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Abstract: This paper presents a novel approach in the area of knowledge visualisation
for integrating heterogenous knowledge sources. For this purpose a semantic visuali-
sation framework is presented that provides conceptual foundations for the creation of
semantically described visualisations. The concepts are presented formally and have
been used to develop a first prototype implementation for giving a proof of concept.

1 Introduction

The use of modelling methods for representing knowledge is common in many busi-
ness areas today: Examples can be found amongst others in business process manage-
ment [KNS92, KJS96], strategic management (e.g. for the representation of strategic goals
and their relationships [LKK02]), or e-learning management (e.g. for realising the vision
of the learning organisation [BS03]). The central concept is to provide a standardised set
of elements that are either used in their original form or act as a template for a user to de-
pict his or her personal view of a domain. By explicating this knowledge it can be shared
with others for communication, integration, and enhancement purposes.

Although there exist various approaches for representing such models to a user, including
textual descriptions, formal or semi-formal methods (e.g. the wide range of methods from
logics and artificial intelligence) or purely structural descriptions (e.g. from the field of
databases) the availability of visualisations of such models has contributed much to their
ease of use and thus to their wide acceptance. Visualisations can therefore be seen as an
integral part in modelling and exchanging knowledge.

But unlike other approaches for representing knowledge where the syntax, semantics and
pragmatics for methods are thoroughly researched and often internationally aligned in the
form of standards (as e.g. XML as a basis for representing syntax and RDF, RDFS, OWL
for semantics) similar efforts for visualisations of knowledge are currently not that appar-
ent. To gain insight into the fundamentals of visual representations for such models one
has to revert to a number of different research fields (as discussed in section 2) and bring
together the existing insights. To overcome this deficiency the following remarks aim to
provide a starting point for a coherent view on the process of visualisation from a knowl-
edge oriented view and illustrate an approach how the linkage of visual representations to
semantic definitions can be realised.

The intended goal is to establish semantically described visualisations that can be automat-
ically linked to domain models. The anticipated advantage would be to allow for an easier



understanding of the concepts and relationships expressed in the models and thereby ease
the process of integrating different knowledge sources with visual means.

2 Related Work

As mentioned in the introduction the basic principles for the approach outlined here have to
revert to a number of different scientific fields thereby making it highly interdisciplinary:
In the area of knowledge engineering a well known approach for visually representing
knowledge is to revert to graphs (e.g. conceptual graphs cf. [Sow00], entity-relationship
diagrams or a number of approaches that recently came up for visualising ontologies
cf. [FSH03, LS03]). Although these approaches provide in some cases highly complex
2D and 3D visualisations of semantic relationships, from a pragmatical point of view they
are still very far away from what a user that is not very familiar with the underlying for-
malisms would understand. A simple example shall illustrate this: Consider an ontology
that describes the concepts of temperatures (e.g. in Fahrenheit, Celsius and Kelvin) and
relates them to the concept of a production machine to evaluate whether its operation tem-
perature is right. If these relationships are expressed as conceptual graphs for example they
are hard to understand but if the concept of temperature could be automatically linked to
a thermometer visualisation that displays the values (as a typical user would expect) the
relationships would not need much explanation.

To integrate such aspects in visualisations of ontologies for example it would be neces-
sary to know the semantics of the symbols involved and to be able to express them in a
computer processable, i.e. formal, way as well. The science that studies the meanings of
signs in general [Kaz95] and its cultural embedding [Sch97] is semiotics. However this
science is not particularly related to computer applications. Semiotics from an IT point
of view are partly covered by field of human-computer interaction and visual language
theory [BHLT04]. Visual language theory addresses the needs for an exact, formal spec-
ification of visualisations [NH98] and is strongly related to the concept of ontological
visualisation patterns as discussed in section 4. Although it forms the basis of the knowl-
edge oriented view of visualisation presented in this paper so far no internationally spread
standard for semantically exact specifications for the visual representations of visual lan-
guages has yet been proposed.

The field of information visualisation which is defined as ”the use of computer-supported,
interactive, visual representations of abstract data to amplify cognition” [CMS99](p. 7)
uses partly principles from visual language theory and semiotics as well as from computer
graphics and creates new methods for representing information in a visual form [War00].
However very often the focus here is on large, high-dimensional data sets [Grö01]. This is
especially true for the closely related area of scientific visualisation where scientific data
that is generated by experiments needs to be understood which is often not possible or
feasible with traditional data analysis. Information visualisation is also concerned about
the automation of the visualisation process as e.g. described among others by [RM90]
and [Mac86] who provide results on the coupling of qualitative and quantitative data
to visual representations. Despite their high international reputation the deficiency of



these fields for the intended purposes in the visualisation of knowledge models lies in
the stressing of a basis of data resp. information which is traditionally not equal to knowl-
edge [Nor02]. For the term knowledge as it shall be defined here the important character-
isation is the human aspect - ”humanised information” as it has been coined by D. Kara-
giannis - i.e. the human interpretation of information and the resulting dependencies e.g.
from a semiotic and cultural point of view. So it’s not only the syntax and semantics
of the data that is relevant but also the semantics and implications of the chosen visual
representation.

The comparatively young field of knowledge visualisation [Bur04, Epp04] takes these as-
pects into account to some extent and stresses the communicative aspect of visualisations:
It is defined as the ”use of visual representations to improve the transfer of knowledge
between at least two persons or group of persons.” [Bur04].

The area of computer graphics [HB97] supplies the technical and mathematical basics for a
realisation of visualisations with information technology. Direct achievements of this field
have not only had a major impact on the technical, natural and economic sciences making
use of visualisation but has also substantially influenced the entertainment industry that
can today be regarded as the driving force for the technical and economical advancement
in graphics hard- and software [Rhy02].

Further extensions of the approach presented in this paper can be made by referring to the
fields of human-computer interaction, psychology (especially in regard to visual percep-
tion and pedagogical issues) and multimedia technologies which have not been particularly
considered in first place.

3 Methods for Specifying Domains

The basis for representing knowledge with the support of information technology is the
availability of formal or at least semi-formal methods for defining the elements and struc-
ture of a domain. For this purpose the concept of ontologies is currently widely discussed
in academia and starts to gain ground in industry. Ontologies can be generally defined as
”shared sets of explicitly defined terminology” [NFF+91](p.38) and the sub-type of do-
main ontologies as ”an integral and coherent conceptualisation of a domain” [BA97](p.378).
Ontologies extend the idea of exact vocabularies and classifications of terms of a domain
by interlinking the described concepts and are built upon formally exact specifications. In
the context of the Semantic Web, ontologies play an essential role for realising machine
processable semantics and derived applications such as intelligent agents [BLHL01].

A similar approach that is based on the same concept of specifying a domain is to use meta
models [KK02]. The difference to ontologies lies in their degree of abstraction from the
real world: Whereas the quality of ontologies increases the more concepts are referenced
and related to each other1, meta models usually abstract from the real world to a greater
extent and aim to present a manageable view of the world to a user.

1This view assumes a ’network effect’ for ontologies, i.e. the more parts of the world are described by on-
tologies the better and more detailed conclusions based on the ontology can be made.



Both approaches ontologies and meta models have in common that their basic components
are atomic concepts or unary predicates and atomic roles or binary predicates that relate the
atomic concepts to each other. This structure results from the fundamentals of description
logic [BHS04](p. 5) and directly leads to the above mentioned graph representations where
nodes stand for atomic concepts and edges for atomic roles. In the following it is assumed
that there exists an ontology or a meta model of a domain of interest that a visualisation
shall be based on.

4 A Framework for Semantic Visualisation

To provide answers to the open questions given in the introduction several paths can be
chosen to achieve successful results. The use of information technology is one path in this
context but not necessarily the only successful one. Therefore the aim of the subsequently
presented framework (see figure 1) is to conceptually integrate IT based views as well as
non IT views to visualisation.
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Figure 1: Semantic Visualisation Framework



The process of the generation of a visualisation is estimated to be influenced on the bottom
by an external workflow, i.e. a sequence of activities that encompasses the visualisation
task and philosophical considerations at the top, that incorporate scientific concepts and
thoughts related to visualisation (concretely the philosophical considerations by Euclid for
defining geometric figures on the basis of the uniform entity of the point have influenced
the conceptions of visual objects as laid out below).

The output of the process is a graphical representation that may be available as hard-
copy or in an electronic format. The output is generated by the abstract concept of a
visualisation procedure (which will be detailed in the following) that again is supplied with
either a human or a technical input (i.e. abstract data or human knowledge as for example
expressed by arranging visual elements in a modelling tool). This separation of the input
therefore takes into account both the data based approach of information visualisation and
the knowledge oriented approach by knowledge visualisation.

When using information technology for creating visualisations the exact steps for the cre-
ation of a visualisation can be described by the visualisation pipeline of computer graph-
ics [Grö01] which is shown above the generic visualisation process in figure 1. It describes
the transformation of data to visualisations by assigning the enhanced data to visual prop-
erties and then rendering them on computer graphics hardware so that an image or a se-
quence of images are shown. Thereby the visualisation mapping is the central part that
determines the actual appearance of the representation.

To realise the vision of semantically defined visualisations the visualisation pipeline as
a concept (not yet as a technical instantiation) has to be extended. The first extension
concerns the integration of the aspect of human knowledge that is seen as the overall input
and output of the visualisation process. The reason is that (at least until now) visualisations
are only for human purposes - so the resulting characteristics have to be kept in mind
(symbolised by the human symbols at the far left and right).

The remaining extensions are comprised of two main parts that are shown above the
pipeline in figure 1: Semantic visualisation functionalities and a new visualisation pro-
cedure. The new visualisation procedure takes into account the existence of abstract spec-
ifications for possible visualisations (visualisation templates). Their properties are deter-
mined by professional requirements of a particular application area and influenced by the
context of the concrete visualisation task in the form of the external workflow. When the
abstract specification is instantiated, a concrete implementation is generated that is avail-
able to the user of the visualisation. Thus the visualisation procedure is not narrowed to
the technical realisation but is raised to a conceptual level that links the procedure to the
professional requirements and explicitely defines abstract specifications that allow for a
re-use or if formally described for an automatic generation of the visualisation.

These three elements are supported by three inter-connected semantic visualisation func-
tionalities:

• Ontological Visualisation Patterns

• Visualisation Mapping Facilities

• Technical Visualisation Environment



The term Ontological Visualisation Patterns constitutes a new way of defining visuali-
sations. Ontological Visualisation patterns contain several features that have not been
conceptualised before: They are the main factor for fulfilling the requirements of a service
oriented visualisation architecture where small (software) components can be accessed for
providing a specific visualiation functionality. Furthermore they contain abstract speci-
fications of visualisations that are semantically specified in a standardised form and can
therefore be directly used by intelligent agents.

For illustrating their relation to concrete graphics the subsequent illustration has been cre-
ated in analogy to the well known semantic web stack (see figure 2). On its bottom layer
it contains the core elements of any visualisation: Points as the smallest visual entity (in-
fluenced by philosophical considerations and the necessity for the use of points due to
rasterised displays in computer graphics) and Graphical Primitives that are composed of a
number of points. On the next layer reside Graphical Representations in the form of vec-
tor graphics that are composed of graphical primitives2. To allow for a dynamic change of
the graphical representations the Visual objects layer adds variable properties and control
structures for these properties to the graphical representations. Thereby a representation
can be changed according to a variably assigned value. An example would be a rectan-
gle whose length is specified by a variable and that can thus be modified arbitrarily. On
the Ontological Visualisations Patterns layer one or more visual objects are combined and
positioned according to a layout procedure. The variables of the visual objects are either
directly exposed as variables of the pattern or via a transformation function. The onto-
logical visualisation pattern therefore also has to contain control structures and variables,
but in contrast to the visual objects the variables as well as the pattern itself are enriched
with a semantic specification. On the basis of this semantic specification that describes the
nature and properties of a visualisation a mapping to an ontology can be established that
is the basis for possible visual inferencing mechanisms for Logic, Proof and Trust.

A formalisation for these concepts and the linking to a semantic description could be as
follows. A Point P has coordinate values in R2 (1), and a variable V in R (2). Primitives
PRIM can either be described by points (3) or in visual objects by a combination of points
and variables VO (4). This abstract specification can then be instantiated (5).

A simplified ontology O consisting of classes C, object properties OP, datatype properties
DP and values V (7)3 can also be instantiated and then linked in the simplest case to the
visual object as shown in (13,14), thereby establishing a semantic relationship with a class
of the ontology and a value.

P = (x, y |x, y ∈ R ) (1)
V = (z |z ∈ R ) (2)

PRIM = {P1, P2, . . . , Pn} (3)
VO = {E1, E2, . . . , En |E ∈ P ∨ V } (4)

VO1 :: VO (5)
2Vector graphics are choosen to assure the lossless manipulation of the graphics.
3This would correspond to a simplified conception of the Web Ontology Language OWL.



VO1 = {P1, P2, V1} (6)
O = {C, OP, DP, VAL} (7)
C = {C1, C2} (8)

OP = {OP1} (9)
DP = {DP1} (10)

OP1 = {C1, C2} (11)
DP1 = {C2, VAL1} (12)

C2 ↔ VO1 (13)
VAL1 ↔ V1 (14)

To complete the concept of semantic visualisation functionalities the Visualisation Map-
ping Facilities are required to be responsible for linking the ontological visualisation pat-
terns to the external environment. This could for example be done by intelligent agents
that can match the semantic descriptions of the pattern with a concrete ontology.

With the functionalities of the Technical Visualisation Environment the above described
functionalities can be implemented. Again, seen from the conception, this part does not
need to be equivalent to computer science technologies. It shall be stressed that results can
also be achieved manually (then the framework would be instantiated e.g. by the use of a
number of coloured pens and a sheet of paper, the ontological visualisation patterns would
then be a kind of stencil where the shapes can be dynamically adapted).
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Figure 2: Semantic Visualisation Stack

5 Possible usage scenarios

The coherent view on the process of visualisation and its influence factors as it is described
by the approach of the Semantic Visualisation Framework allows for a meta-level descrip-
tion and positioning of different visualisation approaches. By instantiating the Seman-
tic Visualisation Stack the provision of semantic visualisation services becomes feasible



that embody platform independent, loosely coupled, non-monolithic, machine consumable
software components.

To illustrate these aspects two usage scenarios shall be described in the following: In
several approaches for performance management, visualisations are used to indicate the
achievement of goals. Very often graphical representations such as thermometers (as a
metaphor for the right and deviating values) or tachometers (with red, yellow and green
areas symbolising not achieved, partly achieved and fully achieved target values) are in-
tegrated in these ’management cockpits’(e.g. [Geo00]). The creation of new metaphoric
representations for such cockpits in traditional approaches necessitates the programming
of software components which requires programming experts as well as the adaption to
a specific tool or technology. By using visual objects that incorporate the needed visual-
isation functionalities (e.g. for altering the colour of the object or the indicated value in
the tachometer) and linking the objects to an ontology for performance management that
conceptualises the range of possible target values and their meaning, the visualisations
can be used by different tools and technologies. Through offering visual objects via a se-
mantic visualisation web service these visualisation functionalities could also be obtained
automatically from the internet.

For the second example consider a new visualisation method for the representation of busi-
ness processes that allows for the integration of relative costs of elements into the visual
representations, e.g. by gradually colouring the process activities from black to light red
according to the ranking of their costs in the entire model (an example for such a visu-
alisation method is described in detail in [FH06]). Traditional modelling approaches for
business process management such as ADONIS BPMS [FH06] or event driven process
chains [KNS92] already consider the cost attributes necessary for the visualisation in their
meta-models and thus fulfill the requirements for the syntax and semantics of a modelling
language but might fall short of providing visualisation methods for integrating these as-
pects into the graphical notation.

One possible solution would therefore be to change the notation of the modelling method
(e.g. in the case of ADONIS as described in [Fil04]). However, this approach usually re-
quires programming or at least customisation effort. By using the approach of Semantic
Visualisation a visualisation can be specified separately from the meta-model of a mod-
elling language and then linked to the meta-model on demand. In this scenario the for-
mal specification of visualisations provides the necessary precision for unambiguous and
interchangeable definitions of the resulting graphical representations (which is not possi-
ble with currently available notation definitions such as the Business Process Modelling
Notation [Whi04]) as well as the basis for semantically linking the cost attribute of the
meta-model/ontology to the colour variable of the visual object that is used to represent an
activity. Furthermore, due to meta-level and technology independent approach a re-use of
visualisation objects is facilitated.



6 Prototypical Implementation of Visual Objects

The Semantic Visualisation Framework in the previous section has been instantiated par-
tially by the author using information technology as a technical visualisation environment.
A first approach for ontological visualisation patterns based on visual objects has been
realised by the development of a visual editor that is capable to enrich graphical rep-
resentations with variables and control structures (which would not currently be possible
using technology independent graphics standards such as SVG). The screenshot in figure 3
shows the Java-based visual object editor and a visual object on the right side. Currently
visual objects can be created using a number of primitives that can then be enriched with
variables to allow for their dynamic modification. The semantic description of the visual
objects has then (so far) to be performed manually (e.g. by adding RDF statements to the
variables).

Figure 3: Screenshot of the visual object editor

7 Conclusion and further work

In this paper a new approach for specifying visualisations semantically has been elaborated
by presenting a framework for semantic visualisation and illustrating the main functional-
ities by a prototype implementation. It is estimated that based on these results a first step
towards a visual semantic integration of knowledge sources has been made that can be the
basis for a new, visual driven direction in the field of knowledge modelling.

Future work will include the extension of the prototype implementation as well as an
instanciation of the framework building upon extensions of existing graphic standards.
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