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Abstract

Taxonomies are a well-established instrument for
organizing and accessing resources in Information,
Content and Knowledge Management (ICKM) systems.
Furthermore, they contribute to a common understanding
and an improved communication in the user community
by fostering the development and usage of a shared
vocabulary.

In addition to these operational usage scenarios, we
argue in this paper that a taxonomy is also a valuable
medium in system design. We present a meta-design
framework for systematically supporting the user in the
setup, customization and evolution of We-based ICKM
system instances, which is based on a model-based
domain construction approach. Taxonomies are exploited
both as the fundamental basis for the construction
process itself and as the principal support for context-
driven access to the common metamodel in this
framework implementing the ontological commitment
underlying the compl ete framework.

These manifold forms of taxonomy exploitation are
supported by a flexible taxonomy component that enables
multiple classifications of arbitrary resources, effective
taxonomy management, and context-adaptive taxonomy
reduction in our ICKM meta-design framework.

1. Introduction

Classification is a well-established mechanism in the
area of organizing Information, Content, and Knowledge
resources (ICK resources). When classification is not
restricted to unrelated keywords, taxonomies come into
play establishing hierarchical “isa’ relationships between
the concepts used for classification. The development and
spreading of IT technologies like hypertext -based
approaches, machine learning, etc. opened new
application areas for taxonomies, because they added
mechanisms for easy navigation as well as for automatic
handling and intelligent exploitation to the existing power
and attractiveness of taxonomies. Examples of modern

taxonomy -centered applications are Web catalogues like
Y ahoo!*. Currently, taxonomies have another renaissance
due to their role as core technology for the realization of
ontologiesin the Semantic Web context [1].

In this paper we consider taxonomy exploitation in the
context of a framework for Web-based Information,
Content, and Knowledge Management (CKM) systems.
Example ICKM systems are elearning and qualification
management systems, which are dedicated to increasing
knowledge and managing ICK resources like courses,
tests, student profiles and qualification goals and e-
commerce systems like trade fair support systemsthat aim
at supporting the trade fair business process and manage
ICK resources like stand and product descriptions, user
profiles, and marketing information [21]. The usefulness
of a taxonomy in an ICKM system is, however, not
restricted to the management of the ICK esources, but
can also be applied to the system design process.

For supporting a wide variety of ICKM systems a
flexible framework is required, which is adaptable to the
organizational content and knowledge processes, which
themselves are not static, but evolve dynamically over
time. We believe, that in such a framework a wide range
of evolutionary changes can be supported in the system
itself by empowering the users to participate in system
setup, customization, and evolution bringing their domain
expertise into the system. This approach follows the idea
of meta-design as it is described in [2]: the framework
provides integrated support, in our case system authoring
tools, for participating in its own design process.

In our ICKM meta-design framework we, thus, have
two types of components:

- ICKM components. An extensible set of ICKM

components provides content and knowledge
management  functionalities for the effective
acquisition, enrichment, retrieval, and context-

adaptive dissemination of ICK resources.

- System Authoring tools: The Web application
development process incorporates entities and
concepts from different domains and on different
levels of granularity like hypertext navigation maps,
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business process steps, Web pages, form fields,
entities from the application domain, user tasks, etc.,
which have to be set into relationship to each other
during the design and development process. User
tasks, for example, have to be mapped to business
steps and Web pages have to be put in the context of a
navigation map. For this purpose the framework
contains an extensible suite of general as well as task-
specific system authoring tools, which are used to
step-by-step set up and customize the complete Web
application model for the ICKM system instance
under construction based on the ICKM components
and on heuristics and templates for effective ICKM
system setup.

Classifying the design-related system objects by a
common taxonomy provides a common conceptual basis
for the tools facilitating the mapping between entities and
the cooperation between tools and contributes to a
common  understanding  between the different
stakeholdersinvolved into the ICKM system development
process. The use of the same paradigm, namely taxonomy
and classification, for operation, design and meta-design
facilitates user empowerment with respect to system
design and evolution by stressing the commonalities and
synergies between the different processes.

In the ICKM meta-design framework, we present in
this paper, taxonomies are exploited in various ways
differing in the usage domain (content management,
system design, etc.), the visibility of the usage to the
system user (explicit and implicit usage), and in the
intension of taxonomy usage (information navigation,
design support, etc.). Capturing the various different
taxonomy usage dimensions results in a complex,
manifold taxonomy underlying the ICKM meta-design
framework. Avoiding information overload and fostering
work focus, users are not confronted with the entire
taxonomy, but only with the part that is relevant for their
current context of usage. For this purpose taxonomies are
reduced dynamically driven by a model of the current
working context (context-adaptive taxonomy views).
Since we operate in a meta-design environment the
framework does not only have to provide components and
user interfaces for taxonomy navigation and management.
We also need toolsto set up dialog sequences that support
business steps and involve the different forms of
taxonomy usage, which adds an extra layer of abstraction.
Especially, we need (task-specific) tools that enable the
application author to control taxonomy reduction while
setting up application pages.

The rest of the paper is structured as follows: After
summarizing the ideas of metadesign and user
empowerment, section 2 discusses the challenges and
opportunities in Web applications design, development,
and evolution. Section 3 explains the conceptual model
for implementing an ICKM meta-design framework and

of exploiting the benefits of taxonomes in meta-design.
Section 4 presents the classification model underlying our
approach and the idea of context-adaptive taxonory
views together with the context-driven taxonomy
reduction process. Section 5 describes the developed
ICKM meta-design framework focusing on the taxonomy
management component and its interaction with the rest
of the framework components. The paper concludes with
an outlook to future research plans in the context of the
framework.

2. Stateof the Art and Related Work in
Supporting Web Applications
Development

21. Web Application
Evolution

Development  and

The development of a large software system is a
complex process that in general requires several iterations
until the produced system fulfils the requirements of the
intended user community [3]. This is especialy true for
Web applications implementing e-solutions, for which the
requirement analysis and design phases necessitate the
involvement of a variety of stakeholders [4], including,
but not necessarily limited to marketing people,
consultants, creative designers, customer support,
vendors, lawyers, business executives, and other domain
experts aswell as system designers and devel opers.

Even when the developed system has reached a state
upon which all stakeholders agree and is finally deployed,
the system change process does not stop. Business
process redesign due to new user requirements, user
feedback, new legal regulations, competitive reasons, etc.
may require an adaptation of the associated Web
application to the new process. Because of the particularly
dynamic global scenario in which the e-solution is
positioned, the requirements toward the system change as
frequently as the worldwide markets and communities’
needs and trends do.

Designing and implementing a new system also
contributes to the creation of a shared understanding
between al the stakeholders. Once the users find
themselves working together using the same system and
exploiting this shared understanding, this can lead to "new
insights, new ideas, and new artifacts' [2]. This provides
an important additional source for system evolution
requests.

System evolution, therefore, is an integral part of the
operational phase of a Web application's lifecycle and has
to be supported efficiently. The traditional software
development cycle delays the integration of change
requirements coming up in the operational phase to the



next software release. This delay can be unacceptable in
the highly competitive market of e-business.

As an aternative or complement to this software
evolution approach the user can be empowered to
implement at |east certain classes of changes by himself.

2.2. User Empowerment

In fact, we believe, that a wide range of evolutionary
changes can be supported in the Web-based ICKM system
framework itself by providing adaptation support
mechanisms. For this purpose, meta-design [2] for Web
applications is required, i.e., the Web-based system has to
provide integrated support for participating in its own
design process. To achieve this goal, our framework
provides powerful Web application authoring support: it
empowers special users of the Web based system, the
power users [5], not only to use the system but also to
adapt it to changing requirements.

For real user empowerment we are interested in system
modification that goes beyond wuser interface
customization. Users should be enabled to manipulate
system functionalities to adapt it to the specific business
process. Such modifications are normally reserved to
skilled software developers. Since the power users are
members of the application domain, we may not assume
programming skills.

It has to be noted here, that we do not expect power
users to develop an entire ICKM solution from scratch on
their own. The focus is on small incremental changes and
adaptations in an operational system, which already
supplies modular, task-specific packages for the support
of the different tasks and roles in the business process,
likethe ICKM components.

If we want to convert at least part of the users from
normal users into power users that act as co-designers and
developers in system customization and evolution,
adequate task-specific design support is required for these
users. It is the aim of our approach to provide a
framework for thiskind of design support.

221 Mode-based Development Paradigm

An extended analysis of the designers’ activities and
their tools [6] confirms that design communities evolve
through a domain construction process. Within the
context of alCKM meta-design framework such a domain
construction process is performed on a particular domain
that is indeed a complex syntactic and semantic
coalescence of objects and relationships between them,
both coming from two originally separated domains:

- thedomain of Web application development,

- the application domain, which includes business

objects, relationships and business processes of the
specific ICKM application domain.

This requires the ability of models to systematically
specify the process of mapping between objects of the
Web application user interface to business objects or
business process subtasks of the application domain.

The validity of such approach is confirmed by
analyzing best practice in the Ul designer community [7].
For instance, following the so-caled model-based
interface development paradigm [8], model-based Ul
tools are used to support the design and the development
of Uls in a professional and systematic way allowing
designers/developers to specify Ul design objects, like
hypertext navigation maps, Web pages, form fields, by a)
managing entities and relationship in the following
domains: domain model, user model, presentation model,
didlog model, task model, and b) setting mapping
properties among entities from the different domains. The
study of such design environments confirm that the
model-based paradigm is agood fit for Web-based Ul that
rely on the use of modular components

So, following such a model-based paradigm, what we
want is to allow power users of the ICKM solution to be
engaged in design activities in the context of Web
application authoring (development), supported by a
suitable model -based framework.

2.3. Task-gpecific Design Support

Thereis ananalogy between the design activitiesin the
context of application authoring and end-user
programming activities; thus, the challenge for the ICKM
meta-design framework is to provide a highly specialized
end-user programming environment that leverage users
existing task-related interest and skills. Nardi’ s studies on
end-user programming [5] confirm that formal languages
for end users must be task-specific programming
languages:

“...it's only when people have a particular interest in
something, that they readily learn the formal languages
and notations that describe the elements and relations of
the system of interest... People are likely to be better at
learning and using computer languages that closely
match their interest and their domain knowledge”
Therefore, ICKM meta-design framework must provide
task-specific design support. Having users engaged in
design activities, in analogy to end user programming
activities, means involving wusers in a formal
communication with the design environment.

Eventually, users/designers involved in such
communication will want to communicate constraints,
opportunities, knowledge about goals needed to be
achieved, intentions (specific actions to take the goal),
executions (specifics of the actions to performed) [9];
knowledge that leads the design of needed application
logic; knowledge that will lead the design of the Web
application. Such knowledge defines the context for the




formal communication in the design process therefore,
we call the process of defining and designing such
knowledge “context definition”. For instance, workflow
models can provide context definition to be used in
designing task models, considering that low-level
workflow activities may correspond to high-level tasks to
be performed [23].

The implemented approach to task-specific design
support is aso influenced by the idea of DODEs
(Domain-oriented Design Environments) [24].
Essentially, a domain oriented design environment
includes a construction kit providing a palette of domain
building blocks, an argumentative support, a catalogue
consisting of a collection of pre-stored designs, a
specification component supporting the interaction among
stakeholder, and a simulation component (carrying out
“what-if” games).

It is our aim to build a design environment that is not
restricted to one application domain but usable for an
entire class of systems, namely ICKM solutions with
community support in different application domains like
trade fair business, elearning, etc. For this purpose, we
generalize the DODE approach by factoring domain-
specific knowledge into a domain model and developing a
meta-model for the interaction of the domain model with
the components of the design environment.

3. Theconceptual mode for the|CKM
meta-design framework

In order for the ICKM meta-design framework to take
advantage of task-specific user knowledge the model-
based development paradigm has to be extended by
integrating as design products different models that are
suitable for the context definition. Figure 1 shows the
conceptual model for the ICKM meta-design framework.
In the depicted conceptual model the model-based
paradigm is extended by integrating the models needed
for generic Web application design (presentation, dialog,
task, user and domain models) with a business workflow
model and task-specific context models. In fact, as
aready mentioned, the business workflow model can
provide context definition that can be used for the design
of task models, as well as for user models and domain
models: For instance low-level business workflow
activities can be considered as action template parameters
for a task-hierarchy in terms of needed resources upon
which to operate, pre- and post-conditions, and other
contextual information. Additionally, domain experts can
provide task-specific context models for specific task-
model.

Figure 1 also shows some examples of heuristics
models (usability model and quality management model).
The exploitation of heuristics models will be described in
more detail in future publications; here we can say that

processes in apparently al domains are driven by
heuristics and best practices, which are based on
individual and community experiences with the same or
similar processes.
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Figure 1: The conceptual model for the ICKM meta-design framework

The conceptual model, which is depicted in Fig. 1, is
implemented in the ICKM meta-design framework, where
the underlying common design metamodel supports the
design activities in the ICKM meta-design framework:
Publishing tools (for generic Web application design),
context definition tools, heuristic components (and the
users themselves) share the same metamodel in terms of
modeling primitives (classes of concepts, concepts and
their attributes, relationships among concepts), while
contributing to the Web application metamodel that
embraces the different involved models in the ICKM
system (see Fig. 4 in chapter 4).

3.1. Taxonomy Exploitation in Meta-Design

As explained in the previous section, in the ICKM
meta-design framework several tools and component &
well as users, share the same design metamodel and
contribute to create models that describes different classes
of objects, properties of objects, and relations between
objects across different domains. All of them, then,
contribute to the definition and the construction of a
shared composite model, the Web application model, by
using a shared vocabulary, represented by the common
design metamodel (see Fig. 1).

Moreformally, design activities in the ICKM meta-design
framework aim athe dynamic creation, construction and
evolution of an ontology, accordingly to Gruber's
definition: “an ontology is a formal, explicit specification
of a shared conceptualization” [10]. In the context of the
ICKM meta-design framework, the conceptualization is
the Web application model. On the operation level, the
Web application model, as a product of a common effort
of conceptualization, can be considered an ontology,
where an ontology is “an engineering artifact, constituted
by a specific vocabulary used to describe a certain reality,
plus a set of explicit assunmptions regarding the intended
meaning of the vocabulary words. ... In the simplest case,



an ontology describes a hierarchy of concepts related by
subsumption relationships* [11], i.e., ataxonomy.

Ontologies generally appear as a taxonomic tree of
conceptualizations, from very genera and domain-
independent at the top levels to increasingly domain-
specific further down in the hierarchy [12].

In defining the Web application model, many
taxonomy subtrees will be created and instantiated, all in
the common taxonomy that underlies the ICKM meta-
design framework (see Fig. 1), depending on the class of
entities the modeler from the different domains commit to
design for.

For the model-based domain construction process in
the ICKM meta-design framework, taxonomies are, thus,
exploited both as the fundamental basis for the
construction process itself and as the principal support for
context -driven access to the common metamodel :

1 Taxonomies facilitate the creation of a
common classification schema for organizing and
classifying entities/information objects from the
different domain models (like user profiles,
workflow steps, menus, etc.), thus implementing
the ontological commitment underlying the
complete framework of generic Web design and
task-specific tools; where the ontological
commitments is the agreements to use a shared
vocabulary in a coherent and consistent manner
with respect to the content theory specified by the
shared conceptualization [13].

2, Taxonomies offer a consistent medium for
accessing the common metamodel within the
framework as well as querying and browsing the
ICK resources. In fact, generic Web design as well
as task-specific authoring tools access entities
according to specialized views on the common
metamodel. Taxonomies enable the definition of
the specific “context of usage” that is propaedeutic
to defining the specialized views.

Taxonomy usage exploitation in the ICKM meta
design framework is governed by generic usage patterns
that come up in different variants depending on the type
of the classified resources and the ICK process context. A
flexible taxonomy component that enables multiple
classifications of arbitrary resources, effective taxonomy
management, and context -adaptive taxonomy reduction is
aprerequisite for thistype of taxonomy exploitation.

4. Context-adaptive Taxonomy Views

Capturing the various different taxonomy usage
dimensions in content management and Web application
design results in a complex, manifold taxonomy
underlying the ICKM meta-design framework. Users are,
however, not confronted with the entire taxonomy, but
only with the part that is relevant for their current context

of usage. We use the term context-adaptive taxonomy
views for thiskind of reduced taxonomies.

The taxonomy is used to classify information objects.
In our approach, taxonomy management and reduction is
based on a classification model that supports multiple
classification and typed classification relationships.
Taxonomy reduction is based on context modeling and
makes use of functional taxonomy subtrees, which reflect
common pattern of taxonomy structuring in a ICKM
meta-design framework. It has to be pointed out that due
to our meta-design approach we do not only need
mechanisms for reducing taxonomies according to the
context of usage, but also (task-specific) tools that enable
the power user to control taxonomy reduction while
setting up Web application pages, which are part of the
Web application model.

4.1. Scenariosof Taxonomy Usage

Before we discuss taxonomy usage scenarios we will
have a look on the different types of users involved in
these scenarios. Typically, we can distinguish two groups
of users for ICKM systems. On the one hand, there is a
group of users managing and operating the system, like,
e.g., trade fair organizers, qualification portal providers,
etc. In a meta-design framework these users are involved
in system setup and evolution as well as in content
management. On the other hand, there are the users of the
ICKM system instance, which are consuming the offered
content and services. They are the final end users of the
ICKM system instance. To distinguish these two groups
we will refer to the second group as end users whereas the
first group will be called power users, although they can
aso be considered as end users with respect to the system
authoring and administration tools. We use the term
system user or simply users if we refer to both groups of
users, collectively.

Five example scenarios of taxonomy exploitation from
the business process “service booking” in a trade fair
application are discussed here to illustrate the wide range
of taxonomy applications in our framework. The
examples are taken from the trade fair support system
developed in the EU project FAIRWIS in the context of
the ICKM meta-design framework at our department [22].
In “service booking” the fair exhibitors are the end users
of the system, who select services like power supply from
the service offer of the trade fair organizer.

1 In a service booking page a taxonomy is used
by the trade fair exhibitors to navigate the service
offering of the trade fair organizer and to select the
service classes they want to book a service from.
This is an example of taxonomy exploitation
(browsing) in content management for the end user
(see Fig. 2).



2. As abasis for service browsing the respective
service taxonomy has to be defined and the service
profiles of the offered services have to be
classified into this service taxonomy subtree. This
is an administrative task of the power user in the
area of taxonomy and content management.

3. Considering the design process of the trade
fair business Web application this booking page is
itself a (design) object that can be classified. The
page author, who acts as power user, may classify
it, for example, according to the access rights using
a user role as category and according to the
language it is intended for. Furthermore the part of
the taxonomy to be displayed has to be specified.
This is done by defining a context of usage, which
is described in more detail in section4.3.

4, For other design objects the classification is
just used internally. The set of available templates
for the list view and the service profile view in the
booking page offered to the power user during
page setup is computed exploiting the adequate
classification of these templates when they were
designed.

Figure 2: An example “service booking “ page

5. The taxonomy aso provides a basis for
matchmaking between information needs of
content and knowledge consumers and available
ICK resources, as it is used for qualification
consulting, collaborative filtering, personalization,
etc. In the booking scenario this can be exploited
to propose adequate services to the exhibitors
according to characteristicslike stand size.

These examples motivate the following list of
functionalities required for effective taxonomy meta-
design support:

- User interfaces and interaction models for

taxonomy browsing and content navigation;

- Taxonomy management for the construction and
modification of taxonomies as well as for the
classification of arbitrary information objects;

- Authoring tools for context definition and

taxonomy page setup.

4.2. Classification Model Characteristics

Classification connects concepts which are part of the
taxonomy with information objects representing entities
from the user model, domain model, design model etc.
(see section 3.1). In our approach multiple classification
support, typed classification relationships, and functional
taxonomy subtree refine the employed classification
model and facilitates taxonomy context definition.

421  Typed Classification.

The classification model underlying the approach is
extended by supporting different classification
relationship types for connecting information objects to
concepts instead of just considering the standard “is-&’
relationship. This extended concept of classification
enriches the resulting classification schemes by
expressing more precisely the specific underlying
classification semantic and enables specific processing
based on the relationship types [15]. Coupled with the
chosen multiple classification approach a rich class of
statements can be made about an information object just
relying on the classification concept. A user profile
representing a fair organizer's employee may for example
be classified as a service manager via a “is-a’ link.
Furthermore, his responsibility for a service family may
be expressed via a classification of type “is responsible
for” to the considered service family category (see Fig. 3)
implying a notification upon service booking.

Users Taxonomy subtree

F“W"II\WH“/W\

“is responsiblefor”

[ Services Taxonomy subtree

Languages Taxonomy subtree I

Information Object

User Profile definition | Name | T\l | |0/|‘/I I

Figure 3: Multiple classification schema of a user profile “information object”

422 Functional Taxonomy Subtrees

In general, the concept contained in a taxonomy and
their structuring depends upon the ICKM application
under consideration. System functionality as well as the
content area both influence the relevant concepts in a
taxonomy -driven meta-design framework. Taxonomy
definition, thus, is one of the tasks when setting up an
ICKM system instance in the framework. When setting up
atrade fair system, for example, the thematic area for the



trade fair exhibitors have to be dfined as a taxonomy
subtree according to the requirements of the trade fair
under consideration. However, taxonomy definition is not
done from scratch; existing taxonomies may be reused
and adapted. On the one hand, the taxonomy tree of
similar applications like the taxonomy from the previous
trade fair event may be reused. On the other hand, there
are functional taxonomy subtrees, that fulfill a certain
function in the ICKM meta-design framework and are
used in a similar form in al or most ICKM systems. In
our framework, we identified three important functional
taxonomy subtrees:

- User role subtree: This subtree contains categories
referring to the different user roles and serves the
definition of the user model of the ICKM system.
The set of supported roles may differ, but the
subtree itself is required for supporting user
model-based functionality like the setting up of the
task model. Classification based on categories of
the user role subtree is, for example, used for role-
specific business process definition and for the
definition of role-based accessrights.

- Language subtree: This subtree contains the
languages supported by the system. ICK resources
are classified according to their language
assignment. Note, that this is not necessarily the
language used in the ICK resource. In absence of a
German translation of some Web page, for
example, the English page may be used instead. In
the taxonomy itself multi-language support is
handled by language-specific category labels.

- Subject Subtrees: These subtrees of the taxonomy
cover the knowledge areas in the application
domain of the ICKM system. Examples are the
thematic area of the fair or the topics covered by
the courses offered in an elearning system. The
subject subtrees play an important role for content
navigation and management.

4.3. Taxonomy Reduction

As discussed in the previous section a taxonomy in our
framework is involved in various tasks with respect to
system design as well as with respect to the implemented
ICKM business processes. This results in a considerable
size of the taxonomy and the set of classified information
objects. The underlying taxonomy thus should adapt to
the current context of usage, reducing the taxonomy to the
parts that are relevant in the current context. The goal of
context-adaptive taxonomy reduction is to provide
sufficient and at the same time only the relevant context
to the classified information objects.

431  Taxonomiesand their Context of Usage

Taxonomy reduction is based on modeling the current
context of usage of a taxonomy. In our approach the
following dimensions are taken into account in context
modeling:

- Root of the relevant taxonomy subtree

- Taxonomy and Classification Language

- Accessing User Role

- Restrictive categories (set of categories that further

restrict the considered classified resources)

- Allowed Resource types

- Resource set

In the “service booking” scenario from section 4.1, for
example, ataxonomy context is defined for setting up the
booking page. The author of the page chooses the
language for the taxonomy, the root of the service subtree
to be displayed and the accessing user role. The context
dimensions are discussed in more detail when the
reduction processis presented in the next section.

Taking a closer to the concept of taxonomy, it becomes
obvious that taxonomies are not only embedded into the
context of usage of the current business or design process.
They also provide a context to the information objects
they classify setting them into relationships to the
concepts used for the classification and to other classified
information objects.

432  The Process of Taxonomy Reduction

The process of taxonomy reduction, which adapts a
taxonomy according to a given context, is inspired by the
work in [16]. In this work taxonomies are used to
systematically “summarize” the content of a resource
collection by dynamically computing and pruning the
taxonomy subtree defined by the categories associated
with the resources in the collection. We generalize this
approach by considering further taxonomy context
dimension in addition to the underlying resource set.

All dimensions of the considered context influence the
process of taxonomy reduction, which resultsin areduced
taxonomy tree and a set of classified information objects,
the so-called classification set. The elements of the
classification set are triples (c,rt, io) connecting a concept
c of the taxonomy, a relationships type rt (used for
classification), and the classified information object io.
The following description summarize the agorithm
underlying the taxonomy reduction process:

Subtree Root: The specified root r restricts the part of

the taxonomy that is considered for reduction.
Only concepts that are part of the subtree rooted in
r are taken into account in the process.

Language: The language dimension influences the
classification set as well as the category labels to
be used in the taxonomy:

- For the classification set only those objects
are chosen that are connected with the



respective language node | in the taxonomy
treeviaalink of relationship type “language”.

- Besides, for the taxonomy tree the labels of
the chosen language | are returned. If no label
for this language is available or no language |
given the default language is used.

User Role: This dimension of the context is related to
access rights. Only information objects connected
with the specified user role via a “has access’ link
will be inserted into the resulting classification set.
A missing access right specification for a design
object is considered as “no accessrestriction”.

Restrictive Categories. Only information objects
classified under all of the given categories ¢, ..,C;
are considered for the classification set. This
dimension enables the formulation of additional
restrictions. The language and the role dimension
of the context can be considered as special cases of
restrictive categories that are related to afunctional
taxonomy subtree and require a specific
relationship type.

Resource Types: The classification set is restricted to
the specified types of objects by this dimension of
the context. Only information objects which
belong to one of the given resource types are
considered for the classification set.

Resource Set: This represents an aternative but also
complementing way of reducing the taxonomy. In
this case the reduced taxonomy represents a
systematic summary of the given resource set [16].
The resulting taxonomy consists of the union of
the categories under which the objects in the
resource sets are classified plus their ancestorsin
the taxonomy tree.

The reduction process starts with the consideration of
the subtree t given by the chosen subtree root. To this
taxonomy and the associated classification set the
restrictions defined by the dimensions language, user role,
restrictive categories, resource types are applied reducing
the number of information objectsin the classification set.
The restrictions formulated by the different dimensions of
the context are implicitly connected by a logical “and”.
This means, for example, that the objects in the
classification set have to be of one of the given object
types and they have to be accessible by the specified role.

After this reduction phase the taxonomy may contain
concepts to which no object is associated in the
classification set. An optional pruning phase that starts at
the leaves the taxonomy recursively eliminates the
concepts with no classified information objects connected
in abottom up fashion.

5. A Taxonomy-driven ICKM Meta-Design
Framework

In the context of different projects at our department
we developed an ICKM meta-design framework enabling
the customized setup of ICKM systems. It is build up by
an extensible set of application logic components from the
area of content and knowledge management that can be
flexibly composed into Web-based system instances. A
suite of system authoring tools supports power users as
well as developers in setup, customization, and evolution
of such system instances. Using tools from this suite the
user can customize the functionality and the user
interfaces offered by the framework to the application
domain and subsequently adapt the system instance to
changing requirements of the underlying business process
(the authoring tools suite is presented in more details in
[17]). For the framework standard compliance and
flexibility have been important design goals.

The taxonomy component is a core part of the
framework architecture that is used in the authoring as
well asin the operation of the system instance.

5.1. Framework Architecture Overview

In presenting the architecture we distinguish two
environments. The authoring environment used for
system setup, customization and evolution and the
environment for operation of ICKM system instances.

5.1.1 Authoring Environment

In addition to task-specific authoring tools that are
dedicated to the setting up of Ul components in the
context of a specific task, the extensible authoring tool
suite of the framework also contains a set of authoring
tools that support the definition of the Web application
model in a more general way (see Fig. 4). The most
important ones of these general tools are a publishing tool
called “Form Manager”, which enables the definition of
form-based user interfaces for Web applications and their
coupling with business data and application logic
activities, and the data object manager, which enables the
definition of a semantically enriched domain model based
on the business data available in the application.
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Figure 4: The system authoring environment

The design objects, object mappings, navigation maps,
etc. created with the authoring tools are stored in a project
model repository, where they are shared with other
authoring tools and stakeholders involved in the system
instance setup project. On completion of the Web
application model for the system instance under
consideration this model is published into the model
repository, where it is available to control system
operation.

Currently, an additional authoring tool supporting Web
application setup projects and managing the underlying
design and business workflows in a user-friendly way is
under development.

5.1.2 Operative Environment

The operative runtime environment is responsible for
running the ICKM system instance based on the Web
application model constructed and customized with the
authoring environment, the available business data and
the functionality provided by the application logic
components of the framework. This includes the
following steps (see Fig. 5):

- For each business step the respective objects from
the Web application model, like mappings, design
objects, taxonomy contexts etc. are collected from
the model repository and passed to the Ul model
compiler;

- Mappings defined during the authoring process are
translated into bindings to business data instances
and business application activities. This is done by
the data object processor and the Ul compiler . The
activities are either standard operation like data
storage or the sending of email or they are
arbitrary application logic, all encapsulated as
SOAP Web services[18].

- A processor translates the conceptual Ul agent
independent Ul model into Ul agent specific
representations which can be displayed by the

respective client. The approach used in the
framework is based on XFORMS [19] the
upcoming standard for form-based interfacesin the
Web. The current processor translates XForms
documents into XHTML representations (HTML +
JavaScript).

- The Publishing Service manages the
communication with the client and delivers the Ul
agent specific Ul model.

- Following the paradigm of XForms much of the
user interaction is handled on the client site. If
client-server interaction becomes necessary,
typically triggered by pressing a submit button, a
Web service is activated referring to standard
activities like data storage or other kinds of
application logic. The underlying mapping has
been specified as part of the Web application
model.
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Figure 5: The operative runtime environment
5.2. The Taxonomy Component

The taxonomy component consists of four modules
that implement the taxonomy support described in section
3 (seeFig. 6):

- The Taxonomy Manager provides core
functionality for the construction and evolution of
taxonomies like insertion and deletion of concepts,
moving of taxonomy subtrees etc.

- The Classification Manager supports multiple
classification of information objects with respect to
the concepts of the taxonomy using typed
relationships. As discussed in section 3
classification is not restricted to content objects but
also appliesto design object in our framework.
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- The Context Manager enables the definition and
storage of contexts for taxonomies. It is used in
task-specific authoring tools like the booking
manager to set up pages containing taxonomies for
browsing or classification of information objects.

- The Taxonomy Generator implements the
taxonomy reduction process. It receives a
taxonomy and a context as an input and returns a
reduced taxonomy as a result which is computed
according to the approach described in section 4.3.

XML is used as an exchange format between the
taxonomy component and the other tools and components,
where the schema used for the description of taxonomies
is based on RDF to ensure consistency with external
components.

6. Conclusonsand Future Work

In this paper we presented the taxonomy component of
our ICKM meta-design framework. This component
supports taxonomy management, information object
classification and the set up of taxonomy pages in the
design process for a Web application. It is used in system
operation for navigating and organizing ICK collections
as well asin system set up, customization, and evolution
for navigating and organizing design objects and for the
setting up of taxonomy pages. The support of context-
adaptive taxonomies, which is realized by context-driven
taxonomy reduction guarantees a focused, homogeneous
view on context objects, design objects as well as
business process activities. Furthermore, the use of a
taxonomy as central organizational structure contributes
to a common minimal ontological commitment between
the different stakeholders involved in the Web application
design process facilitating effective communication and
cooperation aswell as user empowerment.

The presented framework is still work in progress.
Currently we are extending the framework by basic
workflow management support that can be used for the
modeling of the business process to be implemented by
the Web application as well as in the design process for
setting up a ICKM system instance. A further planned
work package for the presented framework is its semantic
enrichment by step-wise extension of the taxonomy
component in the direction of an ontology-driven system
[11]. Exploiting this enrichment flexible, knowledge-
driven design support based on heuristics can be
implemented.

As discussed in section 4 taxonomy construction is an
iterative, evolutionary process where taxonomies are
often not build from scratch but by adapting, refining and
combining existing taxonomies. From the conceptual
viewpoint the efforts needed for taxonomy construction
can be reduced by systematically exploiting the wide
variety of existing taxonomies and ontologies. From the
technological viewpoint this eises the requirement for
tools supporting the controlled integration of multiple
taxonomies (taxonomy merging, see for example [20]).
We are also planning to further investigate in these two
aspects of effective taxonomy reuse.
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