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1. Introduction
In acelebrated essay on the new electronic media, Marshall McLuhan wrote in 1962:

Our private senses are not closed systems but are endlesdy translated into each
other in that experience which we call consciousness. Our extended senses,
tools, technologies, through the ages, have been closed systems incapable of
interplay or collective awareness. Now, in the electric age, the very
instantaneous nature of co-existence among our technological instruments has
created a crisis quite new in human history. Our extended faculties and senses
now constitute a single field of experience which demands that they become
collectively conscious. Our technologies, like our private senses, now demand
an interplay and ratio that makes rational co-existence possible. As long as our
technologies were as slow as the wheel or the alphabet or money, the fact that
they were separate, closed systems was socially and psychically supportable.
Thisis not true now when sight and sound and movement are simultaneous and
global in extent. (McLuhan 1962, p.5, emphasisin original)

Over forty years later, the seamless interplay that McLuhan demanded between our
technologiesis still barely visible. McLuhan’s predictions of the spread, and increased
importance, of electronic media have of course been borne out, and the worlds of
business, science and knowledge storage and transfer have been revolutionised. Y et
the integration of electronic systems as open systems remainsin itsinfancy.

Advanced Knowledge Technologies (AKT) aims to address this problem, to create a
view of knowledge and its management across its lifecycle, to research and create the
services and technologies that such unification will require. Half way through its six-
year span, the results are beginning to come through, and this paper will explore some
of the services, technologies and methodologies that have been developed. We hope
to give a sense in this paper of the potentia for the next three years, to discuss the
insights and lessons learnt in the first phase of the project, to articulate the challenges
and issues that remain.

The WWW provided the original context that made the AKT approach to knowledge
management (KM) possible. AKT was initially proposed in 1999, it brought together
an interdisciplinary consortium with the technological breadth and complementarity to
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create the conditions for a unified approach to knowledge across its lifecycle. The
combination of this expertise, and the time and space afforded the consortium by the
IRC structure, suggested the opportunity for a concerted effort to develop an approach
to advanced knowledge technologies, based on the WWW as a basic infrastructure.

The technological context of AKT altered for the better in the short period between
the development of the proposal and the beginning of the project itself with the
development of the semantic web (SW), which foresaw much more intelligent
manipulation and querying of knowledge. The opportunities that the SW provided for
e.g., more intelligent retrieval, put AKT in the centre of information technology
innovation and knowledge management services, the AKT skill set would clearly be
central for the exploitation of those opportunities.

The SW, as an extension of the WWW, provides an interesting set of constraints to
the knowledge management services AKT tries to provide. As a medium for the
semantically-informed coordination of information, it has suggested a number of ways
in which the objectives of AKT can be achieved, most obviously through the
provision of knowledge management services delivered over the web as opposed to
the creation and provision of technologies to manage knowledge.

AKT is working on the assumption that many web services will be developed and
provided for users. The KM problem in the near future will be one of deciding which
services are needed and of coordinating them. Many of these services will be largely
or entirely legacies of the WWW, and so the capabilities of the services will vary. As
well as providing useful KM services in their own right, AKT will be aiming to
exploit this opportunity, by reasoning over services, brokering between them, and
providing essential meta-services for SW knowledge service management.

Ontologies will be a crucia tool for the SW. The AKT consortium brings a lot of
expertise on ontologies together, and ontol ogies were always going to be a key part of
the strategy. All kinds of knowledge sharing and transfer activities will be mediated
by ontologies, and ontology management will be an important enabling task. Different
applications will need to cope with inconsistent ontologies, or with the problems that
will follow the automatic creation of ontologies (e.g. merging of pre-existing
ontologies to create a third). Ontology mapping, and the elimination of conflicts of
reference, will be important tasks. All of these issues are discussed along with our
proposed technologies.

Similarly, specifications of tasks will be used for the deployment of knowledge
services over the SW, but in general it cannot be expected that in the medium term
there will be standards for task (or service) specifications. The brokering meta-
services that are envisaged will have to deal with this heterogeneity.

The emerging picture of the SW is one of great opportunity but it will not be a well-
ordered, certain or consistent environment. It will comprise many repositories of
legacy data, outdated and inconsistent stores, and requirements for common
understandings across divergent formalisms. There is clearly a role for standards to
play to bring much of this context together; AKT is playing a significant role in these
efforts. But standards take time to emerge, they take political power to enforce, and
they have been known to stifle innovation (in the short term). AKT is keen to
understand the balance between principled inference and statistical processing of web
content. Logical inference on the Web is tough. Complex queries using traditional Al
inference methods bring most distributed computer systems to their knees. Do we set
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up semantically well-behaved areas of the Web? Is any part of the Web in which
semantic hygiene prevails interesting enough to reason in? These and many other
questions need to be addressed if we are to provide effective knowledge technologies
for our content on the web.

2. AKT knowledge lifecycle: the challenges

Since AKT is concerned with providing the tools and services for managing
knowledge throughout its lifecycle, it is essential that it has a model of that lifecycle.
The aim of the AKT knowledge lifecycle is not to provide, as most lifecycle models
are intended to do, a template for knowledge management task planning. Rather, the
original conceptualisation of the AKT knowledge lifecycle was to understand what
the difficulties and challenges there are for managing knowledge whether in
corporations or within or across repositories.

The AKT conceptualisation of the knowledge lifecycle comprises six challenges,
those of acquiring, modelling, reusing, retrieving, publishing and maintaining
knowledge (O’ Hara 2002, pp.38-43). The six challenge approach does not come with
formal definitions and standards of correct application; rather the aim isto classify the
functions of AKT services and technologies in a straightforward manner.

Figure 1: AKT'ssix knowledge challenges

This paper will examine AKT’s current thinking on these challenges. An orthogonal
challenge, when KM is conceived in this way (indeed, whenever KM is conceived as
a series of stages) is to integrate the approach within some infrastructure. Therefore
the discussion in this paper will consider the challenges in turn (sections 3-8),
followed by integration and infrastructure (section 9). We will then see the AKT
approach in action, as applications are examined (section 10). Theoretical
considerations (section 11) and future work (section 12) conclude the review.

3. Acquisition

Traditionally, in knowledge engineering, knowledge acquisition (KA) has been
regarded as a bottleneck (Shadbolt & Burton, 1990). The SW has exacerbated this
bottleneck problem; it will depend for its efficacy on the creation of a vast amount of
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annotation and metadata for documents and content, much of which will have to be
created automatically or semi-automatically, and much of which will have to be
created for legacy documents by people who are not those documents’ authors.

KA isnot only the science of extracting information from the environment, but rather
of finding a mapping from the environment to concepts described in the appropriate
modelling formalism. Hence, the importance of this for acquisition is that — in a way
that was not true during the development of the field of KA in the 1970s and 80s —
KA is now focused strongly around the acquisition of ontologies. This trend is
discernable in the evolution of methodologies for knowledge intensive modelling
(Schreiber et al, 2000).

Therefore, in the context of the SW, an important aspect of KA is the acquisition of
knowledge to build and populate ontologies, and furthermore to maintain and adapt
ontologies to alow their reuse, or to extend their useful lives. Particular problems
include the development and maintenance of large ontologies, creating and
maintaining ontologies by exploiting the most common, but relatively intractable,
source of natura language texts. However, the development of ontologies is also
something that can inform KA, by providing templates for acquisition.

AKT has anumber of approaches to the KA bottleneck, and in a paper of thissizeitis
necessary to be selective (this will be the case for al the challenges). In this section,
we will chiefly discuss the harvesting and capture of large scale content from web
pages and other resources, (section 3.1), content extraction of ontologies from text
(section 3.2), and the extraction of knowledge from text (section 3.3). These
approaches congtitute the AKT response to the new challenges posed by the SW;
however, AKT has not neglected other, older KA issues. A more traditional, expert-
oriented KA tool approach, will be discussed in section 3.4.

3.1. Harvesting

AKT includesin its objectives the investigation of technologies to process a variety of
knowledge on a web scale. There are currently insufficient resources marked up with
meta-content in machine-readable form. In the short to medium term we cannot see
such resources becoming available. One of the important objectives is to have up to
date information, and so the ability to regularly harvest, capture and update content is
fundamental. There has been a range of activities to support large-scale harvesting of
content.

3.1.1 Early harvesting

Scripts were written to “screen scrape” university web sites (the leading CS research
departments were chosen), using a new tool Dome (Leonard & Glaser 2001), that is
an output of the research of an EPSRC student.

Dome is a programmable XML/HTML editor. Users load in a page from the target
site and record a sequence of editing operations to extract the desired information.
This sequence can then be replayed automatically on the rest of the site® pages. If
irregularities in the pages are discovered during this process, the program can be
paused and amended to cope with the new input.

We see below (Figure 2) the system running, and processing a personal web page,
also shown. A Dome program has been recorded which removes all unnecessary



AKT Midterm Report Appendix 2 Page 5 of 60

elements from the source of this page, leaving just the desired data, and the element
names and layout have been changed to the desired output format, RDF.
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Figure 2: A Dome Script to produce RDF from a Web Page

Other scripts have been written using appropriate standard programming tools to
harvest data from other sources. These scripts are run on a nightly basis to ensure that
the information we glean is as up to date as possible. As the harvesting has
progressed, it has also been done by direct access to databases, where possible. In
addition, other sites are beginning to provide RDF to us directly, as planned.

The theory behind this processis that of a bootstrap. Initially, AKT harvests from the
web without involving the personnel at the sources at all. (This also finesses any
problems of Data Protection, since all information is publicly available.) Once the
benefits to the sources of having their information harvested becomes clear, some will
contact us to cooperate. The cooperation can take various forms, such as sending us
the data or RDF, or making the website more accessible, but the preferred solution is
for them to publish the data on their website on a nightly basis in RDF (according to
our ontology). These techniques are best suited to data which is well-structured (such
as university and agency websites), and especialy that which is generated from an
underlying database.

As part of the harvesting activity, and as a service to the community, the data was put
in almost raw form on a website registered for the purpose: www.hyphen.info. Figure
3 shows a snapshot of the range of data we were able to make available in this form.
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Figure 3: www.hyphen.info CS UK Page

3.1.2 Late harvesting

The techniques above will continue to be used for suitable data sources. A knowledge
mining system to extract information from several sources automatically has also been
built (Armadillo — cf section 6.2.2), exploiting the redundancy found on the Internet,
apparent in the presence of multiple citations of the same facts in superficially
different formats. This redundancy can be exploited to bootstrap the annotation
process needed for IE, thus enabling production of machine-readable content for the
SW. For example, the fact that a system knows the name of an author can be used to
identify a number of other author names using resources present on the Internet,
instead of using rule-based or statistical applications, or hand-built gazetteers. By
combining a multiplicity of information sources, internal and external to the system,
texts can be annotated with a high degree of accuracy with minimal or no manual
intervention. Armadillo utilizes multiple strategies (Named Entity Recognition,
external databases, existing gazetteers, various information extraction engines such as
Amilcare — section 6.1.1 — and Annie) to model a domain by connecting different
entities and objects.

3.2. Extracting ontologies from text: Adaptiva

Existing ontology construction methodologies involve high levels of expertise in the
domain and the encoding process. While a great deal of effort is going into the
planning of how to use ontologies, much less has been achieved with respect to
automating their construction. We need a feasible computational process to effect
knowledge capture.

The tradition in ontology construction is that it is an entirely manual process. There
are large teams of editors or, so-called, ‘knowledge managers' who are occupied in
editing knowledge bases for eventual use by a wider community in their organisation.
The process of knowledge capture or ontology construction involves three major
steps: first, the construction of a concept hierarchy; secondly, the labeling of relations
between concepts, and thirdly, the association of content with each node in the
ontology (Brewster et al 2001a).

In the past a number of researchers have proposed methods for creating conceptual
hierarchies or taxonomies of terms by processing texts. The work has sought to apply
methods from Information Retrieval (term distribution in documents) and Information
Theory (mutual information) (Brewster 2002). It is relatively easy to show that two
terms are associated in some manner or to some degree of strength. It is possible also
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to group terms into hierarchical structures of varying degree of coherence. However,
the most significant challenge is to be able to label the nature of the relationship
between the terms.

This has led to the development of Adaptiva (Brewster et a 2001b), an ontology
building environment which implements a user-centred approach to the process of
ontology learning. It is based on using multiple strategies to construct an ontology,
reducing human effort by using adaptive information extraction. Adaptiva is a
Technology Integration Experiment (TIE — section 3.1 of the Management Report).

The ontology learning process starts with the provision of a seed ontology, which is
either imported to the system, or provided manually by the user. A seed may consist
of just two concepts and one relationship. The terms used to denote concepts in the
ontology are used to retrieve the first set of examples in the corpus. The sentences are
then presented to the user to decide whether they are positive or negative examples of
the ontological relation under consideration.

In Adaptiva, we have integrated Amilcare (discussed in greater detailed below in
section 6.1.1). Amilcare is a tool for adaptive Information Extraction (IE) from text
designed for supporting active annotation of documents for Knowledge Management
(KM). It performs IE by enriching texts with XML annotations. The outcome of the
validation process is used by Amilcare, functioning as a pattern learner. Once the
learning process is completed, the induced patterns are applied to an unseen corpus
and new examples are returned for further validation by the user. This iterative
process may continue until the user is satisfied that a high proportion of exemplarsis
correctly classified automatically by the system.

Using Amilcare, positive and negative examples are transformed into a training
corpus where XML annotations are used to identify the occurrence of relations in
positive examples. The learner is then launched and patterns are induced and
generalised. After testing, the best, most generic, patterns are retained and are then
applied to the unseen corpus to retrieve other examples. From Amilcare’s point of
view the task of ontology learning is transformed into a task of text annotation: the
examples are transformed into annotations and annotations are used to learn how to
reproduce such annotations.

Experiments are under way to evaluate the effectiveness of this approach. Various
factors such as size and composition of the corpus have been considered. Some
experiments indicate that, because domain specific corpora take the shared ontology
as background knowledge, it is only by going beyond the corpus that adequate explicit
information can be identified for the acquisition of the relevant knowledge (Brewster
et al. 2003). Using the principles underlying the Armadillo technology (cf. Section
6.2.2), a model has been proposed for a web-service, which will identify relevant
knowledge sources outside the specific domain corpus thereby compensating for the
lack of explicit specification of the domain knowledge.

3.3. KA from text: Artequakt

Given the amount of content on the web there is every likelihood that in some
domains the knowledge that we might want to acquire is out there. Annotations on
the SW could facilitate acquiring such knowledge, but annotations are rare and in the
near future will probably not be rich or detailed enough to support the capture of
extended amounts of integrated content. In the Artequakt work we have developed
tools able to search and extract specific knowledge from the Web, guided by an



AKT Midterm Report Appendix 2 Page 8 of 60

ontology that details what type of knowledge to harvest. Artequakt is an Integrated
Feasibility Demonstrator (IFD) that combines expertise and resources from three
projects — Artiste, the Equator and AKT IRCs.

Many information extraction (IE) systems rely on predefined templates and pattern-
based extraction rules or machine learning techniques in order to identify and extract
entities within text documents. Ontol ogies can provide domain knowledge in the form
of concepts and relationships. Linking ontologies to |E systems could provide richer
knowledge guidance about what information to extract, the types of relationships to
look for, and how to present the extracted information. We discuss |E in more detail
in section 6.1.

There exist many |E systems that enable the recognition of entities within documents
(e.0. ‘Renoir’ isa‘Person’, ‘25 Feb 1841’ is a‘Date’). However, such information is
sometimes insufficient without acquiring the relation between these entities (e.g.
‘Renoir’ was born on ‘25 Feb 1841’). Extracting such relations automatically is
difficult, but crucial to complete the acquisition of knowledge fragments and ontol ogy
population.

When analysing documents and extracting information, it is inevitable that duplicated
and contradictory information will be extracted. Handling such information is
challenging for automatic extraction and ontology population approaches.

Artequakt (Alani et a 2003b, Kim et a 2002) implements a system that searches the
Web and extracts knowledge about artists, based on an ontology describing that
domain. This knowledge is stored in a knowledge base to be used for automatically
producing tailored biographies of artists.

Artequakt® architecture (Figure 4) comprises of three key areas. The first concerns
the knowledge extraction tools used to extract factual information items from
documents and pass them to the ontology server. The second key area is the
information management and storage. The information is stored by the ontology
server and consolidated into a knowledge base that can be queried via an inference
engine. The fina area isthe narrative generation. The Artequakt server takes requests
from areader viaa simple Web interface. The reader request will include an artist and
the style of biography to be generated (chronology, summary, fact sheet, etc.). The
server uses story templates to render a narrative from the information stored in the
knowledge base using a combination of original text fragments and natural language
generation.
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Figure 4: Artequakt'sarchitecture

The first stage of this project consisted of developing an ontology for the domain of
artists and paintings. The main part of this ontology was constructed from selected
sections in the CIDOC Conceptual Reference Model ontology. The ontology informs
the extraction tool of the type of knowledge to search for and extract. An information
extraction tool was developed and applied that automatically populates the ontology
with information extracts from online documents. The information extraction tool
makes use of an ontology, coupled with a general-purpose lexical database, WordNet
and an entity-recogniser, GATE (Cunningham et al 2002 — see section 9.4) as
guidance tools for identifying knowledge fragments consisting not just of entities, but
also the relationships between them. Automatic term expansion is used to increase the
scope of text anaysis to cover syntactic patterns that imprecisely match our
definitions.
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Input HTML

Rembrandt Harmenszoon van Rijn
was born on July 15, 1606, in
Leiden, the Netherlands.
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(1) July 15, date
) 1606
<
date_of_birth Date
Netherlands location
Relation Formulation
Person
place_of_birth Place
Leiden city
Netherlands country
Output XML
<person>
<name>Rembrandt Har van Rijn</i

<place_of_birth>Leiden, Netherlands</place_of_birth>
<date_of_birth>
<day>15</day>
<month>7</month>
<year>1606</year>
</date_of_birth>
</person>

Figure5: ThelE processin Artequakt

The extracted information is stored in a knowledge base and analysed for duplications
and inconsistencies. A variety of heuristics and knowledge comparison and term
expansion methods were used for this purpose. This included the use of simple
geographical relations from WordNet to consolidate any place information; e.g. places
of birth or death. Temporal information was aso consolidated with respect to
precision and consistency.

Narrative construction tools were developed that queried the knowledge base through
an ontology server. These queries searched and retrieved relevant facts or textual
paragraphs and generated a specific biography. The challenge is to build biographies
for artists where there is sparse information available, distributed across the Web.
This may mean constructing text from basic factual information gleaned, or
combining text from a number of sources with differing interests in the artist.
Secondly, the work also aspires to provide biographies that are tailored to the
particular interests and requirements of a given reader. These might range from rough
stereotyping such as “A biography suitable for a child” to specific reader interests
such as“1@n interested in the artists' use of colour in their oil paintings’ (Figure 6).
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Figure 6: The biography generation processin Artequakt
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Figure 7: Artequakt-generated biogr aphy for Renoir

The system is undergoing evaluation and testing at the moment. It has aready
provided important components for a successful bid (the SCULPTEUR project) into
the EU VI Framework.

3.4. Refiner++

Refiner++ (Aiken & Sleeman 2003) is a new implementation of Refiner+ (Winter &
Sleeman 1995), an algorithm that detects inconsistencies in a set of examples (cases)
and suggests ways in which these inconsistencies might be removed. The domain
expert isrequired to specify which category each case belongs to; Refiner+ then infers
adescription for each of the categories and reports any inconsistencies that exist in the
dataset. An inconsistency is when a case matches a category other than the one in
which the expert has classified it. If inconsistencies have been detected in the dataset,
the algorithm attempts to suggest appropriate ways of dealing with the inconsistencies
by refining the dataset. At the time of writing, the Refiner++ system has been
presented to three experts to use on problems in their domains: anaesthetics,
educational psychology, and intensive care.

Although the application can be used to import existing datasets and perform analysis
on them, itsreal strength is for an expert who wants to conceptualize a domain where
the inherent task is classification. Refiner++ requires the expert to articulate cases,
specifying the descriptors they believe to be important in their domain. This causes
the expert to conceptualize their domain, bringing out the hidden relationships
between descriptors that might otherwise be ignored.
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We hope to produce a “refinement workbench” to include Refiner++, ReTax (Alberdi
& Sleeman 1997) and ConRef (Winter et a 1998 — and section 8.2).

4. Modelling

As noted in the previous section, ontologies loom large in AKT — as in the SW — for
modelling purposes. In particular, we have already seen the importance of ontologies
(a) for directing acquisition, and (b) as objects to be acquired or created. The SW, as
we have argued, will be a domain in which services will be key. For particular tasks,
agents are likely to require combinations of services, either in parallel or sequentially.
In either event, ontologies are going to be essential to provide shared understandings
of the domain, preconditions and postconditions for their application and optimal
combination. However, in the likely absence of much standardisation, ontologies are
not going to be completely shared.

Furthermore, it will not be possible to assume unique or optimal solutions to the
problem of describing real-world contexts. Ontologies will be aimed at different tasks,
or will make inconsistent, but reasonable, assumptions. Given two ontologies
precisely describing a real-world domain, it will not in genera be possible to
guarantee mappings between them without creating new concepts to augment them.
As argued in (Kalfoglou & Schorlemmer 2003a), and section 8.3 above, there is a
distinct lack of formal underpinnings here. Ontology mapping will be an important
aspect to knowledge modelling, and as we have already seen, AKT is examining these
issues closely.

Similarly, the production of ontologies will need to be automated, and documents will
become a vital source for ontological information. Hence tools such as Adaptiva
(section 3.2) will, as we have argued, be essential. However, experimental evidence
amassed during AKT shows that in texts, it is often the essentia ontological
information that is not expressed, since it is taken to be part of the ‘background
knowledge' implicitly shared by reader and author (Brewster et a 2003). Hence the
problem of how to augment information sources for documents is being addressed by
AKT (Brewster et al 2003).

A third issue is that of the detection of errors in automatically-extracted ontologies,
particularly from unstructured material. It was for these reasons that we have also
made some attempts to extract information from semi-structured sources ie programs
and Knowledge Bases (Sleeman et al, 2003).

In al these ways, there are plenty of unresolved research issues with respect to
ontologies that AKT will address over the remaining half of its remit. However,
modelling is a fundamental requirement in other areas, for instance with respect to the
modelling of business processes in order to achieve an understanding of the events
that a business must respond to. The AKT consortium has amassed a great deal of
experience of modelling processes such as these that describe the context in which
organisations operate. Section 4.1 looks at the use of protocols to model service
interactions, while in section 4.2 we will briefly discuss one use of formal methods to
describe lifecycles.

4.1. Service interaction protocol

In an open system, such the Semantic Web, communication among agents will, in
general, be asynchronous in nature: the imposition of synchronicity would constrain
agent behaviour and require additional (and centralised) infrastructure. However,
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asynchronous communication can fail in numerous ways — messages arrive out of
sequence, or not at all, agents fail in undetermined states, multiple dialogues are
confused, perhaps causing agents to adopt mistaken roles in their interactions, thereby
propagating the failure through its future communications. The insidious nature of
such failures is confirmed by the fact that their causes — and sometimes the failures
themselves — are often undetectable.

To address this problem, the notion of service interaction protocols has been
developed. These are formal structures representing distributed dialogues which serve
to impose social conventions or norms on agent interactions (cf the communications
policy work of Bradshaw and his colleagues a IHMC). A protocol specifies all
possible sequences of messages that would allow the dialogue to be conducted
successfully within the boundaries established by the norm. All agents engaging in the
interaction are responsible for maintaining this dialogue, and the updated dialogue is
passed in its entirety with each communication between agents. Placing messages in
the context of the particular norm to which they relate in this manner allows the
agents to understand the current state of the interaction and locate their next roles
within it, and so makes the interactions in the environment more resistant to the
problems of asynchrony.

Furthermore, since these protocols are specified in a formal manner, they can be
subjected to forma model checking as well as empirical (possibly synchronous) ‘ off-
line’' testing before deployment. In addition to proving certain properties of dialogues
are as desired, this encourages the exploration of alternative descriptions of norms and
the implications these would have for agent interactions (Vasconcelos et.al. 2002,
Walton & Robertson 2002).

In addition to this work on service interaction protocols, we have also encountered the
issues of service choreography in an investigation of the interactions between the
Semantic Web, the agent-based computing paradigm and the Web Services
environment.

The predominant communications abstraction in the agent environment is that of
speech acts or performatives, in which inter-agent messages are characterised
according to their perlocutionary force (the effect upon the listener). Although the
Web Services environment does not place the same restrictions on service providers
as are present on agents (in which an agent® state is modelled in terms of its beliefs,
desires and intentions, for example), the notion of performative-based messages
allows us abstract the effects, and expectations of effect, of communications.

The set of speech acts which comprise an agent® communicative capabilities in an
agent-based systems is known as an agent communication language. In (Gibbins et al
2003), we describe the adaptation of the DAML Services ontology for Web Service
description to include an agent communication language component. This benefits
service description and discovery by separating the application domain-specific
contents of messages from their domain-neutral pragmatics, and so simplifying the
design of brokerage components which match service providers to service consumers.
This work was carried out in collaboration with QinetiQ, and was realised in a
prototype system for situational awareness in a simulated humanitarian aid scenario.

Formal models provide an interesting method for understanding business processes. In
the next section, we look at their use to describe knowledge system lifecycles.



AKT Midterm Report Appendix 2 Page 15 of 60

4.2. A lifecycle calculus

Knowledge-intensive systems have lifecycles. They are created through processes of
knowledge acquisition and problem solver design and reuse; they are maintained and
adapted; and eventually they are decommissioned. In software engineering, as well as
in the more traditional engineering disciplines, the study of such processes and their
controlled integration through the lifetime of a product is considered essential and
provides the basis for routine project management activities, such as cost estimation
and quality management. As yet, however, we have not seen the same attention to life
cycles in knowledge engineering.

Our current need to represent and reason formally about knowledge lifecycles is
spurred by the Internet, which is changing our view of knowledge engineering. In the
past we built and deployed reasoning systems which typically were self-contained,
running on a single computer. Although these systems did have life cycles of design
and maintenance, it was only necessary for these to be understood by the small team
of engineers who actually were supporting each system. This sort of understanding is
close to traditional software engineering so there was no need to look beyond
traditional change management tools to support design. Formal representation and
reasoning was confined to the artefacts being constructed, not to the process of
constructing them. This situation has changed. Ontologies, knowledge bases and
problem solvers are being made available globally for use (and reuse) by anyone with
the understanding to do so. But this raises the problem of how to gain that
understanding. Even finding appropriate knowledge components is a challenge.
Assembling them without any knowledge of their design history is demanding.
Maintaining large assemblies of interacting components (where the interactions may
change the components themselves) is impossible in the absence of any explicit
representation of how they have interacted.

4.2.1 The value of formality

There is, therefore, a need for formality in order to be able to provide automated
support during various stages of the knowledge-management life cycle. The aim of
formality in this area is twofold: to give a concise account of what is going on, and to
use this account for practical purposes in maintaining and anaysing knowledge-
management life cycles. If, as envisioned by the architects of the Semantic Web,
knowledge components are to be made available on the Internet for humans and
machines to use and reuse, then it is natural to study and record the sequences of
transformations performed upon knowledge components. Agents with the ability to
understand these sequences would be able to know the provenance of a body of
knowledge and act accordingly, for instance, by deciding their actions depending on
their degree of trust in the original source of a body of knowledge, or of the specific
knowledge transformations performed on it.

Different sorts of knowledge transformations preserve different properties of the
components to which they are applied. Being able to infer such property-preservation
from the structure of alife cycle of a knowledge component may be useful for agents,
as it can help them decide which reasoning services to use in order to perform
deductions without requiring the inspection of the information contained in
knowledge components themselves.

Knowing whether these kinds of properties are preserved across life cycles would be
useful, especialy in environments such as the WWW, where knowledge components
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are most likely to be trandated between different languages, mapped into different
ontologies, and further specialised or generalised in order to be reused together in
association with other problem solvers or in other domains. Thus, having a formal
framework with a precise semantics in which we could record knowledge
transformations and their effect on certain key properties would allow for the analysis
and automation of services that make use of the additional information contained in
life-cycle histories.

4.2.2 The AKT approach

We have been exploring a formal approach to the understanding of lifecycles in
knowledge engineering. Unlike many of the informal life-cycle models in software
engineering, our approach allows for a high level of automation in the use of
lifecycles. When supplied with appropriate task-specific components, it can be
deployed to fully automate life-cycle processes. Alternatively, it can be used to
support manual processes such as reconstruction of chains of system adaptation. We
have developed a formal framework for describing life cycles and mechanisms for
using these by means of a lifecycle calculus of abstract knowledge transformations
with which to express life cycles of knowledge components.

To alow us to operate at an abstract level, without committing ourselves to a
particular knowledge representation formalism or a particular logical system, we have
based our treatment of knowledge transformation on abstract model theory. In
particular, we use institutions and institution morphisms (Goguen & Burstall 1992) as
mathematical tools upon which to base a semantics of knowledge components and
their transformations. An institution captures the essential aspects of logical systems
underlying any specification theory and technology. In practice, the idea of a single
one-size-fits-all life-cycle model is implausible. Applications of forma knowledge
life cycles may use more specialised calculi and use these to supply different degrees
of automated support.

In (Schorlemmer et a 2002a) we show how to reason about properties that are or are
not preserved during the life cycle of a knowledge component. Such information may
be useful for the purposes of high-level knowledge management. If knowledge
services that publicise their capabilities in distributed environments, such as the Web,
also define and publicise the knowledge transformations they realise in terms of a
formal language, then automatic brokering systems may use this additional
information in order to choose among several services according to the properties one
would like to preserve.

In (Schorlemmer et a 2002b) we analyse a real knowledge-engineering scenario
consisting of the life cycle of an ontology for ecological meta-data, and describe it it
terms of our life-cycle calculus. We show how this could be done easily with the
support of a life-cycle editing tool, F-Life (Robertson & Schorlemmer 2003), that
constructs formal life-cycle patterns by composing various life cycle rulesinto a set of
Horn clauses that constitute a logic program. This program can then be used to
recreate with a meta-interpreter analogous life-cycles, following the same steps we
have previously compiled by means of the editor. We also describe an architecture in
which the brokering of several knowledge services in a distributed environment is
empowered by the additional information we obtain from formal life-cycle patterns.
In particular we show how the previously edited abstract life-cycle pattern can be used
to guide a brokering system in the task of choosing the appropriate problem solversin
order to execute a concrete sequence of life-cycle steps. The information of the



AKT Midterm Report Appendix 2 Page 17 of 60

concrete life cycle that is followed is then stored alongside the transformed
knowledge component, so that this information may subsequently be used by other
knowledge services.

5. Reuse

Reuse is, of course, a hallowed principle of software engineering, that has certainly
been adopted in knowledge management. And, of course, given the problems of
knowledge acquisition— the KA bottleneck — and the difficulties with, for example,
the creation and maintenance of ontologies that we have aready noted in earlier
sections, it clearly makes sense to reuse expensively-acquired knowledge or models
etcin KM.

However, as always, such things are easier said than done. Many KM artefacts are
laboriously handcrafted, and as such require a lot of rejigging for new contexts.
Automatically-generated material also carries its own problems. Selection of material
to reuse is also a serious issue. But with all the knowledge lying around, say, on the
WWW, the power of the resource is surely too great to be ignored. Hence reuse is a
major knowledge challenge in its own right, which AKT has been investigating. As
one example, AKT has been investigating the reuse of expensively-acquired
constraints, and aso of various pre-existing knowledge services, in the management
of avirtual organization (section 5.1). Furthermore, if services and/or resources are to
be reused, then the user will technically have a large number of possible services for
any query — if queries are composed, the space of possible combinations could
become very large. Hence, brokering services will be of great importance, and AKT’s
investigations of this concept are reported in section 5.2. Work will also have to be
done on the modification and combination of knowledge bases, and we will see tools
for thisin section 5.3.

5.1. KRAFT/I-X

Virtual organizations are the enabling enterprise structure in modern e-business, e-
science, and e-governance. Such organizations most effectively harness the
capabilities of individuals working in different places, with different expertise and
responsibilities. Through the communication and computing infrastructure of the
virtual organization, these people are able to work collaboratively to accomplish tasks,
and together to achieve common organisational goals. In the KRAFT/I-X Technology
Integration Experiment (TIE), a number of knowledge-based technologies are
integrated to support workersin avirtual organization (cf Figure 8):

Workflow and business process modelling techniques (Chen-Burger and Stader
2003, Chen-Burger et a 2002) provide the coordination framework to facilitate
smooth, effective collaboration among users;

Task-supporting user interfaces (I-X process panels — Tate 2003, and
http://www.aktors.org/technol ogies/ix/).

Constraint interchange and solving techniques (Gray et al 2001, Hui et al 2003)
guide users towards possible solutions to shared problems, and keep the overall
state of the work activity consistent;

Agent-based infrastructure provides the underlying distributed, heterogeneous
software architecture (the AK Tbus — http://www.aktors.org/technol ogi es/aktbus/).
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Figure8: Thel-X Toolsinclude: 1. Process Pand (1-P2); 2. Domain Editor (I-DE): create and
modify process models; 3 1-Space: maintain relationships with other agents; 4 M essenger: instant
messaging tool, for both structured and lessformal communications; 5 | ssue Editor: create,
modify, annotate issues.

As asimple example of an application that the KRAFT/I-X TIE can support, consider
a Personal Computer purchasing process in an organization. There will typically be
several people involved, including the end-user who needs a PC, a technical support
person who knows what specifications and configurations are possible and
appropriate, and a financial officer who must ensure that the PC is within budget. In
the implemented KRAFT/I-X demonstrator, the second and third of these people are
explicitly represented: the technical support by a process panel running in Aberdeen
(ABDN-panel, Figure 9) and the finance officer by a panel running in Edinburgh (ED-
panel). Note that the user is represented implicitly by the PC requirements input to the
system through the ED-panel. The two panels share a workflow/business process
model that enables them to cooperate. As part of this workflow, the ED-panel passes
user requirement constraints to the ABDN-panel, so that a feasible technical
configuration for the PC can be identified. In fact, the ABDN-panel uses a knowledge
base of PC configurations, and a constraint-solving system (KRAFT) to identify the
feasible technical configuration, which is then passed back to the ED-panel via the
ABDN-panel.
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Figure 9: KRAFT-I/X demonstrator architecture

The various components of the KRAFT/I-X implementation communicate by means
of acommon knowledge-interchange protocol (over AKTbus) and an RDF-based data
and constraint interchange format (Hui et al 2003). The AKTbus provides a
lightweight XM L-based messaging infrastructure and was used to integrate a number
of pre-existing systems and components from the consortium members, as described
more fully in section 9.1.

5.2. The AKT broker

In order to match service requests with appropriate Semantic Web services (and
possibly sequences of those services), some sort of brokering mechanism would seem
to be needed. Service-providing agents advertise to this broker a formal specification
of each offered service in terms of its inputs, outputs, preconditions, effects, and so
on. This specification is constructed using elements from one or more shared
ontologies, and is stored within the broker. When posted to the broker, a request — in
the form of the specification of the desired service — is compared to the available
services for potential matches (and it may be possible — and sometimes necessary — to
compose sequences of several services to meet certain requests).

However, this approach to service brokering raises a number of practical questions.
As for all techniques dependent on shared ontologies, the source and use of these
ontologies is an issue. And with brokering there is a particular problem concerning the
appropriate content of service specifications: rich domain ontologies make possible
rich specifications — and also increase the possible search space of services and the
reasoning effort required to determine if service and request specification match. One
solution to this, it might be thought, is to constrain the ontologies to describe very
specific service areas, thereby constraining the specification language. Some focusing
of ontologies in this manner may be desirable, resulting in a broker that is specialised
for particular services or domains rather than being general-purpose. However, if the
constraints placed on ontologies are too great this will result in very specialised
brokers, and would have the effect of shifting the brokering problem from one of
finding appropriate services to one of finding appropriate service brokers — and so,
some sort of ‘meta-brokering’ mechanism would be necessary, and the brokering
problem would have to be addressed all over again.

While careful ontological engineering would appear unavoidable, alternative
approaches to this problem that we have been investigating involve using ideas
emerging elsewhere in the project to prune the search space. For example, by
encouraging the description of servicesin terms of the lifecycle calculus (section 5.2),
where appropriate, to complement their specifications, allows additional constraintsto
be placed on service requests and the search for matching services to be focused upon
those conforming to these constraints. Likewise, considering the brokering task as
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being, in effect, one of producing an appropriate service interaction protocol for the
request, can serve to concentrate the search on to those services that are willing and
able to engage in such protocols.

5.3. Reusing knowledge bases

Finally, the facilitation of reuse demands tools for identifying, modifying and
combining knowledge bases for particular problems. In this section, we look at
MUSKRAT and ConcepTool for addressing these issues.

5.3.1 MUSKRAT

MUSKRAT (Multistrategy Knowledge Refinement and Acquisition Toolbox — White
& Sleeman 2000) aims to unify problem solving, knowledge acquisition and
knowledge-base refinement in a single computational framework. Given a set of
Knowledge Bases (KBs) and Problem Solvers (PSs), the MUSKRAT-Advisor
investigates whether the available KBs will fulfil the requirements of the selected PS
for a given problem. We would like to reject impossible combinations KBs and PSs
quickly. We represent combinations of KBs and PSs as CSPs. If a CSP is not
consistent, then the combination does not fulfil the requirements. The problem then
becomes one of quickly identifying inconsistent CSPs. To do this, we propose to relax
the CSPs: if we can prove that the relaxed version is inconsistent then we know that
the original CSP is also inconsistent. It is not obvious that solving relaxed CSPs is any
easier. In fact, phase transition research (e.g. Prosser 1994) seems to indicate the
opposite when the original CSP is inconsistent. We have experimented with randomly
generated CSPs (Nordlander et al 2002), where the tightness of the constraints in a
problem varies uniformly. We have shown that careful selection of the constraints to
relax can save up to 70% of the search time. We have also investigated practical
heuristics for relaxing CSPs. Experiments show that the simple strategy of removing
constraints of low tightness is effective, allowing us to save up to 30% of the time on
inconsistent problems without introducing new solutions.

In the congtraints area, future work will look at extending this approach to more
realistic CSPs. The focus will be on scheduling problems, which are likely to involve
non-binary and global constraints, and constraint graphs with particular properties
(e.g. Walsh 2001). We will also investigate more theoretical CSP concepts, including
higher consistency levels and problem hardness. Success in this research will allow us
to apply constraint satisfaction and relaxation techniques to the problem of knowledge
base reuse.

5.3.2 ConcepTool

ConcepTool is an Intelligent Knowledge Management Environment for building,
modifying, and combining expressive domain knowledge bases and application
ontologies. Apart from its user-oriented editing capabilities, one of the most notable
features of the system is its extensive automated support to the analysis of knowledge
being built, modified or combined. ConcepTool uses Description Logic-based
taxonomic reasoning to provide analysis functionalities such as KB consistency,
detection of contradicting concepts, making explicit of hidden knowledge and
ontology articulation.

The development of the core ConcepTool system has been funded on a separate grant
by the EPSRC, while the development of the articulation functionalities has been
funded by the AKT IRC consortium. Notably, two systems have been actually
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developed: the first one, which supported modelling and analysis on an expressive
Enhanced Entity-Relationship knowledge model, has been used as a prototype for the
development of the second one, which uses a frame-based model. Both versions of
ConcepTool can handle complex, sizeable ontologies (such as the AKT one),
supporting the combination of heterogeneous knowledge sources by way of
taxonomic, lexical and heuristic analysis.

6. Retrieval

Given the amount of information available on the WWW, clearly a mgor problem is
retrieving that information from the noise which surrounds it. Retrieval from large
repositories is a mgjor preoccupation for AKT. There is a major trend, supported by
the Semantic Web, towards annotating documents, which should enable more
intelligent retrieval (section 6.2). Furthermore, such annotations will facilitate the
difficult problem, already apparent under several of our headings above, of ontology
population.

However, annotation itself will not solve all the problems of information retrieval.
Information is often dispersed, or distributed, around large unstructured repositories —
like the WWW itself —in such a way as to make systematic retrieval impossible, and
intelligent retrieval difficult. Information may indeed only be implicit in repositories,
in which case retrieval must include not only the ability to locate the important
material, but also the ability to perform inference on it (while avoiding circularity —
how does one identify the important information prior to inferring about the
representation that contains it in implicit form?). As well as unstructured, distributed
repositories, information can also be hidden in unstructured formats, such as plain text
or images (section 6.1).

However, even information held in relatively structured formats can be hard to get at,
often because it is implicit. One issue that AKT has been addressing here is that of
extracting information from ontologies about structures within organisations, in
particular trying to extract implicit information about informal communities of
interest or practice based on more formal information about aliances, co-working
practices, etc (section 6.3).

6.1. Ontology-based information extraction

6.1.1 Amilcare

Information extraction from text (IE) is the process of populating a structured
information source (e.g. an ontology) from a semi-structured, unstructured, or free
text, information source. Historically, |E has been seen as the process of extracting
information from newspaper-like texts to fill a template, i.e. a form describing the
information to be extracted.

We have worked in the direction of extending the coverage of IE first of all to
different types of textual documents, from rigidly structured web pages (e.g. as
generated by a database) to completely free (newspaper-like) texts, with their
intermediate types and mixtures (Ciravegna 2001a).

Secondly we have worked on the use of machine learning for allowing porting to
different applications using domain specific (non linguistic) annotation. The result is
the definition of an algorithm—called (LP)? (Ciravegna 2001b) and (Ciravegna
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2001c) — able to cope with a number of types of IE tasks on different types of
documents using only domain-specific annotation.

Amilcare (Ciravegna and Wilks 2003) is a system that has been defined using (LP)?
that is specifically designed for |E for document annotation. Amilcare has become the
basis of assisted annotation for the Semantic Web in three tools: Melita, MnM (both
developed as part of AKT — see section 6.2.1) and Ontomat (Handschuh et al. 2002).

Amilcare has been also released to some 25 external users, including a dozen
companies, for research. It is also, as can be seen in references throughout this paper,
central to many AKT technologies and services.

6.1.2 AQUA

AQUA (Vargas-Vera et a in press) is an experimental question answering system.
AQUA combines Natural Language processing (NLP), Ontologies, Logic, and
Information Retrieval technologies in a uniform framework. AQUA makes intensive
use of an ontology in severa parts of the question answering system. The ontology is
used in the refinement of the initiadl query, the reasoning process (a
generalization/specialization process using classes and subclasses from the ontology),
and in the novel similarity algorithm. The similarity algorithm, is a key feature of
AQUA. It is used to find similarities between relations/concepts in the translated
guery and relations/concepts in the ontological structures. The similarities detected
then allow the interchange of concepts or relationsin alogic formula corresponding to
the user query.

6.2. Annotation

Amilcare and (LP)? constitute the basis upon which the AKT activity on IE has been
defined. It mainly concerns annotation for the SW and KM. The SW needs
semantically-based document annotation to both enable better document retrieval and
empower semantically-aware agents. Most of the current technology is based on
human centered annotation, very often completely manual (Handschuh et al 2002).
Manual annotation is difficult, time consuming and expensive (Ciravegna et al 2002).

Convincing millions of users to annotate documents for the Semantic Web is difficult
and requires a world-wide action of uncertain outcome. In this framework, annotation
is meant mainly to be statically associated to (and saved within) the documents. Static
annotation associated to a document can:

(1) beincomplete or incorrect when the creator is not skilled enough;
(2) become obsolete, i.e. not be aligned with pages updates;

(3) be irrelevant for some use(r)s: a page in a pet shop web site can be annotated
with shop-related annotations, but some users would rather prefer to find
annotations related to animals.

Producing methodologies for automatic annotation of pages therefore becomes
important: the initial annotation associated to the document loses its importance
because at any time it is possible to automatically (re)annotate the document. Also
documents do not need to contain the annotation, because it can be stored in a
separate database or ontology exactly as nowadays search engines do not modify the
indexed documents. In the future Semantic Web, automatic annotation systems might
become as important as indexing systems are nowadays for search engines.
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Two strands of research have been pursued for annotation: assisted semi-automatic
document annotation (mainly suitable for knowledge management) and unsupervised
annotation of large repositories (mainly suitable for the Semantic Web).

6.2.1 Assisted annotation

AKT has developed assisted annotation tools that can be used to create an annotation
engine. They al share the same method based on adaptive IE (Amilcare). In this
sections, we will describe two tools: MnM (Vargas-Vera et a. 2002) and Méelita
(Ciravegna et al. 2002) — though see also the sections on Magpie (section 6.2.2) and
CS AKTive Space(section 10.1).

In both cases annotation is ontology-based. The annotation tool is used to annotate
documents on which the |E system trains. The IE system monitors the user-defined
annotations and learns how to reproduce it by generalizing over the seen examples.
Generalization is obtained by exploiting both linguistic and semantic information
from the ontol ogy.

MnM focuses more on the aspect of ontology population. Melita has a greater focus
on the annotation lifecycle.

MnM

The MnM tool supports automatic, semi-automatic and manual semantic annotation of
web pages. MnM allows users to select ontologies, either by connecting to an
ontology server or simply through selection of the appropriate file, and then allows
them to annotate a web resource by populating classes in the chosen ontology with
domain specific information.

Figure 10 A Screenshot of the MnM Annotation T ool
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An important aspect of MnM is the integration with information extraction technology
to support automated and semi-automated annotation. Thisis particularly important as
manual annotation is only feasible in specifc contexts, such as high-value e-commerce
applications and intranets. Automated annotation is achieved through a generic plug-
in mechanism, which is independent of any particular IE tool, and which has been
tested with Amilcare. The only knowledge required for using Amilcare in new
domains is the ability of manually annotating the information to be extracted in a
training corpus. No knowledge of Human Language technologies is necessary.

MnM supports a number of representation languages, including RDF(S), DAML+OIL
and OCML. An OWL export mechanism will be developed in the near future. MnM
has been released open source and can be downloaded from
http://kmi.open.ac.uk/projectsakt/MnM/. This version of MnM aso includes a
customized version of Amilcare.

Médita

Melita is a tool for defining ontology-based annotation tools. It uses Amilcare as
active support to annotation. The annotation process is based on a cycle that includes:

(1) The manual definition or revision of a draft ontology;

(2) The (assisted) annotation of a set of documents; initially the annotation is
completely manual, but Amilcare runs in the background and learns how to
annotate. Once Amilcare has started to learn, it preannotates every new text
before Melita presents it to the user; the user must correct the system
annotation; corrections (missed and wrong cases) are sent back to Amilcare for
retraining.

(3) Go to 1., until the IE system has reached a sufficient reliability in the
annotation process and the annotation service is delivered.

In this process, users may eventually decide to try to write annotation rules
themselves either to speed up the annotation process or to help the |E system learning
(e.g. by modifying the induced grammar).

Melita provides three centers of focus of user interaction for supporting this lifecycle:
the ontology;
the corpus, both as awhole and as a collection of single documents;
the annotation pattern grammar(s), either user- or system-defined.

Users can move the focus and the methodology of interaction during the creation of
the annotation tool in a seamless way, for example moving from a focus on document
annotation (to support rule induction or to model the ontology), to rule writing, to
ontology editing (Ciravegna et al. 2003 submitted).

6.2.2 Annotation of large repositories

Armadillo

The technology above can only be applied when the documents to be analyzed present
some regularity in terms of text types and recurrent patterns of information. This is
sometimes but not always the case when we look at companies’ repositories. In the
event that texts are very different or highly variable in nature (e.g. on the Web), the
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Melita approach is inapplicable, because it would require the annotation of very large
corpora, atask mostly unfeasible.

For this reason, AKT has developed a methodology able to learn how to annotate
semantically consistent portions of the Web in a complete unsupervised way,
extracting and integrating information from different sources. All the annotation is
produced automatically with no user intervention apart from some corrections the
users might want to perform to the system’'s fina or intermediate results. The
methodology has been fully implemented in Armadillo, a system for unsupervised
information extraction and integration from large collections of documents
(http://www.aktors.org/technol ogies’/Armadillof) (Ciravegnaet a. 2003).

The natural application of such methodology is the Web, but very large companies
information systems are also an option.

The key feature of the Web exploited by the methodology is the redundancy of
information. Redundancy is given by the presence of multiple citations of the same
information in different contexts and in different superficial formats, e.g., in textual
documents, in repositories (e.g. databases or digital libraries), via agents able to
integrate different information sources, etc. From them or their output, it is possible to
extract information with different reliability. Systems such as databases generally
contain structured data and can be queried using an API. In case the APl is not
available (e.g. the database has a Web front end and the output is textual), wrappers
can be induced to extract such information (Kushmerick et al. 1997). When the
information is contained in textual documents, extracting information requires more
sophisticated methodologies. There is an obvious increasing degree of complexity in
the extraction task mentioned above. The more difficult the task, the less reliable
generally the extracted information is. For example wrapper induction systems
generally reach 100% on rigidly structured documents, while |E systems reach some
70% on free texts. Also, the more the complexity increases, the more the amount of
data needed for training grows. wrappers can be trained with a handful of examples
whereas full |E systems may require millions of words.

In our model, learning of complex modules is bootstrapped by using information from
simple reliable sources of information. This information is then used to annotate
documents to train more complex modules. A detailed description of the methodol ogy
can be found in (Ciravegna et al. 2003).

Magpie

Automatic annotation could also be the key to improving strategies and information
for browsing the SW. This is the intuition behind Magpie (Dzbor et a 2003). Web
browsing involves two basic tasks: (i) finding the right web page and (ii) making
sense of its content. A lot of research has gone into supporting the task of finding web
resources, either by means of ‘standard’ information retrieval mechanisms, or by
means of semantically enhanced search (Gruber 1993, Lieberman et a 2001). Less
attention has been paid to the second task — supporting the interpretation of web
pages. Annotation technologies allow users to associate meta-information with web
resources, which can then be used to facilitate their interpretation. While such
technologies provide a useful way to support group-based and shared interpretation,
they are nonetheless very limited; mainly because the annotation is carried out
manually. In other words, the quality of the sensemaking support depends on the
willingness of stakeholders to provide annotation, and their ability to provide valuable
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information. This is of course even more of a problem, if a formal approach to
annotation is assumed, based on semantic web technology.

Magpie follows a different approach from that used by the af orementioned annotation
techniques. it automatically associates a semantic layer to a web resource, rather than
relying on a manual annotation. This process relies on the availability of an ontology.
Magpie o