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Absgract. On-To-Knowledge the European EU-IST project No. 10132,
builds an ontology-based tool environment to speed up knowledge
management, dealing with the large numbers of heterogeneous, distributed,
and semi-structured documents typicaly found in large company intranets
and the World-Wide Web. Results aimed for by the project are: (1) a toolset
for semantic information processing and use access; (2) OIL, an ontology-
based inference layer on top of the World-Wide Web; (3) an associated
methodology; (4) vdidaion by indudtria case studies. This paper gives an
overview of the On-To-Knowledge approach to knowledge management.

1. Heterogeneous Information Resources Need Semantic Access

Support for information and knowledge exchange is a key issue in the Information
Society. The exponentid growth of online information on intranets and the Web leads to
information overload. To cut down on the time waded in searching and browsng, and
reduce associated user frudration, much more sdective user access is needed. This is
possble by austomatic meaning-directed or semantic information processng of online
documents. The European IST project On-To-Knowl edge buildstoolsthat achievethis.

Ontologies [1,2] ae the key technology used to describe the semantics of information
exchange. Defined as “specifications of a shared conceptualization of a particular domain”,
they provide a shared and common underganding of a domain that can be communicated
across people and application sysems, and thus facilitate knowledge sharing and reuse.
Ontologies will play a key role in growth areas such as knowledge management [34] and
electronic commerce. In the US, funding agencies have recognized the importance of these
issues by sdting up the DAML program  (http://www.darpamil/iso/ABC/BAA0007PIP.htm)
that aims at machine-processable semantics of informaion resources accessible to agents.

The World-Wide Web (WWW) has dradicdly booded the avalability of dectronic
information. Already the present first generation of the web has changed our daly practice,
and these changes will become even more dgnificant in the near future. However, the Web
itsdlf has to change if it is to reach the next level of user sarvice [5]. Currently, the Web is




an incredibly large, (mogly) datic information source. The man burden in information

access, extraction, and interpretation  dill rests with the human user. Document

management systems now on the market have severe weaknesses:

- Searching information: Exising keywordbased search dso retrieves irrdevant
information that uses a certan term in a different meaning, ad misses information
when different terms with the same meaning about the desired content are used.

- Extracting information: Currently, human browsng and reading is required to extract
rdlevant information from information sources snce automaic agents do not possess
the commonsense knowledge required to extract such information from textud
representations, and they fail to integrate information spreed over different sources.

- Maintaining weskly dructured text sources is a difficult and time-consuming activity
when such sources become large. Keeping such collections consigtent, correct, and up-
to-date requires mechanized representations of semantics that help to detect anomdies.

- Automatic document generation would enable adaptive webstes that are dynamicdly
reconfigured according to user profiles or other aspects of rdevance. Generation of
semi-dructured  information  presentations from  semistructured data requires a
meachine-accessible representation of the semantics of these information sources.

Tim Berners-L ee coined the vison of a Semantic Web that provides much more automated

sarvices based on machine-processsble semantics of datay and on heuridics that make use

of these metadata The explicit representation of the semantics of data accompanied with

domain theories (i.e, ontologies) will enable a Knowledge Web that provides a

quditatively new level of service. It weaves together a net linking incredibly large parts of

human knowledge and complements it with machine processability. Various automated
sarvices will support the humen user in achieving gods via accessing and providing
information present in a machine-undersandable form. This process will ultimady lead to

a highly knowledgesble world-wide sysem with specidized reasoning services that support

usin many aspects of our daily life, becoming as centra as access to eectric power.

The competitiveness of companies depends heavily on how they exploit their corporate
knowledge and memory. Mot information in modern eectronic media is mixed-media and
rather weakly dructured. This holds for the Internet but adso for large company intranets.
Finding and mantaining information is a had problem in weekly sructured representation
media Increasingly, companies redize that ther intranels ae vduable repodtories of
corporate knowledge. But with the now rapidly increesng volumes of information, turning
this into useful knowledge has become a mgor problem. Knowledge Management is about
leveraging corporate knowledge for grester productivity, vaue and competitiveness [34].
Due to Internet-enhanced globdizetion, many organizations ae incressingly geogrgphicaly
digpased and organized aound virtud teams. Such organizations need knowledge
management and organizationd memory tools that encourage users and foster collaboration
while capturing, representing and interpreting corporate  knowledge resources and ther
meaning. On-To-Knowledge provides the tools to soeed up knowledge management in large
digributed orgenizations by goplying ontologies to dectronic informetion as a bads for
semantic information processing and fast, meaning-directed user access.

2. Tool Environment for Ontology-based K nowledge M anagement

The On-To-Knowledge architecture and dl its mgor components are shown in Figure 1.
To illudrate these components and ther interactions, we present a Smple querying



scenario, where a user poses a query to the system that must be answered on the basis of a

st of weekly structured data sources in arepostory.

Two example scenariosin our case studies are;

- Queying a skills description repodtory on the Swiss Life intranet, where this repogtory
is filled with a large variety of weskly sructured documents (CV's, project descriptions,
course descriptions, €tc.).

Locating the naterid that is required to answer a query a one of the hepdesks operated
by BT. Agan, much of the rdevant materid is very heterogenous in naure technica
specifications of devices, previous fault reports, customer data, efc.

The sequence of numbers in Figure 1 indicates the seps that mugt be teken in order to

perform any of the above queries. Each of the components in Figure 1 is based on exising

olutions dready provided On-To-Knowledge consortium partners [610]. The red labes
indicate which partner is providing crucia technology to each of the steps of the scenario.
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Figure 1. The On-To-Knowledge tool set for ontol ogy-based knowledge management.

Step [1]. The system interacts with a user in order to dlicit a specific query to be answered.
Both the interaction with the user and the resulting query are entirdy in terms of a domain-
gpecific ontology, expressed in the OIL language devdoped within the consortium (see
Section 3). The required ontologies ae condructed usng tools such as OntoEdit
(http://ontoserver.aifb.uni-karlsrtune.defontoedit/), developed by the Universty of Karlsuhe
[10]. Such an ontology-based user interaction has as main advantage thet the user is
shidded from any document-specific representation detalls, and can insead communicate
in meaningful domain-specific terms. Furthermore, it makes the sysem much more robust
againg changes and variability in the formats of the underlying documents.

Step [2]. The user interaction results in a specific query to be answered by the data
repogtory layer. We rdy on the Resource Description Framework (RDF,
http://www.w3c.org/Metadatal) currently being devdoped by the WaldWide Web
consortium  (W3C), to dructure the data repostory and to express queries over this




repostory. The required trandation from OlL-based user interaction to RDF-based queries
is feasble because OIL isitsdf definable in terms of RDFSchema definitions

Step [3]. The consortium is developing an RDF query engine to efficiently process queries
ove medium-gze daa-repostories (with up to a million RDF triples in the repodtory). The
Universty of Karlsuhe's SIIRI engine (http://www.aifb.uni-karlsruhe.de/~sde/rdf/) is a Sarting
point for such an engine. Besides RDF, XML may adso be used to represent pat of the
semanticaly annotated data in the repogtory. In that case, an XML query language like
XQL or XML-QL forms the basis for an XML-based query engine.

Step [4]. Of course, the above seps dl assume that the data repository is filled with data
that is annotated with sufficiently rich semantic information. Furthermore, the annotations
must be related to the ontologica vocabulary that was the bads for the origind user query.
Different technologies will be exploited to provide these annotetions, depending on whether
we are dedling with wesekly structured data sources, or data sources that consst of free text
only. In the first case, we will use wrgpper technology in the vein of Jedi or W4. In the
second case, the Corporum technology from CognlT ([9], http://www.cognit.nd)) is the main
platform for concept extraction from free text. Other tools will be based on automated
summarization technology as developed for ProSumby BT [7,8].

Steps [5,6]. After the RDF query has been executed over the data repostory, the resulting
information is communicated to the user. Again, this must be done usng an ontology-based
vocabulary. Furthermore, powerful grgphicd visudizations of quey results in the context
of large daa sets are developed. Examples of such visudizations are the semantic Stemaps
produced by the WebMaster tool of Aldminigtrator [6] (for some results see Section 4).

3. OIL: InferenceLayer for the Semantic World-Wide Web

The technical backbone of On-To-Knowledge is the use of ontologies for the tasks of
meaningful information access, integration, and mediation. A mgor result from the On-To-
Knowledge project is OIL (the Ontology-based Inference Layer) [11]. OIL is a
representation and inference layer on top of the Web that is based on ontologies. It unifies
three important aspects provided by different communities (i) forma semantics and
efficient ressoning support as provided by Description Logics (i) episemologicdly rich
moddling primitives as provided by the Frame community, and (iii) a standard proposd for
syntactica exchange notations as provided by the Web community.

- Description Logics (DL). DLs dexribe knowledge in terms of concepts and role
resrictions that are used to automdicdly derive cdassfication taxonomies. The main
effort of the research in knowledge representation is in providing theories and systems
for expressng dructured knowledge and for accessng and reasoning with it in a
principled way. OIL inherits from DL its formal semantics and the efficient reasoning
support developed for these languages. In OIL, subsumption is decidable and with the
developed FaCT engine we provide an efficient reasoner for this.

- Frame-based systems. The centrd modeling primitives of predicate logic are predicates.
Frame-based and objectoriented approaches teke a different point of view. Ther
centrd moddling primitives ae dases (frames) with certan propeties cdled
atributes. Many other refinements of these congructs have been developed leading to
the success of this moddling paradigm. Therefore, OIL incorporaes the essential
modelling primitives of frame-based sysems into its language. OIL is based on the
notion of a concept and the definition of its superclasses and attributes. Reaions can
dso be defined not as an atribute of a dass but as an independent entity having a
certain domain and range. Like classes, rdations can be arranged in ahierarchy.



- Web standards:. XML and RDF. Moddling primitives and ther semantics are one
agect of an ontology-based exchange language. Given the dominance and importance
of the WWW, the syntax of such a language mugt be formulaied usng exising web
dandards for  information  representation. As  dready proven  with XOL
(http://www.ai.sri.com/pkarp/xol/), XML can be used as a serid syntax definition language
for ontology-based information exchange. OIL is closdy reated to XOL and can be
seen as an extenson of it. Another candidate for a welbbased syntax for OIL is RDF
and RDFS. The RDF framework for the encoding, exchange, and reuse of sructured
metadata provides a means for adding semantics to a document without meking any
assumptions about the dructure of the document. RDF schemas (RDFS) provide a basic
type schema for RDF. Objects, Classes, and Properties can be described. In relation to
ontologiess, RDF provides two important contributionss a <Sandardized syntax for
writing ontologies, and a dandard st of moddling primitives like inganceof and
subclassof rdationships. Therefore, OIL offers two syntactical variants one based on
XML schema and one based on RDF schema.

Why not Ontolingua? Ontolingua @ttp://ontolinguastanford.edw/) is an exiging proposa for
an ontology language. It has been designed to support the design and specfication of
ontologies with a clear logicad semantics based on KIF. Ontolingua extends KIF with
additiond syntax to cgpture intuitive bunding of axioms into definitiond forms with
ontologicd ggnificance; plus a Frame Ontology to define objectoriented and frame-
languege terms. The problem with Ontolingua is its high expressve power provided
without any means to control it. Not surprisngly, no reasoning support hes been provided
for Ontolingua. OIL takes the opposite gpproach. We sart with a very smple and limited
core language. The web has proven that redriction of initid complexity and controlled
extenson when required is avery successful grategy. OIL takes this lesson to heart.
The use of OIL is currently evauated in two running IST proects On-To-Knowledge and
Ibrow (http://www.swi.psy.uva.nl/projects/ibrow/home.htm). In On-To-Knowledge OIL will
be extended to a full-fledged environment for knowledge management in large intranets
and websites. Ungtructured and semistructured data will be automaticaly annotated, and
agent-based user interface techniques and visudization tools will help the user to navigae
and query the information space. Here, On-To-Knowledge cortinues a line of research that
was st up with SHOE and Ontobroker [5]: usng ontologies to mode and annotate the
semantics of information resources in a machine-processable manner.

4. BusinessApplicationsin Semantic I nformation Access

Industry case studies On-To-Knowledge is carying out three industrid case dudies to
evduate the tool environment for ontology-based knowledge management (Section 2) and
the associated web inference layer OIL (Section 3). These case studies are chosen such that
they ensure a broad coverage, involving three different industry sectors (insurance, telecom,
energy) in three different countries, and facing different knowledge management problems.

Swiss Life: organizational memory. Swiss Lifes vison is to build an organizational

memory with an intranet-based portal. Three case studies explore the problem space:

1 A ills database contains a large variety of sructured and ungructured documents like
CVs, recruitment profiles, course and project descriptions. Today these documerts do
not exis or are not integrated into a single repository. Furthermore, there is no common
vocabulary (i.e. ontology) that guarantees a unified usage and understanding of the
documents, resulting in insufficient retrieva results.



2 Information about an insurance product comprises documents for sdes persons, for
traning purposes, dout performing office tasks, etc. This informetion is created in
different places, in different formats and often not distributed to the right places.

3 The IAS document (“International Accounting Standards’) is part of the globd Swiss
Life Intranet, caled "GroupNet". The document's 1000 web pages make it very hard to
find relevant passages, even though there is a divison into chapters and sections.

BT: call centres. Cdl Centres ae an increasingly important mechanism for customer
contact in many indudries. Every transaction should emphasize the uniqueness of both the
cusomer and the cusomer service person. To do this one needs effective knowledge
management [7, 8]. This includes knowledge about the customer but dso knowledge about
the customer sarvice person, so that the customer is directed to the right person to answer
their query. This knowledge must dso be used in a meaningful and timey way. One or
more of BT's own Cdl Centres will be targeted to identify opportunities for effective
knowledge management usng the On-To-Knowledge tools More specificdly, cal centre
agents tend to use a vaiety of dectronic sources for informaion when interacting with
customers, including ther own specidized sysems, cusomer databases, the organization's
intranet and, perhaps mogt importantly, case bases of best practice. The On-To-Knowledge
techniques provide an intuitive front-end to these heterogeneous information sources, to
ensure that the performance of the best agentsis transferred to the others.
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Figure 2. Automatically generated semantic structure maps of the Ener Search website.
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EnerSearch: virtual enterprise. EnerSearch is a virtual organization researching new [T-
based busness drategies and customer sarvices in deregulated energy markets (eg., [12],
see further http://www.enersearch.se). Its research affiliates and shareholders are spread over
many countries. its shareholding companies include IBM (US), Sydkraft (Sweden), ABB
(Swederv/Switzerland), PreussenElektra (Germany), Iberdrola (Spain), ECN (Netherlands),
and Electricidade do Portugd. Essatidly, EnerSearch is a knowledge cregtion company,
knowledge that mugst be trandferred to its shareholders and other interested parties. Its
webste is one of the mechaniams for this However, it is rather hard to find information on
certain topics — the current search engine supports free text search rather than content-based
search. Therefore, the EnerSearch case study evauates the On-To-Knowledge toolkit to
enhance knowledge trander to (1) researchers in the EnerSearch virtud organization in
different disciplines and countriess, and (2) speddigs from shareholding companies
interested in getting up-to-date information about R&D resultson I T in Energy.




Some first results of On-To-Knowledge techniques are shown in Figure 2. It shows two
semantic structure maps of the EnerSearch website, produced by the WebMaster tool of
Aldminigrator [6], and based on a doman ontology concerning important IT in Energy
research topics. Every node represents a webpage (that can be directly opened in a browser
by dicking on the node); edges denote hypertext links Left, we sse a mgp of subtypes
(subtopics) of agent research by EnerSearch. It is easy to see how subtopics are rdlated and
find the rdevant webpages. Right, we see an interactively generated sitemap showing how
the topic of ecommerce intersects with other topics (dark blue nodes). A nice feature of the
visudization isthat spatid proximity correlates very well with semantic closeness.

Methodology. In addition to the toolsst and the OIL language, On-To-Knowledge is
deveoping an asodaed methodology for ontology-based knowledge management.  Input
to this are exiging European research results, such as the CommonKADS gpproach to
knowledge engineering and management [3], experiences from knowledge-based software
enginegring [12] and tool devdopment [510], ontology compostion [2] and information
retrieva techniques [14], and feedback from industry case studies The methodology will
aso cover how to deve op the business case for ontology-based knowledge management.

Conclusion. Word-Wide Web and company intranets have boosed the potentia for
eectronic knowledge acquistion and shaing. Given the sheer sze of these information
resources, there is a gtrategic need to move up in the data — information — knowledge chain.
As a necessary step, On-To-Knowledge provides innovaive tools for semantic information
processing and thus for much more selective, fagter, and meaningful user access.
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