
write a regular expression of arbitrary complexity in
round brackets. As letters in these regular expres-
sions we use again token descriptions for the values
of textual elements and the values of attributes. For
tag descriptions we use strings which are neither en-
closed in double quotes nor preceded by a dollar sign.
We can use wildcard symbols in the tag name. Thus
<p> is matched with a tag p;
<@> is matched with all tags with length one.
<#> is matched with all tags.
The last problem when applying grammars to

XML documents is how to incorporate the category
assigned to a given rule. In general we can accept
that the category has to be encoded as XML mark-
up in the document and that this mark-up could be
very di�erent depending on the DTD we use. For in-
stance, let us have a simple tagger (example is based
on (Abney, 1996)):

Det -> "the"|"a"
N -> "telescope"|"garden"|"boy"
Adj -> "slow"|"quick"|"lazy"
V -> "walks"|"see"|"sees"|"saw"
Prep -> "above"|"with"|"in"



Then one possibility for representing the cate-
gories as XML mark-up is by tags around the recog-
nized words:

the boy with the telescope

becomes

<Det>the</Det><N>boy</N>
<Prep>with</Prep>
<Det>the</Det><N>telescope</N>

This encoding is straightforward but not very con-
venient when the given wordform is homonymous
like:

V -> "move"
N -> "move"

In order to avoid such cases we decided that the
category for each rule in the CLaRK System is a cus-
tom mark-up that substitutes the recognized word.
Since in most cases we would also like to save the
recognized word, we use the variable \w for the rec-
ognized word. For instance, the above example will
be:

<Det>\w</Det> -> "the"|"a"
<N>\w</N> -> "telescope"|"garden"|"boy"
<Adj>\w</Adj> -> "slow"|"quick"|"lazy"
<V>\w</V> -> "walks"|"see"|"sees"|"saw"
<Prep>\w</Prep> -> "above"|"with"|"in"

The mark-up de�ning the category can be as com-
plicated as necessary. The variable \w can be re-
peated as many times as necessary (it can also be
omitted). For instance, for "move" the rule could
be:

<w aa="V;N">\w</w> -> "move"

Let us give now one examples in which element
values are used. For instance, the following grammar
recognizes prepositional phrases:

<PP>\w</PP> -> <"P"><"N#">

Generally it says that a prepositional phrase consists
of an element with element value "P" followed by an
element with element value which matches the to-
ken description "N#". Usage of the token description
"N#" ensures that the rule will work also for the case
when a preposition is followed by an element with el-
ement value "NP". The application of this grammar
on the above example with appropriate de�nition of
element values will result in the following document:

<s>
<w g="N">John</w>
<w g="V">loves</w>
<w g="N">Mary</w>

<w g="Pron">who</w>
<w g="V">is</w>
<PP>

<w g="P">in</w>
<w g="N">love</w>

</PP>
<PP>

<w g="P">with</w>
<w g="N">Peter</w>

</PP>
</s>

Here is another example (based on a grammar
developed by Petya Osenova for Bulgarian noun
phrases) which demonstrates a more complicated
regular expressions inside element descriptions:

<np aa="NPsn">\w</np> ->

<("An#"|"Pd@@@sn")>,<("Pneo-sn"|"Pfeo-sn")>

Here "An#" matches all morphosyntactic tags for
adjectives of neuter gender, "Pd@@@sn" matches all
morphosyntactic tags for demonstrative pronouns of
neuter gender, singular , "Pneo-sn" is a morphosyn-
tactic tag for the negative pronoun, neuter gender,
singular, and "Pfeo-sn" is a morphosyntactic tag
for the inde�nite pronoun, neuter gender, singular.
This rule recognizes as a noun phrase each sequence
of two elements where the �rst element has an ele-
ment value corresponding to an adjective or demon-
strative pronoun with appropriate grammatical fea-
tures, followed by an element with element value cor-
responding to a negative or an inde�nite pronoun.
Notice the attribute aa of the category of the rule.
It represents the information that the resulting noun
phrase is singular, neuter gender. Let us now sup-
pose that the next grammar is for determination of
prepositional phrases is de�ned as follows:

<pp>\w</pp> -> <"R"><"N#">

where "R" is the morphosyntactic tag for preposi-
tions. Let us trace the application of the two gram-
mars one after another on the following XML ele-
ment:

<text>
<w aa="R">s</w>
<w aa="Ansd">golyamoto</w>
<w aa="Pneo-sn">nisto</w>

</text>

First, we de�ned the element value for the ele-
ments with tag w by the XPath expression: \at-
tribute::aa". Then the cascaded regular gram-
mar processor calculated the input word for the
�rst grammar: "<" "R" ">" "<" "Ansd" ">" "<"
"Pneo-sn" ">". Then the �rst grammar is applied



on this input words and it recognizes the last two
elements as a noun phrase. This results in two ac-
tions: �rst, the markup of the rule is incorporated
into the original XML document:

<text>
<w aa="R">s</w>
<np aa="NPsn">

<w aa="Ansd">golyamoto</w>
<w aa="Pneo-sn">nisto</w>

</np>
</text>

Second, the element value for the new element <np>
is calculated and it is substituted in the input word
of the �rst grammar and in this way the input word
for the second grammar is constructed: "<" "R" ">"
"<" "NPsn" ">". Then the second grammar is ap-
plied on this word and the result is incorporated in
the XML document:

<text>
<pp>

<w aa="R">s</w>
<np aa="NPsn">

<w aa="Ansd">golyamoto</w>
<w aa="Pneo-sn">nisto</w>

</np>
</pp>

</text>

Because the cascaded grammar only consists of this
two grammars the input word for the second gram-
mar is not modi�ed, but simply deleted.

5 Conclusion

In this paper we presented an approach to appli-
cation of cascaded regular grammars within XML.
This mechanism is implemented within the CLaRK
System (Simov et. al., 2001). The general idea is
that an XML document could be considered as a
\blackboard" on which di�erent grammars work.
Each grammar is applied on the content of some of
the elements in the XML document. The content of
each of these elements is converted into input words.
If the content is text then it is converted into a se-
quence of tokens. If the content is a sequence of
elements, then each element is substituted by an el-
ement value. Each element value is de�ned by an
XPath expression. The XPath engine selects the ap-
propriate pieces of information which determine the
element value. The element value can be considered
as the category of the element, or as textual repre-
sentation of the tree structure of the element and its
context. The result of the grammar is incorporated
in the XML document as XML markup.
In fact in the CLaRK System are implemented

more tools for modi�cation of an XML document,
such as: constraints, sort, remove, transformations.

These tools can write some information, reorder it
or delete it. The user can order the applications of
the di�erent tools in order to achieve the necessary
processing. We call this possibility cascaded pro-
cessing after the cascaded regular grammars. In
this case we can order not just di�erent grammars
but also other types of tools.

References

Steve Abney. 1996. Partial Parsing via Finite-State
Cascades. In: Proceedings of the ESSLLI'96 Ro-
bust Parsing Workshop. Prague, Czech Republic.

DOM. 1998. Document Object Model (DOM) Level
1. Speci�cation Version 1.0. W3C Recommenda-
tion. http://www.w3.org/TR/1998/REC-DOM--
Level-1-19981001

Claire Grover, Colin Matheson, Andrei Mikheev and
Marc Moens. 2000. LT TTT - A Flexible To-
kenisation Tool. In: Proceedings of Second Inter-
national Conference on Language Resources and
Evaluation (LREC 2000).

K. Koskenniemi. 1983. Two-level Model for Morpho-
logical Analysis. In: Proceedings of IJCAI-83 ,
pages: 683-685, Karlsruhe, Germany.

Kiril Simov, Zdravko Peev, Milen Kouylekov, Ale-
xander Simov, Marin Dimitrov, Atanas Kiryakov.
2001. CLaRK - an XML-based System for Corpora
Development. In: Proc. of the Corpus Linguistics
2001 Conference, pages: 558-560. Lancaster, UK.

Text Encoding Initiative. 1997. Guidelines for Elec-
tronic Text Encoding and Interchange. Sperberg-
McQueen C.M., Burnard L (eds).

Corpus Encoding Standard. 2001. XCES: Corpus
Encoding Standard for XML. Vassar College, New
York, USA.
http://www.cs.vassar.edu/XCES/

XML. 2000. Extensible Markup Language (XML) 1.0
(Second Edition). W3C Recommendation.
http://www.w3.org/TR/REC-xml

XML Schema. 2001. XML Schema Part 1: Struc-
tures. W3C Recommendation.
http://www.w3.org/TR/xmlschema-1/

XPath. 1999. XML Path Lamguage (XPath) version
1.0. W3C Recommendation.
http://www.w3.org/TR/xpath

XSLT. 1999. XSL Transformations (XSLT) version
1.0. W3C Recommendation.
http://www.w3.org/TR/xslt



XtraGen —
A Natural Language Generation System

Using XML- and Java-Technologies

Holger Stenzhorn
XtraMind Technologies GmbH

Stuhlsatzenhausweg 3
66123 Saarbr̈ucken, Germany

holger@xtramind.com

Abstract
In this paper we present XtraGen, a XML- and Java-
based software system for the flexible, real-time
generation of natural language that is easily inte-
grated and used in real-world applications. We de-
scribe its grammar formalism and implementation
in detail, depict the context of how the system was
evaluated and finally provide an outlook on future
work with the system.

1 Introduction
In this paper we present XtraGen, a recently de-
veloped software system for the flexible, real-time
generation of natural language that can be easily in-
tegrated into real-world, industrial application en-
vironments through its open XML- and Java-based
implementation and interfaces.

Our motivation for developing a completely new
generation system started when we made the same
observation as stated in the following quote:

There are thousands, if not millions, of
application programs in everyday use that
automatically generate texts; but proba-
bly fewer than ten of these programs use
the linguistic and knowledge-based tech-
niques that have been studied by the natu-
ral language generation community. (Re-
iter, 1995)

The goal of our company is to develop state-of-
the-art software and hence we wanted to change the
portrayed situation at least in our environment for
the applications we create.

Therefore we started to experiment with XSL
(World Wide Web Consortium, 2001) to generate
natural language as suggested in (Cawsey, 2000)
and (Wilcock, 2001). But we figured out fairly soon
that XSL did not satisfy our needs and desires be-
cause with this mechanism

• we were not able to appropriately handle the
issue of morphology,

• we could not parameterize the generation pro-
cess at the desired level and

• we had no possibility to generate alternatives
or recover from dead ends during generation
since XSL is lacking a backtracking mecha-
nism.

Therefore we decided to develop our own natural
language generation system that incorporates on the
one hand many ideas found in XSL but on the other
hand tries to give a solution the above described
problems.

2 Generation Grammars
2.1 Formalism
The grammar formalism conceived for the XtraGen
system has been developed from an application-
oriented point of view. This means that from our
standpoint real-world applications hardly ever re-
quire a full and complete linguistic coverage which
is striven for by linguistically motivated generation
systems. Therefore our formalism is based on ex-
tended templates that allow the inclusion of pre-
defined and dynamically retrieved text, constraint-
based inflection and a context-free selection mech-
anism. The development of this formalism was
strongly influenced by the ideas found in the (Lisp-
based) formalism of the TG/2 system (Busemann,
1996; Wein, 1996) and the YAG system (Chan-
narukul, 1999).

A template has the overall form as depicted in the
Backus-Naur Form in figure 2.1. Each part of the
template will be elaborated below.

2.2 Conditions
Conditions describe the exact circumstances under
which a certain template can be applied and its ac-
tions executed. There are two distinct basic types



<template id=" String"
category=" String">

<conditions>
Condition*

</conditions>
<parameters>

Parameter*
</parameters>
<actions>

Action+
</actions>
<constraints>

Constraint*
</constraints>

</template>

Figure 1: Overview of a XtraGen template in
Backus-Naur Form

of conditions: Simple-Conditions and Complex-
Conditions. They in turn are the supertypes for
more specific conditions:

Simple-Condition They form the actual tests that
are applied to the input structure. A set of com-
monly used conditions is already predefined
such as ones that test for equality or that test
whether certain information is existent in the
input structure. If there is a need for some very
specific conditional testing that cannot be re-
alized with the existing means a developer is
free to implement and add its own conditional
types.

Complex-Condition This type of condition makes
it possible to combine several conditions
into a more complex one. Three prede-
fined Complex-Conditions exist: the And-
Condition, the Or-Condition and the Not-
Condition. Additional Complex-Conditions
can also be added by providing an implemen-
tation for them.

2.3 Parameterization

Parameterization is an easy and flexible means to
guide and control the generation process with re-
gard to different linguistic preferences such as mat-
ters of style or rhetorical structures. Parameteriza-
tion works by introducing a preference mechanism
that provides the possibility of dynamically sorting
the application of templates according to a given set
of parameters.

<conditions>
<or>

<and>
<condition type="equal">

<get path="/recall"/>
<value>95</value>

</condition>
<condition type="less">

<get path="/accuracy"/>
<value>90</value>

</condition>
</and>
<not>

<condition type="exist">
<get path="/exception"/>

</condition>
</not>

</or>
</conditions>

Figure 2: Example of some complex interleaved
conditions

The way parametrization works in our system is
a two-step process:

Adding of parameters to templatesDuring the
design of a generation grammar the writer adds
one or more parameters to some templates as
in the example in figure 3.

Here the upper template is intended to be used
during the generation of text targeted at experts
and the lower one in case text is to be pro-
duced for novices (level is expert in one
template andnovice in the other). Both of
the templates are preferably used when a low
verbosity level is desired (verbosity is low
in both cases).

Setting of the parameters at runtime At runtime
the parameters corresponding to the ones de-
fined in the grammar are set to the desired val-
ues. To continue our example, we now set the
value of the parameterlevel to expert (see
figure 4) and hence the template in the upper
box would be selected.

The particularity of our system is that parame-
ters can be assigned a weight and thus a priority. In
our example we might want to give a higher prior-
ity to the parameterlevel than to the parameter
verbosity as shown in figure 5 This now sorts
the application of templates in a way that they are
first sorted according to their level of verbosity and



the result is further sorted according to the level of
expertise.

<template id="explainExpert"
category="explain">

<parameters>
<parameter name="level"

value="expert">
<parameter name="verbosity"

value="low">
</parameters>
...

</template>

<template id="explainNovice"
category="explain">

<parameters>
<parameter name="level"

value="novice">
<parameter name="verbosity"

value="low">
</parameters>
...

</template>

Figure 3: Example of using parameters on the level
of generation grammars

generator.addParameter("level",
"expert");

Figure 4: Example of using parameters on the level
of programming code

generator.addParameter("level",
"novice",
0.75);

generator.addParameter("verbosity",
"low",
0.5);

Figure 5: Example of using parameters with a
weight specified on the level of programming code

2.4 Actions
In the case that all conditions of a given template
have been tested successfully (see section 2.2) the
actions contained in the actions-part of the template
are executed.

There are four different types of actions that can
appear: String-Action, Getter-Action, Inflection-

Action and Selection-Action. The actual purpose of
each of them is quite different but all of them return
a result string when executed successfully.

String-Action This type of action simply returns a
statically specified string as a result — a so-
called canned text.

Getter-Action With a Getter-Action it is possible
to directly access and retrieve data from the en-
tered input structure. The syntax used for spec-
ifying the path to the data conforms to the syn-
tax of XPath (World Wide Web Consortium,
1999). There is no additional processing done
on the returned data.

<get path="/values/startTime"/>

Inflection-Action This action inflects a stem ac-
cording to the defined morphological con-
straints and returns the result.

The stem can be stated statically in the gram-
mar as in case (a) or can be dynamically re-
trieved from the input structure as in case (b).

The needed morphological constraints are fur-
nished by the constraints-part of the template
to which the given label provides a link (con-
fer to section 2.5 below for details).
(a) <inflect stem="bring"

label="X0"/>

(b) <inflect path="/action"
label="X0"/>

Selection-Action The Selection-Action can actu-
ally be seen as the most important of the
actions since it accounts for the context-free
backbone of the system.

It allows to select another template directly via
a specified identifier as in case (a) or via a
given category as in case (b). In the second
case several templates might have the given
category and hence backtracking might be in-
voked at his point. (see section 5.1)

(a) <select id="top"/>

(b) <select category="top"
optional="true"/>

Selections can also be declared optional as in
(b) which means that in case the selection of
the template fails no backtracking is invoked
and simply an empty string is returned.



2.5 Constraints and Morphology

The treatment of morphology is naturally one of
the major issues in the context of a complete nat-
ural language generation especially when working
with morphologically rich languages such as Ger-
man, Russian or Finnish. Therefore we took great
care to design and develop a morphological subsys-
tem that is powerful and flexible yet easy to under-
stand and use. The actual realization of the compo-
nent is based on a constraint-based inheritance algo-
rithm that follows the example of PATR-II (Shieber
et al., 1989).

In the (overly simplified) example in figure 6 one
can get a glimpse on how the morphology works:
There are two Selection-Actions, the first one la-
belledX0, the second one labelledX1. The given
constraint now tells that the attributenumber of X0
is the same as the attributenumber of X1 and sets
it dynamically to the value retrieved by the Getter-
Action.

<template ...>
<actions>

<select category="determiner"
label="X0"/>

<select category="noun"
label="X1"/>

</actions>
<constraint>

<place label="X0"
attribute="number"/>

<place label="X1"
attribute="number"/>

<get path="/categoryNumber"/>
</constraint>

</template>

Figure 6: Example of using constraints

2.6 Compilation

In order to be able to work with a generation gram-
mar the generation engine requires the grammar
(and its templates) to exist in the form of a Java ob-
ject. But since the original format of the grammar is
plain XML this format must be transformed through
a compilation process into the internally needed rep-
resentation. Our system is capable to perform such
a compilation in two different ways:

Just-in-time Compilation With this technique the
required templates are compiled from their

XML source into their corresponding Java ob-
jects at runtime of the generation engine, i.e.
during the actual generation process. This
type of compilation is advised only for smaller
grammars or during the development and test-
ing of a new grammar since the constant in-
terleaving of compilation on the one hand and
the actual generation process on the other leads
to some quite noticeable overhead. This over-
head is naturally not acceptable when XtraGen
is used in real-time applications.

Pre-Compilation This type of compilation allows
to compile the whole grammar before its actual
deployment during the generation process. The
pre-compilation of grammars can improve the
performance of the generator-engine tremen-
dously and is therefore to be preferred in most
situations. (The pre-compilation of generation
grammars is very similar to the Translets ap-
proach in XSL (Apache XML Project, 2002)
where XSL stylesheets are compiled in ad-
vance into Java objects.)

3 Input
In contrast to other generation systems that require
their input to adhere to some particular (and most
of the time proprietary) encoding format the core
engine of our system only demands its input to be a
valid XML structure.

The actual restrictions on the input are imposed
only at the level of the generation grammars in
terms of their access to the input (see section 2.4
on Getter-Actions and Inflection-Actions). This can
obviously lead to a severe drawback: In case that
either the generation grammar or the input structure
changes heavily there might emerge a complete mis-
match between the XPath specified in the actions
and the actual structure of the input.

Under circumstances when it is not feasible to
change either the input structure or the grammar, we
propose to introduce an additional mapping layer
between input and generator that is based on a XSL
stylesheet and that dynamically maps the input in
the way that is needed by the grammar.

4 Editor
We have stressed in the sections before that we be-
lieve our formalism to be powerful yet very straight-
forward to implement and use. But when develop-
ing larger grammars for real-world applications it
becomes quite a demanding, non-trivial task to keep



track of all the templates and especially of the rela-
tions between them (e.g. relations on the level of
morphological constraints) Common XML editors
are of no help at this point since they cannot show
such relations at all.

Therefore the development of egram, a Java-
based graphical editor for generation grammars is
on its way at the site of our cooperation partner
DFKI (German Research Center for Artificial Intel-
ligence). After the completion of its development
this tool will allow to comfortably edit all aspects of
generation grammars and templates. Among many
other things the editor will be able to depict the
whole generation grammar and process in a graphi-
cal tree format in which dependencies between tem-
plates are shown in an intuitive way.

5 Implementation

The realization and implementation of the XtraGen
system is based entirely on the two cornerstones
Java and XML.

XML was chosen because it has become the de-
facto standard language in many (if not most) sce-
narios where information transfer takes place. This
in turn is caused by its unique capabilities to encode
information in a way that is easy to read, process,
and generate (even for human beings as in the case
of our formalism).

Java was chosen because it provides many mech-
anism to bolster the productivity of a programmer
during the development of new software with such
things as an extensive programming interface or
automatic memory management for example. An
additional advantage of Java is the availability of
many free and readily usable open-source packages
that provide a host of diverse functionalities. The
most important ones in our project were the differ-
ent XML packages and in particular the XML parser
Xerces or the XSLT engine Xalan (Apache XML
Project, 2002).

5.1 Backtracking

During the generation process it is possible that two
different templates are applicable at the same time
(i.e. they have the same category and all of their
conditions are satisfied). Now if one of the tem-
plates is selected this leads to one of two different
results:

• The application of the template was success-
ful which means that all of its actions could

be successfully executed and a result was re-
turned.

• The application of the template failed because
the execution of one or more of its actions was
not successful.

But the failure of a template described above does
not mean that there exist no solution at all. There-
fore we backtrack to the point where the unsuccess-
ful template was selected and apply another tem-
plate. This procedure is repeated until there are no
more templates at this backtrack point.

The underlying implementation of the backtrack-
ing mechanism is quite elaborated since it has to
take several important issues into account, the most
important ones are:

Performance issuesWe implemented several dif-
ferent mechanisms that help to tremendously
enhance the performance during the backtrack-
ing phase such as the memorization of partial
solution.

Constraint issuesWe had to take great care of the
constraint inheritance mechanism during the
backtracking implementation so that an invo-
cation of backtracking does not lead to a mis-
guided percolation of constraints and hence a
corrupted morphology.

5.2 Programming Interface

So far we have talked about the deployment of Xtra-
Gen only on the level of generation grammars and
their XML-based formalism. Now we turn to the
description of the tasks that have to be undertaken
on the level of programming code to make the sys-
tem run.

The following shows the individual steps that are
be taken to generate some output with XtraGen:

Creating a new generator-engineThe very first
thing to do in order to get the whole system
running is to create a newGenerator object
which represents the core generation engine:
Generator generator =

new Generator();

By doing so one implicitly creates objects for
the internal subcomponents such as the already
mentioned morphological component and puts
them under the control of the generation en-
gine.



Setting the start-category or -id The generation
engine needs to know which template it should
start from. This is done by specifying either a
start-category as in case (a) or a start-identifier
as in case (b).

(a) generator.setStartCategory(
String category);

(b) generator.setStartId(String id);

Setting the grammar Without a generation gram-
mar it would naturally be impossible to gener-
ate any output at all. There are two different
possibilities to pass a grammar to the genera-
tion engine:

(a) generator.setGrammarDocument(
Document grammar);

(b) generator.setGrammar(
Grammar grammar);

In the first case aDocument object (World
Wide Web Consortium, 2000) that contains the
grammar in parsed XML-format is passed, in
the second case a pre-compiledGrammar ob-
ject is passed. (see section 2.6)

Setting the input In addition to the grammar the
generation engine needs an input structure to
generate from. This can be set as follows:

generator.setInputDocument(
Document input);

Again, the parameter passed is aDocument
object that contains the input in parsed XML
format. The input can be reassigned between
two calls to the generation engine.

Setting parameters In subsection 2.3 we talked
about the use of parameters to control and
guide the generation process. The way param-
eterization works is explained in detail there.
To set parameters at runtime one has to add the
following methods:

(a) generator.addParameter(
String name, String value);

(b) generator.addParameter(
String name, String value,

double weight);

This step is only needed if parameterization is
desired. Otherwise these methods can be omit-
ted and parameterization is turned automati-
cally off.

Run the generation processTo now actually start
the generation process and get some output,
one of the following calls can be used:
(a) String result =

generator.generate();

(b) Document result =
generator.generateDocument();

The difference between the two calls is that in
case (a) a simpleString containing the result is
returned whereas in the case (b) aDocument ob-
ject is passed back.

6 Evaluation
At the end of a software development phase any
newly created system must proof in an evaluation
phase whether it reaches its predefined goals. (Mel-
lish and Dale, 1998) This is especially true in an
industrial context with commercial applications as
in our case.

The context for the evaluation of XtraGen was
provided by X-Booster (Beauregard et al., 2002)
which is another project at our site that was con-
currently developed with our system. This system
is an optimized implementation of Slipper (Cohen
and Singer, 1999), a binary classifier that induces
rules via boosting and combines a set of those clas-
sifiers to solve multi-class problems. It was the goal
to successfully integrate XtraGen into this system.

The motivation behind this is based on the fact
that common classification systems are quite non-
transparent in regard to their inner workings. There-
fore it becomes rather difficult to understand how
and why certain classification decisions are made by
those systems.

We departed at exactly this point: XtraGen was to
be used to automatically generate texts that explain
the learning phase of the X-Booster and hence make
the classification more transparent. As an additional
“gadget” we wanted to create the explanations in all
the languages that are spoken at our company site:
English, German, French, Italian, Russian, Bulgar-
ian and Turkish.

6.1 Integration Tasks

As the very first task of the integration procedure we
needed to answer the question what to actually out-
put to the user and in which exact format this output
should be. We decided on producing a description
of the complete learning phase with two kinds of
output texts: One targeted at experts and one for



novice users. The format chosen for the final output
was HTML.

Now we needed to adapt the code of X-Booster
slightly to make the meta data about the learning
phase accessible from the outside. To do so we
wrote some small methods that simply returned in
XML format the meta data which were only stored
in internal variables up to this point.

The next step was to add to X-Booster’s own code
the code for calling the generation engine and for
transforming the result into the final output-format.
This was done as described in section 5.2.

Finally (and most importantly) the generation
grammars for the different languages were devel-
oped. This happened in the way that we first set-up
a prototypical grammar for English which we tested
extensively. Then in a second step the grammars for
the other languages were modelled according to this
exemplary one. For this we worked together with
different native-speaking colleagues that translated
the original English grammar into their language.

6.2 Sample Template and Output

Figure 7 below shows a small portion of the output
returned after running X-Booster together with the
integrated XtraGen on a given training set. This re-
sult was produced by using the English generation
grammar and the parameters set for producing texts
targeted at novice users.

The number of documents is 37, divided
into 2 different categories. The results have
been produced using 3 fold-cross-validation
which means that the data-set is divided into
1/3 test-set and 2/3 training-set.
The learner is trained on the training-data
only and evaluated on the test-set which
has not been presented before. We repeat
this process 3 times on non-intersecting test-
data.
The overall result is then computed finally
as the average of all performed tests. The
average accuracy reaches 100.0% which is
achieved by applying 5 rules.

Figure 7: Sample output from X-Booster

Figure 8 shows parts of the template that pro-
duced the second paragraph of this sample output.
The template is complete in the sense that all dif-
ferent aspects of a template are exposed and it is

only simplified in the respect that similar parts of
the template are left out.

<template id="foldNumberNovice"
category="foldNumber">

<conditions>
<and>

<condition type="exists"/>
<get path="/foldNumber"/>

</condition>
...

</and>
</conditions>
<parameters>

<parameter name="level"
value="novice"/>

...
</parameters>
<actions>

...
We repeat this process
<get path="/foldNumber"/>
<inflect stem="time"

label="X0"/>
...

</actions>
<constraints>

<constraint>
<place label="X0"

attribute="number"/>
<get path="/foldNumber"/>

</constraint>
...

</constraints>
</template>

Figure 8: Sample template from X-Booster

7 Outlook and Future Work
Because the above described evaluation proofed to
be quite successful it was decided to further deploy
XtraGen at our site and to integrate it into new prod-
ucts and projects. One of the first of these projects
is Mietta-II (Multilingual Information Environment
for Travel and Tourism Applications), an European
Commission funded industrial project with the goal
of developing a comprehensive web search and in-
formation portal that specializes on the tourism sec-
tor. (Additional application scenarios are already
envisaged for a possible later stage of the project.)
In this environment we will apply natural language
generation to produce texts and messages for vari-
ous types of media such as dynamically generated
web pages, paper leaflets, hand-held devices and



in particular cellular phones. For the last of those
media we are exploring the possibility of producing
voice-enabled output with a dedicated voice server
that is based on VoiceXML (World Wide Web Con-
sortium, 2002) or JSML (Sun Microsystems, 1999).
We are experimenting at the moment with the differ-
ent possible outputs and on how these outputs can
be encoded in a generation grammar enriched with
VoiceXML or JSML tags.

8 Conclusion
In this contribution we presented XtraGen, a real-
time, template-based natural language generation
system designed for real-world applications and
based on standard XML- and Java-technologies. We
described in detail the different aspects of its gen-
eration grammars with an emphasis on their for-
malism. Then we covered architectural and imple-
mentational issues of the system. After depicting
the evaluation done for XtraGen we concluded with
presenting a new project where the system is used
and where new ideas are experimented with.
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Abstract: This paper describes the use of XML in three generic interacting speech technology 
systems.  The first, a phonological syllable recognition system, generates feature-based finite-state 
automaton representations of phonotactic constraints in XML. It employs axioms of event logic to 
interpret multilinear representations of speech utterances and outputs candidate syllables to the second 
system, an XML syllable lexicon. This system enables users to generate their own lexicons and its default 
lexicon is used to accept or reject the candidate syllables output by the speech recognition system. 
Furthermore its XML representation facilitates its use by the third system which generates additional 
lexicons, based on different feature sets, by means of a transduction process. The applicability of these 
alternative feature sets in the generation of synthetic speech can then be tested using these new lexicons. 

 
 

1. Introduction 
 
The flexibility and portability provided by 
XML, and its related technologies, result in 
them being well suited to the development 
of robust, generic, Natural Language 
Processing applications. In this paper we 
describe the use of XML within the context 
of speech technology software, with a 
particular focus on speech recognition. We 
present a framework, based on the model of 
Time Map Phonology (Carson-Berndsen, 
1998), for the development  and testing of 
phonological well- formedness constraints 
for generic speech technology applications. 
Furthermore, we illustrate how the use of a 
syllable lexicon, specified in terms of 
phonological features, and marked-up in 
XML, contributes to both speech recognition 
and synthesis. In the following sections 
three inter-connected systems are discussed. 
The first, the Language Independent 
Phonotactic System, LIPS, a syllable 
recognition application based on Time Map 
Phonology and a significant departure from 
current ASR technology, is described. The 

second system, Realising Enforced Feature-
based Lexical Entries in XML, REFLEX, is 
outlined and finally, the third system, 
Transducing Recognised Entities via XML, 
T-REX, is discussed. All three systems build 
on earlier work on generic speech tools 
(Carson-Berndsen, 1999; Carson-Berndsen 
& Walsh, 2000a). 
 
2. The Time Map Model  
 
This paper focuses on representing speech 
utterances in terms of non-segmental 
phonology, such as autosegmental 
phonology (Goldsmith, 1990), where 
utterances are represented in terms of tiers 
of autonomous features (autosegments) 
which can spread across a number of 
sounds. The advantage of this approach is 
that coarticulation can be modelled by 
allowing features to overlap. The Time Map 
model (Carson-Berndsen, 1998, 2000) 
builds on this autosegmental approach by 
allowing multilinear representations of 
autonomous features to be interpreted by an 
event-based computational linguistic model 



  

of phonology. The Time Map model 
employs a phonotactic automaton (finite-
state representation of the permissible 
combinations of sounds in a language), and 
axioms of event logic, to interpret 
multilinear feature representations. Indeed, 
much recent research (e.g. Ali et al., 1999; 
Chang, Greenberg & Wester, 2001) has 
focused on extracting  similar features to 
those used in our model. Figure 1 below, 
illustrates a mulitlinear feature-based 
representation of the syllable [So:n] 1. 

 
Figure 1. Multilinear representation of [So:n] 

 
Two temporal domains are distinguished by 
the Time Map model. The first, absolute 
(signal) time, considers features as events 
with temporal endpoints. The second, 
relative time, considers only the temporal 
relations of overlap and precedence as 
salient. Input to the model is in absolute 
time. Parsing, however, is performed in the 
relative time domain using only the overlap 
and precedence relations, and is guided by 
the phonotactic automaton which imposes 
top-down constraints on the relations that 
can occur in a particular language. The 
construction of the phonotactic automaton 
and the actual parsing process is carried out 
by LIPS. 
 
3. LIPS 
 
LIPS is the generic framework for the Time 
Map model. It incorporates finite-state 

                                                 
1All phonemes are specified in  SAMPA notation. 

methodology which enables users to 
construct their own phonotactic automata for 
any language by means of a graphical user 
interface. Furthermore, LIPS employs an 
event logic, enabling it to map from absolute 
time to relative time, and in a novel 
approach to ASR, carry out parsing on the 
phonological feature level. The system is 
comprised of two principal components, the 
network generator and the parser, outlined in 
the following subsections. 
 
3.1. The Network Generator 
 
The network generator interface allows 
users to build their own phonotactic 
automata. Users input node values and select 
from a list of feature overlap relations those 
that a given arc is to represent. These 
relations can be selected from a default list 
of IPA-like features or the user can specify 
their own set. In this way LIPS is feature-set 
independent. The network generator 
constructs feature-based networks and 
parsing takes place at the feature level. Once 
the user has completed the network 
specification, the system generates an XML 
representation of the phonotactic automaton. 
An automaton representing a small 
subsection of the phonotactics of English is 
illustrated in Figure 2. It is clear from this 
automaton that English permits an [S] 
followed by a [r] in syllable-initial position, 
but not the other way around. 

  
 

Figure 2. Phonotactic automaton  



  

 

 
Figure 3. XML representation of subsection of phonotactic automaton for English. 

 
Figure 3 illustrates a subsection of the XML 
representation of the English phonotactics 
output by the network generator. A single 
arc with a single phoneme, [S], and its 
overlap constraints, is shown.  
The motivation for generating an XML 
representation for our phonotactic  automata 
is that XML enables us to specify a well-
defined, easy to interpret, portable template, 
without compromising the generic nature of 
the network generator. That is to say the 
user can still specify a phonotactic 
automaton independent of any language or 
feature-set. The generated phonotactic 
automaton is then used to guide the second 
principal component of the system, the 
parser. 

3.2 The Parser 
 
LIPS employs a top-down and breadth-first 
parsing strategy and is best explained 
through exemplification. 
 
Purely for the purposes of describing how 
the parsing procedure takes place, we return 
to the phonotactic automaton of Figure 2, 
which of course represents only a very small 
subsection of English. This automaton will 
recognise such syllables as shum, shim, 
shem, shown, shrun, shran etc., some being 
actual lexicalised syllables of English and 
others being phonotactically well- formed, 
potential, syllables of English. For our 
example we take the multilinear 



  

representation of the utterance [So:n] as 
depicted in Figure 4 as our input to the 
parser. 
 

 
 

Figure 4. Interaction between the input and the 
automaton. 

 
At the beginning of the parsing process the 
phonotactic automaton is anticipating a [S] 
sound, that is it requires three temporal 
overlap constraints to be satisfied, the 
feature voiceless must overlap the feature 
fricative,  the feature palato  must overlap 
the feature voiceless, and the feature 
fricative must overlap the feature palato. A 
variable window is applied over the input 
utterance and the features within the window 
are examined to see if they satisfy the 
overlap constraints. As can be seen from 
Figure 4 the three features are indeed 
present and all overlap in time. Thus the [S] 
is recognised and the two arcs bearing the 
[S] symbol are traversed and the window 
moves on. At this point then the automaton 
is anticipating either an [r] or a vowel sound. 
In a similar fashion the contents of the new 
window are examined and in the case of our 
example the vowel [o:] is recognised (the [r]  
is rejected). The vowel transition is 
traversed, the window moves on, and the 
automaton is expecting an [n] or an [m]. For 
full details of the parsing process see 

Carson-Berndsen & Walsh (2000b). Output 
from LIPS is then fed through the REFLEX 
system to determine if actual or potential 
syllables have been found. 
 
4. REFLEX 
 
REFLEX is a generic, language independent 
application, which allows for the rapid 
design and construction of syllable lexicons, 
for any language. One of the main focuses 
of other research working on broadening the 
scope of the lexicon across languages, has  
been in the development of multilingual 
lexicons. One such project, PolyLex (Cahill 
& Gazdar, 1999), captures commonalities 
across related languages using hierarchical 
inheritance mechanisms. One of the main 
concerns of the work presented here 
however, is to provide generic, reusable, 
tools which facilitate the development and 
testing of phonological systems, rather than 
the creation of such multilingual lexicons. 
 
Work on phonological features and lexical 
description has either been within this 
multilingual context (Tiberius & Evans, 
2000) or has concentrated on using a 
feature-based lexicon for comparison with 
features extracted from a sound signal 
(Reetz, 2000). By removing reference to 
specific languages and concentrating on 
providing mechanisms for lexical 
generation, REFLEX can generate a syllable 
lexicon for any language that can be 
adequately represented in a phonetic 
notation. 
 
Furthermore, the decision to use XML to 
represent the output data means that it is 
readily available for use and manipulation 
by other outside systems with minimal 
effort. All background processing is 
completely hidden; one deals only with the 
marked-up output, from which idiosyncratic 
user-required structures can be rapidly 
generated.  



  

The REFLEX system outputs a feature-
based syllable lexicon. This lexicon is a 
valid XML document, meaning that it 
conforms to the given REFLEX Document 
Type Definition (DTD). The DTD stipulates 
the structure, order and number of XML 
element tags and attributes, modelling all 
potential syllable structures (e.g. V, CV, 
CVC etc). 
 
An example of a typical lexical entry, in this 
case corresponding to the multilinear 
representation specified in Figure 5, [So:n] 
is given below. 

 
 

Figure 5. Typical lexical entry in XML 
 
The syllable element shown has four 
children, described as follows: 
 
1) A text child, in this case So:n, the 
SAMPA representation of the entire 
syllable. 2) An <onset> element whose 
attribute list denotes its position within the 
syllable, i.e.<onset type=”first”>, <onset 
type=”second”> etc. 3) Nucleus and 4) 
coda elements are similarly defined. 
 
 Each of the syllable’s elements, <onset>, 
<nucleus> and <coda>, may have only one 
child element, <segment>, which tags the 
given phoneme. Its attribute list describes 
the phonemes specification in terms of 
phonological features.  It also has a duration 

attribute, which is derived from corpus 
analysis. 
 
<segment phonation=”voiced” 
   manner=”nasal” place=”apical”  
  duration=”null”>n</segment> 
 
REFLEX provides two methods by which  
syllables can be added to the lexicon. The 
first, requires users to specify an input file of 
monosyllables represented in a phonetic 
notation, in this case SAMPA.  The second, 
enables the user to specify syllables, in 
terms of phonemes, position, and if desired, 
a typical duration, by means of a GUI 
illustrated below in Figure 6. 
  
 

 
 

Figure 6. REFLEX lexicographer interface 
 

Regardless of the input option chosen, new 
entries are added to the lexicon via a 
background process.  REFLEX makes use of 
DATR, a non-monotonic inheritance based 
lexical representation language (Evans & 
Gazdar, 1996) to carry out this process. 
DATR is used to quickly and 
comprehensively define the phonological 
feature descriptions for a given language. 
For a greater understanding of how this can 
be achieved see Cahill, Carson-Berndsen & 
Gazdar (2000). Using DATR’s inference 
mechanisms, REFLEX manipulates the 
output into a valid XML document, creating 
a sophisticated phonological feature-based 
lexicon, shown in Figure 5. 



  

All syllable elements are enclosed within the 
root <lexicon> tag, whose sole attribute 
specifies the lexicon’s language. 
 
        <lexicon language=”English”> 
                  <syllable>…</syllable> 
                        :  
                   <syllable>…</syllable> 
        </lexicon>                    
 
The REFLEX lexicon is a versatile tool that 
has a number of potential applications 
within the domain of speech technology 
systems. The following sub-sections 
illustrate how this syllable lexicon, by virtue 
of its being marked up in XML, can 
contribute to both speech recognition and 
synthesis. 
 
4.1 LIPS and REFLEX 
 
By allowing feature overlap constraints to be 
relaxed in the case of underspecified input, 
LIPS can produce a number of candidate 
syllables.  In Figure 4 above, at the final 
transition, the automaton is expecting either 
an [m] or an [n]. The input, however, is  
underspecified, no feature distinguishing 
between [m] or [n], or indeed any voiced 
nasal, is present. By allowing the overlap 
constraints for the [m]  and the [n] to be 
relaxed, LIPS can consider both [So:n] and 
[So:m] to be candidate syllables for the 
utterance. Both candidate syllables are well-
formed, adhering to the phonotactics of 
English, however only one, [So:n], is an 
actual syllable of English. Thus at this point 
a lexicon providing good coverage of the 
language should reject [So:m] and accept 
[So:n]. In order to achieve this, REFLEX 
makes use of the XPath specification (a 
means for locating nodes in an XML 
document) and formulates a query before 
applying it to the syllable lexicon. 2 In the 

                                                 
2 The full W3C XPath specification can be found at 
http://www.w3c.org/TR/xpath 

example given, REFLEX searches the 
document, checking the value of the text 
child of each syllable element, against each 
candidate syllable output by LIPS. Any 
successful matches returned are therefore 
not only well- formed, but are deemed to be 
actual syllables. Thus at this point, the 
lexicon is searched and the syllable [So:n] is 
recognised. The granularity of the REFLEX 
search capability is such, that it can be 
extended to the feature level. Users can 
search the lexicon for syllables that contain 
a number of specific features in certain 
positions, e.g. search for syllables that 
contain a voiced, labial, plosive in the first 
onset. Again, REFLEX forms an XPath 
expression and queries the lexicon, returning 
all matches.  REFLEX also functions as a 
knowledge source for the T-REX system. 
This system is responsible for mapping 
output from the lexicon into syllable 
representations using different feature sets, 
e.g. features from other phonologies, and is 
discussed below in the context of speech 
synthesis.  
 
5. T-REX 
 
The role of this module is to enable 
lexicographers and speech scientists etc. to 
generate, via a transduction process,  
syllable lexicons based on different  
phonological feature sets. The default 
feature set employed by REFLEX is based 
on IPA-like features. However, T-REX 
provides a GUI that permits lexicographers 
to define phoneme to feature attribute 
mappings. Given this functionality T-REX 
operates as a testbed for investigating the 
merits of different feature sets in the context 
of speech synthesis. Different lexicons are 
generated by associating new feature sets 
with the same phonetic alphabet (SAMPA) 
via a GUI. The new lexicon is then 
transduced by T-REX which maps all 
syllable entries from the default lexicon 
(with IPA-like features) to the new lexicon,  



  

applying the features input by the user, to 
their associated phonemes. In order to 
exemplify this we return to our sample 
syllable, [So:n]. Figure 2 above shows the 
lexical representation, using IPA-like 
features, for [So:n]. Figure 7 below shows 
new features being associated with the 
phoneme [S].  
 

 
 

Figure 7. GUI for T-REX 
 
Similarly, new features are associated with 
the remaining phonemes, [o:]  and [n], and 
indeed the rest of the SAMPA alphabet. On 
completion the user initiates the transduction 
process and a new lexicon is produced. The 
XML representation of the phoneme [S], in 
the new lexicon, is depicted in Figure 8. 
Note how the feature attributes differ from 
those in the default lexicon.  
 
 

 
Figure 8. Phoneme with transduced features 

 
The advantages of this transduction 
capability are that numerous lexicons can be 
rapidly developed and used to investigate 
the appropriateness of specific formal 
models of phonological representation for 
the purposes of speech synthesis. 
Furthermore, the same computational 

phonological model, i.e. the Time Map 
model, can be employed. Bohan et al (2001) 
describe how the phonotactic automaton is 
used to generate a multilinear event 
representation of overlap and precedence 
constraints for an utterance, which is then  
mapped to control parameters of the HLsyn 
(Sensimetrics Corporation) synthesis engine. 
Different feature sets can be evaluated by 
assessing how they influence the various 
control parameters of the HLsyn engine and 
the quality of the synthesised speech. 
 
6. Conclusion 
 
This paper has described how the use of 
XML together with a computational 
phonological model can contribute 
significantly to the tasks of speech 
recognition, speech synthesis and lexicon 
development. Phonotactic automata and 
multilinear representations were introduced 
and the interpretation of these 
representations was discussed. Three robust, 
well-defined systems, LIPS, REFLEX, and 
T-REX, were outlined. These systems offer 
generic structures coupled with the 
portability of XML. In doing so, they enable 
users to recognise speech, synthesise speech, 
and develop lexicons for different languages 
using different feature sets while 
maintaining a common interface.  The 
generic and portable nature of these systems 
means that languages with significantly 
different phonologies are supported. In 
addition, languages which, to date, have 
received little attention with respect to 
speech technology are equally provided for.  
 
Ongoing projects include work on Irish, 
which has a notably different phonology 
from English and on developing phonotactic 
automata and phonological lexicons for 
other languages. Furthermore, the models 
are being extended to include phoneme-



  

grapheme mappings based on the contexts 
defined by the phonotactic automata.  
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Abstract  

This paper describes the Speech 
Application Language Tags, or SALT, an 
XML based spoken dialog standard for 
multimodal or speech-only applications. A 
key premise in SALT design is that 
speech-enabled user interface shares a lot 
of the design principles and computational 
requirements with the graphical user 
interface (GUI). As a result, it is logical to 
introduce into speech the object-oriented, 
event-driven model that is known to be 
flexible and powerful enough in meeting 
the requirements for realizing 
sophisticated GUIs. By reusing this rich 
infrastructure, dialog designers are 
relieved from having to develop the 
underlying computing infrastructure and 
can focus more on the core user interface 
design issues than on the computer and 
software engineering details. The paper 
focuses the discussion on the Web-based 
distributed computing environment and 
elaborates how SALT can be used to 
implement multimodal dialog systems. 
How advanced dialog effects (e.g., 
cross-modality reference resolution, 
implicit confirmation, multimedia 
synchronization) can be realized in SALT 
is also discussed. 

Introduction 
Multimodal interface allows a human user to 
interaction with the computer using more than 
one input methods. GUI, for example, is 
multimodal because a user can interact with the 
computer using keyboard, stylus, or pointing 

devices. GUI is an immensely successful concept, 
notably demonstrated by the World Wide Web. 
Although the relevant technologies for the 
Internet had long existed, it was not until the 
adoption of GUI for the Web did we witness a 
surge on its usage and rapid improvements in 
Web applications.  
 
GUI applications have to address the issues 
commonly encountered in a goal-oriented dialog 
system. In other words, GUI applications can be 
viewed as conducting a dialog with its user in an 
iconic language. For example, it is very common 
for an application and its human user to undergo 
many exchanges before a task is completed. The 
application therefore must manage the interaction 
history in order to properly infer user’s intention. 
The interaction style is mostly system initiative 
because the user often has to follow the 
prescribed interaction flow where allowable 
branches are visualized in graphical icons. Many 
applications have introduced mixed initiative 
features such as type-in help or search box. 
However, user-initiated digressions are often 
recoverable only if they are anticipated by the 
application designers. The plan-based dialog 
theory (Sadek et al 1997, Allen 1995, Cohen et al 
1989) suggests that, in order for the mixed 
initiative dialog to function properly, the 
computer and the user should be collaborating 
partners that actively assist each other in planning 
the dialog flow. An application will be perceived 
as hard to use if the flow logic is obscure or 
unnatural to the user and, similarly, the user will 
feel frustrated if the methods to express intents 
are too limited. It is widely believed that spoken 
language can improve the user interface as it 
provides the user a natural and less restrictive 
way to express intents and receive feedbacks.  



The Speech Application Language Tags (SALT 
2002) is a proposed standard for implementing 
spoken language interfaces. The core of SALT is 
a collection of objects that enable a software 
program to listen, speak, and communicate with 
other components residing on the underlying 
platform (e.g., discourse manager, other input 
modalities, telephone interface, etc.). Like their 
predecessors in the Microsoft Speech 
Application Interface (SAPI), SALT objects are 
programming language independent. As a result, 
SALT objects can be embedded into a HTML or 
any XML document as the spoken language 
interface (Wang 2000). Introducing speech 
capabilities to the Web is not new (Aron 1991, Ly 
et al 1993, Lau et al 1997). However, it is the 
utmost design goal of SALT that advanced dialog 
management techniques (Sneff et al 1998, 
Rudnicky et al 1999, Lin et al 1999, Wang 1998) 
can be realized in a straightforward manner in 
SALT. 
 
The rest of the paper is organized as follows. In 
Sec. 1, we first review the dialog architecture on 
which the SALT design is based. It is argued that 
advanced spoken dialog models can be realized 
using the Web infrastructure. Specifically, 
various stages of dialog goals can be modeled as 
Web pages that the user will navigate through. 
Considerations in flexible dialog designs have 
direct implications on the XML document 
structures. How SALT implements these 
document structures are outlined. In Sec. 2, the 
XML objects providing spoken language 
understanding and speech synthesis are described. 
These objects are designed using the event driven 
architecture so that they can included in the GUI 
environment for multimodal interactions. Finally 
in Sec. 3, we describe how SALT, which is based 
on XML, utilizes the extensibility of XML to 
allow new extensions without losing document 
portability. 

1 Dialog Architecture Overview 
With the advent of XML Web services, the Web 
has quickly evolved into a gigantic distributed 
computer where Web services, communicating in 
XML, play the role of reusable software 
components. Using the universal description, 
discovery, and integration (UDDI) standard, Web 

services can be discovered and linked up 
dynamically to collaborate on a task. In other 
words, Web services can be regarded as the 
software agents envisioned in the open agent 
architecture (Bradshaw 1996). Conceptually, the 
Web infrastructure provides a straightforward 
means to realize the agent-based approach 
suitable for modeling highly sophisticated dialog 
(Sadek et al 1997). This distributed model shares 
the same basis as the SALT dialog management 
architecture. 

1.1 Page-based Dialog Management 
An examination on human to human 
conversation on trip planning shows that 
experienced agents often guide the customers in 
dividing the trip planning into a series of more 
manageable and relatively untangled subtasks 
(Rudnicky et al 1999). Not only the observation 
contributes to the formation of the plan-based 
dialog theory, but the same principle is also 
widely adopted in designing GUI-based 
transactions where the subtasks are usually 
encapsulated in visual pages. Take a travel 
planning Web site for example. The first page 
usually gathers some basic information of the trip, 
such as the traveling dates and the originating and 
destination cities, etc. All the possible travel 
plans are typically shown in another page, in 
which the user can negotiate on items such as the 
price, departure and arrival times, etc. To some 
extent, the user can alter the flow of interaction. If 
the user is more flexible for the flight than the 
hotel reservation, a well designed site will allow 
the user to digress and settle the hotel reservation 
before booking the flight. Necessary 
confirmations are usually conducted in separate 
pages before the transaction is executed.  
 
The designers of SALT believe that spoken 
dialog can be modeled by the page-based 
interaction as well, with each page designed to 
achieve a sub-goal of the task. There seems no 
reason why the planning of the dialog cannot 
utilize the same mechanism that dynamically 
synthesizes the Web pages today. 
 

1.2 Separation of Data and Presentation 
SALT preserves the tremendous amount of 
flexibility of a page-based dialog system in 



dynamically adapting the style and presentation 
of a dialog (Wang 2000). A SALT page is 
composed of three portions: (1) a data section 
corresponding to the information the system 
needs to acquire from the user in order to achieve 
the sub-goal of the page; (2) a presentation 
section that, in addition to GUI objects, contains 
the templates to generate speech prompts and the 
rules to recognize and parse user’s utterances; (3) 
a script section that includes inference logic for 
deriving the dialog flow in achieving the goal of 
the page. The script section also implements the 
necessary procedures to manipulate the 
presentation sections.  
 
This document structure is motivated by the 
following considerations. First, the separation of 
the presentation from the rest localizes the natural 
language dependencies. An application can be 
ported to another language by changing only the 
presentation section without affecting other 
sections. Also, a good dialog must dynamically 
strike a balance between system initiative and 
user initiative styles. However, the needs to 
switch the interaction style do not necessitate 
changes in the dialog planning. The SALT 
document structure maintains this type of 
independence by separating the data section from 
the rest of the document, so that when there are 
needs to change the interaction style, the script 
and the presentation sections can be modified 
without affecting the data section. The same 
mechanism also enables the app to switch among 
various UI modes, such as in the mobile 
environments where the interactions must be able 
to seamlessly switching between a GUI and 
speech-only modes for hand-eye busy situations. 
The presentation section may vary significantly 
among the UI modes, but the rest of the document 
can remain largely intact. 

1.3 Semantic Driven Multimodal 
Integration 
SALT follows the common GUI practice and 
employs an object-oriented, event-driven model 
to integrate multiple input methods. The 
technique tracks user’s actions and reports them 
as events. An object is instantiated for each event 
to describe the causes. For example, when a user 
clicks on a graphical icon, a mouse click event is 
fired. The mouse-click event object contains 

information such as coordinates where the click 
takes place. SALT extends the mechanism for 
speech input, in which the notion of semantic 
objects (Wang 2000, Wang 1998) is introduced 
to capture the meaning of spoken language. 
When the user says something, speech events, 
furnished with the corresponding semantic 
objects, are reported. The semantic objects are 
structured and categorized. For example, an 
utterance “Send mail to John” is composed of 
two nested semantic objects: “John” representing 
the semantic type “Person” and the whole 
utterance the semantic type “Email command.” 
SALT therefore enables a multimodal integration 
algorithm based on semantic type compatibility 
(Wang 2001). The same command can be 
manifest in a multimodal expression, as in “Send 
email to him [click]” where the email recipient is 
given by a point-and-click gesture. Here the 
semantic type provides a straightforward way to 
resolve the cross modality reference: the handler 
for the GUI mouse click event can be 
programmed into producing a semantic object of 
the type “Person” which can subsequently be 
identified as a constituent of the “email 
command” semantic object. Because the notion 
of semantic objects is quite generic, dialog 
designers should find little difficulty employing 
other multimodal integration algorithms, such as 
the unification based approach described in 
(Johnston et al 1997), in SALT. 

2 Basic Speech Elements in SALT 

SALT speech objects encapsulate speech 
functionality. They resemble to the GUI objects 
in many ways. Because they share the same high 
level abstraction, SALT speech objects 
interoperate with GUI objects in a seamless and 
consistent manner. Multimodal dialog designers 
can elect to ignore the modality of 
communication, much the same way as they are 
insulated from having to distinguish whether a 
text string is entered to a field through a keyboard 
or cut and pasted with a pointing device. 

2.1 The Listen Object 
The “listen” object in SALT is the speech input 
object. The object must be initialized with a 
speech grammar that defines the language model 



and the lexicon relevant to the recognition task. 
The object has a start method that, upon 
invocation, collects the acoustic samples and 
performs speech recognition. If the language 
model is a probabilistic context free grammar 
(PCFG), the object can return the parse tree of the 
recognized outcome. Optionally, dialog 
designers can embed XSLT templates or scripts 
in the grammar to shape the parse tree into any 
desired format. The most common usage is to 
transform the parse tree into a semantic tree 
composed of semantic objects. 
 
A SALT object is instantiated in an XML 
document whenever a tag bearing the object 
name is encountered. For example, a listen object 
can be instantiated as follows: 
 
<listen id=”foo” onreco=”f()”  

onnoreco=”g()”  mode=”automatic”> 
     <grammar src=”../meeting.xml”/> 
</listen> 
 
The object, named “foo,” is given a speech 
grammar whose universal resource indicator 
(URI) is specified via a <grammar> constituent. 
As in the case of HTML, methods of an object are 
invoked via the object name. For example, the 
command to start the recognition is foo.start() in 
the ECMAScript syntax. Upon a successful 
recognition and parsing, the listen object raises 
the event “onreco.” The event handler, f(), is 
associated in the HTML syntax as shown above. 
If the recognition result is rejected, the listen 
object raises the “onnoreco” event, which, in the 
above example, invokes function g(). As 
mentioned in Sec. 0, these event handlers reside 
in the script section of a SALT page that manages 
the within-page dialog flow. Note that SALT is 
designed to be agnostic to the syntax of the 
eventing mechanism. Although the examples 
through out this article use HTML syntax, SALT 
can operate with other eventing standards, such 
as World Wide Web Consortium (W3C) XML 
Document Object Model (DOM) Level 2, ECMA 
Common Language Infrastructure (CLI), or the 
upcoming W3C proposal called XML Events. 
 
The SALT listen object can operate in one of the 
three modes designed to meet different UI 
requirements. The automatic mode, shown above, 

automatically detects the end of utterance and cut 
off the audio stream. The mode is most suitable 
for push-to-talk UI or telephony based systems. 
Reciprocal to the start method, the listen object 
also has a stop method for forcing the recognizer 
to stop listening. The designer can explicitly 
invoke the stop method and not rely on the 
recognizer’s default behavior.  Invoking the stop 
method becomes necessary when the listen object 
operates under the single mode, where the 
recognizer is mandated to continue listening until 
the stop method is called. Under the single mode, 
the recognizer is required to evaluate and return 
hypotheses based on the full length of the audio, 
even though some search paths may have reached 
a legitimate end of sentence token in the middle 
of the audio stream. In contrast, the third multiple 
mode allows the listen object to report 
hypotheses as soon as it sees fit. The single mode 
is designed for push-hold-and-talk type of UI, 
while the multiple mode is for real-time or 
dictation type of applications. 
 
The listen object also has methods to modify the 
PCFG it contains. Rules can be dynamically 
activated and deactivated to control the 
perplexity of the language model. The semantic 
parsing templates in the grammar can be 
manipulated to perform simple reference 
resolution. For example, the grammar below (in 
SAPI format) demonstrates how a deictic 
reference can be resolved inside the SALT listen 
object: 
 
<rule propname=”drink” …> 
   <option> the </option> 
   <list>  
       <phrase propvalue=”coffee”> left </phrase> 
       <phrase propvalue=”juice”> right </phrase> 
   </list> 
   <option> one </option> 
</rule> 
 
In this example, the propname and propvalue 
attributes are used to generate the semantic 
objects. If the user says “the left one,” the above 
grammar directs the listen object to return the 
semantic object as <drink text=”the left 
one”>coffee</drink>. This mechanism for 
composing semantic objects is particularly useful 
for processing expressions closely tied to how 



data are presented. The grammar above may be 
used when the computer asks the user for choice 
of the drink by displaying the pictures of the 
choices side by side. However, if the display is 
tiny, the choices may be rendered as a list, to 
which a user may say “the first one” or “the 
bottom one.” SALT allows dialog designers to 
approach this problem by dynamically adjusting 
the speech grammar. 
 

2.2 The prompt object 
The SALT “prompt” object is the speech output 
object. Like the listen object, the prompt object 
has a start method to begin the audio playback. 
The prompt object can perform text to speech 
synthesis (TTS) or play pre-recorded audio. For 
TTS, the prosody and other dialog effects can be 
controlled by marking up the text with synthesis 
directives. 
 
Barge-in and bookmark are two events of the 
prompt object particularly useful for dialog 
designs. The prompt object raises a barge-in 
event when the computer detects user utterance 
during a prompt playback. SALT provides a rich 
program interface for the dialog designers to 
specify the appropriate behaviors when the 
barge-in occurs. Designers can choose whether to 
delegate SALT to cut off the outgoing audio 
stream as soon as speech is detected. Delegated 
cut-off minimizes the barge-in response time, and 
is close to the expected behavior for users who 
wish to expedite the progress of the dialog 
without waiting for the prompt to end. Similarly, 
non-delegated barge-in let the user change 
playback parameters without interrupting the 
output. For example, the user can adjust the speed 
and volume using speech commands while the 
audio playback is in progress. SALT will 
automatically turn on echo cancellation for this 
case so that the playback has minimal impacts on 
the recognition. 
 
The timing of certain user action or the lack 
thereof often bears semantic implications. 
Implicit confirmation is a good example, where 
the absence of an explicit correction from the 
user is considered as a confirmation. The prompt 
object introduces an event for reporting the 
landmarks of the playback. The typical way of 

catching the playback landmarks in SALT is as 
such: 
 
<prompt id=”bar” onbookmark=”f()” …> 
    Traveling to New York? 
    <bookmark name=”imp_confirm”/> 
    There are <emph> 3 </emph> flights available 
    … 
</prompt> 
 
When the synthesizer reaches the TTS markup 
<bookmark>, the onbookmark event is raised and 
the event hander f() is invoked. When a barge-in 
is detected, the dialog designer can determine if 
the barge-in occurs before or after the bookmark 
by inspecting whether the function f() has been 
called or not. 
 
Multimedia synchronization is another main 
usage for TTS bookmarks. When the speech 
output is accompanied with, for example, 
graphical animations, TTS bookmarks are an 
effective mechanism to synchronize these 
parallel outputs. 
To include dynamic content in the prompt, SALT 
adopts a simple template-based approach for 
prompt generation. In other words, the carrier 
phrases can be either pre-recorded or hard-coded, 
while the key phrases can be inserted and 
synthesized dynamically. The prompt object that 
confirms a travel plan may appear as the 
following in HTML: 
 
<input name=”origin” type=”text” /> 
<input name=”destination” type=”text” /> 
<input name=”date” type=”text” /> 
… 
<prompt …> Do you want to fly from 
    <value targetElement=”origin”/> to 
    <value targetElement=”destination”/> on 
    <value targetElement=”date”/>? 
</prompt> 
 
As shown above, SALT uses a <value> tag inside 
a prompt object to refer to the data contained in 
other parts of the SALT page. In this example, the 
prompt object will insert the values in the HTML 
input objects in synthesizing the prompt. 



2.3 Declarative Rule-based Programming 
Although the examples use procedural 
programming in managing the dialog flow 
control, SALT designers can practice inference 
programming in a declarative rule-based fashion 
in which rules are attached to the SALT objects 
capturing user’s actions, e.g., the listen object. 
Instead of authoring procedural event handlers, 
designers can declare inside the listen object rules 
that will be evaluated and invoked when the 
semantic objects are returned. This is achieved 
through a SALT <bind> element as demonstrated 
below: 
 
<listen …>  <grammar …/> 
     <bind test=”/@confidence $lt$ 50” 
 targetElement=”prompt_confirm”  
 targetMethod=”start” 
 targetElement=”listen_confirm”  
 targetMethod=”start” /> 
     <bind test=”/@confidence $ge$ 50” 
 targetElement=”origin”  
 value=”/city/origin” 
 targetElement=”destination”  
 value=”/city/destination” 
 targetElement=”date”  

value=”/date” />     … 
</listen> 
 
The predicate of each rule is applied in turns 
against the result of the listen object. They are 
expressed in the standard XML Pattern language 
in the “test” clause of the <bind> element. In this 
example, the first rule checks if the confidence 
level is above the threshold. If not, the rule 
activates a prompt object (prompt_confirm) for 
explicit confirmation, followed by a listen object 
listen_confirm to capture the user’s response. The 
speech objects are activated via the start method 
of the respective object. Object activations are 
specified in the targetElement and the 
targetMethod clauses of the <bind> element. 
Similarly, the second rule applies when the 
confidence score exceeds the prescribed level. 
The rule extracts the relevant semantic objects 
from the parsed outcome and assigns them to the 
respective elements in the SALT page. As shown 
above, SALT reuses the W3C XPATH language 
for extracting partial semantic objects from the 
parsed outcome. 

3 SALT Extensibilities 
Naturally spoken language is a modality that can 
be used in widely diverse environments where 
user interface constraints and capabilities vary 
significantly. As a result, it is only practical to 
define into SALT the speech functions that are 
universally applicable and implementable. For 
example, the basic speech input function in 
SALT only deals with speaker independent 
recognition and understanding, even though 
speaker dependent recognition or speaker 
verification are in many cases very useful. As a 
result, extensibility is crucial to a natural 
language interface like SALT. 
 
SALT follows the XML standards that allow 
extensions being introduced on demand without 
sacrificing document portability. Functions that 
are not already defined in SALT can be 
introduced at the component level, or as a new 
feature of the markup language. In addition, 
SALT requires the standard of XML be followed 
so that extensions can be identified and the 
methods to process the extensions can be 
discovered and integrated. 

3.1 Component extensibility 
SALT components can be extended with new 
functions individually through the component 
configuration mechanism of the <param> 
element. For example, the <listen> element has 
an event to signal when speech is detected in the 
incoming audio stream. However, the standard 
does not specify an algorithm for detecting 
speech. A SALT document author, however, can 
declare reference cues so that the document can 
be rendered in the similar way among different 
processors. The <param> element can be used to 
set the reference algorithm and threshold for 
detecting speech in the <listen> object: 
 
<listen onspeechdetected = “handler( )” …> 
     <param xmlns:xyz=”urn://xyz.edu/algo-1”> 
  <xyz:method>energy</xyz:method> 
 <xyz:threshold>0.7</xyz:threshold> 
     </param>   … 
</listen> 
 
Here the parameters are set using an algorithm 
whose uniform resource name (URN), 



xyz.edu/algo-1, is declared as an attribute of the 
XML namespace of <param>. The parameters for 
configuring this specific speech detection method 
are further specified in the child elements. A 
document processor can perform a schema 
translation on the URN namespace into any 
schema the processor understands. For example, 
if the processor implements the speech detection 
algorithm where the detection threshold has a 
different range, the adjustment can be easily 
made when the document is parsed. 
 
The same mechanism is used to extend the 
functionality. For instance, the <listen> object 
can be used for speaker verification because the 
algorithm used for verification and the 
programmatic interfaces share a lot in common 
with the recognition. In SALT, a <listen> object 
can be extended for speaker verification through 
configuration parameters: 
 
<listen  onreco=”success( )” onerror=”na( )” 

onnoreco=”failed( )”> 
     <param xmlns:v=”urn:abc.com/spkrveri”> 
 <v:cohort>../../data</v:cohort> 
 <v:threshold>0.85</v:threshold> … 
     </param> … 
</listen> 
 
In this example, the <listen> object is extended 
for speaker verification that compares a user’s 
voice against a cohort set. The events “onreco” 
and “onnoreco” are invoked when the voice 
passes or fails the test, respectively. As in the 
previous case, the extension must be decorated 
with URN that specifies the intended behavior of 
the document author. Being an extension, the 
document processor might not be able to discern 
the semantics implied by the URN natively. 
However, XML based protocols allow the 
processor to query and employ Web services that 
can either (1) transform the extended document 
segment into an XML schema the processor 
understands, or (2) perform the function 
described by the URN. By closely following 
XML standards, SALT documents fully enjoy the 
benefits of extensibility and portability of XML 
with SALT. 

3.2 Language extensibility 
In addition to component extensibility, the whole 
language of SALT can be enhanced with new 
functionality using XML. Communicating with 
other modalities, input devices, and advanced 
discourse and context management are just a few 
potential use for language-wise extension. 
 
SALT message extension, or the <smex> element, 
is the standard conduit between a SALT 
document and the outside world. The message 
element takes <param> as its child element to 
forge a connection to an external component. 
Once a link is established, SALT document can 
communicate with the external component by 
exchanging text messages. The <smex> element 
has a “sent” attribute to which a text message can 
be assigned to. When its value is changed, the 
new value is regarded as a message intended for 
the external component and immediately 
dispatched. When an incoming message is 
received, the object places the message on a 
property called “received” and raises the 
“onreceive” event. 

3.2.1 Telephony Interface 
Telephones are one of the most important access 
devices for spoken language enabled Web 
applications. Call control functions play a central 
role in a telephony SALT application. The 
<smex> element in SALT is a perfect match with 
the telephony call standard known as ECMA 323.  
ECMA 323 defines the standard XML schemas 
for messages of telephony functions, ranging 
from simple call answering, disconnecting, 
transferring to switching functionality suitable 
for large call centers.  ECMA 323 employs the 
same message exchange model as the design of 
<smex>. This allows SALT application to tap 
into a rich telephony call controls without 
needing a complicated SALT processor. As 
shown in (SALT 2002), sophisticated telephony 
applications can be authored in SALT in a very 
straightforward manner. 

3.2.2 Advanced Context Management 
In addition to devices such as telephones, SALT 
<smex> object may also be employed to connect 
to Web services or other software components to 
facilitate advanced discourse semantic analysis 
and context managements. Such capabilities, as 



described in (Wang 2001), empower the user to 
realize the full potential of interacting with 
computers in natural language. For example, the 
user can simply say “Show driving directions to 
my next meeting” without having to explicitly 
and tediously instruct the computer to first look 
up the next meeting, obtain its location, copy the 
location to another program that maps out a 
driving route. 
 
The customized semantic analysis can be 
achieved in SALT as follows: 
 
<listen id=”first_pass” …> 
   <grammar src=”…” /> <!-- basic grammar --> 
   <bind targetElement=”contextManager” 
 targetAttribute=”sent” value=”/” /> 
   … 
</listen> 
 
<smex id=”contextManager” …> 
   <param xmlns:ws=”WebServices”> 
      <ws:url>http://personal.com</ws:url> 
      <ws:user>…</ws:user> … 
   </param> 
   <bind targetElement=”realTarget” … /> 
</smex> 
 
Here the <listen> element includes a rudimentary 
grammar to analyze the basic sentence structure 
of user utterance. Instead of resolving every 
reference (e.g. “my next meeting”), the result is 
cascaded to the <smex> element linked to a Web 
service specializing in resolving personal 
references. 

Summary 
In this paper, we describe the design philosophy 
of SALT in using the existing Web architecture 
for distributed multimodal dialog. SALT allows 
flexible and powerful dialog management by 
fully taking advantage of the well publicized 
benefits of XML, such as separation of data from 
presentation. In addition, XML extensibility 
allows new functions to be introduced as needed 
without sacrificing document portability. SALT 
uses this mechanism to accommodate diverse 
Web access devices and advanced dialog 
management. 
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ABSTRACT12 

Although with the Semantic Web initiative 
much research on web page semantic annotation 
has already been done by AI researchers, 
linguistic text annotation, including the semantic 
one, was originally developed in Corpus 
Linguistics and its results have been somehow 
neglected by AI. The purpose of the research 
presented in this proposal is to prove that 
integration of results in both fields is not only 
possible, but also highly useful in order to make 
Semantic Web pages more machine-readable. A 
multi-level (possibly multi-purpose and multi-
language) annotation model based on EAGLES 
standards and Ontological Semantics, 
implemented with last generation Semantic Web 
languages (RDF(S)/XML) is being developed to fit 
the needs of both communities; the present paper 
focuses on its semantic level. 

INTRODUCTION 

All of us are by now accustomed to making 
extensive use of the so-called World Wide Web 
(WWW) which we might consider a great source 
of information, accessible through computers but, 
hitherto, only understandable to human beings. In 
its beginning, web pages were hand made, 
intended and oriented to the exchange of 
information among human beings. Due to the 
astonishing growth of Internet use, new 
technologies emerged and, with them, machine-
aided web page generation appeared. Up to that 
point, the structure and the edition of these pages 
fitted only human needs – and this, only to some 
extent. All of these documents contained a huge 
amount of text, images and even sounds, 
meaningless to a computer. In this way, they put 
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on the reader the burden of extracting and 
interpreting the relevant information in them. 

Currently, web page presentation in the WWW 
is being handled independently from its content, 
mainly through the use of XML (Bray et al., 
1998) or other resource-oriented languages as 
XOL (Karp et al., 1999), SHOE (Luke et al., 
2000), OML (Kent, 1998), RDF (Lassila et al., 
1999), RDF Schema (Brickley et al., 2000), OIL 
(Horrocks et al., 2000) or DAML+OIL (Horrocks 
et al., 2001). But even though the automatic 
process of information is being eased, the above 
mentioned tasks – relevant information access, 
extraction and interpretation – cannot be wholly 
performed by computers yet. Hence, the goal of 
enabling computers to understand the meaning 
(the semantics) of written texts and web pages to 
make it explicit to computers is gaining a growing 
relevance. That is the main pillar sustaining the 
development of what we understand by Semantic 
Web: "the conceptual structuring of the web in an 
explicit machine-readable way" (Berners-Lee et 
al., 1999). In this context, the semantic annotation 
of texts makes meaning explicit, and has become a 
key topic. Thus, great efforts are being devoted to 
the design and application of models and 
formalisms for the semantic annotation of web 
pages to make these documents more machine-
readable. 

Following the guidelines of the Semantic Web 
initiative, much research has already been carried 
out by AI researchers on the semantic annotation 
of web pages (Luke et al., 2000), (Benjamins et 
al., 1999), (Motta et al., 1999), (Staab et al., 
2000). However, these researchers have neglected, 
somehow, the decades of work and the results 
obtained in the field of Corpus Linguistics on 
corpus annotation, not only in the semantic level, 
but also in other linguistic levels. These other 
linguistic levels, whilst not being intrinsically 
semantic, can also add some semantic information 
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and help a computer understand a text or, in our 
case, web pages. 

This paper will show the results of our research 
on how linguistic annotation can help computers 
understand the text contained in a document – a 
Semantic Web document, for example. Special 
efforts are devoted to finding a way of bringing 
together and identifying complementarities 
between the semantic annotation models from AI 
and the annotations proposed by Corpus 
Linguistics. As stated in this paper, far from being 
irreconcilable, they are more than close and may 
be considered complementary. 

This paper is organised as follows: firstly, an 
introduction to the state of the art in text semantic 
annotation in corpus linguistics is presented 
(section 1). Secondly, in section 2, some brief 
notes on the use of ontologies in semantic 
annotation is sketched. Thirdly, in section 3, an 
example of the integration of both paradigms 
(AI’s and Corpus Linguistics’) is presented in the 
scope of our project goals. The main advantages 
of this integration is analysed afterwards – section 
4 – and some conclusions are stated – section 5 –, 
followed by the acknowledgments section and, 
finally, the references. 

1. TEXT ANNOTATION IN CORPUS 
LINGUISTICS 

The idea of text annotation was originally 
developed in Corpus Linguistics. Traditionally, 
linguists have defined corpus as "a body of 
naturally occurring (authentic) language data 
which can be used as a basis for linguistic 
research" (Leech, 1997). Following McEnery & 
Wilson (2001), Corpus Linguistics was first 
applied to research on language acquisition, to the 
teaching of a second language or to the 
elaboration of descriptive grammars, etc.. With 
the arrival of computers, the number of potential 
studies to which corpora could be applied 
increased exponentially. So, nowadays, the term 
corpus is being applied to "a body of language 
material which exists in electronic form, and 
which may be processed by computer for various 
purposes such as linguistic research and language 
engineering" (Leech, 1997). An annotated 
corpus "may be considered to be a repository of 
linguistic information [...] made explicit through 
concrete annotation" (McEnery & Wilson, 2001). 
The benefit of such an annotation is clear: it 

makes retrieving and analysing information about 
what is contained in the corpus quicker and easier. 
In Leech (1997), a list of the different (possible) 
levels of linguistic annotation can be found. As 
Leech himself states, for the time being, no corpus 
includes all of them, but only two or, at most, 
three of them. Some of them were only in their 
first stage of conception at the time of writing his 
paper. A smaller but more realistic list of 
annotation levels is included in EAGLES (1996a) 
namely: lemma, morpho-syntactic, syntactic, 
semantic and discourse annotation. Standard 
recommendations on morpho-syntactic and 
syntactic annotation of corpora can be found in 
(EAGLES, 1996a) and (EAGLES, 1996b). A 
complementary list of general criteria that should 
be considered when elaborating an annotation 
scheme can be found in one of the results of the 
EAGLES project work, the Corpus Encoding 
Standard (CES, 2000) which are being taken into 
account in the elaboration of our model (Aguado 
de Cea, 2002). With respect to the previous and 
well-known standardization initiative, TEI3, all 
these works mentioned are TEI-compliant. Thus, 
for the sake of brevity, we will focus on semantic 
annotation henceforth. 

As asserted in McEnery & Wilson (2001), two 
broad types of semantic annotation may be 
identified: 
A. The marking of semantic relationships 

between items in the text (for example, the 
agents or patients of particular actions). This 
type of annotation has scarcely begun to be 
applied.  

B. The marking of semantic features of words in 
a text, essentially the annotation of word 
senses in one form or another. This trend has 
quite a longer history but there is no universal 
agreement in semantics about which features 
of words should be annotated4. 

Although some preliminary recommendations 
on lexical semantic encoding have already been 
posited (EAGLES, 1999), no EAGLES semantic 
corpus annotation standard has yet been 
published; nevertheless, for the second type of 
semantic annotation enunciated, a set of reference 
criteria has been proposed by Schmidt and 
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mentioned in Wilson & Thomas (1997) for 
choosing or devising a corpus semantic field5 
annotation system. These criteria can be 
summarized as follows6:  
1. It should make sense in linguistic or 

psycholinguistic terms.  
2. It should be able to account exhaustively for 

the vocabulary in the corpus, not just for a 
part of it.  

3. It should be sufficiently flexible. 
4. It should operate at an appropriate level of 

granularity (or delicacy of detail). 
5. It should, where appropriate, possess a 

hierarchical structure.  
6. It should conform to a standard, if one exists7. 

2. ONTOLOGIES AND SEMANTIC WEB 
ANNOTATIONS. 

AI researchers have found in ontologies 
(Gruber, 1993), (Guarino et al., 1995), (Studer et 
al., 1998) the ideal knowledge model to formally 
describe web resources and its vocabulary and, 
hence, to make explicit in some way the 
underlying meaning of the concepts included in 
web pages. With Ontological Semantics 
(Niremburg & Raskin, 2001) as a support theory8, 
the annotation of these web resources with 
ontological information should allow intelligent 
access to them, should ease searching and 
browsing within them and should exploit new web 
inference approaches from them. The influential 
WordNet and EuroWordNet (Fellbaum, 2001) 
ontologies should be mentioned as valuable 
resources for this purpose. Many systems and 
projects have been developed towards this aim 
hitherto: SHOE (Luke et al., 2000) proposes 
HTML page semantic annotation with a Horn 

clause-based language also called SHOE; the 
(KA)2 initiative (Benjamins et al., 1999) seeks to 
annotate HTML documents with ontological 
information, taking Knowledge Acquisition 
Community ontologies as a basis; PlanetOnto 
(Motta et al., 1999) aims at automatically 
annotating the HTML news pages of an 
organisation by means of the information obtained 
from an event-ontology based knowledge base; 
finally, within the Semantic Community Web 
Portals project (Staab et al., 2000) an ontology-
based architecture for editing and maintaining 
web portals in an easier way is being developed. 
Besides, a number of semantic annotation tools 
have also been developed so far: COHSE 
(COHSE, 2002), MnM (Vargas-Vera et al., 2001), 
OntoMat-Annotizer (OntoMat, 2002), SHOE 
Knowledge Annotator (SHOE, 2002) and 
AeroDAML (AeroDAML, 2002). 

3. INTEGRATION OF PARADIGMS: AN 
EXAMPLE 

The model here shown, OntoTag, is developed 
within ContentWeb, a Ministry funded project, 
which aims at creating an ontology-based 
platform to enable users to query e-commerce 
applications by using natural language, 
performing the automatic retrieval of information 
from web documents annotated with ontological 
and linguistic information. Besides, a prototype in 
the entertainment domain will be developed. 
ContentWeb objectives can be found in (Aguado 
de Cea, 2002). 

Within the elaboration of OntoTag, a first 
exploration phase has been performed. A short 
example of this first phase is presented next. It has 
been implemented in RDF(S), but an XML 
version was also developed and the possibility of 
using any other language has a priori not been 
discarded. In the annotation example given below, 
two different morpho-syntactic tools were 
applied: Conexor (Conexor, 2002) and MBT 
(MBT, 2002). Some other tools are being 
evaluated for further use and the XML and 
RDF(S) annotation tools and wrappers are being 
designed at the moment. 

                                                      
5 A semantic field (sometimes also called a conceptual field, a 

semantic domain or a lexical domain) is a theoretical construct 
which groups together words that are related by virtue of their 
being connected – at some level of generality – with the same 
mental concept (Wilson & Thomas, 1997). 

6  For a more detailed explanation, see (Aguado de Cea, 2002). 
7 Once again the SENSEVAL initiatives must be mentioned: they 

reveal the demand for semantic standardization in the field of word 
sense disambiguation (Kilgarriff, 1998), (Kilgarriff & Rosenzweig, 
2000). 

 8 Ontological Semantics (Niremburg & Raskin, 2001) is a theory of 
meaning in natural language and an approach to natural language 
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Figure 1: Morpho-Syntactic Annotation 
Excerpt. 

3.1. RDF(S) EXAMPLE 
DESCRIPTION 

In Figure 1, Figure 2and Figure 3, 
we can see the annotation of the 
following Spanish sentence in the 
first three levels “Tras cinco años de 
espera y después de muchas 
habladurías, llega a nuestras 
pantallas la película más esperada 
de los últimos tiempos.”9  

In the morpho-syntactic level 
(Figure 1) every word or lexical 
token is given a different Uniform 
Resource Identifier (URI henceforth) 
and three possible categorisations are 
included, according to the three 
different tagsets and systems we 
want to evaluate. Each tagset has 
been assigned a different class in the 
morphAnnot namespace: TradAnnot 

(CRATER tagset), MBTAnnot (MBT 
tagset) and ConstrAnnot (Constraint 
Grammar – CONEXOR FDG tagset). 
For the sake of space saving, just the 
annotation of the article “la” has been 
included in the figure. 

In the syntactic level (Figure 2) 
every syntactic relationship between 
morpho-syntactic items is given a new 
URI, so that it can be referenced in 
higher-level relationships or by other 
levels of the annotation model (i.e. 
<synAnnot:Chunk rdf:ID="1_510">). 
Again for the sake of space saving, just 
the annotation of the phrase “la 
película más esperada de los últimos 
tiempos” has been included in the 
figure. 

In the semantic level (see Figure 3) 
some components of lower level 
annotations are annotated with 
semantic references to the concepts, 
attributes and relationships determined 
by our (domain) ontology, implemented 
in DAML+OIL. 

 

                                                      

<contentWeb:FilmReview> 
<contentWeb:text>Tras cinco años de espera y después de 

 muchas habladurías, llega a nuestras pantallas la película 
  más esperada de los últimos tiempos.</contentWeb:text> 

</contentWeb:FilmReview> 
<!-- Morpho-syntactic annotation excerpt --> 
<morphAnnot:Word rdf:ID="1_16"> 

<morphAnnot:surface_form>la</morphAnnot:surface_form> 
<morphAnnot:TradAnnot rdf:about="#trad_ann_info_1_16"/> 
<morphAnnot:MBTAnnot rdf:about="#mbt_ann_info_1_16"/> 
<morphAnnot:ConstrAnnot rdf:about="#constr_ann_info_1_16"/> 

</morphAnnot:Word> 
<morphAnnot:TradAnnot rdf:ID="trad_ann_info_1_16"> 

<trad:tag> ARTDFS </trad:tag> 
<morphAnnot:lemma> el </morphAnnot:lemma> 

</morphAnnot:TradAnnot> 
<morphAnnot:MBTAnnot rdf:ID="mbt_ann_info_1_16"> 

<mbt:tag> TDFS0 </mbt:tag> 
<morphAnnot:lemma> el </morphAnnot:lemma> 

</morphAnnot:MBTAnnot> 
<morphAnnot:ConstrAnnot rdf:ID="constr_ann_info_1_16"> 

<constr:tag> DET </constr:tag> 
<constr:genus>FEM</constr:genus> 
<constr:numerus>SG</constr:numerus> 

<morphAnnot:lemma>la</morphAnnot:lemma> 
<constr:synfunction>DN&gt;</constr:synfunction> 

</morphAnnot:ConstrAnnot> 

<!-- Syntactic annotation excerpt --> 
<synAnnot:Chunk rdf:ID="1_510"> 

<synAnnot:synfunction>NP</synAnnot:synfunction> 
<synAnnot:hasChild rdf:about="#1_21">los</synAnnot:hasChild> 
<synAnnot:hasChild rdf:about="#1_22">últimos</synAnnot:hasChild> 
<synAnnot:hasChild rdf:about="#1_23">tiempos</synAnnot:hasChild> 

</synAnnot:Chunk> 
<synAnnot:Chunk rdf:ID="1_511"> 

<synAnnot:synfunction>PP</synAnnot:synfunction> 
<synAnnot:hasChild rdf:about="#1_20">de</synAnnot:hasChild> 
<synAnnot:hasChild rdf:about="#1_510"> los últimos tiempos 
</synAnnot:hasChild> 

</synAnnot:Chunk> 
<synAnnot:Chunk rdf:ID="1_512"> 

<synAnnot:synfunction>AdjP</synAnnot:synfunction> 
<synAnnot:hasChild rdf:about="#1_18">más</synAnnot:hasChild> 
<synAnnot:hasChild rdf:about="#1_19">esperada</synAnnot:hasChild>
<synAnnot:hasChild rdf:about="#1_511">de los últimos tiempos 
</synAnnot:hasChild> 

</synAnnot:Chunk> 
<synAnnot:Chunk rdf:ID="1_513"> 

<synAnnot:synfunction>NP</synAnnot:synfunction> 
<synAnnot:hasChild rdf:about="#1_16">la</synAnnot:hasChild> 
<synAnnot:hasChild rdf:about="#1_17">película</synAnnot:hasChild> 
<synAnnot:hasChild rdf:about="#1_512">más esperada de los últimos 
tiempos </synAnnot:hasChild> 

</synAnnot:Chunk> 

Figure 2: Syntactic Annotation Excerpt. 9 After five years of expectation and gossiping, here comes the most 
expected film for the time being. 
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<!-- Semantic annotation excerpt --> 
 
<onto:PremiereEvent rdf:ID="_anon27"> 

<semSynAnnot:includes rdf:about="#1_13">llega</semSynAnnot:includes> 
<semSynAnnot:includes rdf:about="#1_509">a nuestras pantallas</semSynAnnot:includes> 
<onto:hasFilm rdf:about="#_anon30"/> 

</onto:PremiereEvent> 
 
<onto:Film rdf:ID="_anon30"> 
        <semAnnot:includes rdf:about="#1_18">película</semAnnot:includes> 
        <onto:comment rdf:about="#_anon40"> 
        <onto:comment rdf:about="#_anon41"> 
</onto:Film> 
 
<onto:ControversialFilm rdf:ID="_anon40"> 

<semSynAnnot:includes rdf:about="#1_506">después de muchas habladurías</semSynAnnot:includes> 
</onto:ControversialFilm> 
 
<onto:AwaitedFilm rdf:ID="_anon41"> 

<semSynAnnot:includes rdf:about="#1_503">Tras cinco años de espera</semSynAnnot:includes> 
<semSynAnnot:includes rdf:about="#1_512">más esperada de los últimos tiempos</semSynAnnot:includes> 

</onto:ControversialFilm> 
 
<onto:Film rdf:about="#_anon30"> 

<semSynAnnot:includes rdf:about="#3_507">El Señor de los Anillos</semSynAnnot:includes> 
<onto:filmTitle>El Señor de los Anillos</onto:filmTitle> 

</onto:Film> 
Figure 3:  Semantic Annotation Excerpt. 

rther elements susceptible of semantic 
tation are being sought and research is being 
 towards their determination by the linguist 
 in our project. The pragmatic counterpart of 
Tag has not yet been tackled at this phase of 
roject and, thus, this level is not included in 
ample. 

THE XML DATA MODEL 

 our XML data model, every token from the 
ext is labelled with a <Word> tag and a RDF 
specified by the attribute rdf:ID. Immediately 
 nested, a <surface_form> tag will be 
ted, introducing the token as it appeared in 
ource text; then come the morpho-syntactic, 
ctic and semantic annotations for this token. 
e tagset associated to our morpho-syntactic 
 data model (namespace pos) includes the 
 of those three others defined for CRATER10 
panish POS tagset, TEI and EAGLES 
rmant, applied also in SonIsa, the tagger 
oped in our laboratory), MBT (a web-based 
r, also EAGLES conformant) and the web-
 version of CONEXOR FDG parser morpho-

syntactic part. The tool that produced a particular 
annotation is tagged with <Traditional>, <MBT> 
and <Constraint>, respectively. Lemma 
information is annotated by means of an attribute 
lemma, associated to the tag of the namespace 
pos. 

The syntactic counterpart of our XML data 
model (namespace syn) contains, in a TEI 
conformant manner, only the syntactic 
information given by FDG at the moment (more 
tags may be added as the model is refined). This 
syntactic information covers EAGLES syntactic 
layers (c) and (d): showing dependency relations 
and indicating functional labels. Thus, the 
attributes defined at this level are: dependent_on, 
which shows the token on which the present one 
depends (via its rdf:ID);  dependency, which 
describes the kind of dependency between them 
both and surface_syn_tag, which denotes the 
surface syntactic function of the token in a 
Constraint Grammar approach. We are now 
studying the best way to cover EAGLES syntactic 
layers (a) and (b) – bracketing and labelling of 
segments – from a Constraint Grammar 
perspective, not developed in the EAGLES 
syntactic guidelines aforementioned. 
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The semantic counterpart of our XML data 
model (namespace sem) is ontology-based and 
defined by means of the tags given in the 
DAML+OIL implementation of our domain 
ontologies. 

4. ADVANTAGES OF THE INTEGRATED 
MODEL 

As shown in the previous section example, it 
seems that AI and Corpus Linguistics, far from 
being irreconcilable, can join together to give 
birth to an integrated annotation model. This 
conjunct annotation scheme would be very useful 
and valuable in the development of the Semantic 
Web and would benefit from the results of both 
disciplines in many ways, not restricted to the 
semantic level, below analysed. A particular 
subsection is dedicated to multi-functionality 

4.1. AT THE SEMANTIC LEVEL 

Let us now see the benefits at the semantic 
level of a hybrid annotation model, first from a 
linguistic point of view and, then, from an 
ontological point of view. 

4.1.1. Regarding ontologies from a linguistic 
point of view 

Taking a closer view to sections 1 and 2, and 
comparing the proposals from both Corpus 
Linguistics and AI, we find out that the use of 
ontologies as a basis for a semantic annotation 
scheme fits perfectly and accomplishes the criteria 
posited by Schmidt. Clearly, its mostly 
hierarchical structure fulfils by itself criterion (5) 
and, as a side effect, criteria (2) and (4), since the 
former is related to the capacity of an ontology to 
grow horizontally (in breadth) and the latter to the 
capacity of an ontology to grow vertically (in 
depth or in specification). Hence, the end user can 
decide the level of specificity needed. Criterion 
(3) is also satisfied by an ontology-based semantic 
annotation scheme, since we can always specialise 
the concepts in the ontology according to specific 
periods, languages, registers and textbases. 
Ontologies are, by definition, consensual and, 
thus, are closer to becoming a standard than many 
other models and formalisms or, as criteria (6) 
requires, at least they lay a framework of 
properties and axioms (principles) and major 
categories that can be modified to some extent to 

fit individual needs. Concerning criterion (1), 
quite a lot of groups developing ontologies are 
characterized by a strong interdisciplinary 
approach that combines Computer Science, 
Linguistics and (sometimes) Philosophy; thus, an 
ontology-based approach should also make sense 
in linguistic terms. 

4.1.2. Regarding linguistic annotations from 
an ontological point of view 

The main drawback for AI researchers to adopt 
a linguistically motivated annotation model would 
lie on the statement in section 1 that says, “there is 
no universal agreement in semantics about which 
features of words should be annotated” or on that 
other statement in Schmidt’s criterion 1, in the 
same section, that says, “still an exhaustive set of 
categories is to be determined”. 

But ontology researchers are trying to fill this 
gap with initiatives such as the UNSPSC 
(UNSPSC, 2002) or RosettaNet (RosettaNet, 
2002) in specific domains (i.e. e-commerce). In 
any case, linguistic annotations at the semantic 
level are more ambitious and potentially wider 
than the strictly ontology-based ones. Establishing 
a link between semantic annotation and discourse 
annotation and text construction following the 
RST approach, which has already been applied in 
text generation (Mann & Thomson, 88), seems a 
fairly promising linguistic enhancement. 

So far, we have seen how ontologies can fit in 
the semantic annotation of texts; let us see in the 
next subsections how linguistic annotations in all 
of its levels can improve the potential of Semantic 
Web Pages. 

4.2. MULTI-FUNCTIONALITY 

The need for (shallow) parsing in semantic 
processing is found in Vargas-Vera et al. (2001) 
and also in Kietz et al.(2000): most information 
extraction systems (as well as other NLP 
applications) use some form of shallow parsing11 
to recognise syntactic constructs or, in other 
words, to syntactically identify some fragments of 
the sentences. A chunker12 called Marmot is 
included in the annotation process presented in the 

                                                      
11 Without generating a complete parse tree for each sentence. Such 

partial parsing has the advantages of greater speed and robustness. 
12 A chunker is a natural language (pre)processing tool that separates 

and segments sentences into its subconstituents, i.e. noun, verb and 
prepositional phrases, etc. 

 



former. Even though this need for lower levels of 
linguistic analysis mentioned hitherto applies to 
information extraction systems, it is not restricted 
to this kind of NLP applications. Since the 
proposed annotation model adds overt linguistic 
information to any kind of document, then it can 
be used for a wide range of purposes that require a 
linguistic or semantic analysis or processing (i.e. 
machine-aided translation, information retrieval, 
etc.). 

5. CONCLUSIONS 

We have seen that, even though AI researchers 
are devoting many efforts to finding an optimal 
model for the semantic annotation of web pages, 
the decades of work and the results obtained in the 
field of Corpus Linguistics on corpus annotation 
have been, somehow, neglected. This paper shows 
the results of the research carried out on how 
linguistic annotation can help computers 
understand the text contained in a document – a 
Semantic Web page – bringing together semantic 
annotation models from AI and the annotations 
proposed for every linguistic level from Corpus 
Linguistics. 

The integration of these two approaches 
(Corpus Linguistics and AI) entails many 
advantages for language engineering and AI 
applications. First of all, language resources will 
be more reusable: many of the projects involving 
the use of semantically annotated (web) 
documents must also parse to some extent the 
information and, prior to that, must determine 
somehow the grammatical category associated to 
every word in the document. Introducing the 
annotation of these two levels into the document, 
hence re-using one of the tools already developed 
for this purpose, prevents this whole process of 
document text tokenisation and parsing or 
chunking from being unnecessarily repeated each 
time the document is processed (reusing the 
annotation). Since parsing, for example, is a high 
time-consuming task, we can have an additional 
advantage, that is, reducing our overall Semantic 
Web page processing time. The second main 
advantage is that the meaning of a page with 
explicit semantic annotation can be reinforced by 
the meaning contribution provided by all of the 
linguistic levels; semantic analysis can also 
benefit from the invaluable work done so far on 

the development of ontologies as conceptual and 
consensual models. 

However, the main disadvantage lies in the 
limitations imposed by current technologies: 
obtaining automatically compact, readable and 
verifiable pages is a task hard to be fully specified 
and delimited, but the work being done in our 
laboratory tries to bring some light upon it. 
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Abstract

The PAPILLON project aims at creating a cooperative, free, permanent, web-oriented and personalizable environment for the
development and the consultation of a multilingual lexical database. The initial motivation is the lack of dictionaries, both for
humans and machines, between French and many Asian languages. In particular, although there are large F-J paper usage
dictionaries, they are usable only by Japanese literates, as they never contain both original (kanji/kana) and romaji writing.
This applies as well to Thai, Vietnamese, Lao, etc.

Introduction

The project was initiated in 2000 and launched
with the support of the French Embassy and NII
(Tokyo) in July 2000, and took really shape in
2001, with a technical seminar in July 2001 at
Grenoble, and concrete work (data gathering,
tool building, etc.).

The macrostructure of Papillon is a set of
monolingual dictionaries (one for each language)
of word senses, called "lexies", linked through a
central set of interlingual links, called "axies".
This pivot macrostructure has been defined by
Sérasset (1994) and experimented by Blanc
(1994) in the PARAX mockup.

The microstructure of the monolingual
dictionaries is the "DiCo" structure, which is a
simplification of Mel'tchuk's (1981;1987;1995)
DEC (Explanatory and Combinatory
Dictionary) designed by Polguère (2000) &
Mel'tchuk !"# make it possible to construct
large, detailed and principled dictionaries in
tractable time.

1. Languages included in the project

In 2000, the initial languages of the Papillon
project were English, French, Japanese and Thai.
Thai was included because there had been a
successful project, SAIKAM (Ampornaramveth
et al. 1998; 2000), supported by NII and
NECTEC, of building a Japanese-Thai lexicon by
volunteers on the web. Lao, Vietnamese, and
Malay have been added in 2001 because of active
interest of labs and individuals.

The star-like macrostructure of Papillon makes
it easy to add a new language. Also, the DiCo
microstructure of each monolingual dictionary is
defined by an XML schema, containing a large
common core and a small specialization part
(morphosyntactic categories, language usage).

2. Interlingual links

Axies, also called "interlingual acceptions", are
not concepts, but simply interlingual links
between lexies, motivated by translations found
in existing dictionaries or proposed by the
contributors.

In case of discrepancies, 1 axie may be linked
with lexies of some languages only, e.g.
FR(mur#1), EN(wall#1), RU(stena#1), and t o
other axies by refinement links:

Example:

Axie#234 --lg--> FR(mur#1),
EN(wall#1), RU(stena#1)

--rf--> Axie#235, Axie#236

Axie#235 --lg--> DE(Wand#2),
IT(muro#1), ES(muro#1)

Axie#236 --lg--> DE(Mauer#2),
IT(parete#1), ES(pared#1)



It is also possible to have 2 axies for the same
"concept" at a certain stage in the life of the
database, because the monolingual information is
not yet detailed enough.

Suppose the level of language (usual, specialized,
vulgar, familiar…) is not yet given for
FR(maladie#1), FR(affection#2), EN(disease#1),
EN(affection#3).

Then we might have, for translational reasons:

Axie#456
--lg-->

FR(maladie#1),
EN(disease#1)

Axie#457
--lg-->

FR(affection#2),
EN(affection#3)

When this information will be put in each of the
above 4 monolingual entries, we may merge the
2 axies and get:

Axie#500
--lg-->

FR(maladie#1, affection#2),
EN(disease#1, affection#3)

Axies may also be linked to "external" systems
of semantic description. Each axie contains a
(possibly empty) list for each such system, and
the list of systems is open. The following are
included at this stage; UNL UWs (universal
words), ONTOS concepts, WordNet synsets,
NTT semantic categories.

3. Building the content

3.1. Recuperating existing resources

Building the content of the data base has several
aspects. To initiate it, the project starts from
open source computerized data, called "raw
dictionaries", which may be monolingual (4,000
French DiCo entries from UdM, 10,000 Thai
entries from Kasetsart Univ.), bilingual (70,000
Japanese-English entries and 10,000 Japanese-
French entries in J.Breen's JDICT XML format,
8000 Japanese-Thai entries in SAIKAM XML
format, 120,000 English-Japanese entries in
KDD-KATE LISP format), or multilingual
(50,000 French-English-Malay entries in FEM
XML format).

3.2. Integrating the data into Papillon

In the second phase, the "raw dictionaries" are
transformed into a "lexical soup" in
M.Mangeot's (2001) intermediary DML format
(an XML schema and namespace). The
transformation into almost empty DiCo entries
and the creation of axies for the translational
equivalences is semi-automatic. A tool has been
programmed at NII for that task.

3.3. Enriching the data with contributions

After that, it is hoped that many contributors
will "fill in" the missing information. The basis
for that third and continuous phase is a server
for cooperative building of the data base, where
each contributor has his/her own space, so that
contributions can be validated and integrated
into the DB by a group experts. Users can
establish user groups with specific read and write
access rights on their spaces.

4. Consultation of the resulting data

4.1. Online consultation

Consultation is meant to be free for anybody,
and open source. Requests produce personalizable
views of the data base, the most classical of
which are fragments of bilingual dictionaries.
However, it is also possible to produce
multitarget entries, on the fly and offline. Users
(consumers) are encouraged to become
contributors. To contribute, one may propose a
new word sense, a definition, an example of use,
a translation, the translation of an example, a
correction, etc., or an annotation on any
accessible information: Every user can
contribute with his own knowledge level.

4.2. Download of entire files

Users can also retrieve files, and can contribute
to define new output formats. The files retrieved
can contain structural, content-oriented tags.
This open source orientation contrasts with the
current usage of allowing users to retrieve files
containing only presentation-oriented tags.

4.3. Coverage of the dictionary

An interesting point is that the project wants t o
cover both general terms and terminological
terms.

Another one is that it contains a translation
subproject, because definitions, examples,
citations, etc. have to be translated into all
languages of the collection. For this, the notion
of complex lexie, already present to account for
lexical collocations such as compound predicates
(e.g. "to kick the bucket"), is extended to cover
full sentences. Axies relating them are special
because they can't in general relate them t o
external semantic systems such as WordNet. An
exception is UNL: the UNL list for an axie may
contain one UNL graph, produced automatically,
manually, or semi-automatically.  This graph
may be automatically sent to available UNL
"deconverters" to get draft translations.



5. Project organisation

In the current stage, the project has no legal
implementation as a fundation, association,
company, etc., although many participants have
already established official MOUs and other
types of agreements on which to base their
cooperative work.

There is a steering committee of about 10-12
members, who represent Papillon where they
are, and not the converse. There is a set of
tasks, and for each task a working group and an
advisory committee. One of the tasks is the
management of the project. In between, there is
a coordinating group containing the heads of the
tasks and chaired by the head of the
management task.

Sponsors may not donate money to the project,
which has no bank account. Rather, they are
encouraged to donate data, to assign personal
part time to the project, and to fund
participating organizations and persons as they
see fit.

Conclusion

The theoretical frameworks for the whole
database, the macrostructure and the
microstructure are very well defined. I t
constitutes a solid basis for the implementation.

A lot of open problems still have to be addressed
for the Papillon project to be a success. In this
respect, the Papillon project appears to be a
very interesting experimentation platform for a
lot of NLP research as data acquisition or human
access to lexical data, among others.

All these research will improve the attraction of
such a project to the Internet users. This
attraction is necessary for the project to go on,
as it is highly dependent on its users
motivations.

This way, we will be able to provide a very
interesting multilingual lexical database that we
hope useful for a lot of persons.
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Abstract
We present an upcoming web-based centre for
information and documentation on language
technology (LT) in Sweden and/or in Swedish.
Some ways to collect and represent data using
data harvesting and XML are suggested. Users
providing data may choose one of four input
modes, two of which will allow the user to edit
existing documents at her own site. Thus we
hope to facilitate data entry and inter-site
communication, and reduce the amount of stale
data. The entry modes use annotated HTML and
an emerging XML-application, respectively.

In conclusion, we propose that an XML-
application in the field of LT would facilitate for
the LT community to share information, and that
automatic data harvesting will emerge as an
important technique for building information
centres in the future.

Introduction

The website Slate is an information centre on
language technology (LT) developed in Sweden
and/or for the Swedish language. It is the
technical/academic part of a collaborative effort
between the National Graduate School of
Language Technology in Sweden (GSLT) and
Svenska språknämnden (the official organization
for matters concerning the Swedish language).
Språknämnden will provide the second part,
containing popular information. Some material
for the popular part will be taken over from the
project Svenska.se at the Swedish Institute for
Computer Science, SICS. The two parts will as
far as possible have the same structure and

cross-reference each other. We will inform on
the following matters, in both areas:

• Research projects.
• Industrial projects.
• Educational programmes.
• Software.
• LT developed in Sweden for other

languages than Swedish.
• Swedish organizations and individuals

who have an interest in LT.
• Employment oppurtunities in the area of

LT.

Information will be provided in both English and
Swedish, depending on whether translated
documents exist.

We cooperate via NorDokNet with centra in
Denmark, Finland, Iceland and Norway. We also
have contact with COLLATE at DFKI and
follow their way of organizing information on
LT in LT-World. Several more Language
Technologists and LT-projects will contribute
with information, notably the Ph. D. students in
GSLT who have agreed to participate in
software tests.

1 Rationale
Since the breakthrough of the Internet, and more
specifically the World Wide Web (WWW, web),
an information centre is commonly viewed as
some sort of web-based service. In its most
simple form, such a centre consists of a
collection of links, manually updated by a
webmaster or editor. Large, more sophisticated
websites usually utilize some kind of database
backend in order to separate content from
display information, to facilitate searching and
to provide simple, site-standardized means for
data entry and editing.



One of the fundamental principles of the WWW
is the idea of globally reachable documents, a
fact given in the acronym WWW itself. Given
its global nature, the WWW naturally grows to
contain a very large amount of data. In order to
resolve the issue of actually finding anything in
this vast network, a need for search engines,
portals, and information centres has arisen. Our
website is a response to such a need for an
information centre on language technology in
Sweden.

The success of an information centre largely
depend on the perceived quality of its contents,
and how easily those contents are found. Textual
quality is not what we will discuss in this paper.
Suffice to say that quality depends on, among
other things, information being correct, up to
date, and comprehensive. For our purposes, this
is a data entry/edit issue, which we will address.

1.1 Data entry
As stated above, a common way to manage
website is by means of a database that generates
HTML web-pages which a user may view in her
web browser. The input to the database may be
provided by other users, sometimes by means of
a web-form (Fig 1).

Language
Technologist

Web Form

database

Website

User

!
Interesting

Work

Fig. 1. An  information centre/portal Arrows
symbolize data-flow

Now, the Language Technologist in this picture
is probably more interested in his Interesting
Work than filling out a web-form (we hope!). He
may already have filled out several such forms,
may not see the use of the website in question,
or may have done so already and be unwilling to
update old information.

Therefore we suggest an alternative way to
provide information (Fig 2). The alternative
builds on the notion that people, projects,
companies, etc. already have or want to have

websites or homepages of their own. Most of the
information is thus already available there. We
will try to harvest this information by asking the
data-providers to do one of four things:

a) Annotate their own HTML website
with tags for our data-harvester.

b) Provide information in an XML-
format, compatible with ours.

c) Submit a web-form.
d) Contact our web-editor for manual

entry.
The last two entry modes are a step back to older
methods, and are provided as a cautionary
measure for two reasons. First, not all data-
providers will adopt to the new way of data-
entry. A cause for not adopting is that our XML-
application and attributed HTML-tags will
probably undergo several changes and demand
that early adopters change their documents
accordingly. The second reason is of pragmatic
nature, namely that we need to build our site
before the data-harvesting application and the
XML-application is finished.

Interesting
Web page
(Annotated
HTML/XML)

Slatebot

Language
Technologist

database
User

Annotated file
(XML)

Website

Other website

User

!
Interesting

Work

Fig 2. An information centre utilizing data
harvesting. Arrows symbolize data-flow

There are three benefits with entry modes a) and
b):

1. Data entry is facilitated by making use
of existing web-pages.

2. The amount of stale data is reduced by
updating the database as the data-
provider updates her own website.

3. The ability to output in XML format.
This will allow for other websites, for



example those in NorDokNet and LT-
World to use their own harvesters on
Slate’s material.

2 Data harvesting
We will now describe what documents that will
be harvested should look like, and how our
harvester will work. Understanding this part of
the paper requires some knowledge of HTML
and XML

2.1 Document structure
In order for our harvesting engine to retrieve and
store documents properly they need to conform
to some standards. Contributions may be in
HTML or XML. In the case of HTML the
contributing site will need to annotate existing
documents with tags that tell us what is what.
We have chosen to use the META and SPAN
tags since they may be used as containers for
generic meta-information. Use of the META-tag
is uncontroversial, since it is commonly used for
providing data for search engines. The SPAN
tag is more commonly used for style
information, but may be used to tailor HTML to
ones own needs and tastes, according to W3C
(1999). Some may still see the use of this tag as
controversial, since we use it for semantic, not
style information. We argue that this is not an
issue because the tags will not affect the website
in question (presuming the information was
already there), whether users implement a style-
sheet or not. Alternatives might have been
HTML-comments or scripting languages. The
drawbacks with these methods are that they may
force data-providers to use invalid HTML and
that they make it harder to make use of existing
information.

As for XML, documents will have to conform to
a DTD under development by us in cooperation
with NorDokNet. We also have contact with LT-
World, in order to resolve compatibility issues
with their information centre before they appear.
Since websites using XML is not yet
commonsight, documents will usually have to be
written from scratch. No web browsers currently
support XML satisfactorily, so the documents
are not yet of much use outside of Slate.
Therefore, this method is aimed towards early

adopters who see the future benefits of XML
and wish to participate in that development.

2.2 Examples
An HTML file that we should retrieve and file
under people should contain this META-tag:

<meta http-equiv="slate"
content="people">

somewhere in its head. The document body may
contain constructs like this:

I am a  <span class="title">Ph.D.
student</span> in computational
linguistics at <span
class="affiliation">the Department
of Computer and Information Science
at Svedala University</span>.

Note that this is a real-life example (somewhat
anonymized and edited). The Ph. D. student’s
existing web-page was annotated with SPAN-
tags attributed to classes in the Slate
database/XML-application. If the Ph. D. student
changes affilitiation, he will probably want to
update his own webpage. The updated
information will be automatically retrieved by
SlateBot.

XML files are more rigid since they follow a
DTD. Their structure should not be surprising.
Being XML-documents they contain a
declaration and a few containers:

<?xml version="1.0" encoding="ISO-
8859-1" standalone="no" ?>
<!DOCTYPE people SYSTEM
"http://slate.gslt.hum.gu.se/people
/people.dtd">

<people>
<person>
<first_name>John</first_name>
<last_name>Doe</last_name>
…
</person>
</people>

The XML-compliant reader may note that our
structure does not adhere to any standards such
as RDF or OLAC. This will be attended to in
later versions (see Discussion, below).



2.3 Harvesting engine
The core parts of our data harvesting engine,
SlateBot, have been implemented and alpha tests
have commenced using a very small database
and XML-application listing people.

SlateBot is an application being developed in
Perl, in order to acommodate for entry modes a)
and b) above. The application consists of five
main parts, making use of corresponding Perl-
modules:

• HTML head-parser
• HTML parser
• Link extractor
• XML parser
• Database Interface

For input, it takes a list of links of participating
sites. The list is maintained by our webmaster.
For each entry in the list, it makes a HTTP GET
request, just like a regular web-browser. It then
checks whether the document in question is
written in HTML or XML, and runs either the
HTML parsers and the link extractor or the
XML parser. The information returned from the
parsers is then translated into XML and updated
by the database interface.

The reason for having three different HTML
parsers (including the link extractor) is, of
course, that they do different things. The head
parser only parses information in the HTML-
HEAD part of the document, in order to check
whether the document belongs in our database at
all, and if so, in what main category. The HTML
parser looks for SPAN tags, and returns those
that correspond to our categories. Finally, the
link extractor searches the document  for links to
other documents. This is provided for future
development, in case we need our harvester to
follow links in documents.

The XML parser is simpler, because we can
assume that the XML file conforms to our DTD.
We simply parse the file to find out which of our
categories are implemented in the document, and
send those to the database interface.

2.4 Tests
We have made some preliminary tests of the
engine. Ph. D. students from GSLT and a few

others were asked to provide information on
themselves in either of three of the four entry-
modes above. Web-forms were left out of the
first tests, because we needed to ascertain that
we could delete the database without
consequenses.

The Ph. D. students at GSLT come from a wide
range of backgrounds, so it was expected that
some would be more interested in XML than
others. Three of the entries we received were in
the form of links to HTML-files and three were
links to XML-files. One reply was in the form of
an e-mail request for entry. Naturally, the
information base is too small to draw any real
conclusions concerning user preferences, but it
does seem that we are headed in the right
direction in providing the different modes.

The tests have helped us iron out a few of the
unforeseen bugs that come with all software
development, and we are now ready to enlarge
the database model.

3 Other related projects and
standards

We are not alone in realizing the benefits with
meta-data. In fact, there are quite a lot of
buzzwords and hype surrounding XML-
development. These are some projects and
standards that we should keep in mind,
particularly with respect to data-harvesting and
future development. Please note that this is in no
way a complete list, due to the novelty of the
field.

3.1 Semantic Web
The Semantic Web is an attempt to give
information on the web meaning, in order to
facilitate searching, automation, etc (W3C,
2001).

3.2 Resource Description Framework
The Resource Description Framework, RDF is a
language for providing metadata to support the
Semantic Web. It can be used for describing
resources that can be located via a URI or other
identifier (W3C, 2001). RDF is developed side
by side with the Dublin Core (below), and both
standards may be used in one document.



3.3 Dublin Core
The Dublin Core Metadata Element Set  (Dublin
Core, DC) is, as its name implies, a set of
elements for metadata. There are fifteen
elements, strictly defined using a set of ten
attributes (DCMI, 1999). The elements’ main
uses are for information or service resources,
e.g. bibliographies and card catalogs.

3.4 DocBook
DocBook is an SGML or XML format for
technical documentation. It is intended for
authoring, and can be converted to other formats
for reading (Harold and Means, 2001).

3.5 Open Archives Initiative
The Open Archives Initiative, OAI is an
experimental  init iat ive for efficient
dissemination of content. It uses the Dublin
Core. Historically, the main intention of OAI
was providing a meta-data language for e-prints,
but this has been expanded to related domains as
well. There is an OAI protocol for data-
harvesting. Version 2.0 of that protocol is
scheduled for release in June 2002 (OAI, 2001).

3.6 OLAC
OLAC, the Open Language Archives
Communi ty  is a community who develop
methods for digital archiving of language
resources and a network for housing and
accessing such services (OLAC, 2001). They
use methods very similar to ours, though aimed
at language in general rather than language
technology. The Dublin Core forms the basis of
their meta-data set. Alpha tests have
commenced, and the project has recently been
launched in Europe (May 2002).

3.7 Web services and SOAP
Web services is a way to share application
methods over the Internet, by means of some
standard interface such as Simple Object Access
Protocol, SOAP (W3C, 2000). The methods
implemented may for example provide access to
a site’s data.

4 Discussion and future development
As stated above, our tests were carried out with
the help of a rather small group of subjects, and
using a small database. In order for us to expand
the database and the XML-application, we see a
need for a more standardized XML for LT. A
standard would be of use to all in the
community, since it could be used for anything
from printed matters (via translation to for
example LaTex) to web pages and information
centres such as ours. The standard would ideally
be developed as a collaborative effort in the LT
community, perhaps building on other
successful standards such as DocBook or Dublin
Core. Coordinating something of that magnitude
is a rather large task, and not within the scope of
our project. We will take the approach of
developing some XML in NorDokNet, while
keeping our eyes open towards the world, in
particular stay in contact with LT-World. In
non-formal discussions with representatives
from DFKI, there is a growing interest in
interchange of data and data-harvesting, and a
belief that the work of OLAC could prove very
useful.

In order to reach data-providers unwilling or
unable to edit XML files, an editing tool would
probably prove helpful. We will not develop
such a tool in the immediate future, since other
parts of Slate are more prioritized. With some
luck, general XML-editing tools may appear on
the market or better still as open source projects.
In addition, browser support for XML (with
style sheets) would probably encourage users.
However, our control of browser development
is, of course, nonexistent.

As seen above, there are other, larger projects
and standards we should keep in mind and
probably adapt to. The XML given in the
examples should thus be treated as just examples
to demonstrate the capabilities of SlateBot.
Emerging global standards will be incorporated
as consensus will dictate.

Conclusion
Data harvesting seems to be a feasible way of
collecting information to an information centre,
technically speaking. Our notion that different



data-providers will make use of different entry-
modes seems to be true but need to be tested
more. We believe that XML together with
harvesting engines and other access methods can
and will change the way we view the web, and
that the LT community could and should take
advantage of this.
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Abstract

In this paper, we discuss a method to screen
inconsistencies in ontologies by applying a nat-
ural language processing (NLP) technique, es-
pecially, those used for word sense disambigua-
tion (WSD). In the database research field, it
is claimed that queries over target ontologies
should play a significant role because they rep-
resent every aspect of the terms described in
each ontology. According to (Calvanese et al.,
2001), considering the global and the local on-
tologies, the terms in the global ontology can be
viewed as the query over the local ontology, and
the mapping between the global and the local
ontologies is given by associating each term in
the global ontology with a view. On the other
hand, ontology screening systems should be able
to take advantage of some popular techniques
for WSD, which is supposed to decide the right
sense where the target word is used in a specific
context. We present several examples regard-
ing inconsistencies in ontologies with the aid of
DAML+OIL notation(DAML+OIL, 2001), and
propose that WSD can be one of the promising
method to screen such as inconsistencies.

1 Introduction

In recent years, the semantic web (Berners-Lee
et al., 2001) has been evolving as the next-
generation web technology and has attracted
the attention of many researchers in database
and knowledge engineering communities. In
the semantic web, contributions obtained from
fields related to databases frequently refer to on-
tology maintenance, reuse, and sharing. Based
on the results from database research, this pa-
per proposes a method to screen inconsistencies
in ontologies by applying a natural language
processing (NLP) technique, especially, those
used for word sense disambiguation (WSD).

Many reference books on WSD are available
(e.g., (Manning and Schutze, 1999)). As for
ontology integration, several approarches are
proposed (Mitra et al., 2001)(Euzenat, 2001).
In (Calvanese et al., 2001), global-centric (aka
global-as-view) and local-centric (aka local-as-
view) approaches for an ontology integration
framework are proposed, respectively. In this
paper, we support the global-as-view approach
for screening inconsistencies in ontology. In
addition, (Calvanese et al., 2001) claims that
queries over target ontologies should play a sig-
nificant role because they represent every as-
pect of the terms described in each ontology.
The terms in the global ontology can be viewed
as the query over the local ontology, which de-
scribes a concept definition. On the other hand,
ontology screening systems should be able to
take advantage of some popular techniques for
WSD, which is supposed to decide the right
sense where the target word is used in a spe-
cific context. We claim that WSD is a promis-
ing method for determining which local ontol-
ogy should be used for forming concepts for a
global ontology. This paper contains a brief in-
troduction of the global-centric approach, which
is described in Section 2. In addition, we men-
tion the inconsistencies in ontologies caused by
words with multiple definitions. For example,
the word gbassh is chosen, and we explain that
some queries based on two of its definitions have
concepts in the global ontology. After extract-
ing new concepts by querying the global on-
tology, each local ontology is illustrated with
DAML+OIL (DAML+OIL, 2001). Several in-
consistencies in the ontology are presented in
Section 3 over the global ontology, and the WSD
for solving such inconsistencies are discussed.
The final section is the conclusion.



2 Global-as-view approach

In (Calvanese et al., 2001), global-as-view and
local-as-view approaches are proposed for on-
tology integration. According to the global-as-
view approach, the mapping between the global
and the local ontologies is given by associating
each term in the global ontology with a view.
Let C be a term in the global ontology G, V a
query language over the terms of the local on-
tologies, and M the mapping between the global
and the local ontologies. Given that D is a local
model for the ontology integration system and I
a global interpretation for the system, the cor-
respondence between C and V is specified as
follows by referring to (Calvanese et al., 2001):

• 〈C, V, sound〉
if all tuples satisfying V in D satisfy C in
I

• 〈C, V, complete〉
if no tuple other than those satisfying V in
D satisfies C in I

• 〈C, V, exact〉
if the set of tuples that satisfy C in I is
exactly the set of tuples satisfying V in D.

In the above notation, “I satisfies” means
that I satisfies every correspondence in the
mapping between the global ontology and the
local ontologies wrt D. These correspondences
are valid if the global ontology is assumed to be
consistent; however, inconsistencies might occur
when the term in the global ontology has more
than one definition. We use the word “bass,”
for example, which has at least two definitions,
one, “a man whose singing voice is very low,”
and another, “a kind of fish”(LDOCE, 1995).
Each definition is represented in order with first-
order-language-like notation, as follows:

C(x) ← singer(x), voice(x, low).
C(x)← aKindOf (x, fish).

Some concepts in the global ontology are de-
scribed using the above two C(x)s. The follow-
ing concept is represented with the first C(x) be-
cause C1(x) is a member of an orchestra, which
would be impossible that C1(x) is a fish from
the standard context.

C1(x)← C(x), isMemberOf (x, orchestra). (1)

The concept C(x) in (1) can be represented
with the DAML+OIL notation, as shown below.
This concept is assumed to belong to one local
ontology (for example, local-ont-1). In the rep-
resentation, some parts in the representation,
such as namespace prefixes and URIs, are omit-
ted because they do not directly relate to this
paperfs intention. In addition, the referenced
resources and properties whose definitions are
not in the representation are supposed to be de-
fined implicitly.

<rdf:RDF>
<daml:Ontology rdf:about=" ">
<rdfs:comment>local-ont-1
</rdfs:comment>
</daml:Ontology>
<daml:Class rdf:ID="bass">
<rdfs:subClassOf rdf:resource="#singer"/>
<hasVoiceOf rdf:resource=#very_low />
</daml:Class>
<daml:ObjectProperty rdf:ID="hasVoiceOf">
<rdfs:range rdf:resource="#voice"/>
</daml:ObjectProperty>
<daml:Class rdf:ID="voice">
<daml:oneOf rdf:parseType="daml:collection">
<voice rdf:ID="high/">
<voice rdf:ID="medium"/>
<voice rdf:ID="low"/>
<voice rdf:ID="very_low"/>
</daml:oneOf>
</daml:Class>
</rdf:RDF>

C1(x) is assumed to be a result
from a query over the global ontology,
“C(x), memberOf (x, orchestra)” The set of
extensions of C1 is returned as a result of the
query. Once C1 is formed, ‘x’ as a result of the
global ontology becomes a set of instances for
a new class, and the local ontology is revised
by adding a subclass of the existing class. If
such a new subclass were named “sub-bass,” it
would be represented in this manner:

<daml:Class rdf:ID="sub-bass">
<subClassOf rdf:resource="#bass"/>
</daml:Class>



<daml:Class rdf:about="#sub-bass">
<isMemberOf rdf:resource="#orchestra"/>
</daml:Class>

Let O be an ontology screening system. In
this case, O obtains one concept “sub-bass,”
i.e., “a bass singer working at an orches-
tra,” from the intersection between C(x) and
isMemberOf (x, orchestra). The concept “sub-
bass” is formed by combining the local and
global ontologies. Considering this example, ap-
propriate extensions of the intended concept in
the global ontology are obtained and recognized
only if the right sense of the concept in the local
ontology is used. A different concept might be
drawn from different senses from other local on-
tologies, but the high rate of co-occurrence be-
tween singer and orchestra led by WSD would
play a crucial role in preventing another sense
from being considered. Let’s consider another
example:

C2(x)← C(x), livesIn(x, river). (2)

In (2), x is likely the second sense of “bass.”
For example, x is an extension of the bass class
as a subclass of fish. WSD would justify it be-
cause the co-occurrence of “fish” and “river”
is rather strong. The local ontology of “bass”
from the second sense (local-ont-2) is repre-
sented with DAML+OIL, as shown below. It
is also revised when a new subclass from query
(2) is added.

<rdf:RDF>
<daml:Ontology rdf:about=" ">
<rdfs:comment>local-ont-2
</rdfs:comment>
</daml:Ontology>
<daml:Class rdf:ID="bass">
<rdfs:subClassOf rdf:resource="#fish"/>
</daml:Class>
<daml:Class rdf:ID="sub-bass">
<subClassOf rdf:resource="#bass"/>
</daml:Class>
<daml:Class rdf:about="#sub-bass">
<livesIn rdf:resource="#river"/>
</daml:Class>
</rdf:RDF>

3 Screening inconsistencies in the
global ontology

According to (Calvanese et al., 2001), the fol-
lowing situations involving inconsistency or am-
biguity occur as a result of the mapping of
global and local ontologies:

1. There are no global models.
This occurs when the data in the exten-
sion of the local ontologies do not satisfy
the constraints for functional attributes.
For example, in (Calvanese et al., 2001), a
property “age” is considered. Since “age”
is a function, the value as its range must be
defined with only one value. However, the
global ontology does not have a model con-
cerning “age” any more if “age” has more
than one value from the constraint of the
concepts in a local ontology.

2. There are several global models.
This occurs when the data in the exten-
sion of the local ontologies do not satisfy
the ISA relationships of the global ontol-
ogy: i.e., several ways exist to add suit-
able instances to the elements of the global
ontology in order to satisfy the constraints
from a local ontology. For example, it is as-
sumed that a “student” must be enrolled in
a certain university. More than one univer-
sity can be considered when the constraints
in a local ontology do not mention which
university each extension of “student” is en-
rolled in from the concept definitions of the
local ontology. Such ambiguities depend on
how precisely the concepts of a local ontol-
ogy are defined. As a result, all interpreta-
tions for an intended ontology integration
system within which a valid concept exists
must be accepted as models because of the
potential ambiguities present in local on-
tologies.

We propose two other solutions to the unsuit-
able situations described above; the first relates
to yielding invalid extensions, and the second
to forming wrong concept definitions as a result
of WSD failure. For an explanation of the first
situation, consider this example:

Example 1. Re-considering (2) in Section 2.

C2(x)← C(x), livesIn(x, river). (3)
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’=’ means "same category"

Figure 1: An inconsistency resulting from a wrong choice from word “bass”

In (3), concept C2 is assumed to be formed
from concept C, which has the meaning of “bass
as a singer.” The meaning of C2 is “a bass that
lives in a certain river.” Provided that “Ichiro”
is an extension of C2, it could be said that
Ichiro lives in a river. In an ontology hierarchy,
there would be multiple inheritances around one
term. Suppose “Ichiro” is also an extension of
the class “man.” If the class “man” has a prop-
erty called “isAddressOf,” which is defined as
the same property of “livesIn,” “Ichiro” must
have an instantiated address. When his ad-
dress is “Tokyo,” an inconsistency arises be-
cause “Tokyo” and “river” are not classified in
the same category. In addition, this inconsis-
tency in terms of having an inappropriate value
of properties is propagated towards lower sub-
classes of the target class. This situation is ex-
pressed in Figure 1. We claim that a situation
such as this should be solved using WSD be-
cause of the strong relationship between “fish”
and “river” mentioned in Section 2.

Example 2. The second situation concerns
WSD failure. Suppose the following query:

C3(x) ← C(x), hasHobbyOf (x, swimming).
(4)

In (4), C3 would be assumed to be a concept
referring to a subclass of person from the ordi-
nary context. However, the ontology screening
system might classify the concept C3 into the
wrong place in the global ontology if it takes

the concept C as the second meaning of “bass,”
i.e., a kind of fish. Deriving the related concepts
in the global ontology on the basis of a wrong
concept whose meaning is never intersectable
with the right one causes an unexpected incon-
sistency over the global ontology. After C3 is
mistaken, the local ontology would result in a
concept with the meaning “a bass whose hobby
is swimming” in spite of the fact that a bass is
a type of fish.

<rdf:RDF>
<daml:Ontology rdf:about=" ">
<rdfs:comment>local-ont-2
</rdfs:comment>
</daml:Ontology>
<daml:Class rdf:ID="bass">
<rdfs:subClassOf rdf:resource="#fish"/>
</daml:Class>
<daml:Class rdf:ID="sub-bass">
<subClassOf rdf:resource="#bass"/>
</daml:Class>
<daml:Class rdf:about="#sub-bass">
<livesIn rdf:resource="#river"/>
<hasHobbyOf rdf:resource="#swimming"/>
</daml:Class>
</rdf:RDF>

The above situation has not yet been solved
because the strength of the relationship between
“fish” and “swimming” is rather high. In order
to solve such problems, WSD should be applied



to the property names as well as the property
values: i.e., “hobby.”

4 Conclusion

In this paper, we described a perspective for the
mapping between the global and the local on-
tologies based on (Calvanese et al., 2001). We
support the global-as-view approach for main-
taining the global ontology. This approach is
thought to be promising, but it has some un-
solved problems concerning inconsistencies in
ontologies. Word sense disambiguation, called
WSD, can provide one clue for solving these
problems because it draws certain close relation-
ships among words appearing as property val-
ues or concept definitions. In contrast to (Cal-
vanese et al., 2001), we proposed two situations
in which there is ontology inconsistency because
one word has multiple meanings: the first case
was that of a query based on the wrong choice
of meaning for a word, and the second situa-
tion involved the inability to use WSD to de-
cide the meaning of a concept. To solve these
problems, more precise disambiguation methods
should be developed in WSD, or more elaborate
representations should be provided for the con-
straints in ontology definitions. On the other
hand, the ontology screening system proposed
in this paper can be easily implemented us-
ing query engines (e.g., (RQL, 1994)(RDFQL,
2000)(Miller, 2001)(JENA, 2001) based on RDF
Query (RDFQuery, 1998) as one of the alterna-
tives. A query language must play a crucial role
in the formation of concepts and the screening
for inconsistencies over intended ontologies. In
the semantic web world, we believe that screen-
ing for inconsistencies in ontologies will become
critical and that the use of NLP methods like
WSD to screen for inconsistencies will offer a
significant contribution.
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