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‘People can’t share knowledge, if they don’t speak a common language.
(Tom Davenport)

Since the term ontologies in Al was coined within the Knowledge Sharing
and Reuse Effort [68] for engineering of knowledge—based systems ([40, 41]),
it is not surprising that it heavily entered Knowledge Management ([21, 25],
KM) research: Sharing and reuse—in this case of organizational knowledge—
are among the core knowledge processes tackled within every KM endeavor.
In this chapter we briefly introduce the main ideas of KM and the role and
requirements for information technology (IT) in KM. We then discuss the po-
tential of ontologies as main elements in IT solutions for KM. We characterize
their current role in research and practice, derive a working focus for the near
future, and conclude with an outlook on possible future trends in KM software
and their implications on ontologies.

1 Information Technology for Knowledge Management

Knowledge Management (KM) is a young interdisciplinary science with roots
in Business Sciences, Information Technology, Pedagogics, Psychology, and
Organizational Theory (cp. [21, 47]). According to Eppler [32] we can define
Knowledge Management as a:

o systematic approach (with a background in information technology, human
resources, strategy, and organizational behavior)
that views implicit and explicit knowledge as a key strategic resource, and
aims at improving the handling of knowledge at the individual, team, or-
ganization, and inter-organizational level

e in order to improve innovation, quality, cost-effectiveness and time-to-
market.
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From the very beginning of the KM endeavor two streams of research and
applications could be identified which we called the Process-centered and the
Product-centered view on KM (see [54]), which was called the Personaliza-
tion versus Codification Strategy by [45], the Organic versus the Mechanistic
approach by [99], or the Community Model versus Cognitive Model view by
[97], and which could be identified as two basic dimensions of KM activities
in consulting practice as well (cp. [63]):

1. The process-centered view mainly understands KM as a social communi-
cation process. It is based on the observations that the most important
knowledge source in an organization are its employees, and that solving
wicked problems [20] is merely a process of achieving social commitment
than one of problem solving. Hence knowledge exists, is created, and is
further developed in the interaction among people and tasks such that the
focus of IT should be to enable, facilitate, and support communication and
collaboration.

Technical solutions in this area comprise, e.g., yellow page and ex-
pert finder systems for determining the right communication partner,
Computer-Supported Collaborative Work (CSCW) systems for effective
collaboration between geographically separated people, or Skill Manage-
ment systems for the systematic and planned acquisition and development
of human skills and competencies, etc.

In this view, organizational measures such as installation of expert net-
works, training courses, virtual teams, and all kinds of cultural KM sup-
port play a particularly important role.

2. The product-centered view focuses on knowledge documents, their creation,
storage, and reuse in computer-based organizational memories (OMs). It
is based on the idea of explicating, documenting, and formalizing knowl-
edge to have it as a tangible resource, and on the idea of supporting the
user’s individual knowledge development and usage by presenting the right
information sources at the appropriate time. Hence the main assumption
is that knowledge can exist outside of people and can be treated as an
object dealt with in IT systems.

Of course, the transition from intangible (implicit and tacit) to tangible
(explicit) knowledge in the form of standardized processes and templates,
FAQs, lessons learned and best practices, etc., allows a company to en-
hance its structural capital, maybe at the price of loosing creativity and
flexibility. Basic techniques for this approach come from Document Man-
agement Systems, Knowledge-Based Systems and Information Systems.
In this view, organizational measures aim at fostering the use and improv-
ing the value of information systems by bonus systems, or by installing
organizational roles and editing processes for high-quality knowledge con-
tent management.
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Fig. 1. Software Support for the Product and the Process Approach to KM

Figure 1 gives an idea of typical software support for both dimensions.
Analyzing the history of IT support for KM one may identify the following
types of KM applications:

Type 1 Applications: Conventional Software Basis.

Type 1a Applications: Standard Software Applications. As, e.g., [24] show,
especially the early success stories of KM were—although IT-enabled and
heavily IT-dependent—not building upon any new IT solutions, but used
conventional technology like databases or discussion boards. This area should
not be underestimated in practice. However, it is not interesting in the context
of this book.

Type 1b Applications: Integrated Standard Software. The first specific KM so-
lutions are characterized by the explicit approach to combine manifold aspects
of KM support in one integrated software suite, hence incorporating both the
product and the process aspects of KM. Typical representatives are the big
KM tool suites still successful in the market, like, e.g.:

e Coming from the knowledge process side, e.g., Livelink or Lotus Notes-
based solutions, which combine comprehensive groupware and process
management support, many types of synchronous and asynchronous com-
munication, with standard document management functionalities.

e Coming from the knowledge product side, e.g., Verity’s or Inxight’s prod-
uct suites which attach many individual and organization-wide informa-
tion management functions (push and pull services, content management
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support, Intranet portal functionalities etc.) around advanced information
classification and retrieval technology.

Figure 2 gives an idea of the elements of a somehow ideal KM toolbox which
incorporates data and information from manifold sources, organizes them ac-
cording to a common corporate knowledge map, provides collaboration and
discovery services working upon these organizational knowledge sources (such
reflecting the process and the product view, respectively), and finally feeds
these services via a common knowledge portal into operational and knowledge-
level meta business processes. Although Type 1 applications normally do not
maintain a knowledge-rich, explicit ontological basis, nevertheless indicates
the box ‘Knowledge Map‘ in the middle of the picture the central role of a
shared language to connect people to people, people to information, and in-
formation to information in the company. This is the target for more ‘heavy-
weight‘ knowledge-based approaches for improving KM systems and services
by ontological power.
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Fig. 2. Abstract KM System architecture, adapted from OVUM

Type 2 Applications: Intelligent Software Basis.

Type 2a Applications: Intelligence-Enhanced Solutions. While Type 1 appli-
cations are based on ‘traditional’ IT approaches, we here subsume applica-
tions based on Artificial Intelligence (AI) methods, including ontologies as a
core enabler. Figure 3—adapted from [110]—gives some examples arranged
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according to their role in different KM core processes. While Type 1 Applica-
tions represent the current state of practice in industry and administrations,
Type 2 applications represent mostly the status of mature prototypes with
some industrial showcases.! Type 2a applications are today’s most important
field of application for ontologies in KM, in particular for creating Semantic
Community Web Portals, for supporting Intelligent Search and Retrieval algo-
rithms in Intranet and Internet, and for providing a target data structure for
Information Gathering, Information Extraction and Information Integration
techniques. We will discuss these fields in more detail below in Section 3.
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Fig. 3. Traditional vs. Knowledge-Based KM Technology (i.e. Type 1 vs. Type 2
Applications), from [110]

Type 2b Applications: Enhanced Solutions Integrated. It is both a challenge
and a chance of well-understood approaches to KM software design that they
always should try to capture ‘the whole picture’, i.e. integrate the product
and the process view and cover the whole architecture sketched in Fig. 2.
Certainly, Type 1b applications are the first software artifacts which deserve
to bear the dedicated name ‘KM software‘. Since KM is by definition boundary
spanning, bridging the gaps between departments and organizations, between
people and information, and between different kind of software services, the
interesting question for Type 2 applications is the hardly ever posed question
how different knowledge-based functions in a comprehensive KM application
can exploit synergies. We will sketch some ideas in a section below in Section
4.

1 Of course, for concrete software products it is sometimes difficult to make a clear
distinction between Type 1 and Type 2 applications. However, for the purpose
of this book it is sufficient to clarify whether an application is based on explicit,
formal ontologies, or not.
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While the first generation KM success stories were typical type 1a, or, sel-
dom type 2a applications—like a Lessons Learned database, an Expert Sys-
tem, or a Yellow Page system—the big commercial KM toolboxes are com-
prehensive type 1b approaches trying to integrate manifold complementary
functionalities. Seen from the IT—or, Al point of view, the interesting ques-
tions are to which extent la services can be improved towards ontology-based
2a approaches, and what possibilities arise when thinking about integrated
type 2b applications. Before we come to these questions, we will shortly dis-
cuss some general requirements for KM software and their implications for
the use of ontologies.

2 Requirements for KM Software and Ontologies

Several authors analyzed barriers for the introduction of KM solutions as well
as success criteria and requirements for IT-enabled KM (see, e.g., [54]). We
discuss three major requirements and their implications for the ontology topic:

R1: Minimalization of upfront knowledge engineering

Since KM is considered an additional organizational task orthogonal to the
‘productive’ work, expensive start-up activities may be a big barrier for a suc-
cessful KM introduction. On the other hand, it seems clear that no ontology-
based approach can be introduced without an explicit commitment of all peo-
ple involved and without their contributions to creating the shared ontological
space. Hence, all topics dealing with a smooth and cost-efficient introduction
of ontology-based applications turned out to be particularly important for
ontology-based KM solutions:

¢ Ontology Learning. At least the ‘first cut‘ ontologies to start ontology
engineering in an organization should avoid the typical ‘cold start‘ prob-
lems by building as much as possible upon structures already explicit in
the organization (e.g. Intranet organization, DB schemata [84], department
structures, etc.) or hidden in organizational text documents (technical re-
ports and documentation, web pages, etc). The use of machine learning
and text analysis algorithms for ontology structuring and population is
discussed in this book in [59] and [69].

e Ontology Reuse. Though having been a main motivation for introduc-
ing ontologies in the area of Knowledge-Based Systems, it is still more
research and development than daily practice that companies reuse sub-
stantial parts of externally created ontologies for their internal use. Besides
technical and methodological provisions to be made to this end (cp. [91]
and [70] in this book), it is mainly a ‘political‘ challenge to bring together
a significant number of companies—naturally being competitors—to in-
vest in a joint effort for creating a shareable ontology of their application
domain. So, the major areas where such endeavors were already successful
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are driven by public efforts and research scientists; here, the most im-
portant example are medicine and—to some extent—biology and genetics
[38]. Other areas with good reuse chances concern broadly shared concepts
in product and business modelling required for e-commerce and product
data sharing [33]. Other promising areas for the future are dominated by
few global players which are powerful enough to push broad standardiza-
tion efforts which may lead to shared ontologies in the future; an example
might be the insurance sector (see http://www.acord.org). In such sectors,
ontologies are already useful for data exchange and resource integration,
but all of them can profit even more from comprehensive KM approaches.

e Methodology-Embedded Ontology Engineering. There are several
far-developed ontology modelling and management tools like Protégé
(http:/ /protege.stanford.edu), KAON (http://kaon.semanticweb.org),
WebODE (http://delicias.dia.fi.upm.es/webODE/) and others [28]. In the
KM environment we identify the highest demands on such a framework.
The ontology shall often be built and maintained for a community-
spanning use, seen from different perspectives, in an evolving domain, by
non-Knowledge Engineers. Hence we expect in the ideal case not only
incorporation of legacy structures and text analysis results, as mentioned
above, plus technical solutions for the distributed creation and use of an
ontology, but also a convincing methodological approach built into the on-
tology tool suite to guide and support the user. This concerns community
concepts like distributed discussion support, versioning concepts etc. (see
Tadzebao [31] and WebODE [11]), help for managing the informal-formal
transition in a group discussion process for ontology building (cp. [62]),
and, in the ultimate solution, an integrated support for all steps of a
business-oriented KM methodology—which is not necessarily the same as
a research-oriented KM methodology. For instance, in the DECOR project
about Business-Process Oriented Knowledge Management (BPOKM, [7]),
an amalgamation of the CommonKADS approach for top-level business-
process analysis and the IDEF5 for ontology creation is proposed [75];
in the PROMOTE project, the Business Process Management Systems
(BPMS) Paradigm is extended by Knowledge Management Process
and Organizational Memory Modelling which includes the description
of ontological structures with Topic Maps [52]; in the SPEDE project,
Business Process Improvement is supported by knowledge captured with
traditional knowledge acquisition (KA) tools in a KA process guided
and assisted in a business-process oriented manner with the help of:
a representation ontology for process knowledge; a high level process
ontology; and process modules for modularization of complex processes
[22, 23].

R2: Integration of KM support with everyday work procedures

In order to achieve a good user acceptance and to realize a maximum effect
on knowledge workers’ task performance, it is useful to integrate KM software
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as seamlessly as possible with the tools already in use for daily work. Several
research prototypes [3, 6, 89] as well as industrial case studies [76, 52] can
be found which address this goal by coupling knowledge storage and retrieval
processes with workflow enactment which controls the operational business
process. Here, the ontology is the ‘glue‘’ between operative and KM tasks on
one hand, describing task-specific knowledge needs expressed in terms of an
application domain ontology, and the Organizational Memory archive system
on the other hand, providing ontology-based annotated knowledge resources.

[49] go a step further: they propose an ontological foundation of all business
modelling based upon (i) a static ontology (the things in the world their
attributes and relationships); (ii) a dynamic ontology (states, state transitions,
and processes); (iii) a social ontology (agents, positions, roles, organization
forms); and (iv) an intentional ontology (believes, goals, etc. of agents). Such a
comprehensive semantics-based business model could be the basis for powerful
KM services and systems.

The EULE system presented by [80] formally represents and enacts even
more task knowledge: process aspects (temporal and causal relationships),
normative aspects (deontic knowledge), and terminological aspects (concepts
and their relationships) are modelled in an insurance application, in order to
realize partially automatic problem-solving and far-reaching inferences for in-
formation retrieval. Of course, from an ontological point of view, such ‘heavy-
weight‘ approaches are much more interesting than simple IR applications.
However, they have still to demonstrate their feasibility in practice. Maybe,
domains which are heavily regulated by law, norms, and regulations, are well-
suited for such an approach since, there, a deep level of formalization can be
achieved, as well as deep inferences, and capture of legal regulations can be
done economically, since bigger parts of the relevant ontologies can be reused
in a wide range of applications (cp. [16, 105]). An application field with similar
characteristics, not only regulated by law, but nevertheless highly controlled,
is the area of medical guidelines and standards: there, ontological founda-
tions for KM are (i) useful because of their high importance, and (ii) possible
because of the broad range of potential applicants (cp., e.g., [78]).

R3: Integration of heterogeneous information

If one tries to find a practical definition of ‘knowledge‘ (in contrast to data and
information), it seems important that knowledge is always somehow oriented
towards action—this aspect is already treated with the paragraph above; other
aspects concern the fact that knowledge is normally strongly related to con-
text and that it has a network character—showing how pieces belong together.
Technically, this leads to the requirement that KM applications often have to
process data, information, and information sources created to capture knowl-
edge (like lessons learned entries or best practice documents) in a highly inte-
grated manner (cp. [54]). As a solution approach, such knowledge documents
are annotated with metadata which can be processed automatically and set
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into relation with application data. Hence, a KM application should be built
upon an Information Ontology [3] which defines:

e which types of documents occur;
e what metadata attributes they have and which ontologies determine the
value ranges of these attributes, where:

— this may differ from document type to document type: a lesson learned
may have a pointer to the project it was created in and the question
how successful this project was, whereas a technical report may have
an attribute for the location of the hardcopy of the document in the
library, or links to experts for the technology described)

— this can also be application specific; e.g. in an e-Learning applica-
tion (which can be seen as a specific KM task) it might be important
to specify how difficult to understand a document is and which prior
knowledge is required, while in a Knowledge Trading scenario [10] at-
tributes for pricing models, IPR issues and contract models might be
required

e what relationships between documents are represented; linking logically
related documents is a powerful mechanism for representing context; for
example, in the EULE system knowledge with different degree of formal-
ization is linked together (e.g. formal inference rules and textual explana-
tions) [79]; discourse representation and group decision support systems
implement in a somehow ‘hardwired‘ manner an information ontology by
providing different kinds of message types (e.g., issues, arguments, ques-
tions) and relationships (e.g., explains, corroborates, contradicts) for docu-
menting argumentation structures in meetings or discussion processes (see

[67] for some applications); in an e-learning system specific relations may

describe that some lessons require other lessons as (mandatory or useful)

prior knowledge, or that an example illustrates some definition.

Although the issue of Information Ontology is not yet tackled very deeply, we
consider this an interesting point of application for putting more semantics
into KM applications.

One area where this happened already is Fzperience Management for soft-
ware development processes, where sophisticated domain-specific information
ontologies have been developed in order to identify the facets of a development
experience, which are important to assess its later reusability in another sit-
uation [108, 98]. Other areas which employ case-based reasoning approaches
for reuse of, e.g, technical designs, go into similar directions (cp. [82]).

Of course, real-world KM applications (and their ontology aspects) must
not only meet the requirements described above, but also hold a rigorous
cost-benefit analysis. A detailed analysis of an expected ontology life cycle
can be a powerful guide to achieve an optimal level of formalization in terms
of costs and benefits. Likewise an explicit handling of an ontology’s sharing
scope helps minimizing negotiation costs as well as the complexity of revision
processes in case of ontology evolution (cf. [103]).
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After these fundamental design considerations, we show some practical
examples in the following sections.

3 Ontologies in Intelligence-Enhanced Applications

O’Leary characterizes the role of IT in KM—and in particular the role of
Artificial Intelligence (AI) technology in KM—as ‘converting and connecting’
[72]. In detail, he lists the following KM functions to be supported by IT (cp.
[74]): conversion of data and text into knowledge, conversion of individual
and group’s knowledge into accessible knowledge, connection of people and
knowledge to other people and other knowledge, communication of informa-
tion between users, collaboration between different groups, and creation of
new knowledge that would be useful to the organization. Typical ontology-
based KM applications to support these functions are:

(1) Knowledge Portals for Communities of Practice. Following [8, 71], a Com-
munity of Practice (CoP) is a, typically, informal, self-organizing group of
individuals with an interest in a particular practice, for example the group
of people in a company who do the same (or partially overlapping) jobs. The
CoP might be contained within an organization, or spread across several. The
CoP members have in common a desire to develop their competence, either
for pleasure or pride in their ability, or for improving their work efficiency.
CoP members typically exchange ‘war stories, insights or advice on specific
problems, or tasks connected with their common practice. A CoP can act as a
part of the organizational memory, transfer best practice, provide mechanisms
for situated learning, and act as a focus for innovation.

Knowledge Portals, or, Community Portals act as an information interme-
diary who structures all aspects relevant to a given, specific topic, in order
to allow a community of users to flexibly and easily access a huge amount
of information in different formats (today, usually text documents) related
to this topic, to exchange information and communicate about the topic in
quest, and to maintain and extend the content base accessed via this Inter-
net (or, Intranet) portal (cp., e.g. [88, 87]). Normally, such a portal com-
prises browsing and searching mechanisms for documents, as well as commu-
nity services such as online forums, mailing lists and news articles. Examples
comprise the OntoWeb Semantic Web community portal [86], the KM portal
http://www.brint.com, or the RiboWeb portal for molecular biology [9].

(2) Organizational Memories. An Organizational Memory Information Sys-
tem OMIS, or, for short, Organizational Memory OM [3, 29]—or, as a special-
ization, a Project Memory [35, 39]—is a computer system within an organi-
zation which continuously gathers and actualizes knowledge and information
(from within and from outside the organization) and provides it to the end
user in a context-dependent and task-specific, manner, thus giving proactive
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assistance to a knowledge worker working on knowledge-intensive tasks. It in-
tegrates manifold types of information, such as, e.g., best practice and lessons
learned documents, continuous news articles, document templates, company
regulations and manuals, CAD drawings, minutes of meetings, etc. Typical
functionalities comprise integration of knowledge with different degree of for-
malization [79], intelligent problem-solving assistance by automatic generation
of partial problem solutions [80, 54], and context-aware, task-specific retrieval
of information [6, 89].

(8) Lessons Learned Archives. A Lesson Learned is a piece of knowledge
gained through experience, which if shared, would benefit the work of oth-
ers.2. It is typically generated from a customer project in a debriefing step, or
created by an innovation or adverse experience which lead to some shareable
insight to promote repeated application, or avoid reoccurrence, respectively.

Lessons Learned (LL) systems are typically used in Consulting firms [73],
large technology companies, or in big government institutions, like military.
Technologically, the challenge in LL systems lies in finding (and filling) an
appropriate metadata schema (or, information ontology) which allows to pre-
cisely assess the potential value of a given LL as a reuse candidate in a new
situation [106, 109]. As a related problem, the question of matchmaking arises
(compare stored LL metadata with characteristics of the current situation to
estimate whether the application of the LL will be useful) which is today
often addressed by methods from the CBR (Case-Based Reasoning) and tex-
tual CBR area. [106] distinguishes four types of LL systems according to the
way the systems capture their input (passive versus (semi-)automatic) and
according to the way the Lessons Learned are published to the users (push
versus pull).

(4) Ezpert Finder and Skill Management Systems. Since it is generally agreed
upon that tacit and not (yet) explicated knowledge is at least as important in
KM as explicit, documented knowledge, the ‘classical‘ means for connecting
people to people—yellow page systems, simple expert directories, and per-
sonal web pages—belong to the typical ‘quick win‘ applications for KM (cp.
[12, 13]).

More advanced approaches for expert finders (e.g. for project team configu-
ration, specific technical questions, or strategic knowledge development plans
in the organization) try to avoid the manual creation and continuous mainte-
nance of skill profiles by exploiting and analyzing existing explicit information
like documents created by a person, documented trainings and formal quali-
fications, project membership, collaboration or co-authorship relations, infor-
mation flows, etc., in order to acquire and evolve such competency maps au-
tomatically [112, 111]. Further improvements comprise sophisticated faceted
descriptions of competencies and elaborated matching functions for retrieval
purposes [14, 94]. In the ideal case such functionalities are combined with and
integrated into the personal and organizational skill and Human Resource

2 See http://www.aic.nrl.navy.mil/ aha/lessons/, cp. [109]
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management functions for planning, monitoring, staffing, etc. Further exten-
sions comprise additional value-adding services like automatic scheduling of
appointments for knowledge exchange between users, provision of extra in-
formation during interactions, negotiation support for knowledge exchange
planning etc. [107].

Ontologies are normally used to structure the area of competencies, some-
times also to structure the environemnt in which competencies were acquired,
used and further developed, i.e. projects, publications etc. (in order to al-
low for further inferences for skill assessment and retrieval). Requirements
for comfortable expert finder systems include (cp. [111]): (i) incremental and
interactive visualization / browsing and query mechanisms; (ii) support for
expertise analysis (e.g. seeing different relationships between experts, having
dynamic ranking mechanisms etc); (iii) more intelligent concept-expert re-
lationships taking into account in which document context (CV paragraph,
self-assessment, title of Ph.D. thesis, footnote in workshop paper, ...) a key-
word indicating a concept occurs.

Examples for ontology-based skill management include the SwissLife case
study from a big insurance company [57], and the OntoProper case deployed
in a large IT department [94].

Use of Ontologies

In the above mentioned, major knowledge-based KM applications, ontologies
are typically used for the following three general purposes:

O1: Ontologies support knowledge visualization

Different aspects of visualization for information search have been discussed
in the literature on Human-Computer Interaction (HCI) and in the Digital
Library community (see, e.g., [55]). With the advent of the Internet society,
such methods gain growing interest (cp. [19]) for surveying and analyzing big
amounts of information and complex interconnections. Recently, [46] gave a
survey about applicable visualization methods, such as (i) basic graph lay-
out approaches (like H-tree layouts, balloon views, radial views, tree-maps,
cone trees, hyperbolic views, etc.); (ii) navigation and interaction techniques
(such as zoom-and-pan, focus+context techniques like fisheye distortion, and
approaches to incremental exploration); and (iii) clustering for grouping data
based on a chosen semantics and reducing the number of shown nodes or the
complexity of the created view by methods like ghosting, hiding, or grouping.

Such methods can be used for inspecting the metadata and content descrip-
tions of knowledge stocks in order to create new knowledge by analysis and
recombination of existing knowledge. In such cases visualization may help to
illustrate structure (e.g. content density) and distribution of content in a doc-
ument corpus, as well as relationships between specific metadata attributes
(like time or geographic relationships regarding document content or docu-
ment creation, or co-authorship relations between people). Visualization of
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content structures in order to get a rough overview of topics discussed, their
textual manifestation, and their interrelationships, or in order to have a quick
topics-based access to document parts can even be used for intra-document
analysis when dealing with long documents (like government reports, clas-
sical literature, socio-economic almanacs, etc). Visualization is also valuable
for finding useful knowledge items in very vaguely specified search situations
where (partially) exploring the information space is a part of problem-solving
and helps clarifying the problem specification and/or its solution space.

With the success of the IEEE Topic Map standard, visualization for topic-
oriented document access went into commercial practice. For instance, USU
AG (http://www.usu.com) provides knowledge networks as an interface to
document corpora (see Fig. 4); other interesting visualization tools are of-
fered, e.g., by Aldministrator [93] or intelligent views GmbH (http://www.i-
views.de/).

Fig. 4. Knowledge Visualization in the USU Knowledge Miner.

Independent from the question which visualization is used for knowledge
access (even in the case of a simple tree-structured browsing interface), the
fact that KM usually deals with sharing complex knowledge content between
people with quite different background and interests normally leads to the
requirement that multiple views onto the same knowledge base should be
provided. Although this is to some extent contradicting to the goal of creating
a widely shared ontology to enable real communication between people, this
requirement cannot be neglected in practice, in particular regarding the future
trends of even more distributed KM scenarios introduced in Section 5. In [84]
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we made some preliminary considerations about the technical support for
such scenarios, based upon the idea that specific, user-oriented GUI views
can be created from special presentation ontologies created by selection and
transformation operations from one (or more) core ontologies.

02: Ontologies support knowledge search, retrieval, and
personalization

The most important application of ontologies in KM—besides organization of
browsing interfaces (with or without sophisticated visualization methods) in
Knowledge Portals—is certainly to improve search and retrieval of documents
by exploitation of ontological background knowledge about the application
domain.

In [60] the basic ideas of using taxonomic relationships for increasing infor-
mation retrieval (IR) recall for browsing and querying are described. Normally,
in the case of an empty or small answer set, taxonomic knowledge is used for
extending the query by subconcepts or superconcepts. The more specific a
domain is modelled and the better understood typical queries and query sit-
uations are, the better can similar ideas be applied to other, non-taxonomic
relationships. For instance, in the Electronic Fault Recording system for struc-
tured documentation and retrieval of maintenance experiences (fault events,
maintenance measures, repair actions, etc.) for a complex and large mechan-
ical device [15], the retrieval of potentially useful documented experience is
not only supported by a detailed machine model in terms of is-a and has-
part relations; similarity of potentially useful situations can also be assessed
using modelled links describing hydraulic and electrical connections between
machine parts, as well as analogy relationships because of similar construc-
tion plans. [58] propose an easy, declarative specification formalism for search
heuristics for an ontology-based skill management approach: potentially useful
information is inferred via graph-traversal activities following domain-specific
links in the knowledge-base, e.g. about project team membership etc. A similar
idea is realized in [94] using declarative rules about relationship instantiations
for skill inferencing (‘If a programmer X worked in a software project P which
used the programming language L, then we can assume the X is knowledgeable
in LY).

Of course, in general, the more specific a domain is described, the more
powerful inferences for query expansion and reformulation are possible; how-
ever, detailed models are expensive to acquire and maintain, such that here we
have the typical KM trade-off asking for economic rationality when deciding
between ‘high-tech’ and ‘low-tech® approaches.

While the above approaches usually increase recall of IR, precision is not
so often treated very explicitly. One example is the KonArc prototype [84] for
sophisticated storage and retrieval of experiences in a database for software
solution designs, which used also domain-specific information about incom-
patibilities of search constraints (e.g. between operating systems and specific
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software packages) for early detecting empty answers sets (and also explain-
ing the contradictions to the user). [43] show for the example case of yellow
pages and product catalogues—both important application areas in enterprise
KM—that an ontology coupled with a linguistic knowledge-base can increase
both recall and precision because it supports query disambiguation in the case
of polysemous query terms.

Compared to the already discussed approaches which describe information
pull situations, ontologies are, of course, often used to provide the vocabulary
for expressing personal interest profiles for information push services which
automatically deliver knowledge and information for categories a user is in-
terested in. For instance, the myPlanet system realizes a personalized news
service with the help of an ontology-based user profile [50].

03: Ontologies serve as the basis for information gathering and
integration

As mentioned above, KM deals with knowledge resources of different degree
of formality, often informal text documents. On the other hand, the more for-
mally represented information we have, the more formal inferences for query
answering and passage retrieval, for derivation of new knowledge, and for com-
paring and integrating facts and documents from different sources, are possi-
ble. This allows, e.g., to partially automate problem solving and to integrate
information retrieval results into operative business applications. The basis
for such inferences are the information ontology structuring the metadata of
informal knowledge sources, and domain ontologies structuring the content
area of documents and providing background knowledge for inferences. This
background knowledge may comprise information search knowledge as well
as domain-specific application knowledge. Information Extraction (IE) algo-
rithms [69] for (semi-)automatically annotating metadata to documents and
Text Categorization techniques [83] for finding semantic content indexes map
informal sources to formal metadata attribute values.

For realizing Business Intelligence applications in a KM context, domain
ontologies provide the target data structures for gathering information from
different sources in the Internet or a corporate Intranet. For example, [72]
describes a Price Waterhouse Coopers application filling information frames
about management changes in companies by analyzing a stream of business
news articles. Similar applications are reported for filtering specific events out
of news articles about economy or politics, for analyses in the military sec-
tor, and for fact extraction from personal web pages or publication web pages
(see [56] for a technology survey). [53] describe an ontology-based application
which creates narrative biographical sketches of artists based upon informa-
tion automatically gathered, extracted and integrated from Web pages.

The Ontobroker project [27] showed how formal inferences can support
information retrieval and analysis in the WWW in the case of a-priori onto-
logically annotated web pages. The CREAM suite represents a comprehensive
set of software tools for starting and using such a solution [44].
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Since Type 2A applications more or less represent the state-of-the-art in
using ontologies for KM, we summarize here some challenges which we see for
the near future of research and technology transfer in this area:

Evaluation: It is already an indispensable need for KM applications to show
their economic benefits to the project sponsors—which is not easy. In
order to be successful, we should define success criteria and develop met-
rics to assess success with respect to these criteria, to demonstrate that
ontology-based applications are more useful than solutions with ‘low tech*
approaches. Although there exist already first comprehensive methodolo-
gies for ontology-based KM projects [95], the aspect of benchmarking or
quantitative performance metrics is rarely tackled.

Evolution: Since we are talking about long-living systems in dynamic envi-
ronments, also ontological structures must be evolved cost-effectively to
avoid decreasing system performance. Recently a maintenance method-
ology for Case-Based Reasoning systems has been proposed [81] which
could probably be transferred to the KM case. What would be required
are quantitative quality and performance indicators for the KM system.
[92] gave a well-structured analysis of the field of change discovery for
ontologies distinguishing between structure-driven (obvious structural de-
ficiencies of the ontology), data (instance) driven, and usage-driven change
indications.

Inference: As already argued, exploiting the power of inferences would show
the usefulness of knowledge-rich ontological system approaches in con-
trast to, e.g., taxonomy-based ones. We should search for domains requir-
ing powerful reasoning mechanisms and expressive domain descriptions in
KM. This may include aspects not yet fully adopted in ontology-based
KM systems, such as the use of manifold link types [101], the representa-
tion of uncertainty and vagueness in domain modelling, and the definition
of similarity on top of ontologies as required in CBR systems.

4 Ontologies towards Enhanced Integrated Solutions

We mentioned already that exploitation of synergy effects between different
applications in the complex KM scenario are an interesting source of inno-
vation for both new services and improved effectiveness of existing services.
Although this area—especially with respect to ontologies—is not yet explored
very well, we give some examples for work into this direction:

e [4] report on performance improvements for document analysis (DA) and
information extraction from paper documents by using expectations gen-
erated taking into account open workflow instances. The link between
workflow system and DA is established by process, domain and DA on-
tologies and their mutual mappings. Similarly, task-specific IR is realized
by coupling IR needs to workflow tasks.
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e The ONTOCOPI system [8] is a tool for identifying potential members
of a (hidden) Community of Practice by uncovering informal relation-
ships between people trough traversal of instantiations of ontologically
described formal relationships, like is-coauthor-of. Recommender systems
learn about user preferences over time for realizing precise information
push [66]. [65] describe how both systems can mutually benefit using the
same ontological basis as the link between them.

e Typical software systems for supporting the process-view on KM comprise
groupware (CSCW) and workflow systems. If, on the other hand, personal
interest and skills are described formally on an ontological basis, group-
ware and CSCW support can be improved using this information. Ex-
amples for more intelligent CSCW support are more knowledgeable task
assignment to employees in a workflow application, more knowledgeable
project staffing when configuring a new team, or better informed briefing
of participants before a virtual meeting.

5 Future Trends

Though the sections above show that ontologies in KM applications still pro-
vide chances and challenges enough, we would nevertheless like to give an
idea of possible future trends. Comprehensive KM frameworks emphasize that
Knowledge Management can take place at the individual, the group, organi-
zational, and interorganizational level (e.g., [63]). The software functionalities
discussed in Sections 3 and 4 are mostly used to support effectivity at the
group and organizational level. Focussing on at the personal and the interorga-
nizational level are logical next steps (cp. [100]). Economically, the transition
to interorganizational KM is driven by the movements towards the Extended
Enterprise which tries to integrate logistics and production processes along the
whole production chain (cp. [77]), and towards the Virtual Enterprise which is
configured ad-hoc for specific projects from normally independent small units,
in order to dynamically establish a temporary value-creation chain. One can
easily see that suitable KM approaches are even more important in such sce-
narios than in traditional enterprises, and that such scenarios also provide big
chances to enhance effectiveness by appropriate KM measures.

Technically, the concepts of Distributed Organizational Memory (DOM)
[103] and Agent-Mediated Knowledge Management [30, 104] have been intro-
duced recently in order to deal with such highly dynamic and highly dis-
tributed environments. Projects dealing with aspects of this area comprise:

e The NAUTICUS system [85] envisions a collaboration between role agents
and knowledge agents for achieving both just-in-time knowledge support
(put task-specific best practice at empolyees’ fingertips) and just-in-place
knowledge management (ensure that shared knowledge is deployed and
changed locally by its stakeholders).
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o Jasper II [64] shall provide collaborating agents for knowledge capture, re-
trieval, summarization, and user profile refinement in a virtual community
of users.

e The COMMA project [37, 36] identified the following sub-societies for
an agent-based OM systen and demonstrated its feasibility using existing
RDF and Semantic Web technologies: (i) the annotation-dedicated sub-
society; (ii) the ontology and model sub-society; (iii) the user-dedicated
sub-society; and (iv) the matchmaker sub-society.

e The FRODO project [5] added workflow task and role agents to this list
and thus improved the notion of task-specific context-sensitivity.

e The KDE project [48] used already a CommonKADS extension for analyz-
ing task specific knowledge needs in a knowledge-intensive workflow and
realizing a knowledge-worker desktop using ontologies and agent technol-
ogy.

e The EDAMOK project also elaborated on the notion of context in OM
systems [17].

Today it is nearby to think about Peer-to-Peer technology as an ap-
propriate means for realizing such functionalities as mentioned above (cp.
[34, 96, 100]). From the projects above, only few address this technology ex-
plicitly, and even fewer tackle the problem of ontologies in DOM and P2P-KM
scenarios in detail. Among those are EDAMOK [17] which explicitly suggests
to engineer social order into P2P-KM agent systems for coordinating agents’
activities related to contextualized knowledge search and retrieval as well as
meaning negotiation [2, 102, 51] and FRODO which proposed to manage
ontological issues in a DOM scenario by installing a society of ontology man-
agement and usage agents which are structured by social mechanisms (rights
and obligations, [103]). In general, the basic problem to be dealt with is how
to balance efficiently private issues and organizational issues in a complex and
dynamic scenario. This area provides manifold challenging technical questions
and is nevertheless highly relevant for industrial practice.
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