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Abstract: In spite of the growing number of KMS emanating from academia, only few
of these systems seem to be actively used by their creators. We can only speculate about
the reasons, but a lack of usability and support for real-life business processes is likely
to be one of them. This paper presents the Infolayer, a KMS developed at the Artificial
Intelligence unit at Dortmund university. Originally developed as an integrated infor-
mation infrastructure for human users and software agents within a specific project, it
has grown into a general KMS solution. Where other systems are built around complex
reasoning capabilities based on description logics, the Infolayer’s focus is ease of use,
customizability and integration of industry standards like UML. The system is being
actively used to drive the intranet/internet presence of our unit as well as a number of
other projects.

1 Introduction

Most Knowledge Management systems (KMS) are technically developed at one
site and applied at another site. This is particularly true for academic develop-
ments. Are they so hard to implement and is it so cumbersome to fill in content
that system developers don’t use their own tools? Or aren’t there any busi-
ness processes to be supported at academic institutions? This paper presents
the Infolayer, a KMS developed at the Artificial Intelligence unit at Dortmund
university. The Infolayer has been developed for integrated information sup-
ply to human users and software agents via the internet within the EC-funded
COMRIS project [6]. All design decisions have been made favouring easy use by
software agents and at the same time by users without any computer scientific
background.

Once the system existed, we started to apply it for purposes outside the
COMRIS scope, too. First, we used it within research projects. We noticed that
the Infolayer is well suited for situations in which there is few or no time available
for a knowledge management task. The system is already operational without
long preparation, even with an incomplete ontology and content. Hence, we
started to use it for our own purposes at the university unit. We realized that, in
fact, there are many web services at our unit which ask for immediate attention.
We became aware of the many business processes that we actually handled.



Applying the Infolayer to our own knowledge management turned out to very
beneficial.

The rest of the paper is organized as follows: In section 2 we present the
concepts underlying the Infolayer and give a brief overview of its implementation.
Then we describe the business processes at an academic site like our AI unit and
show how the Infolayer is used to support these business processes as a KMS.

2 The Infolayer

The Infolayer was originally developed to provide the information infrastructure
for an agent-based conference support system. The system collected information
on conference topics and participants and helped to organize meetings based
on personal intererests. The most important functional requirement was that
the infrastructure is accessible by both, human users and software agents. This
had to be accomplished without adding redundant information into the system’s
database, since replicating information for these two worlds usually require du-
plicate effort.

Further requirements, some of which have a slighly non-functional character,
were:

– Simple Navigation: The relevant content of the system should be accessed
intuitively via hyperlinks, following a browsing paradigm, avoiding explicit
queries as the only means to retrieve the systems’s content.

– No Client Side Installation: The content of the system should be accessi-
ble with any regular web browser inside and outside the local network, not
requiring any additional installation effort on the client side.

– Legacy Data Integration: Different data sources like BibTeX or SQL databases
should be integrated seamlessly, without replicating the content.

– Separation of Content and Presentation: To allow simple customization of
the system’s appearance (for example when applying it to different confer-
ences), a separation of these aspects was desired.

– Simple System Setup: Initial system setup should be easy, and the ontology
definition should not require an extensive background in theoretical com-
puter science.

– Simple Maintenance: The conference organizers should be enabled to main-
tain the content without needing an expert or knowledge engineer. The
system should guide the user with input forms and be able to cope with
incomplete data.



To meet these goals, we decided to use UML tools to define the ontology.
Thus, a basic background in computer science is sufficient for defining the on-
tology; special skills in description logics are not required.

The meta-information of the ontology is used to generate forms showing only
the relevant content. Thus, data input becomes so easy that ”everybody” is able
to perform content maintenance tasks. The same holds for finding information
because of the web-browsing navigation style.

A short overview of the architecture and implementation shows how we fulfill
the requirements.

2.1 Architecture

We designed the Infolayer system as an ontology-based knowledge management
that directly operates on an UML model [1] as ontology definition. The reasons
for choosing UML were mainly usability considerations. First, UML is a subject
of education in computer science and related engineering disciplines, so the lan-
guage is wide-spread and well-known. Together with wide-spread use comes tool
support. UML is supported by a large number of sophisticated graphical tools
that can be used for graphical ontology modeling. Second, in UML the (possible)
properties of an object are defined in the scope of a class. Thus, all the attributes
and possible associations that make sense for an instance can be determined from
the class, allowing the generation of adequate input forms based on the ontol-
ogy. The strong typing schema of UML allows limiting the fields shown to those
relevant for a class. The input options for fields can be tailored according to
the field type, for example by displaying adequate instance lists when editing
associations. Associations are bidirectional in UML, ensuring link consistency
automatically. Third, UML is accompanied by the Object Constraint Language
(OCL), which allows annotating the class model with formal constraints and
dependencies that need to be fulfilled by all instances. These constraints can be
exploited in the user interface of the KMS, for example by limiting the possible
values for an attribute or association beyond the UML typing constraints.

Figure 1 depicts the fundamental dataflows in an Infolayer-based system. The
Infolayer itself is able to read its UML-based ontology directly from an XML
Metadata Interchange (XMI) [3] file, as generated by contemporary UML tools.
It stores the system’s content using an XML-based persistence mechanism. A
seamless integration of existing data sources such as SQL or BibTeX databases, is
possible by additionally annotating the concepts in the UML diagram with meta-
information about the location of the data source. The data is not replicated in
the Infolayer system but accessed dynamically to avoid redundancy.

The system is able to generate HTML pages and a hyperlink navigation
structure corresponding to the ontology, allowing both, convenient browsing-
style and query form based access, to the stored information. For software agents,



Figure 1: Overview of the Infolayer

XML code corresponding to the particular needs of the agents (e.g. RDF) is
generated using an XML template mechanism. The XML template mechanism
also allows to customize the generated HTML code, providing a clean separation
of content and layout. Figure 2 shows an example user human user interface with
and without templates and an RDF version of the same content.

2.2 Implementation

The Infolayer is implemented in Java. At the heart of the system lies an imple-
mentation of selected portions of the UML metamodel, including classes, objects,
state machines and OCL. An XMI loader allows to feed the model into the sys-
tem.

The default persistence mechanism is based on XML files. Another one em-
ploys the Java Database Connectivity (JDBC) to integrate existing relational
database. As mentioned, it is even possible to have the Infolayer operate on a
BibTeX file.

All these components contribute to the system’s back-end, which is still
largely application-independent. Atop this back-end lies an application front-
end based on a servlet. This servlet uses a template mechanism to generate
HTML and RDF output based on the model information. Further template sets
could be used to address mobile phones using the Wireless Markup Language
(WML) or a limited subset of HTML.



Figure 2: User interface with and without templates, and RDF generation

In addition the the servlet, other front-ends exist. A command-line client can
be used to access the system from a shell or using a telnet protocol. A Swing-
based graphical client that adapts its user interface to the model has also been
implemented, but is currently not maintained, because the focus lies on the web
client. Finally, a client implementing the Simple Object Access Protocol (SOAP)
allows to remotely access the Infolayer from third-party applications.

3 Applying the System in Academia

The acknowledged work of a university unit is teaching (lectures, seminars, ex-
ercises, written and oral examinations) and research (projects, publications).
This view hides a lot of administrative tasks, many of which are performed in
using the internet today. The web is used by students in order to read the an-
nouncement of lectures or seminars among which they can choose, download the
teaching material (presentations, scripts, papers, software), the exercises and –
a week later – their solutions, become acquainted with possible master/diploma
thesis topics, and find current research papers. The web is used by the staff of
the unit in order to present themselves together with their projects, publications,
and software. Professors use the web in addition for publishing the teaching ma-
terial. This passive/active use of the web still is the standard at universities.
It is already beneficial if this use if supported by more than a linked collection



Figure 3: Unit Ontology UML Model (simplified)

of HTML pages. In particular, we want to enter the information once so that
changes are to be made only at one place.

However, there are many more tasks that can be supported. Scientists may
profit from services for their daily work, and the members of the unit – including
the non-scientific employees – may organize themselves using the web. In par-
ticular, the management of the publications is a crucial part. All scientists have
their BibTeX files for citations and a list of their own publications. We have a
BibTeX-database where additional optional fields indicate the authors belonging
to the unit, the project to which a paper is associated, and the ranking of the
publication concerning their impact factor, allowing the automated generation
of the publication part of the home pages of unit members. A corresponding
database stores the postscript and pdf-files. An artificial agent generates the
publication part of the home pages of unit members from the database. More-
over, it generates various reports the unit has to produce for the department,
the university, the projects. This eases the task of the secretary.

The publications for seminars are also stored in the two databases. They are
a good collection for citations in publications in the respective field. Hence, the
task of gathering the citations is eased for all scientists. Organisation of the unit
includes administrative procedures, frequently asked questions concerning the
computers and printers, the arrangement of our weekly meeting where one talk
is given and another person takes care of the breakfast, and the time schedule
of student employees. The ontology underlying all these business processes is
shown in Figure 3.

Since all unit members have access to the Infolayer, they can not only view
which time slots are available or how to handle a particular LaTex problem but
also book a time slot for a meeting or student job and enter hints for others.



Moreover, they can do so at home, without coming to the university at all. As
a result, the whole unit including the secretary is using the system for every-
day knowledge management tasks. The system was already operational once
we agreed on a first, rudimentary ontology. It was then extended gradually to
cover more aspects of the unit’s business processes, without invalidating existing
content.

As soon as the university allows it, forms for the registration of master theses
along with asking the permission for an assistant to supervise it could be handled
using the unit’s web site. Here, the XML Template mechanism would be used to
build XSLT formatting objects (FO), generating a PDF file. Moreover, a UML
State Machine can be used to model the “life cycle” of a thesis, automatically
generating buttons for state transitions corresponding to the workflow involved
in supervising a masters thesis.

4 Related Work

Ontology Based KMS: Other Ontology based systems such as Protégé [10]
or Ontobroker [2] are based on Description Logics or Frame Logics, providing
complex built-in inference services. While the logical foundations of those sys-
tems certainly have advantages, they also require additional skills, generating
a high entry barrier when using those systems. Also, the requirement that the
content of those systems must be logically sound in a formal way tends to cause
increasing maintenance costs [4].

Content Management Systems: Content Management Systems (CMS)
such as Zope [8] or Hyperwave [9] are designed for handling and publishing large
numbers of documents. They support different media types and a separation of
content and layout, usually based on templates.

The problem with using a CMS for a department web site is that CMS are
document-centric. They are focused on document-oriented meta data such as the
author or different states of approval. Usually, their primary document structure
is organized hierarchically, and support for semantically rich structures such as
typed associations – required for machine readable content – is limited.

Software Agents and OntoWeb: The XML generation capabilities of
the Infolayer system allow an easy integeration with Software Agents that are
capable of reading RDF, such as the Syndication Systems of the OntoWeb project
[11].

RDF Annotation Tools: RDF Annotation Tools such as Ont-O-Mat [5]
can be used for semantic annotation of exisiting web pages, but in many cases
the annotations will duplicate information already present on the web pages in
a machine readable manner.



5 Conclusion

While the Infolayer trades in the ease of use and the evolution of ontology and
services for complex built-in inference services that are available in systems based
on Description Logics, our experience with the system suggests that this trade is
justified for many knowledge management applications. Other web sites utiliz-
ing the Information Layer are a database for Java-enabled small devices like cell
phones and personal digital assistants1, a Germany-wide project that develops
multimedia teaching material for software engineering education (MuSofT), the
MiningMart project, and the training section of KDnet.org. The MuSofT and
KDnet installation make use of a content management feature the system pro-
vides: Learning material can be uploaded into the system from a Web browser.
To allow efficient retrieval of material in MuSofT, LOM [7]-conforming meta-
data is provided using the system’s ontology capabilities.
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