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Abstract.

Multimedia information systems handle vast quantities of media
resources. As a consequence, it is difficult to keep track of the se-
mantic content of these items, especially if they were produced by
different users of the system. We are interested in developing a for-
malism and corresponding tools that will be capable of abstracting
concepts, ideas, and lines of thought expressed in the media by in-
ferring relationships between the content of different resources. The
tools will emphasize the role of the system as a partner augmenting the
capabilities of the human user. As such they will tackle the problems
of collaboration (human-to-human, human-to-machine), knowledge-
sharing, and knowledge-retrieval in multimedia information systems.
Users are not (indeed, cannot be) assumed to have complete knowl-
edge of the dynamically changing content of the system; instead, they
engage in an exploration of the available resources, during which they
are offered opportunities to analyse their information need from dif-
ferent points of view.

1 INTRODUCTION

Computer-based information systems manage digital resources which
represent properties of the covered domains. Typically, human decision-
makers use these abstractions of the real world as foundations for
their decision-making processes. Additionally, the systems may them-
selves apply algorithms exploiting the available domain knowledge
to generate explicit representations of information that is hidden in
the mass of data. In either case, information is generated by selecting
a certain set of data in respect to a given information need.

Traditionally, these abstract resources were very limited in terms
of expressiveness and user interaction capabilities. First approaches
settled for file systems that were basically used solely to store al-
phanumeric data. Further research led to the development of database
management systems (used primarily for structured data) and infor-
mation retrieval systems (used for unstructured — mostly textual —
data). These systems impose a certain interpretation and interaction
paradigm on data in order to allow the formulation of information
processing activities. Theories and models within these technologies
are used as guidelines for developing information processing appli-
cations.

The rapid development of the information processor’s workbench
— the computer — in terms of speed and storage capabilities along
with its connection to global networking gave rise to the desire to
include more semantically expressive data in information systems
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to ease the communication of information. Multimedia is the term
that nowadays denotes applications that handle pictures, drawings,
animations, videos, audio, and other media types. Multimedia infor-
mation systems use these media types to communicate information.
They should offer functions to create, store, manage, retrieve, process,
and use media objects. The change of the underpinning technologies
entailed by the transition from traditional to multimedia information
systems raises a vast amount of research issues, some of which we
will discuss in more detail in the following sections.

In our view, one of the most important impacts of this new tech-
nology will be related to the novel opportunities for dealing with
the problems encountered in open-world domains. In contrast to tra-
ditional “closed” information systems these emerging systems are
“open” in respect to their problem domain which is typically very dy-
namic. Thus, it cannot be assumed that the structure of the encoded
information is fixed and defineable a priori or in an exhaustive man-
ner. Instead these systems have to be adaptive to changing situations
including a more comprehensive active involvement of the human
user into the information processing activity. This follows from the
assumption that a large proportion of information needs typically
occurring in open-world domains can be most adequately satisfied
by an explorative rather than a search approach. In contrast to the
search approach where the emphasis lies on finding exactly match-
ing information objects, the explorative approach stresses the notion
of investigating the space of possible interesting information objects
via a guided dialog between user and system, thereby resulting in a
“deeper” understanding of the problem domain.

In the following we will first shortly discuss WERKL, an archi-
tecture for intelligent multimedia information systems in open-world
domains and its conceptual foundation, the decomposition of the in-
formation space into architectonic and semantic spaces. Building on
this description of the basic architecture we will investigate knowl-
edge representation issues connected to our specific architecture and
to the field of multimedia information systems for open-world do-
mains in general. We will also give example applications of the
WERKL architecture and discuss related research before concluding
the paper.

2 THE ARCHITECTURE OF WERKL
2.1 Architectonic and Semantic Spaces

The content of the information space of open-world domains can be
qualified using the notion of architectonic and semantic spaces [24]:
while the “indefinitely filled” semantic space covers the totality of all
possible interpretations of the subject matter, architectonic spaces are
explicit representations of particular views on the content, according
to different information needs. The totality of all architectonic spaces



erected over a shared semantic space thus reflects all of the investi-
gated interpretations and applied structuring principles, i.e. the uses
made of the available information.

Open-world domains lack a clear boundary delimiting a relevant
part of the information space. In practice this is reflected by a dynam-
ically changing coverage: the semantic space is expanded as hitherto
unconsidered subject areas become of relevance; similarly, the ar-
chitectonic space is extended with the inclusion of novel points of
view on the current semantic space. Systems aimed at providing user-
support in such settings consequently have to take into consideration
both sides of the coin: in order to provide effective assistance, an ex-
plicit and rich representation of viewpoints on the domain should be
implemented. On the other hand, attention has to be paid not to con-
strain the required freedom of movement of users in the information
space, and not to obstruct their perception of possible alternative inter-
pretations. Such shifts of focus may occur between well-established
perspectives, idiosyncratic positions reflecting personal preferences
or original work, and finally the yet-to-be-formalized semantic space
itself. As already mentioned, we use this term in the tradition of
[54] and [11] for the concept of the “domain of possible expres-
sion . . . where meanings or interpretations come into existence” [24].
This notion of semantic space is contrasted to architectonic spaces,
each of which represents one particular point of view and encodes
the corresponding stable properties. This reification allows a shared
manipulation of the content by both user and system.

A system providing adequate support for open-world domains thus
should provide

e rich architectonic spaces and associated powerful methods for
well-established points of view: these serve the twofold purpose
of enabling complex and authoritative reasoning processes —e.g.,
traditional expert system functionalities — within these circum-
scribed areas, as well as providing points of reference for tasks
extending beyond their scope;

o support for the construction of idiosyncratic architectonic spaces:
methods for automatic indexing and classification of available data
come with related advantages such as guaranteed completeness
with respect to the available resources and the integration of any
new sources of information that might become available. In addi-
tion to maintenance within a single architectonic space, relation-
ships between different spaces can be exploited for tasks such as
refinement, consistency checking, or construction, possibly based
on inductive methods. This latter variant can also be used to no-
tify users of possible opportunities, which brings up another class
of functionalities, which provide support for the semi-automatic
creation of new points of view: compared to the former methods,
gains in flexibility are here obtained at the price of an increased
maintenance work burden placed on the users;

o support for the investigation of the semantic space: given that the
possibilities to provide an active direct support in this area are
limited, an emphasis may be placed on alleviating users of man-
agement burdens and reducing encountered cognitive overheads
— e.g., by including adequate task models and according user
interface capabilities. In addition, there are various sources for
possibly valuable clues and hints, such as supporting analyses of
the interrelationships between existing architectonic spaces and of
their grounding in semantic space, or using libraries of high-level
specifications of possible courses of action® However, at all times
the abovementionedrisks of an (inadvertent) introduction of biases

3 The growing corpus of such patterns is documented in conference series
such as the annual conferences on Pattern Languages of Programs (PLoP).
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or other hindrances to a broad access of the semantic space have
to be considered.

It follows that the kind of assistance systems can provide varies
with the momentary context: within architectonic spaces, substantial
tasks can be delegated to the computer, which in addition can assume
authoritative roles e.g., assessing the actions of the user. In contrast,
during interactions involving the semantic space the cooperation be-
comes more of a collaborative kind, with the computer acting as critic
that may be ignored or overruled. [52].

2.2 The WERKL Architecture

Following our understanding of the distinct problems found in repre-
senting open-world knowledge as specified by the dualism of seman-
tic and architectonic spaces, the basic architecture of WERKL com-
prises two layers: a formal index layer and a semi-formal data layer.
The formal index layer accounts for explicitly represented properties
of the artifacts while the semi-formal data layer covers the totality of
all potential associations tied to these elements.
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Figure 1. The WERKL system architecture

The system architecture (Figure 1) can be conceptually represented
by a six-tuple [M, R,», I, R;, X, O] where:

M is aset of media data;
R,. 1is asetof relations defined on M ; } data layer
1 is a set of index layer nodes that are

used to qualify M;

. . index layer
R; is asetof relations defined on Y

members of [;

X isasetof relations defined
onM and [;

O  isasetof information generating
computational operations defined
onM, R, I, R;,and X.
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M is a collection of (multi)media data, e.g. portions of text, video
chunks, audio clips, etc. The model is not limited to flat objects, but
is also able to handle structured objects, i.e., aggregations of simple
objects. The actual implementation of these objects can draw from
the multitude of proposed standards to handle multimedia data.

Ry, is asetof relations defined on objects of M . In the most simple
case there is only one kind of relation, namely the association of two
objects without any more detailed semantics. More advanced models
can incorporate different types of relations such as temporal or spatial
relationships, depending on the purpose of the application domain.
The union of M and R, resembles the notion of hypermedia.

Items in [ attribute objects in M. The purpose of these items is to
qualify the objects in M from a certain point of view, thus making
semantic information explicit to the system and the user. Typically, /
is structured by using relationships defined in ;. R; can hold domain-
independent and/or domain-dependent relations. It is expected that
different pairs </, R;> will be developed in time even over the same
set M, each of the / representing a distinguished point of view on
the objects in M.

X is the non-empty set of relations defined between items of [
and M. Computational operations in O exploit these relationships
to facilitate intelligent behaviour of the system. We will discuss the
different types of intelligent actions performed by the system and
the corresponding knowledge structures and algorithms in the next
section. For now we will focus on the exploration process as the
central high-level mechanism within WERKL.
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Figure 2. The WERKL exploration cycle

This process (Figure 2) can be represented by a six-tuple [P, T,
< S5;...5; >, H, D, El}where

o P is the union of M and [;

e T'is aset of heuristics that compute the semantic distance between
objects of M using R;, R, and X.

e < 5;...5; > is a poset of property sets. These property sets
are non-empty sets of instances of M and I. The sets are the
intermediary results obtained during an exploration process, .5;
being the initial set, S the final set that finally characterises the
available information found that meets the users’s information
need, and the current one being referred to as Se;

e H is the exploration history: it is a set of sequences of property
sets and applied transformations;

e [ is an initially empty set of data items meeting the requirements
defined by S¢, (D = S. —1);

e F is one exploration cycle that extends /) by taking P, 7', S,
and H as input and producing a series of transformations on S,
(leading to the next S, and the corresponding next ).

We will now illustrate the formal constructs that we introduced
using an example of a possible interaction scenario in one of our
application fields, the HYSAT project, which is described in greater
detail in a later section.
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Figure 3. Exploration in HYSAT

Figure 3 visualises the conceptual entities within the HYSAT appli-
cation: the term hierarchies depicted in the upper half of the graphic
represent ontologies in the index layer and are instances of items of
I and R;. The graphic is of course just exemplary and should not be
taken literally, as it shows only the items that are necessary for the
further discussion. The drawings in the lower part symbolise media
items in M. For reasons of simplicity we did not include items in
Ry, in the graphic. The dashed arrows between the terms and the
drawings stand for relations in X, meaning the term attributes the
content of the drawing.

As HYSAT is conceived as a design-supporting tool, the purpose
of the information system is to locate documents of relevant design
examples given a design problem. Design examples are used to com-
municate design knowledge. In the following we will look at a typical
interaction cycle a designer will undertake working with the system.
In this cycle, some steps are initiated by the system while others are
governed by the user. The numbers (1 to 11) in Figure 3 state the
chronological order of the interaction steps.

Let us assume the designer sets out with the question: “How to
design a wide-spanned roof sheltering a gymnasium on a rectangu-
lar site?”. She thus initiates the property set .S; with the term Roof.
The system uses the set .S; and F to compute the set .S., which then
consists of design cases (multimedia items) referred to by the term
Roof and all terms referring to these cases in the ontology Construc-
tion (1-3). By browsing the multimedia items she gets interested in
an example of a dome-shaped roof (4). Because she wants to know
the consequences of a dome-shaped roof for the ground plan, she
seeks for a corresponding example in the ontology Formative Idea?
The descriptor in the ontology Construction for the selected roof
is Dome (5). At this point, the user wants to change point of view

4 This formalization of the exploration process is an adaptation of the formal-
ism introduced by Smithers and Troxell [48] for the design process.
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5 Note the polysemy of the term “Formative Idea” in the example, i.. its
different use in different ontologies.
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and asks the system to determine an alternative description exploit-
ing operations in F° of the documents referred to by Dome. The
proposed solution combines the concepts Roofs of the current ontol-
ogy with the concept Concentric of the “Formative Idea” ontology.
The user follows to this new perspective (6). Additional information
items retrieved for Concentric (7) turn out to be inconsistent with
the rectangular site prescribed in the problem definition.

To find alternative solutions, the user tries to weaken the require-
ment in the current point of view and the system discovers Double
Center (8) as a closely related term concerning Enclosure. Exam-
ples prove to be suitable for a rectangular site (9), e.g. two domes.
At this point, the user furthers the search by asking the system for
alternatives to the found solution (which supersedes some of the in-
terim assertions, such as the concept Dome). Using the regularity’
[36] identified between the Enclosure and Addition hierarchies of
the ontology Formative Idea, the system chooses the concept Binu-
clear (10) and proposes the documents referenced by it (11). These
are finally accepted as solution to the problem. Note how the informa-
tion retrieval process led to the exploration of regions of the design
space — represented by selections of multimedia documents — that
the user was previously unaware of.

Candidate techniques to implement the conceptual entities of the
WERKL architecture will be discussed in the next section. The design
of the system architecture is intended to allow for various approaches
in regard to the actual implementation. This is necessary also be-
cause of the rapid development in research fields that focus on the
supporting technologies. The intention is to provide a framework with
this system architecture that can be used to realize different actual
implementations in different domains.

3 KNOWLEDGE REPRESENTATION ISSUES

3.1 Overview

decoding .
Semi- decoding E |
Material formal orma
System
System
4 System encoding
encoding

Figure 4. The two stage formalization process

The ultimate goal of information systems is to deal with informa-
tion found in real world scenarios. The two-stage abstraction approach
(see Figure 4) — via the data and index layer — alleviates the dif-
ficult task of capturing and formalizing real world information. This
is especially true for domains where multimedia items can be used
to supply a more immediate, perceptually accessible computer-based
representation of such information: e.g., a picture can be represented
more “comprehensively” by a scanned image than by some verbal
description. In contrast to pure data acquisition methodologies this
approach combines the simultaneous acquisition of both formal and
informal aspects of the domain: e.g., the insertion of a picture along
with a formal description of certain aspects of its content in an ap-
propriate formalism. In terms of the example given above, while the

6 E.g. by applying the Minimum Description Length principle [37].
A structuring paradigm where the identification of mappings between hi-
erarchies of different but related conceptual domains is used to support a
number of inferences, also providing domain-oriented browsing strategies.
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picture holds “indefinitely rich” semantic information (i.e., the pic-
ture can be interpreted in an unlimited number of ways by humans),
the formalized descriptions will always just cover a limited amount
of this semantic content.

In the present case the incomplete coverage provided by the do-
main knowledge encoded in the index layer is arguably even more of
an advantage than a drawback: the lack of a once-and-for-all com-
mitment for structuring of the data warrants a flexible handling of
the system’s content. If users feel that the system does not satisfy
their needs in terms of expressiveness they can modify the index
layer accordingly: the basic attitude is to provide as much freedom
as reasonably possible. We see finding an appropriate balance as one
of the crucial topics for future multimedia information systems.

In contrast to classical information systems that were primarily
designed to perform retrieval of exactly matching items given a de-
scription of these items in some formal language, multimedia in-
formation systems tend to support a more interactive nature of the
retrieval process. This is necessary as users are not assumed (indeed,
cannot be) to have a comprehensive understanding of the content
of the system. Instead of having to learn the structure of the index
space, users should be to endorsed in an serendipitous exploration of
the semantic space.

In order to meet all these goals, WERKL has to draw extensively
on different kinds of knowledge during different stages of the infor-
mation processing cycle:

e knowledge about the domain;
e knowledge about the task at hand;
e knowledge about the user.

During the acquisition process knowledge about the domain is used
to guide the user in the construction process. Knowledge about the
user’s task eases the human-computer interaction process during ex-
plorative use of the system as the system’s responses are tailored to
the problem setting. Finally, user models will tune the performance
of the system over time and personalize individual sessions. To al-
low for accumulation of knowledge, formal models are needed that
function as generic classes of these knowledge types.

3.2 Techniques
Ontologies in a Federated Architecture

In a first approach, the index layer of WERKL, comprising domain
knowledge and meta-knowledge about the data layer, will be en-
coded in ontologies, “explicit, partial accounts of a conceptualisa-
tion”, where a conceptualisation is “an intensional semantic structure
which encodes the implicit rules constraining the structure of a piece
of reality” [20, 21]. Regarding the domain knowledge, some ontolo-
gies will provide vocabularies (as e.g., in the Ontolingua ontologies
for simple geometry or standard dimensions and units) while other
ontologies will use these basic terms to encode the different interpre-
tations of the contents of the data layer. Different ontologies are thus
used to formalise different aspects of the semantic space by reifying
abstract concepts implicitly represented in the underlying media (see
e.g. [25] for a recent review of the kinds of metadata that have been
used for different digital media types).

While the WERKL framework itself does not impose any restric-
tions on the kind of formalism to be used for the implementation of
the index layer and the associated operations, a number of proper-
ties seem to make the use of description logics (DLs) a preferable
choice over other knowledge representation formalisms. These prop-
erties concern both the local construction and maintenance of single
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ontologies, as well as the support offered for interoperation in a dis-
tributed application scenario.

Viewed in a local context, there exists a body of well-understood
theories along with methodologies and tools which can be readily ex-
ploited. The advantages following from the declarative approach are
complemented with the availability of a thorough theoretical analysis
of computational tractability and performance, including the possibil-
ity of a clear assessmentof the benefits as well as the limitations of the
approach. Opportunities in both maintenance of the knowledge body
as well as the supported operations — including analogical reason-
ing; the automatic validation of integrity constraints; the discovery
of new knowledge via induction; the organization and weakening
of queries; the availability of incremental procedures such as query
by refinement; semantic query optimization; dealing with incomplete
or generic information; or the capability to provide intensional an-
swers (e.g., [36, 27, 55]) — thus come together with an awareness of
the limitations — regarding e.g. expressiveness®r possible tradeoffs
between expressive power and inference properties [7], for which
there also exist known remedies such as the inclusion of procedu-
ral “safety hatches” for the implementation of specifically required
functionalities. Finally, there also exist criteria and procedures for the
determination of the sufficiency of the expressive power of candidate
DLs via the use of knowledge-specification languages (e.g. [19, 16]).

The catalogue of features speaking in favour of the deployment
of DL is further extended in a significant way as the perspective is
widened to span across multiple information sources, which in the
context of WERKL is of relevance for the support of both individual
viewpoints as well as change of perspectives between different in-
terpretations of the semantic space. For individual viewpoints, being
able to tap into other existing knowledge structures to identify new
relevant information sources or promising candidates is an important
feature. Analogously, being able to access remote viewpoints entails
more than a merely quantitative extension of the support the system
can provide. Virtually all of the existing efforts aimed at interoper-
ability within information networks presuppose the use of a declar-
ative representation of knowledge (or respectively the availability
of facilitators providing appropriate translation services between the
internally used representation formalism and a declarative form). An
intrinsically distributed system, WERKL thus can benefit from the re-
sults of initiatives such as the ARPA/ISO Intelligent Integration of
Information (/3) Program (e.g. the Agile or Cosmos Projects); the
Knowledge Sharing Effort comprising KQML, KIF and Ontolingua;
and the Services and Information Management for decision Systems
(SIMS) line of research pursued at the ISI. The WERKL architecture
lends itself to a federated implementation according to the paradigm
of agents, with information agents encapsulating subtasks such as the
maintenance of ontologies, the processing of queries across multiple
ontologies, and the communication with the user.

4 APPLICATION FIELDS

In a first empirical evaluation, WERKL will be applied in three ongo-
ing projects: MEDCAL, BDB, and HYSAT.

8 “In many cases the expressive power of DL formalisms is, strictly speaking
insufficient. Nevertheless, sets of DL axioms which “approximately” repre-
sent the specified knowledge might be useful. .. . Often, sets of DL axioms
which represent more general expressions can be created. These axioms
represent the specified knowledge, but due to the generality of the construc-
tions, these axioms can be treated in an unintended way (not corresponding
to the knowledge specifications). . .. Note that the usage of generalised
representations is dangerous, since inferences which seem obvious to users
may not be drawn” [49].
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The first of the demonstration applications, MEDCAL is being
realized in a medical computer-based learning environment. Here
an emphasis is placed on conveying explicitly the interrelationships
existing between architectonic spaces that are introduced separately
during the medical curriculum, depending on the particular medical
task at hand. In the context of teaching the hypothesis-guided deci-
sion making process using the assessment of the presence of heart
disease as an specific scenario, the way different subject areas (Figure
5) influence the procedure via their respective contributions to the se-
lection of tests and the interpretation of the test results is highlighted.
Another functionality to be provided is the dynamic generation of
guided tours which fill in the ground between presupposed basic gen-
eral knowledge about the domain and specific pieces of information
meeting particular information needs. These tours shall exemplify
how the system can provide guidance during the exploration process
when sufficient contextual information is available.

The BDB project is aimed at building multimedia catalogues of
products for the building construction industry. In this project, the
index layer is used to represent the different views of experts from
the building industry. The exploration process allows the discovery of
products that users have not been aware of prior to the interaction with
the system. It also supports users in tailoring the system according to
their needs.

HYSAT (Hypertext System for Architectural Typology [23]) is a
project targeted at developing a design-supporting tool for students
of architecture. Within this project, multimedia documents are used
to represent design examples. Multiple indices focus on the various
aspects found in building design (e.g., construction, form, function).
Using the system, students learn both about the domain and the struc-
ture of the domain space in terms of examples and abstract concepts.

5 RELATED WORK
5.1 Hypermedia

Hypermedia technology has traditionally been considered a “natural”
choice for open-world systems [10], even though the level of assis-
tance a computer system can provide is clearly related to the amount
of domain knowledge that is explicitly represented within it? Early
related research which was aimed at developing systems support-
ing designers’ argumentation activities was originated by Rittel [40]
whose work in turn drew on the Issue Based Information Systems
(IBIS) introduced by Kunz [26]. Frisse’s introduction of index and
document spaces [14] — roughly corresponding to our notions of
architectonic and semantic spaces — as complements for navigation
is but one example for the subsequent increased research interest
in explicit structuring of the knowledge embodied in the semantic

9 Statistical approaches (e.g., [1]) notwithstanding.
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space. Frisse and Cousins also address a number of other important
issues, such as human-computer collaboration aspects (“We believe
that most readers will benefit from imprecise results and that they
will recognise circumstances where our algorithms are not perform-
ing effectively.”), and support for changes of focus.

Initially, the index space was used for the sole purpose of facilitat-
ing “global navigation”, a role from which it was soon emancipated,
as the relevance of navigation and analysis of the index space was
recognised [28, 45]. However, later experiences such as the series of
research projects leading from SEPIA to DOLPHIN [50, 51, 22, 31]
or from Aquanet to HOS and VIKI (a paradigmatic example of spa-
tial hypertext), [32, 33, 34, 47, 35] pointed out a number of serious
difficulties related to the introduction of explicit representations of
knowledge, the sum of which resulted in users rejecting the for-
malization of information. These problems include the premature
commitment to specific knowledge structures, problems in (re-)use
of existing structures by average end-users and the converse problem
of defining sharable formalizations, the phenomenon of tacit knowl-
edge, the cognitive overheadsinvolved, and many more (see e.g., [46]
for a more detailed overview). Another dissatisfactory line of devel-
opment is illustrated by the history of the MacWeb system [38, 39]
which in the present context can be interpreted as a devolution from
an open-world system to an application of descriptive logic to closed-
world domains. In contrast, an example of how the insights gained by
these experiences can be exploited more fruitfully — albeit at the cost
of the restriction to a pure information retrieval system — is given by
the recent developments within the MORE multimedia information
retrieval project [29, 30].

In WERKL we do not anticipate the adoption of automated feature
extraction techniques for media contained in the data layer. Conse-
quently, abstraction and reification of the content has do be done by
hand. However, we believe that we can compensate for what at first
sight might appear to be a limitation by providing a distributed col-
laborative environment, where different users are supported in their
formalization of parts of the system’s content according to their exper-
tise. In addition to the related research just mentioned, the feasibility
of our approach is corroborated by other germane work, e.g. in the
ComMentor system [41]; the Distributed Link Service derived from
the Microcosm project [9]; or the family of ASK systems [42, 43, 2]
which has proven successful for settings with static and well-defined
user information needs. In comparison to these efforts, the approach
taken by WERKL provides a significantly richer index layer in terms
of expressiveness of the relations provided to structure the underly-
ing data, which in turn allows for machine support at the knowledge
level.

5.2 Case-Based Reasoning

The acknowledgement of the relevance of an appropriate coverage
of both architectonic and semantic spaces is further documented in
the development history of case-based reasoning systems [53]. The
ARCHIE project [17, 12] is characterized by a gradual shift of em-
phasis towards the semantic space, which went hand in hand with
the abandonment of a detailed structuring of the architectonic space.
While ARCHIE could be said to suffer from an overly detailed decom-
position of the covered design cases, ARCHIE-2 tried to overcome
problems by using informal story-based case representations. This
group of systems has proven very successful for settings with well-
defined user information needs, albeit at the cost of the high human
resource demands of the question-based indexing method.

An imbalanced coverage of the architectonic and the semantic
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spaces thus has been shown to have a strong impact on the usability
of a system: users are either confronted with a detailed vocabulary
placing a high cognitive burden and imposing artificial restrictions on
the accessible domain space, or with brittle systems that fail to provide
assistance for unprecedented usage patterns. This is reflected in the
recent work on DEDAL and DE-KART [3, 4, 5]. While DEDAL’s
conceptual index is based on a model of the artifact being designed,
a growing number of proximity retrieval heuristics concurrently tap
into the semantic space and thereby ensure that the users can also
access parts of the architectonic space that are not already explicitly
incorporated in the system’s knowledge base. In this interpretation,
although currently restricted to the domain of retrieval of technical
documentation, DE-KART can be taken as an example of the kind of
incremental extension of the architectonic space we discussed in the
previous section.

The aim of the FABEL project is to support design by case-based
and model-based methods. These methods are being investigated on
the example of designing buildings with complex installations. In its
current version, FABEL relies heavily on the KADS methodology:
a custom programming language, MoMo, was implemented with the
primary goal of providing a means for straightforward generation of
executables from KADS specifications. Consequently many of the
strengths (e.g., the clear differentiation between different kinds of
knowledge — domain and control knowledge — to be considered)
but also weaknesses (e.g., the poorly developed strategic knowledge
layer was omitted altogether in MoMo) of KADS were inherited [15].
Not too surprisingly, the current emphasis on case-based reasoning
methods leads to difficulties related to the open-world domain set-
ting that are comparable to those just described for other systems.
For instance, the planning model ARMILLA 5 is an abstraction of
real planning processes that was “styled in a way to be systematic,
homogeneous and simple”, at the cost of omitting common and in-
dispensable features of real planning processes, such as backtracking
or flexible task decomposition [44]. Even though the basic paradigm
pursued is one of collaborative problem solving between human and
computer, at the present stage there exists a very clear-cut distinc-
tion between single tasks which can be assigned to system and the
majority of others which users have to take on on their own.

6 CONCLUSION

In this paper we have presented a multimedia information system
architecture, WERKL, which puts an emphasis on the role of the com-
puter as a partner that augments the capabilities of the human user
and offers opportunities to characterize and evaluate the task at hand
from different points of view. In this scenario we take on the is-
sues of collaboration, knowledge sharing, and knowledge retrieval in
multimedia systems, while trying to maintain a balance between the
uses of semantic and architectonic spaces. The WERKL architecture
comprises two layers which represent the captured knowledge about
the world: a semi-formal hypermedia data layer and a formal index
layer. The data layer exploits various media and simple link structures
to render aspects of the world that are of interest to the users. The
index layer adds meta-knowledge to this structure which enables the
machine to draw inferences about the content of the media and its
usefulness in regard to given tasks. Building on this basic architecture
and the associated exploration cycle as fundamental information gath-
ering mechanism we are now pursuing its implementation following
the federated agent architecture model which will be evaluated in the
described application fields.
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