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Abstract
Topic Maps offer mechanisms to index information items on a global scale. Any arbitrary subject,
even a subject from the real world, may be part of a topic map. Within topic maps, assertions about
these subjects can be made. This makes Topic Maps a very suitable concept for the realization of
a knowledge management system. This work describes the conception and implementation of
a user-friendly visual editor for ISO 13250 Topic Maps, which does not require its users to have
expert knowledge about every underlying concept. Textual or batch-processed creation and editing
of maps, preferred by expert users, is also enabled, due to the fact that this work is setting up an
abstract editor for Topic Maps. This abstract API can be utilized by any arbitrary Topic Maps
editor for the manipulation of topic maps.

Zusammenfassung
Topic Maps ermöglichen die Indizierung von Informationen auf einem globalen Maßstab. Jedes
beliebige Subjekt, sogar ein Subjekt der realen Welt, kann Teil einer topic map sein. Innerhalb
einer topic map können Aussagen über diese Subjekte getroffen werden. Das macht Topic Maps
zu einem sehr geeigneten Konzept für die Realisierung eines Wissens-Management-Systems. In
der vorliegenden Arbeit wird die Konzeption und Implementierung eines visuellen Editors für
Topic Maps beschrieben, welcher kein Expertenwissen über jegliche unterliegende Technologie
von seinen Benutzern erwartet. Die textuelle oder automatisierte Erstellung und Bearbeitung
von topic maps ist ebenfalls möglich, da diese Arbeit einen abstrakten Editor konzipiert. Diese
abstrakte API kann von jedem beliebigen Topic Maps editor zur Manipulation von topic maps
genutzt werden.

Project Definition
In large distributed environments, the knowledge about certain subjects only exists in a local context. Only seldom, knowledge about subjects is explicitly prepared for bigger groups of persons.
Therefore, many persons have to develop the knowledge about the very same subjects again and
again.
A more efficient working process would be to let persons and groups structure and classify
the single subjects only once. Henceforth, the results are accessible for many others, who might
have performed the same task again if there weren’t a structure of the subject already. For this
purpose, the theoretical domain of knowledge management provides interesting approaches for
the distribution, application and conservation of knowledge. The ISO 13250 Topic Maps standard
constitutes a likable technology for the creation of a semantic knowledge repository within a distributed environment. With its ability to index global information items and the possibilities to
semantically link resources together, the Topic Maps idea is even going beyond the conventional
issues of knowledge management.
An integral part of the work, is the conception and implementation of a visual editor for ISO
13250 Topic Maps. Besides issues regarding the visual editing of Topic Maps, mechanisms for
the integration into a distributed knowledge management system are to be considered. The editing
of Topic Maps can be achieved on several ways. From a conventional point of view, topic maps
are stored in a repository. In order to make the editing of Topic Maps within this repository as
convenient as possible, an abstraction of the editing functionalities on maps should be created. In
this way, arbitrary clients for the manipulation of Topic Map data can access the repository - as
long as the interface to this abstract API is implemented correctly.
Like RDF, Topic Maps is an identity-based concept for making assertions about resources on
the web. As both concepts are very similar, a contemplation of the similarities and differences
is reasonable. A tight integration of RDF into the knowledge management workflow in a future
stage of development cannot be imposed. Therefore, the conception of the visual editor should
account for a possible integration of RDF in the future.
This project definition leads to the following goals of this thesis:

• Analyzing and summarizing the ISO 13250 Topic Maps standard and preceding work on
this subject
• Analyzing and comparing available editors from the field of semantic information annotation and related concepts
• Contemplating RDF/S in comparison to Topic Maps
• Conception and definition of workflows and visual components for the interactive editing of
Topic Maps
• Implementation of a visual editor for Topic Maps based on the conceptual findings
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Introduction

Since the advent of electronic processing of information, people have been looking for ways to
simplify the operation of computers. Besides hardware related issues, which dominated the early
days of computers, software has become a crucial criterion for the successful accomplishment of
tasks. In fact, also the process of developing software has changed drastically. Today, factors like
usability or visual appearance of programs have the same priority as, for instance, the complexity
of algorithms. The introduction of Graphical User Interfaces (short: GUI) paved the way for a
whole new experience in information processing. Instead of typing commands onto a command
line, GUIs enable users to interact with the computer by means of visual components. Except
for professionals, the average user nowadays does not use a command line in order to operate a
computer, as in most cases, a PC is shipped with a modern operating system. Modern operating
systems, such as Linux, Windows or Mac OS, all have graphical clients to let users interact with
the systems.
Editors constitute a major branch of computer programs. With the help of an editor, users
can create or edit information from a certain field of application. Most modern operation system
provide several kinds of built-in editors. The most trivial variant of an editor is the plain text-editor,
which enables users to edit plain text without any styling information. More sophisticated editors
for textual content support features like syntax highlighting, auto-completion of text fragments,
spell checking and many more. However, the possibility to visually interact with a computer,
also allows for graphical editors. Graphical editors distinguish themselves from text-based ones,
through the fact, that users interact with the program on a visual way. This discipline is known
as "Visual Programming", which deals with the graphical creation of computer programs and
application related content.
Visual Programming Languages, or Visual Modeling Languages, provide users with visual
languages, that make it possible to create programs and models from a predefined set of graphical
constructs (diagrammatic), a set of rules for tabular user interfaces (tables and forms based ) or
from a set of iconic figures (iconic). Depending on the application context, an editor can make use
of more than one Visual Programming Language to let users create programs and models. Some
editors support a graphical as well as a tables and forms based manipulation of application data.
This makes an editor a likable choice for professionals as well as novice users, as professionals
will most likely prefer the tabular variant to the graphical variant. Novice users are more likely to
utilize the graphical variant.
Graphical representations of information are by nature easier to understand without requiring
indepth knowledge about the underlying technologies from users. A graph is a good example for
illustrating this. A graph is a data structure, which consists of nodes and edges between nodes.
The representation of the structure of a graph can be assumed to be in a tables and forms based
format, in which certain references associate nodes (table entries) with each other, or in form
of a real graphical arrangement of nodes and edges which are represented through graphical
shapes. Both variants represent one and the same graph. Compared to the tables and forms based
representation, the graphical representation is however way more intuitive and helps users to
understand the structure of a graph. With a tables and forms based representation, the structure of
a graph can be really hard to recognize, even for professionals.
The concept of Topic Maps1 emerged already several years ago. In 1999 the International
Standards Organization and the International Electro technical Commission (short: ISO/IEC) released the first version of its Topic Maps technology, which was only several month after the very
1 Note

that throughout this thesis, the notion of a topic map is used in two different ways. A ’topic map’ with lower
case first letters describes a map which has been created with the formalism ’Topic Maps’. The formalism ’Topic
Maps’, in contrast, is referred to by its upper case first letters
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similar Resource Description Framework (short: RDF) had been introduced by the World Wide
Web Consortium (short: W3C). RDF is said to be the driver of the semantic web, as it enabled
the annotation of web content by semantic information. The Topic Maps concept, in contrast, was
developed to support the description of knowledge structures. In fact, RDF supports almost the
same functionality as the Topic Maps concept.
However, the developers of each formalisms were not fully aware of each other. Otherwise,
both concepts could have been merged from the start in order to built a universal concept, which
could have combined the strengths of both. Up to now, both concepts have been identified to be
much of the same, with different descriptive constructs. It is worth stressing, though, that RDF
(and RDF/S) as opposed to Topic Maps has a model theoretical semantics paving the way to
automated reasoning. The strong similarity even caused some users to compare both concepts
with regards to issues like expressiveness and complexity. Although, this topic will be subject to
more detailed analysis in a chapter of its own, it is to say, that, generally, everything possible with
Topic Maps is also possible with RDF.
The most fundamental concept of Topic Maps is the topic. A topic can be seen as a representative for a resource on the web. In order to be able to assert something about a resource,
for instance a website at a given Uniform Resource Locator (short: URL), a topic map creates a
topic which points to this resource. Once a topic is available, it represents the resource to which
it refers. This is the most basic step in the creation of topic maps. Additionally, most constructs
in Topic Maps may be assigned types (which are also represented through topics). A reasonable
type for the website topic would be "Website". In this way, the first semantics are attached to the
corresponding resource.
Besides topics, there may be associations, names and occurrences within a topic map.
Names and occurrences are directly related to one topic, which means, that a topic can have
multiple names and occurrences. Therefore a topic representing a person can have a name for the
displaying in a topic map as well as for example a nickname. Occurrences are in fact additional
resources, which further specify the resource of the topic. With respect to a topic that represents
a person, an image or the curriculum vitae of the respective person are imaginable occurrences.
Associations interconnect topics through typed edges. That is to say, two topics may be associated
to each other and this association may also be assigned a type. Two topics that represent persons
might be connected through an association, which is typed "isFriendOf". As one can see, the
Topic Maps formalism enables the definition and classification of knowledge structures by means
of well defined constructs.
In this work, the conception and implementation of a graphical editor for Topic Maps is presented. A central conceptual requirement for this editor is the support of arbitrary editing modes.
That is, users can decide, whether they want to edit a topic map on a graphical way or by means
of a tables and forms based interface. A Domain Specific Language (short: DSL) could provide
another method to create or edit a topic map. Such a DSL is already available for Topic Maps as
an extension to the standard (Compact Notation Syntax for Topic Maps, CTM). The goal is to have
an abstract editor, which provides an interface for the processing of topic maps.
Furthermore, the editor has been developed as part of a distributed client-server application
system. This application system is named "Topicology" and is intended to provide a platform
for the creation and interchange of knowledge, based on the Topic Maps technology. In fact,
the Topicology system is created in terms of two diploma theses that run parallel, for which this
thesis is intended to create the client application. The server-side part of the system is taken care
of by Diego Vera [2]. Both theses and system prototypes are produced within a project at the
"capgemini-sd&m" company. In the long term, the Topicology system is anticipated to replace the
prevailing knowledge management structures.
The raw architecture of the complete system strongly reminds of the skype messaging network,
2
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Figure 1.1: The skype messaging network (figure from [72])
which is displayed in figure 1.1. Clients connect to so called super-nodes, which are part of a
peer-to-peer network. The clients themselves, do not recognize the super-node as a peer from a
peer-to-peer system, but as a standard server, which a client can pose requests to. When users
create or edit topic maps with the editor, the maps are loaded from and saved to the respective
super-node (super-peer in Topicology). When users search topic maps to browse the information
contained in them, the respective super-peer delegates the search request to all available peers in
range.
Another desirable conceptual feature of the editor would be the support of RDF authoring.
As will be shown, the authoring workflow for topic maps and RDF models are very similar.
This leads to the question of what has to be done to support Topic Maps and RDF within
one and the same editor. Above, it has been mentioned, that everything possible with Topic
Maps is also possible with RDF and therefore, a mapping between both concepts will be introduced, in order to allow for an operation of the editor for RDF authoring in form of topic maps2 .
The development of a visual editor for Topic Maps requires to examine the concept from
several points of view. In the course of this thesis various aspects of the development of a visual
editor for Topic Maps will be contemplated.
Chapter 2 provides a detailed and mostly informal introduction to the Topic Maps concept.
The single features and constructs of Topic Maps will be illustrated and the extensions of the
ISO 13250 Topic Maps standard will be described. Subsequently, an overview of the Topic Maps
application landscape introduces several applications from the fields of Topic Maps visualizations,
Topic Maps engines and Topic Maps APIs.
In chapter 3, the core concepts of Visual Programming will be described and a classification
of Visual Programming Languages will be introduced. In this way, the differences between Visual
Programming and Visual Modeling will be worked out.
In order to get to know available applications for the authoring of Topic Maps and related
technologies, chapter 4 provides an overview of editors from the field of UML, RDF/OWL and
Topic Maps. For this purpose, RDF will be briefly introduced and the two concepts, RDF and
2 Note that not everything that has been identified to be part of the concept has also been implemented in the prototype

of the editor, which was primarily due to the lack of time. The concept is moreover intended to provide a blueprint for
a visual editor for Topic Maps with certain features, such as the integration of RDF.
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Topic Maps, will be compared to each other.
The Topicology system is intended to provide mechanisms for the management of knowledge
based on Topic Maps. Therefore, chapter 5 tests the Topic Map technology for its suitability as
driver of a distributed management system. In this way, a prominent model from the theoretical
field of knowledge management is introduced. Furthermore, this chapter tries to explain, why this
work is intended to develop a graphical editor for Topic Maps.
In chapter 6, a concept for a visual editor for Topic Maps will be presented. Besides the idea,
general structure and functionality of the editor, also advanced concepts for the styling of maps, the
integration of RDF into the editor and the synchronization of distributed Public Subject Indicators
(short: PSI) will be illustrated.
Chapter 7 provides a description of the architecture and the technical and technological
implementation of the editor, which will be discussed in chapter 8.
The following chapter introduces the ISO 13250 Topic Maps standard and the Topic Maps
concept in general.

4
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ISO 13250 Topic Maps

Topic Maps and its related concepts are constituting a wide-ranging field of research. Since
the standardization of Topic Maps by ISO in 1999, several extensions and enhancements have
been presented. Besides some modifications to the ISO standard itself, Topic Maps have gained
remarkable attention regarding the development of applications that enable knowledge sharing and
management. A multitude of APIs, visualizations and frameworks are available for commercial
or non-commercial use. However, as one can see, the big breakthrough of Topic Maps in daily
life applications is still to come. A reason for this could be the lack of user friendly authoring
facilities. There have been attempts to let users create topic maps as part of an interactive
workflow, however these attempts are very specific.
An important issue of authoring, is the question of how to let authors create or modify
content. In fact, there are multiple possibilities for how to create content. In an information
technological context, such as contemplated in this thesis, textual and graphical authoring are
the two most widely spread kinds of content creation and editing. While textual authoring
of content often requires the users to have in-depth knowledge and expert skills within the
specific application domain, graphical models often succeed in hiding the complexity of the
respective domains. Obviously, this is one of the major goals graphical editors are intended
for. In most cases, users of graphical editors do not want to learn syntax-rules or Domain
Specific Languages (short: DSL). A graphical instead of a textual representation of a model
is for novice users much easier to understand and more concrete. Visual hints provide users
a way to bridge the gap between expert programmers and computer novices. Hence, the
development of techniques to mediate textual content with graphical means, can be seen as a
major effort of modern research. Especially this topic will be subject to more analysis in chapter 3.
Multiple kinds of editors for Topic Maps have been developed so far. The most obvious
features which distinguish the respective editors in most cases, is the way, topic maps are being
persisted or the way, applications access the topic maps repositories, which actually persist the
topic maps. Only few have made an attempt to create a genuine user experience. This issue will
be discussed in more detail in chapter 2.4.
In the following chapter the Topic Maps standard will be introduced. The standard is structured
into several documents. The "root" document constitutes a formal specification of the structure of
Topic Maps and defines simple guidelines for conforming applications. In addition, the Topic
Maps standard covers several extensions, which fulfill special purposes regarding the handling of
topic maps:
• ISO 13250-1: Topic Maps - Overview
• ISO 13250-2: Topic Maps - Data Model (TMDM)
• ISO 13250-3: Topic Maps - XML Syntax (XTM 2.0)
• ISO 13250-4: CXTM (Canonicalization)
• ISO 13250-5: Topic Maps - Reference Model (TMRM)
• ISO 13250-6: CTM (Compact Notation)
• ISO 13250-7: GTM (Graphical Notation)
• ISO 18048: TMQL (Topic Maps Query Language)
5
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• ISO 19756: TMCL (Topic Maps Constraint Language)
These extensions will be introduced and their relevance for this thesis will be identified. To
start, the organizational core issue of Topic Maps, knowledge, shall be introduced and briefly
discussed.

2.1

Knowledge and Topic Maps

There are multiple definitions for the term "knowledge", of which many are very philosophic. For
humans, who use a topic map, as well as for machines, that use topic maps in order to acquire
ontological information, "knowledge" can be seen as the central issue of every topic map. For the
purpose of this work, the notion that knowledge is "something one knows" is sufficient, as this
work is not intended to provide a complete analysis of the subject "knowledge" itself. This part
of the chapter is moreover intended to make clear the relationship between knowledge and the
Topic Maps technology. In this sense, it is important to note, that a topic map is not composed
of "knowledge items", but "information items" represented by data. Only through the use of this
information, a human can generate knowledge about the subject covered by the information.
This issue is an important fact when contemplating the relationship between knowledge, information and data. A topic map can be seen as an information medium, as the actual intention in
using topic maps, is to acquire knowledge from the information items within the map. A user who
is producing a topic map about a certain subject, is moreover only creating a subjective view about
the matter at hand. A user from a slightly different background (e.g., from a different country),
may have a different notion about the same matter, thus producing a different topic map on the
very same subject. As one can see, topic maps hold various difficulties, if applied in different
contexts. As will be shown in the following part of this chapter, the Topic Maps formalism offers
mechanisms to deal with such difficulties.
In the further course of this work, knowledge is being referred to be the subjective awareness
about certain matters, which a person generates through the consumption of information, such as
contained in topic maps.

2.2

The ISO 13250 Standard

This part of the chapter is intended to introduce the ISO 13250 standard and Topic Maps in general.
As the standard only provides a rather abstract description of the Topic Maps concept, which
cannot easily be adopted for practical use in every respect, most issues of Topic Maps will be
examined from a more informal but more practical point of view. First of all, there needs to be a
definition for Topic Maps. The standard’s document [11] itself defines Topic Maps as follows:
’A topic map defines a multidimensional topic space - a space in which the locations
are topics, and in which the distances between topics are measurable in terms of the
number of intervening topics which must be visited in order to get from one topic to
another, and the kinds of relationships that define the path from one topic to another,
if any, through the intervening topics, if any.’
This definition is quite universal and assumes that a topic map is spanning an undirected graph,
in which users can navigate from one topic to another. This is, however, not the only definition for
Topic Maps, which the standard provides for its readers. The standard furthermore states, that a
topic map can also be seen as:
’a set of one or more interrelated documents.’
6
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2.2

The ISO 13250 Standard

Figure 2.1: The two-layer concept of Topic Maps (figure from [1])
With the help of these two definitions, the fundamental two-layer concept of Topic Maps can
be identified. On the one hand side a topic map may consist of locations and edges, as found in
a graph. On the other hand side, a topic map can be composed of a set of interrelated documents
- or a set of addressable resources - such as found on the World Wide Web. The connection
between both concepts is created through the fact, that topics from within a topic map graph may
carry references to these resources. In this way, a topic map can be perceived in two different
ways. That is to say, a topic map can be seen as a graph, consisting of interrelated topics, that
point to resources. Simultaneously, a topic map can be identified through the aggregation of all
resources referred to by the topics from within the respective topic map graph. Figure 2.1 shows
this two-layered concept.
In fact, these perspectives address two different domains. In the upper half of the figure, a
topic map in the form of a graph is displayed. This perspective refers to the knowledge domain,
meaning that a topic map is representing knowledge about certain matters. In the lower half,
the same topic map is represented through its resources. This perspective, in turn, refers to the
information domain of the subject of the topic map. In most cases when speaking about Topic
Maps, the graph view is the perspective of choice, as it provides users with a set of rich interaction
possibilities and a very high degree of intuitiveness.
Now that it has been illustrated, how Topic Maps have been defined in terms of their standardization, Topic Maps shall be introduced from a more informal point of view in the following parts
of this chapter. In the next subsection, the constructs, which constitute the core of every topic map,
will be introduced. Afterwards, some more advanced concepts are described.
2.2.1

Topic maps constructs

A comfortable way to get to know the core issues of the Topic Maps paradigm, is to introduce
Topic Maps from a more informal point of view. Pepper [17] provides a solid introduction to the
main aspects of the Topic Maps technology. Therein, the fundamentals of Topic Maps are widely
discussed, without requiring expert computer skills from the reader. The most essential issue of a
topic map are the constructs out of which a map consists. The definition of a topic map construct
[38] is as follows:
’A topic map construct is a component of a topic map; that is, a topic map, a topic, a
topic name, a variant name, an occurrence, an association, or an association role.’
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These are the only constructs, out of which a map may consist. Each of these constructs will
be contemplated this chapter. The most essential constructs of a topic map are:
• Topics,
• Associations and
• Occurrences
This triple is widely known as the "TAO of Topic Maps". In a sense, these constructs are
containers for further constructs, that relate to these core constructs. In the following, each
of these core constructs will be described and further constructs, related to the respective core
construct, will be introduced.
A topic can be anything, that can be addressed electronically. This implies, that there are
subjects, that is to say, things from the real world, that cannot be addressed electronically, which
means, that there is no Uniform Resource Identifier pointing to these subjects. A Uniform Resource Identifier (short: URI) is the address of a resource, indicating where the resource resides.
Every Resource on the World Wide Web has an URI.
Common resources are, for example, websites, images or documents. In order to be able to
also refer to topics from outside the range of URIs, the Topic Map idea makes use of so called
subject indicators. A subject indicator is an addressable resource which emerged in terms of the
"making addressable" of a non-addressable subject, such as a real life person or an apple. This
means, that, for instance, the Wikipedia page for the fruit "apple" is some sort of a subject indicator
for a possible "apple" topic within a topic map, as it provides a more or less useful description of
the matter in hand. In this way, every subject, no matter if addressable or not, may appear as a
topic within a topic map. A topic with the subject "www.apple.com" (URI to the website of the
apple inc. computers company) in contrast, is not requiring a subject indicator, as the website is
the very subject about which the topic "discourses" [46]. The URI to the subject of a topic (that
is to say, either a subject indicator or the subject itself) is known as the subject identifier. This
subject identifier uniquely and unambiguously identifies the subject.
The idea, that every topic has to be assigned a subject identifier, which points to the subject
of the topic, may appear to be unnecessary at first sight. Admittedly, this requires the author of a
topic map to do some extra work, which he is not instantly benefiting from. In doing so, however,
a topic can be clearly classified, which enables scoping, comparisons and mergings of topic maps.
Figure 2.2 shows the relationships between subject, subject indicator, subject identifier and a
topic. Summing up this paragraph, one should keep in mind, that a topic in fact only represents
a resource which might stand for a subject from the real world. In a sense, a topic is a virtual
representation of a resource. This resource is the subject of a topic and the URI, pointing to this
subject, is called the subject identifier.
A topic may have multiple names. In general, every topic should have at least one name
(even type topics). This default name, should be non-specific and most users should be able to
understand what the name stands for. A topic can have an arbitrary number of names. Besides the
default name, a topic could have an additional name which is an abbreviated version of the default
name, providing the possibility to represent the topic with a shorter version of its default name. A
person topic, for instance, might have an additional name representing the nickname of the person.
Different kinds of names have to be typed, in order to classify them. Therefore, the just mentioned
abbreviated name would have to carry the type "abbreviation". If a name does not have a type,
this could mean for an application, that this name is intended to be the default name. Additionally,
each type of name (including the default name) can have multiple variants.
8

2

ISO 13250 TOPIC MAPS

2.2

The ISO 13250 Standard

Figure 2.2: The relationship between a subject, a subject indicator, a subject identifier and a topic
(figure from [34])

Figure 2.3: Topic Names structure
A variant is a variation of a name of a specific type. A suitable scenario would be to have
different variants for different languages. Considering the apple example, the default name of the
topic apple is "apple". Other names of this topic might be "Apfel" or "pomme", representing the
German and French words for apple (see Figure 2.3). Now consider, that this topic might have
a name for every known language. This would result in a very long list of names for the same
topic "apple". (Note that names and variants are tightly coupled to the below illustrated ’scopes’
concept.)
Within a topic map, topics may be connected through associations. Other than the binary
statements in RDF, associations in Topic Maps are n-ary. Theoretically, an association can interconnect an arbitrary number of topics, as an association is only a container for so called role items.
These role items represent the corresponding topics within the association. The interesting thing
about associations, is the fact, that they do not only interconnect topics, but that associations are
able to predicate the type of the relationship between topics and to predicate the type of the role
of each topic within the association. That is, when interconnecting topics, the connection can also
be assigned a certain type and even the single role items for the respective topics may be assigned
a type. Suggesting, that two topics of persons are to be associated, that are friends in real life, the
association should be assigned the type isFriendOf, while the role items of the two friend topics
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should be assigned the type Friend. As one can see, a topic map is not only saying what topic is
connected to which other topics, but also asserts how the respective topics are related. This mechanism provides the Topic Maps technology with a very strong expressiveness and heavily increases
the semantics of Topic Maps. In this way, literally anything may be asserted about anything else.
Actually, this behavior already enables very sophisticated practices. There are no natural
boundaries to the size and complexity of a topic map. In fact, one could formalize the world
within a topic map. This would of course require to create a subject indicator for every little
subject which is not already electronically addressable. The point is, however, that the Topic
Maps technology would not be the limiting factor.
Besides topics and association, occurrences are the last core constructs of a topic map. An
occurrence can be seen as an addressable resource or information item, which has been assigned to
a topic. In a sense, a topic - more or less - consists of occurrences. This is intended to enable topics
to point to further explanatory information about their subject or to other arbitrary resources. An
occurrence can point to a resource within the same topic map or to an external resource. Therefore,
an occurrence of topic T1 can be the topic T2, which in return can have an occurrence which is
T1 itself. Structurally, this describes a cyclic data set, which is, however, not forbidden in Topic
Maps. In the light of automatic topic maps processing, this behavior is very undesirable. The
Topic Maps Constraint Language (cf. chapter 2.3) can provide mechanisms to avoid such cycles
between topics.
Every occurrence can be - similar to a topic and an association - assigned a type. The type of
an occurrence might be, for instance, Image, Document, BusinessCard or Website. There are
two reasons for why occurrences should be typed, instead of just assigning occurrences to topics
without attaching any meta information about the resource. First, this enables a more accurate
visualisation of the respective topics, as the occurrences of a topic may be grouped according to
their types. And second, the process of merging topics, as a subprocess of merging whole topic
maps, is simplified and made more efficient.
The ISO standard describes the relationship between the above introduced constructs as follows:
’In general, the structural information conveyed by topic maps includes groupings
of addressable information objects around topics (’occurrences’) and relationships
between topics (’associations’).’
This is somehow a very short summary of what the "TAO of Topic Maps" tries to explain.
According to the ISO standard, topic maps can be used for several purposes. One obvious goal
is to qualify the content and data contained in information objects as topics and it has already
been mentioned above, that a core metaphor of Topic Maps is to link topics together in such a
way as to enable navigation between them. These two issues seem to fit in the TAO model and
the standard’s definitions - which have been contemplated so far - very well. Further purposes
of topic maps which have not been regarded until now, are the filtering of an information set to
create views adapted to specific users or purposes, the structuring of unstructured information
objects, or facilitation of the creation of topic-oriented user interfaces that provide the effect of
merging unstructured information bases with structured ones. This is additionally identifying two
further concepts of Topic Maps which shall be illustrated in the following. The first concept, to be
introduced in the following, is the scope mechanism. The second, is the process of merging topic
maps.
2.2.2

Scopes

Besides types, some topic map constructs may be assigned an arbitrary number of categories. The
collectivity of all categories, is called the scope of a respective topic map construct. Recall that, as
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defined in the previous section, a topic map construct is either a topic map, a topic, a topic name, a
variant name, an occurrence, an association, or an association role. Not all of these construct can
be scoped. Constructs, for which a scope may be defined, are: names, variants, occurrences and
associations.
Categories are represented through topics and have to be added to the scope list of a given topic
map construct to define its scope. Very likely candidates for the scope of a topic map construct
are, for example, the topics "German" or "English", specifying whether the topic map construct
shall appear in a German or in an English context.
The scope is, in a sense, only an optional filtering parameter. Imagine an application in which
the user may switch between different scopes, such as "German" and "English". The moment, a
user chooses a scope, all topic map constructs, that are not scoped with the respective topic, that
is, for instance, "German" and "English", are no longer visible. In this way, a topic map can have
multiple appearances, according to the scopes of the contained topic map constructs. While a
topic might be associated with some other topic in a German context, this association could be
non-existent in an English context. Within a Topic Maps application this would lead to different
representations, as the association between these topics would alternately appear and disappear,
depending on the scope the user chooses. The default scope is called the "unconstrained scope",
which is not altering the structure of a topic map.
With this mechanism, a very powerful extension to the simple TAO concept has been identified. One single Map may be used by different people, who speak different languages, without
any problem, as each user examines a customized variant of the map. Moreover, these custom
maps may not only consider the language but also cultural conventions. Of course the scope of
a topic map construct may be anything, which the author of a topic map can imagine. Another
classification for scopes could be "Technical" and "Non-technical". A topic map with these scopes
attached to its contained constructs, could be used by technical experts as well as novice users.

2.2.3

Merging

Another mechanism, which is profiting from the typification issue of Topic Maps, is the concept of
merging. The merging of two or more topic maps describes the process of making one topic map
out of two or more topic maps, by creating the union of all topics and associations from within
the original topic maps. A desirable precondition for the merging of topic maps is the existence
of at least one topic, which appears in each topic map to be merged. Thus, a link between the
topic maps is created. Without this link, a topic map that was created through merging of two
topic maps would only consist of two unrelated sets of topics. This is a real unsatisfactory result,
as a major goal of merging topic maps is to produce an added value for the users of the respective
topic maps.
To think the idea of merging even further, one could assert, that merging enables a distributed
co-worker relationship for authors of one and the same topic map. In a sense, the creation of a topic
map could be accomplished through the participation of several authors, of which each one is only
editing the Map for a certain scope. If one considers the subject "Topic Maps", a respective topic
map could contain branch subjects, such as "Standards", "Literature" or "Applications". Now each
of these branches could be created and edited in a topic map of its own, with the constraint, that
each topic map has to have the topic "Topic Maps" as its root (reifier of the topic map). Afterwards
the three single Maps could be merged together, to form an aggregated view on the "Topic Maps"
subject, which then contains all topics of the three topic maps that have been created independent
of each other in advance.
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Reification

Reification describes the process of making a topic represent another topic map construct, which
means, that if a topic reifies a topic map construct, the subject of the reifying topic is the topic map
construct itself. In this way, users are provided a method to make assertions about certain topic
map constructs. Therefore, one can easily attach meta information to data or even attach meta
information to meta information, which is the same as making an assertion about an assertion.
The following expression shows this issue:
reifies

reifies

topic −→ topic −→ topicMapConstruct
(topicMapConstruct ∈ {topicmap,topic, association, occurrence, name, role})
Here, a topic map construct is being reified by a topic, which itself is being reified by another
topic, literally making an assertion about an assertion. The subject of the topic in the middle is
therefore the topic map construct and the subject of the left topic is the topic in the middle.
The question arises, whether or not reification between topics can also emerge in a cyclic way.
That is, a topic reifying another topic might also be reified by that very topic itself. Even though,
this describes a totally illogical behavior, the Topic Maps Data Model is not prohibiting cyclic
reification, as the subject of a topic may be any other reifiable resource within the same topic map.
This again produces an undesirable behavior in the light of an automatic processing of topic maps.
For Topic Maps query engines or constrain models, this might constitute an additional difficulty.

2.3

Extensions to the Standard

The ISO 13250 Topic Maps Standard document is a rather generic description of what a topic
map should be composed of. In addition to this document the ISO/IEC released several 13250-x
documents, of which each fulfills a special purpose regarding the handling and manipulation of
topic maps. In the following, the single documents will be introduced.
ISO 13250-1: Topic Maps - Overview The Overview document provides an overview of the
parts of ISO 13250 and a description of the relationship between the parts. As the each part will
be described in the following, this document will not be described and is only referred to for the
sake of completeness.
ISO 13250-2: Topic Maps - Data Model (TMDM) An essential part of the standard is made
up of the Topic Maps Data Model (TMDM). This part describes the relationship between topic
map constructs, such as topics, associations or occurrences, on a technical level. For illustration
purposes, the document relies on UML. The goal of the TMDM extension, is to provide Topic
Maps application developers a standardized model, as basis for their work, and to provide a technical view of the Topic Maps concept. In order to keep the model as simple as possible, the classes
are named as the respective constructs in the standard document. For an aggregated view of the
model (the TMDM document only provides snippets of each construct), see Figure 2.4.
Note that not every detail of the model will be analysed in the following. This part is
moreover intended to convey a general understanding of the Data Model and its purposes, as it
also constitutes the technical basis for the development of the Topic Maps editor presented in
chapter 6. An important thing about this data model is the fact, that a topic map consists of topics
and associations, while topics and associations are themselves compositions of further constructs.
A topic results from the aggregation of its topic names and its occurrences. An association is
composed of several association role items. Furthermore, a single topic name itself may consist of
multiple variants. Obviously, the Topic Map constructs are clearly structured, with a hierarchical
ordering. This allows for effective search and query within the respective constructs. Note that,
12

2

ISO 13250 TOPIC MAPS

2.3

Extensions to the Standard

Figure 2.4: The Topics Maps Data Model in UML Notation
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however, topics and associations are organized in flat lists without any hierarchical structure.
Another interesting thing to mention about the TMDM, is the way the TMDM realizes the
reification of constructs. Every construct, which shall be reifiable, is simply implementing the
Reifiable interface. In this way, a bidirectional link to and from the reifying topic is created.
If there happen to emerge further topic maps constructs in the future, the model could be easily
extended in this respect.
This data model constitutes the basis for further considerations regarding the core data model
of the Topic Maps editor. In chapter 6 this model will be subject to some minor extensions, in
order to comply to the requirements of the editor.
ISO 13250-3: Topic Maps - XML Syntax (XTM 2.0) XTM is the format for the interchange
of topic maps or Topic Maps data, between ISO 13250 conformant applications. This means, for
the interchange of Topic Maps data between Topic Maps applications, XTM offers a standardized
format to express Topic Maps data in XML, following a specific Topic Maps syntax. A strict
requirement for the XTM format is to cover all aspects of the TMDM, that is to say, for every
imaginable topic map there is a XTM document, which perfectly resembles the topic map. Furthermore, when importing a XTM file which was beforehand exported from a given topic map in
TMDM format, no information from the original topic map is lost. For the purpose of this work,
the XTM format is utilized to import persisted data and to export Topic Map data to a mobile
format.
ISO 13250-4: CXTM (Canonicalization) While the XTM format is solely built to enable the
interchange of topic maps with the help of a XML syntax, CXTM, which is as well formalized
in XML, aims at the creation of test suites for Topic Maps-related technology. Therefore, the
ISO 13250-4 document provides a definition for the CXTM format and shows, how topic maps
are transformed from the Topic Map Data Model to the XML Infoset. Each construct from the
TMDM is in this way transformed into a XML element with the respective child elements. A
central issue of the CXTM is the fact, that two identical topic maps always produce one and the
same CXTM document. This is believed to help comparing topic maps for equality. A topic map
in CXTM syntax is only a variation of the respective XTM document, i.e., the CXTM format could
also be employed as an interchange format for topic maps.
ISO 13250-5: Topic Maps - Reference Model (TMRM) What the TMDM is for the technical approach on Topic Maps, the Topic Maps Reference Model is for the formal approach. The
TMRM is however more abstract than the TMDM and moreover constitutes "a foundation for
subject-centric data models such as the TMDM". The notion of subject-centric data models embodies a concept, which says, that everything is a subject. For this reason, the TMRM is talking
about subject maps instead of topic maps. In terms of Topic Maps, topics represent subjects. Additionally, the relationships between subjects (introduced as associations above) can also be seen
as subjects. This recursively applies to any construct or relationship between constructs from a
topic map.
The TMRM is therefore generalizing subjects to so called "subject proxies" (short: proxies), which consist of a finite set of properties. A property in turn is defined through a label and a value. In this way, a proxy representing a person may be expressed through the
record: (<shoesize, 43>, <beardcolor, white>, <beardlength, verylong>). Note that
the TMRM is not defining any methods for how to create or edit proxies and is not predefining
any subject proxies. The only two relationships, which are part of the standard definition, are
"isSubclassOf" and "isInstanceOf". The isSubclassOf relationship between a proxy A and
a subclassing proxy B, means, that B is a subclass of A or, the other way round, that A is the
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superclass of B. The isInstanceOf relationship on the contrary, says, that if A isInstanceOf
B, A has the type B, or that B is the type of A.
The TMRM concept of subject proxies with their properties is in fact resembling the TMDM
concept of topics with occurrences. Like an occurrence of a topic may be another topics, a property
of a subject proxy may contain a reference to another proxy. As described in chapter 2.2.1 for
occurrences, this allows for cyclic chaining of proxies, so that a property of a subject A may
reference subject B, while a property of subject B may reference subject A.
For Topic Maps matters, this model is mainly used for merging purposes. For every proxy in a
given topic map, the subject of every proxy from another map is compared to this subject. When
two subjects happen to be the same, the proxy resulting from merging both proxies consists of the
union of of the sets of properties of the original proxies. If a proxy cannot be found within the
Map, into which the proxy is to be inserted/merged, the proxy is simply added to the set of proxies
of the topic map (subject map).
ISO 13250-6: CTM (Compact Notation) For the textual creation of topic maps, the XTM
format does not offer any means, to efficiently accomplish this task in an appropriate time. For
this reason, there are notation syntaxes for the fast textual creation of topic maps. LTM and
AsTMa= are the most prominent examples, which are not covered by the ISO 13250 standard,
however. In order to align efforts regarding the ongoing standardization process of the ISO 18048
Topic Maps Query Language (short: TMQL), the Compact Topic Maps syntax (short: CTM) has
been proposed. In contrast to foregoing attempts, such as LTM or AsTMa=, the CTM is also
considering TMQL issues.
The association CTM isAnExtensionFor ISOTopicMaps with the association role
compactNotationSyntax for CTM could be expressed in CTM as follows:
Listing 1: A simple CTM Example
1
2

CTM
isAnExtentionFor ( ISOTopicMaps , compactNotationSyntax )
This notation strongly reminds of the referencing in object-oriented programming.
In an object-oriented setting, this association could be defined as
CTM.isAnExtentionFor(ISOTopicMaps, compactNotationSyntax). As this work creates a visual editor for Topic Maps, textual topic map definition mechanisms will not be
contemplated in more detail. Note that, however, as will be shown, the editor which was to be
developed in this thesis, can be extended by a textual editing component, which, for instance,
could rely on CTM as an interface for the definition of topic maps.
ISO 13250-7: GTM (Graphical Notation) The graphical notation for Topic Maps (short:
GTM) serves as a formal notation for the uniform specification of Topic Maps ontologies and
Topic Maps instance data. A Topic Maps ontology, expressed in GTM, is said to be a level 1 GTM
model, while Topic Maps instance data is level 0. The GTM defines a graphical notation for Topic
Maps for use in "designing, explaining, teaching or other circumstances where a non-syntax representation of a topic map is deemed useful". Besides these purposes, one major goal of the GTM
is to help engineers and developers of topic maps to always have an identical view on a topic map.
One thing, in contrast, the GTM is not trying to be, is a graphical interchange format for Topic
Map applications.
The graphical constructs strongly resemble a UML-like appearance. See figure 2.5 for an
example GTM model. The figure shows the ontological relationship between a person and an
organization. The model illustrated in figure 2.5 is therefore a level 1 GTM model, as an ontology
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Figure 2.5: A sample GTM model(figure from [47])
is created (Note that due to the premature status of the GTM, there have not been submitted any
proposals for a graphical representation of a level 0 GTM model. It has only been agreed, that
there needs to be a separation of ontologies and instance data, such as explained above). Topics
are displayed as rectangles and associations are displayed as edges between rectangles. The labels
alongside the edges indicate the roles of the association role players (employee, employer) and
the type of the association (employed-by). Names and occurrences of topic classes, are shown in
the lower part of the respective rectangles.
So far, there has only been submitted an initial proposal for this extension. No formal GTM
draft has been proposed. For future ontology architects, the GTM might provide a feeling one
experiences when creating data models with UML. This could help the Topic Maps technology
to avail its full potential on a still higher scale. Until today, no editors and authoring facilities
have been released, as the GTM draft is still under development. For the purpose of this work,
however, the GTM might once become a crucial concept. The notion of a two-layered data
structure for ontologies and instance data appears to be very reasonable, as these two issues are
indeed different in many ways. UML is also providing different diagrams for classes and objects,
which can be seen as the counterparts of ontologies and Topic Maps instances. Together with the
CTM from the foregoing paragraph, the GTM could be one possible way to edit and represent a
topic map.

Listing 2: A simple TMQL Example

select $p / name , $p / age
where
$p isa person
order by $p / age desc

1
2
3
4

ISO 18048: TMQL The Topic Maps Query Language is defining a formal language for
accessing information, which complies to the ISO 13250 notion of a topic map. For people who
have already worked with SQL, the syntax may appear quite familiar. See listing 2 for a TMQL
example. This code snippet will return person names and ages, in age descending order, when
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applied to a TMQL processor, which performs queries on a topic map that contains topics of type
person. The set of potential persons is therefore expressed through the variable $p in the first
line. This encloses, however, all topics in the topic map. In order to delimit the set of result topics
to persons exclusively, $p has to be further constrained, which happens in line 3 through the
expression: $p isa person. Now that there can only be persons in the result set any more, one
can without hesitation try to access the name and the age of a person through the typing of a '/'
followed by the respective attribute name in line 1. Yet, the TMQL offers way more sophisticated
mechanisms than simply select topics. Listing 3 shows an example in which the set of persons is
iterated in order to return a "topic map fragment" which consists of person names and their status
as a voter.

Listing 3: A more advanced TMQL Example
1
2
3
4
5
6
7
8
9
10

for $p in // person
return
(
$p / name ,
( if $p / age >= 18 then
" voter "
else
" non - voter "
)
)

In fact, this provides ways to generate topic maps from topic maps through the application of
TMQL. In this way, results can serve as input for further TMQL statements recursively, which
allows for very sophisticated applications with high amounts of dynamic content.

ISO 19756: TMCL The Topic Maps Constraint Language (short: TMCL) is a formal language
for the definition of schemas and constraints on Topic Maps models. According to the TMRM
document [12], "constraints may conditionally or unconditionally require the existence of certain
proxies in maps, the existence of properties in proxies, and/or values in properties. Constraints
may also prohibit the existence of any of the foregoing." Applied to the topic maps constructs, as
described in 2.2.1, proxies are represented through topics and properties are represented through
names, variants, associations and occurrences.
Topic Map models to be constrained by means of TMCL, have to conform to the above presented Topic Maps Data Model. The TMCL has not yet been released as an international standard
and only represents an official draft for a constraint language for Topic Maps. The TMCL distinguishes between constraints and schemas, while schemas are collections of constraints. The use
of constraints (schemas respectively) is simply to validate a topic map regarding certain required
conditions. If a topic map satisfies a constraint or all constraints from a set of constraints in form
of a schema, the validation succeeds.
A possible criterion to be fulfilled by a Topic Maps instance are the minimum and maximum
cardinalities for associations to topics of a certain type. Consider, for instance, a person. A person
cannot have more than one birthday. If the birthday of a person was expressed by a birthday-topic
of type birthday, one could say in TMCL that the topic of the corresponding person may not
have more than one association to a topic of type birthday.
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Figure 2.6: The Ontopia Omnigator in action (figures from [55])

2.4

The Topic Maps Application Landscape

As mentioned above, multiple applications within the field of Topic Maps have been released since
the introduction of the Topic Maps concept. In this section, some interesting efforts from this field
shall be introduced and discussed. Like in any other technological context, the Topic Maps formalism has brought about applications from diverse directions. Besides authoring systems, which will
be contemplated in a chapter of their own (see chapter 4.3), visualizations and Topic Maps engines
are the most frequent types of applications, dealing with the processing of Topic Maps data. For
this reason, these application areas shall be discussed in more detail in the following. Afterwards
two interesting Topic Maps libraries and the standard Topic Maps API will be introduced.
2.4.1

Topic Maps Visualizations

The ISO 13250 Topic Maps standard is not predefining any rule for the graphical representation
of a topic map. In fact, the standard only covers issues related to the general structure of a topic
map - inside and outside the memory - and how maps might be formalized by means of textual
authoring. The Graphical Notation for Topic Maps, GTM, constitutes an exception. However,
this extension has not been released so far and, in any case, seems to fit professional topic map
developers rather than novice users. In this sense, it is to say, that the GTM is not to be seen as a
genuine visualisation for topic maps, such as contemplated in this chapter.
Topic maps inherently suite graph-like visualizations. The most prominent example for a
visualization of topic maps, is the Omnigator software from Ontopia [48]. The Omnigator is a
standard conformant renderer, which displays topic maps in a graph-like fashion, meaning that
topics are represented through labels and associations are represented through edges between
labels. This lets the Omnigator create very fluid and dynamic visualizations of topic maps (see
Figure 2.6).
Besides visualizations, that display topic maps on a two-dimensional layer, there have also
been attempts to render topic maps in a three-dimensional space. Weerdt [18] created a renderer
for topic maps called TopiMaker, which displays a topic map as a graph on a plane in an interactive
3D world. Users can navigate freely through a 3D space and topics may be elevated to planes
parallel to the ground plane, which is said to enable interesting sights of a topic map.
A major problem of the visualization, according to the authors, is the fact, that the view on
the topic map is constricted when the user changes the perspective to an extreme declination of
the topic map plane. For example, when a user starts the visualization from a vertical point of
view - which initially looks like a two-dimensional visualization - and changes the view to a more
18
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Figure 2.7: The TopiMaker topic maps 3D renderer (figures from [18])
isometric perspective, the topics at the borders of the screen are either concealed or being scaled
so that the user can not see what those topics were. See Figure 2.7 for an example view of a topic
map in the TopiMaker software.
A visualization for topic maps, which is not following the approach of a graph-like visualization of topic maps, was created by Hahn [1], who is also the precursor for this thesis. In his work,
Hahn developed a visualization for topic maps depending on predefined criteria, existing between
certain topics. The visualization arranges topics on a two-dimensional plane around the main topic
of a topic map, which is called the "reifier". The visualization is built upon the idea, that topics
may have child topics for which the parent topic is the reifier, meaning that the child topics are not
arranged around the reifier of the map but around their parent topic.
The association between a child topic and its respective parent topic (isChildOf), is not
visualized explicitly, but asserted through the fact, that a child topic visually appears in the context
of its parent topic. In principle, associations (except for the isChildOf association) are totally
irrelevant for the visualization. Geographically, a topic can be placed in a completely different
location as its associated topics and associations are by default invisible and only displayed if the
users requests for this. All topics are assigned a value, which predicates the relevance of a given
child topic for its parent topic (reifier). The relevance determines the distance of a topic to its
reifier. Different relevances of topics for their respective reifier result in a layered display of the
child topics of a reifier. This leads to a strongly nested visualization as seen in figure 2.8.
When speaking about visualizations, one often tends to forget, that a visualization must not
always rely on a graphical representation of data. That is to say, a visualization must not always
consist of graphical constructs, such as geometrical shapes and edges. Moreover, a visualization
may also, for instance, make use of a tabular display of data. This is an important issue when
contemplating visualizations, not only for topic maps but in general. In the area of Topic Maps,
the tabular visualization has turned out to be a real alternative for the display of a map.
The Concept Glossary Manager system [19] employs a tabular display of a topic map. The
user interface is divided into two logical sections. On the left hand side, the user is provided a
navigation for available topic maps and topics within a map. On the right hand side the user can
view the attributes of the construct he selected within the navigation section. See figure 2.9 for an
overview of the tabular user interface of the Concept Glossary Manager.
The visualization of a topic map is a rather complex task, when the goal of the visualization is
to enable a user-friendly and easy-to-understand system experience. The above introduced visualizations were all developed to help in using topic maps. The systems can be categorized according
to the difficulty, a user experiences when trying to understand a topic map and its semantics. The
graph-like visualizations enable a fast and simple recognition of a map, as the structure of a topic
map is easy to identify. The visualization from Hahn constitutes a more complex but, simultane19
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Figure 2.8: Hahn’s visualization of a topic map with predefined relevances and nesting parameters

Figure 2.9: The tabular user interface of the Concept Glossary Manager (figure from [19])
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ously, more expressive variant of a topic map visualization. In this case, the first thing the user has
to understand, is that the topic map is not rendered like a graph, as seen in Ontopia’s Omnigator. In
case of the Concept Glossary Manager, the recognition of a topic map is more complicated, as the
user is only provided a small portion of the whole map at a time. Without a structural overview of
a topic map, the single topics appear incoherent at first sight. In order to get to know the structure
of a topic map in such a tabular view, the user would have to manually follow the associations of
topics. So far, there has not been released any tabular visualization, which provides an illustration
equal to graphical representations regarding the communication of structural information in Topic
Maps.
2.4.2

Topic Maps Engines

A Topic Maps engine is a system or a component of a system which takes care of the backend
topic maps processing. The general tasks of a Topic Maps engine are therefore the storing and
retrieving of topic maps. For every Topic Maps application, which makes use of persisted Topic
Maps data, a Topic Maps engine is essential. In general, a Topic Maps engine can consist of 3
major parts. Following a bottom-up approach, these parts are:
• A topic maps repository, which persists Topic Maps data in a specific way.
• A Business Logic Layer, which provides methods for the storing, manipulation and loading
of Topic Maps data
• An interface to access the Topic Maps engine from outside the engine.
This structure enables a tight integration of the Topic Maps engine into a standalone system
as well as an integration of the engine as an external component, which can be accessed over
a network. In both cases, the engine is doing the very same job, processing topic maps. In
fact, the only differences between Topic Maps engines are the way topic maps are persisted and
how the engine is accessed. For the persistence of topic maps, several possibilities come into
consideration. The most widespread variant of topic maps persistence is the storing of data in a
relational database. Relational database systems provide users with a fast and efficient persistence
engine, which is subject to research since a long time. All implementations with a relational
database, however, encounter the problem of mapping the TMDM (see chapter 2.3) onto relational
views.
In terms of system performance, this mapping can be a real challenge, as a bad mapping
can result in severe latencies, which could bring down the whole system. Therefore, Moore and
Ahmed [20] have presented a set of relational views, that provide an abstract and normalized
view of the TMDM. Their efforts build on the SQL query language for relational databases. In
their work, they focus mainly on search optimization and structured search. For this purpose,
issues like association roles and scope have been paid special attention. The standardization of an
object-relational mapping of the TMDM would be a very reasonable extension to the ISO 13250
standard. Many Topic Maps applications employ relational databases in their Topic Maps engines
[22, 19, 23, 24] and mostly, developers have to solve the problem of mapping the TMDM onto a
relational model again and again.
Besides aspects like interchangeability and standard conformance, such an extension could
facilitate the development of Topic Maps engines which rely on relational databases.
A more portable way of persisting Topic Maps data could be achieved through the utilization
of a XML database. A XML database is not just a XML file in the file system, but a full-featured
application. The actual persisting of data is done with XML files. Additionally, the XML database
system takes care of advanced concepts like indexing or caching, providing a high degree of
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efficiency. The XML structure of the topic maps can be adopted from the XTM ISO standard
extension (see chapter 2.3), which provides a complete representation of the TMDM in XML. The
application data can be easily ported to other systems and validated natively. The XTM4XMLDB
system [56] is an implementation of the TMAPI (see chapter 2.4.3 below) for a native XML
database. That is, XTM4XMLDB is a Topic Maps engine which employs a XML database for the
persistence of Topic Maps data.
The Topincs system from Cerny [21] is going even one step further and employs the Javascript
Object Notation format for the storing of topic maps. The Javascript Object Notation (short:
JSON) is said to be a "fat-free alternative to XML" [58]. According to Cerny, Topincs is completely configured for web usage. This is also why Topincs is developed as a "RESTful" application, which means, that the Topincs engine is accessed via a set of REST/HTTP primitives (GET,
POST, PUT and DELETE). In this way, the Topic Maps engine can be accessed from anywhere
over HTTP.
2.4.3

Topic Maps Libraries and APIs

An Application Programmer’s Interface (short: API) provides developers of an application with a
set of methods which constitute an interface to a system or component of a system. In this sense,
an API is the signature of a system, which provides a certain programmatic behavior. Commonly,
such a system is known as a "library" and the signature of such a library is known as the API
of the library. Within the field of Topic Maps, there have been released libraries, that provide
functionality for special purposes. Before two interesting libraries will be introduced in short
below, a project, which provides an API without any underlying functionality, shall be discussed.
The TMAPI [49] is a pure API, which provides an interface for the in-memory creation of a ISO
conformant TMDM data model. The TMAPI is not making available any functional program
which takes care about the creation of TMDM models, but is only saying how this model has to
look like on a technical level.
In fact, one can say that the TMAPI is only another representation of the TMDM as it
resembles the structure of the TMDM objects as shown in chapter 2.3. Basically, the TMAPI
is believed to facilitate the interchange of topic maps between applications. The goal of the
project is, that one day, every Topic Maps application implements the TMAPI interface, so that all
applications can interchange Topic Maps data seamlessly. This work is making use of the TMAPI
in order to conform to the TMDM extension of the ISO standard and to contribute to this vision.
In the following, two libraries, that do not necessarily implement the TMAPI, will be introduced.
The TM4J library [51] is a complete system for the processing of topic maps. The goal of the
TM4J project is to "develop robust, open-source tools for creating, manipulating and publishing
topic maps". The TM4J system provides an engine, which constitutes a full-fledged topic
maps processor with support for Tolog, XTM (see chapter 2.3) and LTM, a Java/Swing desktop
application for the browsing of topic maps, the Panckoucke library for the creation of abstract
graph representations from topic maps and "TM4WEB", which "provides support code and
reference implementations for integrating the TM4J Engine with commonly used web application
frameworks". TM4J also implements the TMAPI. Literally, the TM4J system can be employed to
build a complete Topic Maps application in Java. In a sense, the TM4J system appears more as a
normal software than a library, however, the system is only providing the possibilities to develop
a Topic Maps application with its components.
Another interesting library is the "GWT Topic Maps" library [53] (short: GWTM), which is
an extension to the Google Web Toolkit [54]. The Google Web Toolkit (short: GWT) enables the
creation of web applications in Java. The interesting thing about the GWT, is the fact, that even
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the client may be developed in Java. Afterwards, the Java source code is being transformed into
JavaScript, which natively runs in almost every browser. The GWTM is in so far providing a
library for the creation of Topic Maps web applications, that run embedded in a HTML website,
based on JavaScript.
Above, two libraries for the creation of Topic Maps applications have been introduced. While
the TM4J software is available since 2001 already, the GWTM is was first released in the end
of 2007 [53]. Nevertheless, the TM4J is still subject to progressive development and community
efforts. In a sense, the TM4J library has become a standard for the creation of Topic Maps application in the field of Java and Java-driven applications. With the dissemination of the GWT,
however, the GWTM will gain in attractiveness for developers. The native support for JavaScript
within web browsers constitutes another very strong advantage compared to TM4J which needs
to run its applications from the desktop or in an "applet sandbox" in the browser. No compiling
is necessary for GWTM applications, as JavaScript is an interpreted script language. A TM4J
application on the contrary would need to be compiled every time changes occur. This is a real
disadvantage for developers of applications that appear in a fast moving environment such as the
www.
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Visual Programming

In this chapter, the principles of visual programming and visual modeling will be contemplated.
In fact, these principles can be seen as the groundwork for any further consideration regarding the
development of a graphical editor. To start, visual programming shall be defined:
’"Visual Programming" (VP) refers to any system that allows the user to specify a
program in a two (or more) dimensional fashion. Conventional textual languages
are not considered two dimensional since the compiler or interpreter processes it
as a long, one-dimensional stream. Visual Programming includes conventional flow
charts and graphical programming languages. It does not include systems that use
conventional (linear) programming languages to define pictures.’
This definition from Myers [4] is introducing a major aspect of every visual programming
language. Compilers or Interpreters of traditional programming languages process programs in an
one-dimensional fashion, while visual programming systems anticipate at least two-dimensional
input. However, this definition leads to a very technical contemplation of visual programming.
Instead, the basic principles of visual languages will be examined in the following. For this
purpose, visual programming is to be characterized in general.
Visual programming is a subject which distinguishes itself, literally, through the fact, that
programs from this field are created visually. That is, users of visual programming languages
do not use textual constructs as seen in traditional programming languages, such as C++ or
JAVA, moreover they are provided a set of graphical components. Through combination of these
graphical components, which in fact represent constructs from traditional languages, full-fledged
applications can be developed. According to Halbert [3] visual programming systems let nonprogrammers create fairly complex programs without long-lasting training in advance. Actually,
this is also the major goal of visual programming. Creating computer applications or models has
long been a task which was reserved for professionals who have expert knowledge within the technical domain of the application. In a sense, the introduction of the so called Visual Programming
Languages (short: VPL) has paved the way for any users who want to create computer programs
no matter what technical knowledge they have. Visual Programming Languages do not have to
comply to any predefined visual rules.
As long as a VPL does not create inconsistent or invalid programs or models, a VPL can
be of any kind. Within the range of VPLs, however, the "boxes and arrows" [57] paradigm has
established itself as the predominant rendering mode. This means, that the VPL constructs are
either a box or an arrow, which points from one box to another. This is of course only a very
abstract description for this category of VPLs. Effectively, this means, that a VPL is based on a
set of geometrical shapes which represent entities and edges between shapes. Depending on the
context of the VPL, there may exist an arbitrary number of graphical constructs. In some cases, a
spatial grammar provides additional contextual information for the visual language processor.
Not only programs can be modeled in a visual way, but also, for instance, microcontrollers.
The ktechlab [59] system provides ways to visually specify the behavior of digital and analog
circuits and PIC microcontrollers. Another example for a visual programming system is the
Analytica software [60] which enables users to "create, analyze and communicate quantitative
decision models".
In fact, one part of this work is to create a visual language for Topic Maps, which lets users
create topic maps visually. In the following, the major classes of VPLs will be introduced and
discussed. In this way, the visual language, which was to be developed in this work, will be
classified.
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(b) Activity-chart
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(c) State-chart

Figure 3.1: The Statemate modeling languages (figures from [5])

3.1

Classes of Visual Programming Languages

Visual Programming Languages can apply different approaches in order to generate computer
programs or models. In fact, there may be visual languages which employ any imaginable mechanism capable of illustrating data or functional structures. Poswig [5] classifies visual programs as
follows:
• Diagrammatic Representations
• Tables and Forms
• Iconic systems
In the following, each class will be introduced and examples from these classes will be demonstrated.
Diagrammatic Representations
Diagram-based systems rely on a schematic graphical arrangement of constructs. The visual characteristics of these constructs can be of arbitrary shape. Diagrammatic visual programming languages exist since a long a time. A class of diagrams, for instance, which can be translated into
executable code, has been formulated by Nassi and Shneidermann [6], already in 1973. A NassiSheidermann diagram has a clear spatial structure and uses geometrical forms to depict a certain
programmatic behavior. Operators or methodologies, mainly from procedural programming languages, are expressed through sequences of forms, which contain annotations able to reference
other forms in order to create the desired program behavior.
The NSD system from Frei et al. [7] introduced direct execution of Nassi-Sheidermann diagrams, only several years later. A later example system, which employs a diagrammatic representation of computer programs is the "Statemate" application from Harel et al. [8]. The Statemate
can handle the description of the structure, the behavior and the functionality of a reactive system.
For this purpose, the user is provided three visual languages, which let users implement these three
aspects. Structurally, the three languages are very similar, offering the user graphical constructs to
outline the programs architecture, functionality and state transitions (cf. Figure 3.1 a,b,c).
Like most VPLs, diagrammatic visual programming systems are built to help users create programs without having to learn a specific programming language [4]. However, the specification
of extensive visual languages can bring about a complexity which is very hard to deal with. The
graphical representation of a diagrammatic system certainly has to comply with a formal specification of the underlying model grammar. In their work, Zhang et al. [9] present the reserved
graph grammar, which they declare as a possible starting point for the specification of grammars
for diagrammatic visual languages. In a sense, they formulated graph rewriting rules that can be
applied for diagrammatic visual languages which employ arbitrary visual representations. For this
purpose, Zhang et al. mention some diagrammatic languages. In their opinion there are - among
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others - entity-relationship database design languages, data-flow programming languages, control
flow programming languages and state transition specifications. As one can see, diagrammatic
visual languages can fulfill a multitude of requirements. Actually the idea of a diagrammatic visual languages can be found in many software design and specification tools, that are available for
contemporary software developers. E.g. phase/state diagrams, petri nets or control flow graphs, to
name just a few.
Tables and Forms
Tables and forms are a means to specify programs, which have pervaded the day-to-day business
for a long time. Nowadays, the automated calculation of prices or expenditures is a basic requirement of almost every company. If one considers the modern variants of table calculation software,
it becomes clear, what makes up this class of visual programming. The user is creating programs
by entering values into cells of tables and assigning relationships between cells. There are way less
applications which implement a tabular rather than a diagrammatic or iconic visual programming
language. The most prominent example from this class is "Excel" from the Microsoft Corporation [39]. Within Excel, users may assign values to cells through the computation of a function,
which they define through clicking the cells they wish to include into the function. An even more
sophisticated feature of the Excel software is the concept of macros. In fact, this is representing
the real visual programming language in Excel. Users who often have to fulfill one and the same
tasks in Excel, can record a macro - a sequence of actions - which, once recorded, may be applied
to any data set. Actually, this technique is known as "Programming by Example". Programming
by Example "is a way of programming a software system in its own user interface" [3], meaning
that the user is giving an example of what the program should do.
Iconic Systems
Icons in terms of iconic visual languages are graphical representations of commands or data structures, such as folders in modern operating systems. Iconic visual languages are therefore relying
on pictorial information to let users manipulate the information associated with the icons. The
boundary between iconic visual languages and diagrammatic visual languages may appear to be
fluid, and admittedly the difference is not so easy to describe. Tversky [10] is identifying an icon
as a "figure of depiction" while she describes diagrams as "conveyors of qualitative and quantitative information using natural correspondences and spatial metaphors". In other words, iconic
visual languages employ figurative information to let users express certain issues and diagrammatic visual languages mainly employ spatial relationships considering natural correspondences,
such as human language.
An example for an iconic visual programming language is formulated by Chang [61]. He
assumes a given database contains information on airline flights - flight number, airline, pilot’s
name, copilot’s name, departure time, etc. For every entity, such as airplane or pilot, the system
provides an icon, which represents not only the airplane (the pilot respectively) but all attributes
that are related to an airplane from within the database. That is, the airplane icon stands for the
name of the airplane and its flight number. Users of this iconic system can query the database for
information on flights through combination of icons and their respective attributes.
Figure 3.2 shows the functionality of the system, which is in fact a graphical client for a
"Query By Example" application. (Note that "Query By Example" will not be further discussed
within this work. For further information on this subject, see [25, 62])
The visual language, employed by the editor, is definitively a diagrammatic representation.
Topic maps inherently favor graph-like renderings (see chapter 2.4.1), which also facilitates the
viewing and the understanding of the structure of a map. Therefore, the "boxes and arrows"
paradigm is very suitable for a graphical Topic Maps editor. Particularly editors should try to
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(b) Queries

Figure 3.2: An iconic query system (figure from [61])
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make the editing of content as easy as possible, as the complexity of the "Topic Maps" application domain might anyway elevate the entry barrier for unexperienced users. This issue will be
discussed in more detail in chapter 6.

3.2

Visual Modeling

So far, only Visual Programming Languages have been contemplated. This was intended to convey a general understanding of the functioning of visual program creation and the differences
between the respective classes of VPLs. In this chapter, the related concept of Visual Modeling
Languages will be subject to a brief examination. The major difference between Visual Programming Languages and Visual Modeling Languages is the fact that Visual Modeling Languages are
involved in content creation and the structural design of systems, while Visual Programming Languages help in creating executable programs.
A prominent example for a Visual Modeling Language is UML, which lets users define the
structure of object-oriented systems (Note that available software, able to generate code from
UML diagrams is not part of the UML specification. UML is not to be regarded as a VPL just
because there are ways to generate executable code from it). Other examples are Visual Modeling
Languages for the design of relational databases [42].
This work is developing a visual language for the creation of content only. Therefore, the
language is to be classified as a Visual Modeling Language rather than a Visual Programming
Language. Topic Maps represent knowledge structures and, technically, these knowledge structures are represented through Topic Map models. Actually, the goal of the language, which was to
be developed in this work, is to enable the definition of Topic Map models, which are serialized
or non-serialized sets of data. This dataset itself is not providing any functionality. Functionality
is a matter of the Topic Maps application. Through the processing of the dataset by a Topic Maps
application, a topic map can be mediated to users in a more likable fashion. One major goal of
this work is to help users create topic maps without having to type the corresponding dataset into
a text editor.
As shown in chapter 2.3, a topic map can be defined using XML or a Compact Notation Syntax,
such as CTM. A similar experience would be to manually insert a topic map into a relational
database, without relying on a database tool. The same task, i.e., defining and persisting the dataset
of a corresponding topic map, can also be accomplished by means of Visual Modeling. For that
purpose, there has to exist a consistent mapping between a dataset and the visual representation
of this dataset, so that information about the topic map can be transfered in both directions. This
means, in order to create or modify a Topic Maps model, a user can either edit the serialized
dataset directly within a textual editor or he can instead interact with the visual representation of
the dataset within the Topic Maps application.
In both cases, the result is the same, as the Topic Maps application transforms the internal
representation of the topic map to the serialized dataset, that can be manually edited within a
textual editor. This issue is another suitable example to realize the similarities and differences
between a Visual Programming Language and a Visual Modeling Language. Both concepts build
on the assumption, that a piece of software is helping the user to visually interact with a model.
In case of the Visual Programming Languages, the output of the system is an executable program,
while in the case of Visual Modeling Languages, the user mostly generates or modifies a static
dataset in a serialized form.
Visual Modeling is a wide field of research, which appears in multiple contexts. For many
domains of computer interaction, Visual Modeling is a very interesting issue. In every domain in
which there needs to be authored data, Visual Modeling could provide ways to open the domain
for unskilled users. The possibility to author content visually, is facilitating the use of formerly
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complex applications to a very high degree. Going more into detail about this wide field of research
would definitively go beyond the scope of this work. This chapter is only intended to provide an
understanding of the relationship between the graphical editor of this thesis and the theory of
Visual Modeling.
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Authoring Data, Marked Up Data and Meta Data

The authoring of data has passed through a remarkable evolutionary process since the advent of
Human-Computer-Interaction (short: HCI). The punched cards, which served for both computer
programs and data, provided one of the first methods to input information into a digital computer.
A punched card is "a piece of stiff paper that contains digital information represented by the
presence or absence of holes in predefined positions" [63], which a computer of those days, would
have converted to streams of binary values. Today, with the help of input and output devices, such
as computer mice, keyboards and monitors, the interaction between users and their computers
has reached a point, which has become way more efficient. The introduction of graphical user
interfaces, as seen in modern operating systems (in contrast to purely text-based terminals), surely
contributed to this development.
The constant miniaturization of computer components helped in the dissemination of the personal computer and the authoring of data was not a matter of special hardware anymore. Nowadays, everybody with a standard PC and some knowledge, can write software or author content.
The tools to accomplish this tasks are all available in form of commercial or non-commercial
software. This development enabled the versatile bandwidth of available editors or Integrated
Development Environments (short: IDE).
Generally, an editor is a computer program for the creation and editing of data. The characteristics of the data to be edited can differ, depending on the context and the usage of the editor. Data
in its most native form, is a string of binary digits, represented through ones and zeros. By means
of abstraction, which is widely known as "encoding", binary data can also be perceived in a lexical
way. Both variants are employed in contemporary applications. Applications, that rely on a binary
encoding of application data, are mostly commercial software products. Binary encodings of
data cannot be processed by external applications, unless the data format specification is publicly
available. Lexical representations of data, let users author and persist data in a textual way. There
are no rules, for how data has to be expressed lexically. In fact, users can encode data in any way
they want to. However, there exist techniques, that enable very intuitive and commonly known
representations of data. These techniques are known as markup languages and shall be described
in the following.
Marking up data means expanding data by meta information and impressing a certain structure
on the data. Considering the example of an address book, entries for persons could be represented
through the concatenation of all relevant information with delimiters between each information
item (cf. listing 4 for an example entry of Mr. "John Q. Public", following the structure "FirstName
|| LastName || Street || StreetNumber || ZIP || Country").
Listing 4: Serialized data without markup information
1

John_Q .| | Public || ExampleStreet ||1 || 12345 || ExampleCountry

With the help of a markup language (such as XML), the very same information could be
serialized in a different but more intuitive and semantic way. For every bit of information,
regarding an entry for a person in the address book, a so called "tag" with a special name is
created, which encloses this bit of information (cf listing 5).

Listing 5: Marked up data entry for the address book
1
2
3

< addressBookEntry >
< firstName > John Q . </ firstName >
< lastName > Public </ lastName >
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< street > ExampleStreet </ street >
< streetNumber >1 </ streetNumber >
<ZIP >12345 </ ZIP >
< country > ExampleCountry </ country >
</ addressBookEntry >

4
5
6
7
8

Markup languages, such as XML and HTML, have totally changed the way information is
being saved and interchanged. When Tim-Berners Lee 1989 invented the web [40], in order to
exchange research data with colleagues, no one would have anticipated, that there will evolve a
communication medium of global scale, which pervades every domain of modern life. Finding
information or executing tasks has never been easier than since the day the World Wide Web was
publicly launched in 1993. Nowadays many people have their own website, where they publish information about arbitrary topics. People who want to view this content can access it via HTTP and
download the corresponding HTML. In a sense, browsing the web actually means downloading
marked up information from distributed computers.
Markup languages have also opened up new possibilities to author information from other
areas. For users with some experience, they provide an intuitive way to express data structures in
a serialized format. Since the specification of the Generalized Markup Language (short: GML)
and the Standard Generalized Markup Language (short: SGML), which paved the way for the
prevailing Extensible Markup Language (short: XML), this technique has received a constant gain
in influence. Today, many users rely on Markup Languages to store information in a consistent
and semantic way and even software projects make extensive use of marked up data in order to
manage the interchange of information.
A prominent example is the phenomenon of WebServices. The communication protocol
between client and server in WebService environments, relies completely on XML. Over HTTP,
the client sends XML documents to the server, where the WebService processes the XML
formatted request. The response from the server to the client in turn, is also wrapped in XML.
Between these two systems (client and server), the communication is totally limited to the sending
of marked up information. Markup Languages provide the possibility to express everything a user
needs to express, while enabling an individual customization of syntax and semantic. This makes
Markup Languages also a very comfortable way of storing information.
This chapter is intended to provide an overview of available editors and authoring facilities for
data from the field of UML and, above all, RDF and Topic Maps. For every of these concepts,
the respective data models can be expressed in XML. For UML, the XML Metadata Interchange
Language (short: XMI) provides the possibility to persist UML data in an XML based format.
RDF and Topic Maps natively support XML, as this issue has been taken care of in terms of the
standardization of the respective concept.
UML will be contemplated because the mode of operation of UML editors strongly resemble
the mode of operation of the graphical editor of this work.
Editors for RDF will be examined because of the strong similarity of this concept to the concept of Topic Maps.
Topic Maps editors will be analysed in order to provide an overview of available editors and to
get an idea of what the main purposes of an editor for Topic Maps are. Furthermore, within each
category, the features of the respective editors will be examined. In this way, several concepts will
be identified, which might also be applied for the Topic Maps editor of this work.

4.1

UML

UML is the standard object modeling language of contemporary software developers. With its
ability to illustrate relationships and associations between objects, complex systems can be mod32
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eled and specified in a very intuitive way. In terms of visual programming (cf. chapter 3), UML
can be seen as a diagrammatic language, offering the user graphical components to create models
of object-oriented systems. Many available UML editors additionally offer ways to automatically
generate source code from the graphical models. Note that UML, in contrast to Topic Maps, lets
users create models of software systems. The Topic Maps formalism is moreover offering ways
to let users "externalize" their knowledge about certain matters, even though the possibility to express an UML model in form of a topic map exists. Nonetheless, UML employs concepts that can
also be applied for a visual editor for Topic Maps. This makes UML a good point to start, when
thinking about editing of topic maps.
The interesting thing about graphical UML authoring, is the general structure of the authoring
process. The users start with a blank drawing area, which they add graphical objects to.
Subsequently, the objects can be interconnected with several kinds of connections. Each object
encapsulates further information, which the authors can edit in specific dialogs. This workflow
is similar in most of the editors and due to the great prevalence, there is a vast number of editors
available for UML. This part is not intended to provide a complete list of UML editors, but to get
inspiration for the functionality and user-friendliness of a Topic Maps editor. In this sense, some
widely known UML editors will be introduced, in order to identify general usability issues.
The "Enterprise Architect" software system [42] is a very good example of an all-in-one
object-oriented system modeling solution, in which several additional formats, other than those
of UML v2, are supported (For instance the Business Process Modeling Notation and a visual
Database Modeling language).
The Enterprise Architect UML authoring workflow is very straightforward. With the help of
a palette, the users can add components to the drawing surface and create associations between
these components. In order to edit the properties of a component, the user can simply double-click
the component and modify the properties within a popup menu (cf. Figure 4.1). A double-click
operation, in order to open the properties menu of a component, is very plausible, as most users
of contemporary operation systems use this action to open a folder or document or to execute a
program. By double-clicking a resource, the user signals that he wants to activate the resource or
that he wants to see what information the resource encapsulates.
Every component (except the drawing surface, being a component itself) may be positioned
freely, whereas edges that are representing relationships between components are implicitly repositioned every time the position of an associated component changes. In this way, the program lets
the user decide how to structure the model according to his or her individual preferences.
A different approach, considering the visualisation of the component items, would be to predefine a deterministic adjustment policy for components, prohibiting the user to determine the
position of a component. Hahn’s visualisation of topic maps (see chapter 2.4.1) would imply such
a deterministic adjustment policy, if this visualization was employed for an editor. In this case, the
positioning of topics would have to be done through the assignment of relevance values and the
definition of parent-child relationships between related topics. Hahn’s system then automatically
renders the topics at a certain position. The advantage of such an approach is the fact, that the
user does not have to care about presentation issues, which means, that he can completely focus
on the semantics of a topic map. A disadvantage of this approach is the lack of control over layout
concerns.
The ArgoUML system [43] employs a different mechanism to let user modify the properties
of a diagram component. (Note that ArgoUML is only supporting UML 1.4. This factor is however
not relevant in consideration of usability issues.) In order to edit the properties of a component,
ArgoUML provides a panel, which is tightly integrated into the graphical user interface of the
application. Depending on the context, this panel shows the relevant information about a selected
component from the drawing surface (cf. figure 4.2). Users can then edit the properties of a
component directly within the panel without any confirmation action. The Enterprise Architect
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Figure 4.1: UML authoring with the Enterprise Architect system
system, in contrast, would have only committed the changes to a component, if the user had
confirmed the changes by clicking on an "OK" button.
Even though this might not appear to be of great significance, there is a huge difference between those two approaches. An OK button signals the user, that the changes he is performing
on a component, are not committed until he clicks the corresponding OK button, whereas the absence of an OK button conveys the impression that every change in a dialogue component will
be committed immediately. Technically, this is not identifying severe architectural differences of
the respective applications. In fact, only the GUI components are configured in different ways.
Psychologically however, the differences are very remarkable. Especially for novice users without
expertise, the absence of an OK button may be irritating.
Another popular application for UML 2.0 modeling is MagicDraw [44]. This application is
fulfilling the very same purpose as the two systems presented above. An interesting feature of
this system - which can be certainly found in many other systems that deal with graphical UML
authoring - is the way the user may interact with components on the drawing surface. While
component properties, such as attributes and methods, have to be added to an object via a popup
menu within Enterprise Architect, MagicDraw offers the users the possibility to directly add or
delete attributes and methods of an object (cf. 4.3) on the drawing surface. This "in-place"-editing
of a component, is also possible for the creation of associations between components.
These applications for UML editing clearly illustrate, what decisions have to be made when
developing a visual editor. In all cases, the user is provided with a rather similar graphical
representation of the corresponding UML model. The mechanism, however, through which the
properties of a given component can be modified, are very different. Each representation has
its advantages and disadvantages. A popup menu, as seen within Enterprise Architect, may be
annoying for some users, while other users do not care about such matters, but who do not want to
have the available space for editing narrowed by a fixed panel, as in ArgoUML. The challenge for
the developer of a visual editor, is to consolidate the different approaches, so that a comfortable
user-experience for most users can be assured. The development of such a user interface is an
integral aspect of the development of the visual editor of this work.
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Figure 4.2: UML authoring with ArgoUML

In the following part, RDF/OWL will be introduced and editors for these concepts will be
examined. Furthermore, RDF shall be compared to the Topic Maps concept in order to identify
possibilities to integrate the RDF editing workflow into the editor developed in this work.

4.2

RDF/S

During the time of the standardization process of the Topic Maps standard by the ISO/IEC, the
World Wide Web Consortium (short: W3C) developed a very similar concept, they called Resource Description Framework (short: RDF). Due to the strong similarity of RDF and Topic
Maps, RDF will be introduced in short in the following.
4.2.1

A short outline of RDF/S

RDF graphs consist of sets of so called RDF triples. Each triple itself consists of three elements.
A subject, which can be seen as the resource to be described by the RDF Statement, the predicate,
which constitutes an attribute of the subject and an object, which assigns a value to the predicate.
A RDF triple is a relationship between the subject and the object, specified through the predicate.
The notion of a graph is therefore rather intuitive, if one considers the subject and the object as
two graphical entities, that are connected through an edge, which is named by the predicate. This
enables users of RDF to make assertions about any subjects. [41]
The idea of RDF is virtually the same as of Topic Maps. The intention is to formally describe
information on the web. Originally this was meant to help classifying webpages concerning the
author, copyrights and likewise information. Today, there is a slightly different notion of the term
"resource". Since resources can be located through URIs, virtually any addressable entity may
be described through RDF statements. In cases of non-addressable resources, such as persons or
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Figure 4.3: UML authoring with MagicDraw

animals, a virtual resource has to be created for the real-life object (e.g. a website, characterising
the real-life object), which is then addressable by an URI (see the concept of subject indicators of
Topic Maps in chapter 2.2.1).
Other than RDF, RDF schema (short: RDFS) (Note that RDF/S refers to the pair of RDF and
RDFS, while RDF and RDFS alone only describe the single concepts) enables the definition of
ontologies, vocabularies and additional meta data for RDF models. Like F-Logic, DAML+OIL
and the successor of DAML+OIL, OWL, RDFS lets users create ontologies based on certain set
theoretical constructs. RDF itself provides no means for defining application-specific classes and
properties. For the creation of taxonomies of terms or the building of knowledge structures and
ontologies, more advanced concepts are needed. RDFS is not providing a certain vocabulary for
application-specific classes and properties, but "instead, it provides the facilities needed to describe
custom classes and properties, and to indicate which classes and properties are expected to be used
together". [41]
Consider the following example: In order to assert, that this thesis is about Topic Maps,
one could simply create a statement in RDF, in which the resources of this statement are linked
together with the predicate isAbout. Even more accurate, would be to create classes for the
protagonists of such a statement, that is to say, a class Thesis and a class ISOStandard. With
RDF alone, this is impossible. In RDFS, this can be achieved through the definition of a custom
vocabulary for this ontology. The rdfs:Class construct allows for the definition of arbitrary
classes. Additionally, these classes can be organized into a hierarchy, as seen in object oriented
type systems. That is, a class may be the subclass of another class. Given the example from above,
the class of ISO standards could be asserted to be a subclass of the class Standard. A resource
with the type ISOStandard is therefore simultaneously an instance of the class Standard.
For further information on RDF/S applications, other than editors, refer to [45] or [15]. In the
following, the concepts of RDF/S and Topic Maps shall be compared to each with respect to the
expressiveness of the concepts.
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Figure 4.4: Comparing Topic Maps and RDF technologies
4.2.2

Comparing RDF/S and Topic Maps

As mentioned above, RDF and Topic Maps are rather similar in terms of "representation, interchange, and exploitation of model-based data on the web" [30]. Generally, RDF provides the same
functionality as Topic Maps. Resources may be interconnected through predicates (associations
in Topic Maps), which can be subject to further assertions. However, the concepts were intended
for different purposes. According to Garshol [50], "Topic maps were created to support highlevel indexing of sets of information resources to make the information in them findable", while
"RDF, on the other hand, was intended to support the vision of the semantic web through providing structured metadata about resources and a foundation for logical inferencing". Merging both
technologies to one and the same idea, is therefore not appropriate, as also the communities of
both concepts do not have the same goals.
From a technological perspective, the concepts are based upon the same logical domains:
Constraints, Data Models and Syntaxes (cf. figure 4.4). The Constraints domain provides
languages to define ontologies for data models. An ontology provides a data structure for data
models. That is to say, a data model instantiates or conforms to an ontology. In a sense, an
ontology can be seen as a data type, which constitutes a class for instances of RDF graphs or
topic maps. When speaking about ontologies and RDF, the language OWL is often referred to.
In fact, OWL provides a very similar functionality for RDF models as DTDs, RelaxNG or XML
Schema provide for XML models. The Data Models domain actually represents the respective
concepts themselves. This domain describes how the data is being modeled. In case of Topic
Maps, the data is modeled through topics, associations and occurrences, in case of RDF through
resources and statements. The Syntaxes domain provides mechanisms to express instances from
the Data Models domain in an interchange syntax. For both RDF and Topic Maps, at least one
XML syntax is available.
In order to be able to identify possibilities to integrate the RDF editing workflow into the
Topic Maps editing workflow, there has to be an understanding about the technological and
conceptual similarities and inequalities of the respective technologies. For this purpose, both
technologies will be compared in the following, with regards to their respective conceptual
features and representations.
Obviously, RDF and Topic Maps have a point of correspondence in their most fundamental
concepts. Both formalisms are identity-based technologies, which means, that in both technologies, the key concepts are entities or symbols, representing identifiable things. About these things,
statements can be made. A topic in a topic map is the same as a resource in a RDF graph. In
both technologies, these entities can be interconnected through associations. This leads to one of
the major differences of the concepts, though. Structurally, an association between two topics in
a topic map is made up of 5 parts: The two topic items, the association item and two role items.
In fact, a topic, which is associated to another topic, is not directly connected to that topic, but
is connected to a role item. The other topic is also playing a role, being connected to another
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Figure 4.5: Comparing the structure of a non-reifiable to a reifiable RDF statement
role item. The two role items are then connected to the association item and make the association
between the two topics. In RDF, it is not possible to assign a role to a resource within a statement.
The only type of a statement is located at the predicate.
There is another remarkable difference in associations and statements. An RDF statement is
a binary relationship between exactly two entities. E.g., the fact, that A and B are parents of the
child C would have to be split up into two separate statements in RDF: "A isParentOf C" and
"B isParentOf C". The same connection between A, B and C in a topic map, could have been
accomplished with only one association, as in Topic Maps, n-ary associations are possible. For
this purpose, the association would have been assigned the type isParentOf and A, B and C
would have played the roles parent and child. The association item would then encapsulate
three role items, which would resemble a ternary association between A, B and C. Therefore, one
can say that structurally, associations in Topic Maps carry more information than statements in
RDF. [50]
At this point, it has to be said, that all constructs of Topic Maps, such as names and occurrences, can also be expressed using RDF statements. The notion of a name of a topic in a topic
map can be easily adopted for RDF using a literal as the object and a naming-type, such as
foaf:name (applying the FOAF vocabulary), as predicate of a statement. Topic Maps’ associations and occurrences can be expressed using RDF triples likewise, through an appropriate typing
of the predicate. Actually, everything available in the Topic Maps technology can be expressed
through RDF statements. The single constructs simply have to be modeled using statements with
corresponding types.
The process of reification is another example for a concept that has to be "invented" by the user
before it may be used in RDF. While Topic Maps support the reification of most of its constructs
without great efforts, RDF has no built-in mechanism for the reification of statements. Furthermore, in order to reify a predicate of a statement, RDF would require the user to completely convert
the statement to another structural form, which is way more complicated than before the conversion. A simple statement about this thesis, e.g., "ThisThesis isAbout TopicMaps" would have
to be transformed into a more abstract representation before it could be the subject of another statement. Figure 4.5 illustrates the necessary changes of the RDF graph in order to be able to reify
this statement. The result of the reification of the statement is an additional node, representing the
statement. Now assertions can be made about the statement.
A very plausible application of reification in RDF would be to model the concept of scopes
from Topic Maps. There is no native correspondence for the concept of scopes in RDF (Remember
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that a scope qualifies a construct within a given context. A scope is a set of topics of arbitrary
type and number). Again, this would have to be achieved through the reification of a statement.
Another major difference between the RDF/S and the Topic Maps concept is the lack of a
well-defined model theory in Topic Maps. A model theory relates expressions to interpretations.
In RDF/S, expressions are represented through assertions about certain resources. In a model
theoretical context, a ’resource’ can be everything within the ’world’ of the model-theoretical
semantics. The world of a model theory is everything about which any semantic assertion can
be made. Interpretations are minimal formal descriptions of "those aspects of a world, which
is just sufficient to establish the truth or falsity of any expression of a logic". More informally,
an interpretation assigns a value to an expression of a formal language. RDF/S has such model
theoretical semantics. This allows for the automatic generation of ’meaning’ from expressions.
The notion of meaning is a crucial issue when talking about semantics and constitutes a very
complex field of research.
The RDFS vocabulary has predefined mechanisms for the assertion and definition of class
hierarchies and custom properties (and even hierarchical properties). This allows for the automatic
reasoning of inferred class models. That is, a resource which belongs to a certain class, can be
classified to be an instance of all superclasses of the class it belongs to. This in fact clearly
illustrates, how expressions can bear a ’meaning’. The mechanism for the generation of meaning
is called inferencing or reasoning. Topic Maps, totally lack any such model theoretical foundation.
The only typification or classification issue, available in Topic Maps, is the instantiation of topics
and PSIs. There are no predefined constructs for the definition of complex ontological structures.
In order to say, that this thesis is about ISO Topic Maps, two topics, which are instances of the
corresponding types Thesis and ISOStandard, have to be created and associated.
In RDFS these types could have been created as part of a class hierarchy, in which the
type ISOStandard could be a subclass of the class Standard. Due to the model-theoretical
foundation, a resource within an RDF graph with type ISOStandard can be reasoned to also
be a member of the set of all Standard class instances. In Topic Maps such a behavior could
only be modeled by means of an application-specific association of type isSubclassOf between
topics of types ISOStandard and Standard. Semantically, this is nearly the same as with RDFS.
Structurally, this is however completely different from how RDFS manages the creation of type
hierarchies, as RDFS, in contrast to Topic Maps, provides built-in constructs for the definition
of class hierarchies. In fact, this puts RDF/S on a different semantical level compared to Topic
Maps.
The above illustrated differences between the RDF/S and the Topic Maps concept indicate,
that Topic Maps are higher-level technology as they may carry more information about themselves
compared to RDF models. The fact that RDF statements cannot be referenced due to the lack
of identifiers for these constructs, constitutes the major difference of both technologies and
accounts for most of the differences described above. Every concept of Topic Maps can be
expressed in RDF using a certain number of stuck together statements. On the one hand side,
this makes RDF more complicated, but way more light-weight in contrast to Topic Maps, on
the other hand side. This work intends to develop a visual Topic Maps editor, whose conceptual
design allows for a seamless integration of RDF authoring. For this purpose, the above described
differences and similarities have to be regarded in terms of the conception of the editor in chapter 6.
In the following, editors for RDF and OWL will be introduced and examined. Despite all
the differences discovered in this part, the authoring workflow for RDF and Topic Maps is very
similar. For issues like visualization, user interaction, editing styles and content manipulation, the
contemplated editors provided valuable inspiration, which could be adopted for the editor of this
work.
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As seen in the last two parts of this chapter, RDF is very similar to Topic Maps, even
though there exist remarkable differences. In the following, available RDF editors will be
introduced and analysed. In the end of this section, the introduced editors will be compared to
each other and recommendations, regarding what editor to use in what scenario, will be illustrated.
The IsaViz system [14] is a tool for the visual rendering and editing of RDF models. For this
purpose, IsaViz represents RDF models as a graph, in which subjects and objects are displayed as
ovals or rectangles and predicates as named edges. This representation has been identified to be
very suitable for RDF [13]. In order to create a RDF model, the users of IsaViz select constructs
(resource, literal, property) from a palette (cf. Figure 4.6) and add the constructs to the model
through a left-click into the drawing surface. Over the time, the user may in this way create RDF
models visually. Note that, due to the high scalability of RDF, the respective models may become
very large, which inevitably leads to complex views of a RDF graph. This is, however, not only a
problem of RDF alone.
In every visualization, in which there do not exist boundaries for the number of items
displayed, this issue can lead to severe usability problems. If a visualization did not support ways
to avoid such problems, users might understandably avoid using the visualization. Therefore, the
IsaViz system supports zooming and panning of the drawing surface in order to prevent these usability problems. The workflow of creating a RDF graph in IsaViz appears to be not as intuitive, as
in the UML editors presented above. This is mainly owing to the fact, that RDF lets users identify
individual types for the predicates of the statements. Figure 4.6 shows an example relationship between this thesis and Topic Maps, which sais: "ThisThesis isAbout ISOTopicMaps". In order
to be able to create such an association between this thesis and Topic Maps, the user has to predefine the type isAbout, which has to be assigned a specific namespace in addition. This can be
achieved in the "Definitions" region of the IsaViz graphical user interface and may not be deferred.
The possibility to just connect a subject with an object without having to assign a certain
type to the predicate in-between, can be very convenient, though. The criterion of the Semantic
Markup, Ontology, and RDF Editor application (short: SMORE) [16] for the support of a deferral
of the typification of a predicate, is the fact, that the ontology with which the predicate is to be
typed, may be contextually insufficient by the time, an assertions is made about a given resource.
That is to say, at a given time during editing, the RDF model may lack certain semantics, which
could additionally influence the determination of a type for a predicate. For this purpose, untyped
predicates are marked as such in SMORE, for later type assignment.
In any way, the SMORE application differs from the IsaViz system. The developers of
SMORE describe their tool as an "integrated environment for creating web pages, email, and
other online content while facilitating inline, seamless semantic markup". Whereas IsaViz aims at
helping to create RDF files, SMORE moreover provides a way to integrate semantic markup into
webpages, emails, other text-based online content and even images.
The Hyena system [67], which comes in two different distributions (one for web usage
and for standalone operation) is following a very similar approach. With the Hyena system,
users can create Wikis based on RDF data. Although the users have to author RDF at (almost) no time, the underlying data layer makes extensive use of RDF graphs to attach meta
information to Wiki pages and links. This clearly identifies two different application domains,
which both employ RDF as an mediator of semantic information. On the one hand side,
there are editors, with which users create or edit RDF data. On the other hand side, there are
editors, that employ RDF for the attachment of semantic information to content. (Note that
the possibility to defer type assignments of constructs is also a very interesting feature for a
visual editor of Topic Maps. This issue will be subject to more detailed analysis in a later chapter.)
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Figure 4.6: RDF authoring with IsaViz

The OntoStudio software provides an Eclipse-IDE-based environment, which lets users define
RDF ontologies by means of tables and forms. The workflow is similar to that of IsaViz. First,
the user has to define classes, for which he can afterwards create instances. In order to assert
something about an RDF instance, OntoStudio provides a table, which is in fact a list of statements.
The user simply clicks in the first cell of the first unoccupied row and a list of available predicates
is displayed to the user. After the user has chosen the type of the predicate, he may choose the
object of the statement, which is either one of the XMLSchema types or a class that has been
defined prior to the creation of the statement. Figure 4.7 shows the OntoStudio environment.
In the left part of the user interface, users create and instantiate classes, while in the right
part, the properties, such as name and namespace of a class or property, can be edited. The editor
has a clear and easy-to-understand organization of input dialogs and user controls and enables a
pleasing ontology authoring. The creation of statements is very easy and, due to the automated
proposals of predicate types, it is also very efficient. (The automated predicate type proposals are
a very comfortable feature. Without such a feature, users would have to type in the exact name of
a type for every predicate, which would be very annoying. In Topic Maps, this could be employed
to provide a user with available types for topics, associations and occurrences alike.)
Like Ontostudio, the TopBraid Composer software [65] is an Eclipse-IDE-based solution for
the creation of ontologies and RDF instance data. In contrast to Ontostudio, however, this editor
provides the possibility to author RDF content either directly, within a textual editor window, by
means of tables and forms (this perspective is intended for the definition of OWL classes) or in
form of a graphically rendered graph. From a palette, users may choose what construct to add
to the drawing surface. In comparison to the IsaViz editor, the TopBraid Composer as well as
Ontostudio appear to be more complex, but also more powerful, as they provide the possibility to
define OWL classes for RDF instances. An interesting feature of the TopBraid Composer editor
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Figure 4.7: RDF authoring with OntoStudio
is its ability to execute SPARQL statements on the RDF models. The results of the queries are
displayed instantly in another panel of the user interface. See figure 4.8 for an overview of the
user interface of the TopBraid Composer.
Even tough, this part is about RDF editors exclusively, an editor, which is primarily intended
for OWL authoring, shall be contemplated in the following. This is primarily due to the great
prevalence of this editor and the close affinity of RDF and OWL. OWL is built on top of RDF and
extends RDF by constructs, which let users create constraints on models, as found in predicate
logic. This very complex and, at first sight, overwhelming editor for OWL, is named Protégé
[64]. Generally, Protégé is a tables and forms based editor, even though the possibility to visually
display the structure of ontologies exist. Before instance models are available, Protégé requires
the users to create classes for these instances. In OWL, these instances are known as individuals.
Classes are in fact the set of all individuals of one and the same class. Classes may be subclasses
of other classes and inherit the respective constraints.
Individuals can be interrelated through properties. Properties correspond to associations in
Topic Maps, except that, natively, in Topic Maps no constraining constructs for models exist. A
property is a connection between two individuals from certain classes. There are "object properties", which interrelate individuals from certain classes, "data properties", which interrelate an
individual and a literal, such as a String, and "annotation properties", which let users add meta
information about, e.g., the author, to a class. A fundamental concept of OWL is known as "Reasoning". Reasoning describes the process of computing a class hierarchy from an OWL model
[26]. A reasoner is a program which requires an OWL model as input and provides a so called
inferred model of this model as output. An inferred model of an OWL model contains additional
constraints and superclass-subclass relationships between classes, which have been computed, due
to user asserted class constraints and class hierarchies.
Protégé provides an interface for the tight integration of a reasoner into the editor software,
in form of a plugin. In this way, users can instantly generate the inferred class hierarchy and
constraints from their respective models. Another feature of a reasoner for OWL is the consistency
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Figure 4.8: Authoring RDF with the TopBraid Composer
check of individuals. In case, constraints (which are known as restrictions in Protégé) on classes
exist, the reasoner can check whether or not an individual from this class is conforming to this
restriction. The workflow in Protégé is therefore:
• Create a class hierarchy and define restrictions on classes
• Compute the inferred class hierarchy (REASONER)
• Create individuals for the classes
• Check the consistency of the individuals (REASONER)
After the authoring of the ontology, Protégé provides multiple kinds of syntaxes for storing
the ontology in an interchange format. These formats are among others: RDF/XML, OWL/XML,
OWL functional syntax, Manchester OWL syntax, Latex and turtle.
Although, the editor is very complex, the user interface enables an easy-to-understand
operation of the multiple functions of the editor. OWL itself is a very high-level language and
for non-professional users, OWL most certainly constitutes a very complicated technology. The
editor is definitively built for professional users exclusively. However, the workflow for creating
ontologies in Protégé is somehow very intuitive and it appears, that with some time, even novice
users can learn to author their own OWL models using Protégé.
The editors presented above are the most prominent examples from the field of RDF authoring.
Other editors, which have not been introduced, are either not available due to dead links or not
recognized in terms of this thesis due to their premature state. These editors are:
• RDF Editor (Very simple RDF editor based on tables and forms) [68]
• IdeaGraph (RDF based Personal Knowledge Management tool, with a graphic node and arc
diagram user interface)
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Figure 4.9: Authoring OWL with Protégé

IsaViz
SMORE
Hyena
OntoStudio
TopBraid Composer
Protégé

visualization
graphical
tables and forms
tables and forms
tables and forms
tables and forms / graphical
tables and forms

specificity
middle
high
very high
low
low
low

complexity
+
++
++
++
++
+++

ease-of-use
++
+
+
--

Table 4.1: Comparing RDF editors

• RDF Instance Creator (A Java application for creating semantic mark-up in OWL, DAML
and RDF from mark up such as web pages) [69]
• Rhodonite (RDF-Editor and RDF-Browser) [70]
• RDFAuthor (Querying and authoring of RDF instance data via a graphical interface)
• RDFe (A Schema-Aware RDF Editor) [71]
• RDFedt
Most of these editors are rather aged and do not have links to development pages anymore.
Therefore, this chapter concentrated on editors, which are still in use by the majority of the
community or which have extraordinary features. In the following, the above introduced editors
shall be compared to each other in order to classify the available RDF editors. Table 4.1 shows a
confronting view of all introduced editors.
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The editors are compared, according to their respective visualization, specificity, complexity
and ease-of-use. The visualization criterion classifies an editor as a "graphical" or as a "tables and
forms based" editor (Note that the possibility to graphically display an ontology does not classify
an "tables and forms based" editor as a "graphical" editor. At least not as long as the ontology
may also be authored in a graphical way). The specificity criterion determines, how universal
the editor can be employed for RDF authoring (A ’high’ rating means, that the respective editor
is very specific). The complexity indicates the functional range of the editors (The more plus
signs, the more complex). Finally, the ease-of-use criterion tries to make an assertion about the
all-in-all authoring experience regarding the ease to accomplish a certain task with an editor (Plus
signs indicate an easy usage of the editor, while minus signs indicate a challenging authoring
experience).
Basically, the editors differ in all criteria identified above. The complexity of the editing
functionality is however a good criterion to distinguish the editors, concerning the application
domain. The IsaViz editor is a very intuitive editor, however, there is no possibility to define
ontological classes and restrictions on classes. For the quick generation of RDF instance data,
IsaViz can be seen as a comfortable tool, to achieve this goal. SMORE in contrast is more specific,
as it is built to attach meta information to web content only. Yet, SMORE offers ways to define
ontological class hierarchies, which makes it rather an RDF/OWL editor. Understandably, this
increases the complexity and decreases the ease-of-use of SMORE in contrast to IsaViz. The fact
that SMORE is a "tables and forms based" editor, while IsaViz is a graphical, which has been
identified to be more intuitive by nature, is not influencing this estimation, as both editors are for
different things. A graphical representation of SMORE’s application data is very hard to think of,
if one considers, that website content is to be attached by meta data.
The Hyena editor appears to be even more complex than SMORE at first sight. Both
editors are targeted on the creation of meta data for web content. Compared to all other editors
contemplated in this chapter, Hyena is the most specific one. This is because Hyena is totally
focused on Wiki content. In fact this editor is a Wiki authoring software with functions to
attach meta data to the content items. In order to work efficiently with Hyena, a user first has
to understand several concepts that are not directly connected to RDF itself, e.g. Wiki syntax.
This makes Hyena a very sophisticated and complex tool, which is intended for professional users.
While intended for the very same purpose as IsaViz, Ontostudio provides more functionality
to author RDF models. Before RDF instances can be defined in Ontostudio, the user first has to
create classes and properties for these instances. In IsaViz, in contrast, users simply add resources
to the drawing surface without bothering about types. For this reason, Ontostudio is more
complex than IsaViz, but at the same time, succeeds in providing users comfortable functions for
the creation of RDF instances, such as automated predicate proposing. Nevertheless, Ontostudio
is a tool for users with expert knowledge about OWL and RDF. The TopBraid Composer software
is trying to be more intuitive, with its possibility to author RDF models either graphically or on a
tables and forms basis. This certainly contributes to the ease-of-use of the TopBraid Composer,
however, the overall authoring experience prohibits to classify this editor as an easy-to-use editor.
Neither IsaViz, Ontostudio nor TopBraid Composer are limited to any application area, such
as Hyena, which makes them very universal and non-specific tools for the generation of ontologies.
Actually, the Protégé editor has been developed by the Stanford university to help in keeping
track about patient data in hospitals. However, due to its functional range, it has become the
standard tool for ontology authoring. Protégé provides a very flexible architecture, which can
be easily configured and extended. It has an "open-source Java API for the development of
custom-tailored user interface components or arbitrary Semantic Web services" [64]. This
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makes it a very likable choice for professional developers of applications with semantic content.
Generally, Protégé is the most complex editor for ontologies of all editors contemplated in
this part. With its abilities to build class hierarchies, specify restrictions on classes and reason
inferred class models automatically, it is by far the most professional and, legitimately, the most
wide-spread tool for authoring ontologies.
In this section, RDF has been introduced, RDF and Topic Maps have been compared to each
other and editors for RDF have been contemplated and analysed. Above all, this was meant
to discover similarities and differences between RDF and the Topic Maps concept and to get
inspiration for the editor developed in this work. Even though, most available RDF editors are
based on a tables and forms user interface, some issues of the respective editors seem to also fit in
a graphical editor for Topic Maps. One feature of the editor could be adopted from the SMORE
editor, which lets users defer the assignment of predicate types. In this way, user could create
the structure of an ontology before additional semantics are added to the constructs. Another
reasonable feature, also concerning predicate types, can be found in OntoStudio, which supports
an automatic proposing of available types for predicates and ranges/domains of predicates. The
palette of the TopBraid Composer is also a very intuitive and easy-to-use feature, to let users create
RDF constructs on the drawing surface. Obviously, the strong affinity of RDF and Topic Maps
brings about certain advantages concerning the development of an editor for Topic Maps.

4.3

Topic Maps

In the previous part of this chapter, RDF has been introduced and editors for RDF have been
analysed. In this part, Topic Maps editors will be subject to analysis. As the concept of Topic
Maps has been introduced in a chapter of its own (cf. chapter 2), Topic Maps will not be
introduced explicitly in this chapter again. Nevertheless, a short summary about what a Topic
Map consists of is provided in the following. This is intended to help recalling the essential
constructs necessary to define a Topic Map.
In General, a topic map is a container for topics and associations, while both concepts carry
further semantical and structural information about a map. A topic consists of names, which let
users assign literal values to a topic, and occurrences, which represent resources that are related
to the topic in some way. Associations interconnect topics, so that assertions about topics can be
made. An association consists of roles. For every topic, which is part of an association, there is a
role within an association item, indicating the role type of the corresponding topic. This issue is
very important to understand, when speaking about associations in Topic Maps. Topics in Topic
Maps are associated to role items, which are connected to association items.
In order to navigate from one topic to another, via an association, one has to go to the role
item of the one topic first, proceed to the association item, which is the parent of the role item, and
access the other topic item via its corresponding role item. Furthermore, every construct within
a topic map can be assigned a type, in order to further constrain the instances of a Topic Maps
ontology.
The goal of any Topic Maps editor is to enable users to create and edit the above listed
constructs. As with RDF, the authoring of Topic Maps can be accomplished in a way, which is
mostly graphics based or in a way, which relies on tables and forms. In the following, available
editors for Topic Maps will be contemplated and analysed.
The Ontopia Knowledge Suite (short: OKS) from Ontopia [73] is surely one of the most prominent applications from the field of topic maps processing. The suite consists of several tools "for
building, maintaining, and deploying topic map-based applications". Among other tools, the OKS
also provides an editor for Topic Maps, which is named Ontopoly. Ontopoly is a tables and forms
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Figure 4.10: The HTML based user interface of Ontopoly

based editor for the creation and editing of Topic Maps data.
The user interface is built on a web basis, that is, the tables and forms elements are represented
in HTML. The server-side part of the editor is implemented in JAVA, which is why the application is deployed on a distribution of the tomcat server. It is obvious, that this makes Ontopoly
an editor to be used in distributed environments, where multiple users edit topic maps from one
and the same repository. Figure 4.10 shows the user interface for the creation of topics in Ontopoly. Topics can be type-topics or content-topics. The type of a content-topic is given through
a type-topic, while the type of a type-topic is identified through an URI (in case of Ontopia:
http://psi.ontopia.net/ontology/topic-type).
Unfortunately, the editor is not clearly distinguishing both types of topics, so that huge numbers of topics can lead to a very complex view of a topic map. Additionally, the user interface is
made up of numerous input fields, that are very confusing at first sight. For this reason, Ontopoly
provides the possibility to toggle several regions of a user interface screen, so that users can decide
how many details they wish to see of a topic map construct. The only fields that cannot be toggled,
are the fields for essential values of constructs, such as subject identifiers or names.
As Ontopoly is a part of the OKS, users can also use the other tools of the suite, in order
to browse or visualize (Omnigator/Vizigator, cf. chapter 2.4.1) the created topic maps. The
OKS is an elaborate application, which provides users of topic maps an all-in-one solution for
the employment of topic maps as means for data persistence. However, the application is very
demanding considering the knowledge of users about the Topic Maps technology. Novice users
will have difficulties to work with this editor efficiently unless they passed a solid tutorial about
Topic Maps and Ontopoly.
Onotoa [74] is a graphical Eclipse-IDE-based editor for TMCL, which is the planned constraint language for Topic Maps (cf. chapter 2.3). This means, Onotoa lets users create ontologies
in form of topic maps and define constraints for these ontologies. As seen in UML, topics are
represented as boxes with their name within the header of the box. In TMCL, only type topics can
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Figure 4.11: TMCL schema creation with Onotoa
be created and edited. Therefore, all topics within Onotoa are type topics, which correspond to
classes in OWL. After topics have been created - by clicking into the drawing surface while the
"Topic type" mode is active - constraints may be defined for these topics. In figure 4.11 a simple
TMCL schema created with Onotoa is displayed.
Considering the example from the previous part about RDF, in which this thesis was asserted
to be about the ISO standard Topic Maps, this schema describes the class of all topics of type
Thesis that are about an topic of type ISOStandard. The association is represented as an oval
between the two topics represented as boxes. The annotations alongside the edges between the
association constraint item (oval) and the topics (boxes) are the role types of the players of this
association. In this way, users can define TMCL schemas in a very intuitive and efficient fashion.
For the creation of Topic Maps instances, that conform to the created schemas, specific Topic
Maps content editors have to be employed, as Onotoa itself is not providing any possibility to
create Topic Map instance data.
The TM4L Topic Maps editor [31] provides the possibility to create and edit Topic Maps
instance data on a graphical way as well as on a tables and forms basis. Users may switch between
the editing modes seamlessly via tabs. The graphical mode displays topics as labeled rectangles
and associations as edges between rectangles (cf. figure 4.12a), while the tables and forms based
editing employs multiple input fields to let users create topic map constructs or assign types to
constructs.
The graphical authoring mode is limited to the creation and association of topics only,
however, as mentioned earlier, this enables a very intuitive way of structuring content. In
principle, the idea of having both, a graphical and a tables and forms based mode for the authoring
of topic maps provides the basis for a very effective workflow. First, users create topics and
associations between those topics on the drawing-area in the graphical mode. Afterwards, more
detailed semantics can be added to the respective nodes in the tables and forms based mode.
Like the Protégé OWL editor for ontologies (cf. chapter 4.2.3), TM4L provides an interface for
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(b) graphical topic maps editing

Figure 4.12: The TM4L user interface

the integration of plug-ins and custom application components. TM4L is intended to provide a
framework not only for Topic Maps authoring, but also for the creation of individual Topic Maps
software based on the TM4J library for Topic Maps (cf. chapter 2.4.3).
Topincs is another Topic Map editor whose user interface is built with HTML. In fact, Topincs
is very similar to the Hyena RDF editor (cf. chapter 4.2.3), as it also provides a web interface
for the authoring of Wiki content based on a semantic information repository. Actually, Topincs
is a software system consisting of four parts: A Web Service Interface, a server, a Topic Maps
editor and a Topic Maps based Wiki. Altogether, these components are intended to help in creating a "experimental knowledge sharing community". Everybody who wants to contribute to
the experiment, can subscribe for an account and start sharing knowledge within a Topic Maps
based Wiki. The user interface of the Topincs editor is based on tables and forms. The user can
create topic maps (called stores in Topincs) and add topics and associations to the topic maps.
Figure 4.13 shows the Topincs editor, which reminds of most other tables and forms based editors
contemplated so far.
Naturally, it is no coincidence, that the structures of most tables and forms based editors, be
it for RDF or for Topic Maps, are almost identical. Developers of such editors do not have very
much tolerance regarding user interface issue. If one reflects about the editors presented in this
work, that employed a tables and forms based authoring of content, this should become clear.
Another editor for Topic Maps, which provides both, a graphical as well as a tables and forms
based editing mode, is the Topic Maps Designer [76]. Like the other editors presented so far,
that provided these two editing modes, the Topic Maps Designer is making a clear distinction
between defining the structure of a map and adding semantics to constructs. In contrast to the
other editors, however, there is no way to create topics in the graphical authoring mode. Before
the user can visualize the topics in the graphical window, he has to create them in the tables and
forms based mode, which is a rather strange workflow. In fact the editor provides two different
graphical views of a topic map. Figure 4.14 shows what perspectives the user is provided in order
to author his topic map.
Figure 4.14 (a) displays the standard tables and forms based user interface, which is shown to
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Figure 4.13: The Topincs topic maps Wiki editor

(a) Create/Edit Topics

(b) Create Associations

Figure 4.14: The Topic Maps Designer
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the user on system startup. Here, the user can create and edit topics and associations. Figure 4.14
(b) displays the perspective, intended for the definition of associations between topics.
Before topics can be interconnected through associations, all constructs have to be
drag’n’dropped from the hierarchy tree (see left hand side of figure 4.14 (b)) onto the drawing
surface, even the association construct. When being dropped on the surface, topics are displayed
as rectangles and associations are displayed as triangles. In order to associate topics with each
other, the user has to drag a topic onto the association item (triangle). This will cause the association to ask the user for additional information about the association, such as the association
type. Now, one topic is classified as a role player of the association. To complete the connection
between both topics, the user has to do the same task for the other topic.
After this is done, the association is assigned two roles, which represent the two topics.
Figure 4.14 (c) displays another graphical representation, which is intended for the contemplation
of topic maps only. The Map is arranged on top of a spherical body and rendered in a three
dimensional fashion. The user can navigate around the sphere by dragging the body. This
view omits the display of associations between topics and shows type topics and content topics
likewise. Instead, topics are arranged around a "start" node which represents the root node. The
start node, in contrast, is associated to every topic in the map.
The above introduced editors for Topic Maps all have one and the same goal, to enable the
creation of topic maps or Topic Maps based content. There are differences and equalities in the
mechanisms, for how this task is accomplished. In the following, these differences and equalities
shall be discussed against the background of the visual Topic Maps editor of this work.
Before the editors will be compared to each other, a more general issue shall be discussed. The
workflow for creating topic maps can be assumed in many ways. There is no rule for the order of
tasks to be accomplished in order to generate topic maps. Some users may prefer to create type
topics before they create instances for these type topics - in form of content topics. Others might
prefer to go the other way round, and define the structure of a topic map (i.e., create topics and
associations), before they add semantics to the constructs.
However, most editors presented in this work, do not provide the possibility to let users decide
which way to take. In most cases, the workflow for the creation of content is rather definite.
First, users have to create types and add certain semantical information to the types. Afterwards,
instances of these types may be created and associated. The only real exception from this provides
SMORE (cf. chapter 4.2.3), which offers the possibility to create instances before types for these
instances have been created. The possibility to define topics and associations, prior to the definition of types, enables a very comfortable user experience, though. Mostly, visual topic maps are
created to be used by humans. For this purpose, a map is in part always determined by its visual
structure. For the creation of such a visual structure, it would be preferable to not have to define types in advance, as in general, types do not have any influence on the structure of a topic map.
When humans create topic maps from scratch, the first things that come up are structural
issues. It is very intuitive to start with constructing some topics and associating these topics. The
need to define types for these topics and associations in advance can be very disturbing. This
issue is a very interesting point in consideration of the development of a visual editor for Topic
Maps. The possibility for users to create a complete topic map, without having to define a single
type, constitutes a real surplus compared to editors that do not support this. These "untyped"
topic maps could enable the same practices as seen in Mind Maps, which are hierarchical tree-like
knowledge structures without semantic information. In this way, users can quickly add content to
a map without having to bother about semantics. Nevertheless, the possibility to add semantics to
a topic map does have to exist.
The key to a comfortable authoring experience is to let the user decide when to add semantics
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visualization
tables and forms
graphical
tables and forms / graphical
tables and forms
tables and forms / graphical

specificity
low
middle
low
high
low

complexity
+++
++
++
++
+

ease-of-use
++
+
-

Table 4.2: Comparing Topic Maps editors

to a map. That is to say, an editor for Topic Maps should support the existence of untyped topic
maps constructs likewise. A possible workflow for the creation of two associated topics could be:
• Create topic A
• Optionally, assign type of topic A
• Create topic B
• Optionally, assign type of topic A and/or topic B
• associate topics A and B
• Optionally, assign type of topic A and/or topic B and/or assign type of association and/or
role types of A and/or B
Such a workflow implies, that a user can assign types to constructs at any time, which is
believed to provide the highest possible degree of intuitiveness and efficiency.
What now follows, is a comparison of Topic Maps editors regarding the same criteria as in the
comparison of RDF editors in chapter 4.2.3. Table 4.2 shows a comparison of all contemplated
Topic Maps editors regarding these characteristics.
Ontopoly from Ontopia is a rather complex Topic Maps editor, which is most certainly
intended for professional users with in-depth knowledge about Topic Maps and web technology.
It can be used universally, as it is not developed for any special purposes, like Topincs, which
is built to support the maintenance of a Wiki. Like most editors contemplated in this chapter,
Ontopoly is not making any difference between type topics and content topics. With increasing
numbers of topics within a map, the differentiation between type topic and content topics could
constitute a real challenge. Thus, the "everything is a topic" philosophy of Topic Maps can
also bring about severe usability problems if Topic Maps software did not reasonably deal with
this issue. Concerning this discrepancy, Topic Maps applications should adopt the RDF way of
separating types and instances. In RDF or rather OWL, classes are discrete constructs, which can
be easily distinguished from RDF instances.
The Onotoa TMCL editor differs from the editor of this work, since it does not provide the
possibility to let users define Topic Maps instance data. Onotoa moreover enables the definition
of Topic Maps ontologies. The fact, that even associations and other constraints (associations are
also constraints in Onotoa) between topics are represented as graphical shapes (isAbout - oval in
figure 4.11), distinguishes this editor from the common representation of associations, which is a
simple edge between the corresponding nodes.
As Onotoa deals with TMCL schemas, this appears to be a very reasonable visualization of
topic relationships, because it emphasizes the discreetness and autonomy of associations in Topics
Maps (Note that an association is not dependent on topics, i.e. associations are not composed of
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topics, associations are in fact containers for role items that represent topics). This also conveys
the impression of a formal presentation, which perfectly resembles the notion of TMCL as a
constraint language for Topic Maps. Especially for the creation of associations with higher arities,
this representation of associations is very suitable and, above all, intuitive.
Another useful feature of Onotoa is the map overview function. At any time, the user can see,
where his position on the drawing surface is. In this way, users cannot get lost even in huge maps.
A zooming function on the other hand has not been implemented. This might have additionally
increased the usability of the software. All-in-all, Onotoa gives the impression of an innovative
Topic Maps software, as also the boxes representation of topics could be easily adjusted to fit the
requirements of the GTM (cf. chapter 2.3). This would make Onotoa even more universal with
regards to standard conformity and specificity.
The Topic Maps Designer editor is following a very similar approach, however, the Topic
Maps Designer is a pure Topic Maps instance editor. For the creation of Topic Maps instances,
a more lightweight presentation of a topic map is advisable, as additional graphical constructs
(such as triangles) only increase the complexity for a user to understand the structure of a map.
Furthermore, the representation of topics also differs from the usual presentation, as topics are
displayed as boxes, which may carry additional information about the construct, as seen in UML.
The TM4L system, in contrast to the Topic Maps Designer, is not requiring the users to switch
to the graphical editing mode in order to associate topics (albeit TM4L enables a graphical creation
of associations). In fact, this is the major difference between these two Topic Maps editors. The
Topic Maps Designer is not allowing for an association of topics within the tables and forms
based mode. In TM4L, users do not have at all to switch from the tables and forms based mode
to the graphical mode in order to author a map, as the operations available within the graphical
mode are a subset of the operations from the tables and forms based mode. For this reason, the
workflow in TM4L is way more intuitive and terminated. This issue also bears a meaning against
the background of the visual editor of this work. There have to be answered several questions
concerning the user interface and its functionality. A central issue will be definitively the question
of how the single editing steps necessary to create a topic map are presented to the user.
In a sense, Topincs is an editor just like Ontopoly, TM4L and Topic Maps Designer, as
it also provides the possibility to author Topic Maps instance data. The fact that Topincs is
integrated into a Wiki-based knowledge system is not changing the purpose of the editor, but
solely the range of topics available for creation and association. With regards to visual appeal
and intuitiveness, the user interface of Topincs appears to be way more contemporary than all
other contemplated editors. The mere core functionality is in all examined systems exactly the
same, which is why, except for user interface concerns, there are no real differences between the
editors regarding the processing of topic maps. After the editing is finished, the users can save
the topic maps to an exchange format, such as XTM (cf. chapter 2.3) or to a proprietary file format.
In the following chapter, the Topic Maps technology will be tested for its suitability as driver
of a distributed knowledge management system. Simultaneously, the following chapter leads over
to the concept part of this thesis, in which the editor will be characterized.
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Figure 5.1: The subprocesses of Probst’s approach for organizational knowledge management
(figure from [27])

5

Motivation

Topic Maps offer users the possibility to formalize knowledge in a very intuitive manner. In this
chapter, a theory of knowledge management shall be introduced and shall serve as a touchstone for
the testing of Topic Maps as a suitable technology for knowledge management. Typically, people
use several different mediums to keep track of their information. Besides text documents, Wikis
or Weblogs (short: Blogs) are very prominent examples of how people try to populate and store
their knowledge about certain subjects. Wikis provide the possibility to reference documents from
within other documents. In this way, Wikis take the shape of networks of interrelated documents,
which also favour a high degree of social networking.
In more recent versions, Wikis even enable the typing of hyperlinks to other resources, thus
offering mechanisms to attach semantic information to documents. For example, the Wiki website
for the fruit "apple" may contain a reference to the Wiki website for the subject "fruit", which
is typed with "isSubclassOf". Considering the typification concept of topic maps constructs,
this appears to put Wikis and Topic Maps on the same semantic level and admittedly, there is no
remarkable difference between those two conceptual scopes.
However, Wikis are mostly text-oriented, without having to comply to any formally defined
structure. This is, at the same time, the most obvious difference to the Topic Maps concept, as a
topic map is limited by some very specific constraints. The most remarkable constraint is the fact,
that there is a clear standardized structure, saying what a topic map has to be composed of. In fact,
with a standard conformant editor, users cannot create invalid Topic Map models. In conventional
Wikis, there is no classification of content regarding the validity.
At this point, it is worth stressing, that there are attempts to make Wikis semantic. The KiWi
project (Knowledge in a Wiki) [80] develops a semantic Wiki, making it possible to specify a
semantic for a Wiki application, that is, for the content of a Wiki, using RDF. In fact, the KiWi core
system is a flexible platform for building different kinds of semantic social software applications
on top.

5.1

Topic Maps as basis of a distributed knowledge management

The question of why to employ Topic Maps for knowledge management is more easy to answer
if one considers, what the core aspects of knowledge management are. According to the prevalent approach from Probst et al. [27], knowledge management can be seen as a circular process,
in which several subprocesses take care about different aspects of the knowledge management
domain. As soon as all subprocesses of the circle have been passed through, the management
of knowledge continuous at the beginning (see figure 5.1). In this way, knowledge is constantly
refined and can be employed for the solving of emerging problems. Although the circular arrangement of subprocesses suggests a sequential completion of the circle, knowledge can be processed
in any subprocess at any time within Probst’s approach for knowledge management. The respec55
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tive phases are:
• Identification
Create transparency of internal and external knowledge, which is available on a personal
(experts) as well as on a organizational (practices) basis
• Acquisition
Integrate knowledge from multiple sources into the organization
• Development
Develop new knowledge from existing and from the employment of existing knowledge
• Distribute/Share
Distribute and share knowledge within the organization
• Usage
Use knowledge to infer actions, so that knowledge is being used to determine decisions
• Conservation
Determine what knowledge has to be conserved for future employment and what knowledge
can be discarded
Considering this circular model for knowledge management, the Topic Maps technology appears to be very suitable for the employment within a distributed knowledge management system.
Admittedly, for the "Identification" of knowledge, the Topic Maps technology is not providing any
helpful functionality. This is however also the case with any other technology.
The "Acquisition" process, in contrast, is one of the central processes with regards to Topic
Maps employment. Here, users formulate identified knowledge as topic maps, which are captured
by the knowledge management system. In fact, this process constitutes some sort of creation
phase in terms of a Topic Maps knowledge consumption process.
The "Development" process is also providing starting-points for Topic Maps related operating,
as Topic Maps offer ways to generate knowledge, through the consumption of the information
contained in them. Another word for consuming, even though more technical, is browsing. In a
sense, browsing the web means consuming information. Browsing a topic map is in fact the same
with a different underlying medium.
Actually, the process "Distribute/Share" is a central issue of a distributed knowledge management system. During this process the captured knowledge is being conveyed to all participators of
the system. In terms of a Topic Maps based knowledge management, this issue would have to be
taken care about by means of an adequate distribution mechanism of the knowledge management
system.
The "Usage" process can be seen as a special form of the "Development" process as it implies
the development of knowledge through the browsing of information, which is then used to infer
actions.
The "Conservation" process is the last process, before the loop starts from the beginning.
Here, the knowledge, or rather the information, is being persisted and decisions regarding the
abolishment of information are being made. For the storing of information within a knowledge
management system, this issue constitutes the core idea of the Topic Maps paradigm, as topic
maps are intended to represent knowledge in a formalized and persistent manner. A Topic Maps
based knowledge repository as part of a distributed knowledge management system is therefore
very thinkable in theory.
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Necessity of graphical editing facilities

Necessity of graphical editing facilities

As seen in the previous part of this chapter, the Topic Maps technology might be suitable as a
driver for the Topicology system, at least in terms of a theoretical approach for knowledge management. However, there is another reason for why to choose Topic Maps. In the previous chapters
it has been mentioned, that topic maps highly favour graphical representations. Additionally, is
has been argued, that, regarding structural information, graphical representations provide a degree
of intuitiveness which is hard to accomplish with non-graphical representations. For users with
very little technical skills, textual or tables and forms based representations are harder to understand than graphical arrangements. This issue is even more relevant for editors, as users have to
formalize the information on their own. Naturally, authoring information is more complex than
simply consuming information.
Within an organization, users from diverse backgrounds participate in the process of knowledge management. There is technical staff as well as administrative employees. A well made
knowledge management system is not requiring its users to have expert skills in all technologies
of which the system is made up. Moreover, a knowledge management system should provide
a mode for participators of any kind - be it technical professionals or novice users. The problem resulting from this generalization of users is the fact, that a technology might not develop its
fullest potential. E.g., the typification concept of semantic technology may be a real problem for
unskilled users, who only want to assert graphically, that "A is somehow related to B".
Expert users will most understandably want to further specify the relationship between A
and B through custom types. The challenge in the development of an editor for Topic Maps is
therefore to provide convenient modes of operation for all possible users. Of course, there is
a certain threshold, which has to be overcome before an editor may be used efficiently. After
a convenient period of vocational adjustment, however, it should not be a problem for users to
operate the editor (with regards to their individual capabilities). In order to be in full control of
all functions of an editor, there is no way around an extensive study of both, the editor and the
underlying technologies, e.g. Topic Maps.
In chapter 4.3 several Topic Maps editors have been introduced. Some enabled a graphical
as well as a tables and forms based authoring of Topic Maps data, while others supported the
editing of Topic Maps data by means of tables and forms only. The editors, which only enabled
a tables and forms based authoring gave the impression as if they were intended for expert users
only, as the workflow with these editors was highly specialized and required indepth knowledge
about the Topic Maps technology. The editors, which enabled both editing modes, in contrast, also
suggested an employment through novice users. For this reason, the Topicology system is built on
the assumption, that Topic Maps data can be modified through arbitrary editors, which only have
to conform to an interface available at a lower level layer. On top of this lower level layer, any
editors can be employed to modify the topic maps within the Topicology repository. The main goal
of this thesis is to design and create a visual editor for the manipulation of topic maps.
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In the previous chapters, several aspects, concerning the development of a visual editor for
Topic Maps have been examined. In chapter 2, the Topic Maps concept has been introduced
and discussed. Chapter 3 dealt with visual programming, which serves as a basis for further
considerations regarding the development of a visual language for the creation of topic maps.
Chapter 4 in contrast, provided an overview and comparisons of prevalent editors from the fields
of UML, RDF and Topic Maps, which are in fact constituting instances of the classes of visual
programming as introduced in the foregoing chapter. Chapter 5 answered the question of why to
employ Topic Maps for a distributed knowledge management system, such as Topicology.
These previous chapters all serve a special purpose for the conception of the editor of this
work. The understanding of the concepts of the Topic Maps technology is essential when
developing an editor for Topic Maps, as it constitutes the basis of this work. The chapter about
visual programming theory was intended to prepare for the chapter about editors as well as to
provide a basis for the concept of the editor. Several topics that appeared to be relevant for the
creation of a visual Topic Maps editor have been identified and some rather sophisticated practices
and features for the generation of content have been discovered. Of course these issues will infer
certain design criteria and user interaction modes in the conception as well as in the final design
and implementation of the editor. For the creation of Topic Maps data or rather semantic data in
general, the workflow through which users create content is a very important point. This subject
will be a central issue throughout this whole subsection.
In this chapter, the concept for a visual editor for Topic Maps will be illustrated. For this
purpose, this chapter is divided into three logical parts. The first part describes the idea for a
graphical editor in general, which is intended to give an overall impression about the architecture
and the functionality of the editor. The second part describes the concept of the editor in detail.
Here, the single features and concepts of the editor will be introduced and discussed. The third
part provides an introduction to the Topicology system and explains, how the editor fits in its
knowledge management workflow.
Furthermore, this chapter can be seen as a blueprint for an ideal editor for Topic Maps. What
chapter 7 tries to accomplish, is to describe the implementation that has been developed in terms
of this thesis. Due to restrictions concerning the time budget, not all features that will be illustrated in this chapter have been implemented. Nevertheless, the respective features that were not
implemented, will be described in detail just like features that have found their way into the prototype. (Note that this chapter only covers issues concerning the core functionality of the editor.
Issues like technical application architecture or certain user interface elements will be discussed
in chapter 7)

6.1

Idea

The idea of this thesis, is to develop an user-friendly visual editor for the creation and editing of
topic maps. The term "user-friendly" mainly describes the fact, that the editor is intended for any
users without requiring any special knowledge about Topic Maps. The editor can be operated on
several ways, as the core business logic for the processing of topic maps is separated from the rest
of the application. That is to say, the editor consists of two major parts: A Topic Maps engine
(see chapter 2.4.2) and a client application, which performs changes on topic maps by means of a
universal interface, made available by the Topic Maps engine. The client-side of the application
is divided into four parts which can be perceived as parts of a 2x2 matrix as shown in figure 6.1.
The application can be used for editing as well as for viewing of topic maps, on the desktop as
well as on the web. For all four purposes, the application uses the same code base, meaning that
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Figure 6.1: The four usages of the application
for each of these purposes, only some meta information has to be configured in order to produce
a built for the web or for the desktop.
In a sense, a Topic Maps engine acts like an abstract editor for the manipulation of Topic Maps
data. In this way, the client application can be of arbitrary shape, as long as the interface to the
Topic Maps engine is implemented correctly. Therefore, users who dislike graphical editors can,
for instance, use a tables and forms based client to modify the Topic Maps data held within the
topic maps repository, which, in contrast, might have been created using a graphical client or any
other conformant mechanism. Other examples for clients are programs that make method calls to
a certain API, which is available at the Topic Maps engine.
Imagine a distributed environment, in which a client connects to a remote Topic Maps engine.
"Remote" means, that the Topic Maps engine and the topic maps repository are located on a
different machine. For this purpose, the Topic Maps engine could provide a Web interface for
the access to the topic maps. Now, for example, a JAVA API might constitute an interface for
the manipulation of topic maps from within a custom software project. This would enable the
automatic generation of Topic Maps data through the execution of a program (see figure 6.2). Of
course the core business logic of the Topic Maps editor does not have to be located on a remote
machine. The Topic Maps engine might as well be located on the local machine. In such a case,
the communication between Topic Maps engine and client application is limited to local messages.
In fact, this strongly reminds of the functionality of a Database Management System (short:
DBMS). A DBMS also provides an interface for client applications, that want to author information from within a database. Before DBMS clients may work with the data contained within
a database, they first have to connect to the DBMS and let their respective users authenticate.
Analogous to Database Management systems, the whole Topicology system can be seen as a Topic
Maps Management system. Users connect to the Topicology system by means of a certain client
and modify Topic Maps data as part of a client-application-dependent workflow (Note that this
work only creates a graphical client for topic maps editing. Other clients such as those mentioned
above are not contemplated from this point. Successive work, however, can easily develop other
clients for the manipulation of Topic Maps within the Topicology system)
In order to make the authoring of topic maps more unconstrained, the goal of this concept
is to create a Topic Maps drawing program rather than an editor for semantic information in
a classical sense. Of course, the editor is also providing the functionality necessary to attach
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Figure 6.2: General architecture for the editor
semantic meaning to constructs of Topic Maps, however, the workflow for the visual creation
of structural information within topic maps is at least equally important. An editor which is
pleasing users with an uncomplicated and open workflow is believed to be a major criterion for
the acceptance of an editor for a technology as complex as Topic Maps. Therefore, one milestone
in the conception of the prototype, is the planning of the workflow which leads to the creation
of a map. A central point of this workflow is the flexibility with which a topic map can be
created. The editor is not saying what to do next. At any time, the user may decide what the
next editing step is. This distinguishes this work’s editor from most editors introduced in chapter 4.
For the sake of a comfortable user experience, the editor is providing a well known concept,
which is in fact part of many editors, especially from the field of text editing and drawing. The
editor is therefore providing a so called journal, which keeps track about any edit operation that
is being performed on a certain topic map. Besides an undo/redo mechanism, this journal also
enables a version control mechanism. With the help of an undo/redo feature, users can return to
previous states of their topic maps, in order to undo edit operations. A version control mechanism,
in contrast, paves the way for an effective collaborative work with topic maps in a distributed
environment. Users of the knowledge management system can restore topic maps from a previous
version.
Naturally, this causes the topic map to loose all changes performed on the map from the
moment this respective version has been committed. When a user decides to finish his work on a
topic map, the map is transferred to the Topic Maps engine and being persisted for future editing.
Here, the journal is also providing a valuable aid. In case, the Topic Maps engine is operated on
a remote machine, the problem of transferring application data from the client to the Topic Maps
engine can become a real problem. Especially when the system and above all the topic maps
within a system become very large, the transfer latency might exceed a critical value. Instead of
sending a whole map to the Topic Maps engine every time a map changes - no matter how small
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or big this change may be -, the editor only transfers a list of changes for the respective topic map
to the Topic Maps engine. The Topic Maps engine parses the list of changes and finally performs
the changes on the respective map within the repository.
Another issue regarding the usability of topic maps editing and browsing, is the styling of a
map. A topic map can have a certain style, which is determined by the topics and associations
within a map. The idea for a generic styling of topic maps is to have styling information in form
of topic maps. That is to say, there are "content topic maps" and "styling topic maps". A content
topic map is a normal topic map as seen in this work for several times. A styling topic map is a
map which consist of topics and associations that carry certain styling information. In this way, the
appearance of a whole map can be adjusted by means of the editor. A good example for a such a
mechanism is XML and XSLT. Here, the styling of XML content with XSLT is also formalized in
XML syntax. This is very beneficial, as users of XML and XSLT do only have to learn one syntax.
The above illustrated conceptual layout shows the most essential features and cornerstones of
the editor in short. In the following part, the concept of the editor will be worked out in more
detail. This also encloses contemplations of issues that haven’t been examined in this part.

6.2

Concept for a Visual Topic Maps Editor

In this part, the concept for a visual editor for Topic Maps will be illustrated. For this purpose, the
single aspects of the editor will be contemplated in chapters of their own. These aspects are:
• Visualization,
• Functionality,
• Styling,
• alternative RDF authoring and
• the Management of distributed Subject Indicators
These aspects stand for sets of corresponding sub-aspects, which in fact make up the editor. In
the following subsection, the visualization of topic maps will be described. This part is intended
to provide an understanding of how the visualization renders the single constructs of a map and
how the structure of a map is to be perceived. Additionally, the data structures necessary to enable
such a visualization, in-memory as well as in a serialized format, will be illustrated. Afterwards,
the general functioning of the editor and its basic and advanced features will be illustrated.
Subsequently, the conceptual idea of styling topic maps will be described and ways to integrate
RDF authoring into the editor will be evaluated and tested for realizability. In the end of this
chapter, a metric for the recognition of distributed subject indicators will be presented.
6.2.1

Graphical and Structural Representation of Topic Maps

Concerning the visualization of topic maps, one can say that the editor is built on a classical graphlike rendering for topic maps. Topics are represented as nodes of a graph and associations are
displayed as edges between nodes. Nodes of topic map graphs are displayed as labeled rectangles.
The label on a rectangle stands for the display name of a topic (or the default name, in case there
is only one name available for this topic).
The users may position topics freely via a drag’n’drop mechanism, without having to comply
to any predefined graph rendering policy. Associations are redrawn automatically, every time the
position of a corresponding topic changes. As has been mentioned in previous chapters, the visual
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Figure 6.3: The visual representation of a topic map
structure of a graph is very easy to understand without requiring special knowledge from users.
Especially for the authoring of topic maps, this is very advantageous, as users do not have to learn
certain rendering rules prior to the use of the editor. Figure 6.3 illustrates the visual representation
of topic map in the editor.
However, a graph-like representation also brings about certain difficulties considering the rendering of a topic map. In fact, topic maps can be rendered on two different ways. On the one hand
side, topic maps are created with the help of the editor. This means, users create topic maps with
the help of the editing and creation functions offered via the user interface of the editor. As soon as
a topic map is displayed within the editor, the positions of topics are constantly persisted for future
rendering of a map. When a user loads a map for editing, the topics are positioned according to
their original locations.
On the other hand side, the editor has to provide a mechanism to render topic maps that
have not been created with the editor itself. A topic map, for instance, in the XTM format (see
chapter 2.3) is not containing any information about the position of topics within a topic map
graph. When topic maps from external sources are to be imported into the Topicology system,
this constitutes a major problem. In order to solve this problem, the editor could either omit an
import feature for externally created topic maps or it would have to support the rendering of a
graph without any knowledge about topic positions. This issue is completely irrelevant for the
creation of topic maps by means of the editing functions offered by the editor, but crucial for the
rendering of topic maps from external sources. Future development of client applications for the
Topicology system might as well create topic maps without producing informations about topic
positions. In fact, those topic maps will have to be treated like maps in XTM format.
To let users import topic maps from resources that do not contain location information,
the editor makes use of the Fruchterman-Reingold-algorithm for force-directed graph drawing
[28]. A force-directed graph rendering algorithm literally positions nodes by force, based on a
rounds-based processing of the algorithm. A graph is assumed to be a network of interrelated
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nodes. Every node is connected to at least one other node within the graph. While there is
an attractive force between connected nodes, unconnected nodes perform a repulsive force
on one another. The value of the forces is additionally influenced by the distance between
nodes. Larger distances generate higher attractive forces between connected topics. Smaller
distances, in contrast, generate higher repulsive forces between unconnected nodes. In every
round, for each node, the forces that affect the node are calculated. After a round, the calculated
forces determine the change of the position of a topic. In this way, a graph can be rendered without any information about node positions and without placing two nodes in one and the same place.
The Fruchterman-Reingold-algorithm is displayed in figure 6.5. The algorithm anticipates a
graph with randomly distributed positions for nodes and a frame, represented through a width
and a length value. The sub-functions fa (z) and fr (z) represent the physical forces for attraction
and repulsion and k is known as the force constant, which is the optimal distance between nodes.
Fruchterman and Reingold honestly confess, that they found the force functions only by chance,
through trial-and-error experiments. Every node has two vectors, a position vector and a displacement vector (v.pos and v.disp in figure 6.5). The position vector is in fact representing the position
of a node in a (x, y)-fashion. The displacement vector carries the information about how a topic
has to be moved in order to relax the tensions between the nodes. Within a round, the displacement
vector is modified according to the forces that affect a node.
After the round, the position vector is adjusted according to the value of the displacement
vector. The editor employs a constant number of rounds for drawing, for which a value of 300
has been found to produce good results. So, during rendering, the algorithm calculates the forces
for every topic in the graph for 300 times. Higher round numbers produce more accurate results
of graph representations, as every round adds some amount of precision to the positions of topics
according to the forces that affect a topic. Of course higher numbers of computation rounds result
in longer latencies for the rendering of a map.
In this way, a very fluid and organic representation of graphs can be achieved. Due to the
random initial positioning of topics, each rendering of a graph produces a lightly different representation of a map. Therefore, the algorithm has to be classified as indeterministic. However, as
a topic map without position information is rendered only once, this issue is not constituting any
further problem. See figure 6.4 for an example graph before and after force-directed placement of
its nodes.
In fact, the employment of a force-directed placement algorithm brings about further advantages for the usability of the editor. Users might create maps without caring about the arrangement
of topics. The resulting graphs can be very unaesthetic. In order to quickly produce a visually
well-balanced graph, the user can turn on the force-directed placement algorithm, which relaxes
the tensions between topics, that are too close to or too far from each other.
Besides topics and associations, the editor provides a further visual construct, which is introduced as a group. Groups are user-defined sets of topics, displayed as shapes that are drawn around
topics. Besides the fact, that groups help in understanding the structure and relationships of topics,
groups are also intended to carry semantic information about the enclosed topics. The idea with
groups, is to have a mechanism with which users can easily assert, that the corresponding topics
are related to each other in a specific manner.
Consider the following example. In order to say that all persons within a set of persons are
sisters, the user has to assign an association between all corresponding topics within a topic map.
That is to say, for every topic within this set of persons, an association has to be created for every
other topic. This would result in n ∗ (n − 1) isSisterOf associations on the drawing surface,
which can be rather exhaustive to look at. Instead, the user selects the topics and creates a group,
to which he assigns the type isSisterOf (see figure 6.6, Note that for illustration purposes,
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(b) After FDD

Figure 6.4: Force-directed drawing (FDD) before and after

Figure 6.5: The Fruchterman-Reingold-algorithm (figure from [28])
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Figure 6.6: A group of topics with type isSisterOf
the display of groups in figures with a focus on semantic issues are not displayed like the editor
displays groups. The displaying of groups through the editor will be described below). This
saves the user from creating multiple associations, as a typed group is implicitly representing the
associations necessary to assert that all persons in the set are sisters of each other. When a group
has a type, every contained topic is implicitly associated to every other topic within the group
with the type of the group.
Above it has been mentioned, that this work is based on the results of a foregoing thesis
from Hahn [1]. Hahn employed an indirect grouping of topics to signalize a certain hierarchical
structure without creating a real new topic map construct. His idea was to build a visual
superclass-subclass relationship between related topics (cf. figure 2.8 in chapter 2.4.1). In fact,
this work is trying to enhance this idea, in order to create a construct, which is more flexible and
more expressive with regards to usability and semantics.
Actually, the above illustrated example of a sisters group is only one form in which a group can
appear. The group construct of the editor supports multiple possibilities to express relationships
between topics and also between topics and other groups. The simplest variant of a group is a
plain visual shape on the drawing surface without any semantic information. Such a shape serves
as an aid for users to quickly understand grouping structures. When authoring a topic map, this
could help in making obvious, which topics are related to each other without having to assign
specific associations.
The next more advanced variant of a group is a typed group and has been illustrated in the
foregoing paragraph. Besides visual cues, a typed group also provides semantic information, in
form of implicit associations between the contained topics.
Another lightly different variant, is a group with a reifier. For untyped as well as for typed
groups, this provides a way to emphasize a topic within a group. In case of a typed group,
the existence of a reifier additionally changes the semantics of the group construct. When
an untyped group is assigned a group reifier, this information is only relevant for the visual
appearance of the respective topic. A group with a reifier is intended to help users to identify
the most prominent topic within a group at first sight. In case a topic from within a typed group
is said to be the reifier (or owner) of that group, this totally changes the way, the semantic
information of the group has to be assumed. Instead of representing associations with the
respective type between all contained topics, a typed group in which a reifier exists, stands
for associations to the reifier topic only. That is to say, within a typed group with a reifier,
all contained topics are implicitly associated to the reifier topic with the group type (see figure 6.7).
Besides topics, a group may also contain other groups. Actually, this definition for a group of
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Figure 6.7: A group of topics with type isDaughterOf and a reifier "Monika"

Figure 6.8: A group consisting of one topic and a group of three topics with respective types
isSisterOf and isSiblingOf
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(b) The display of groups in the editor

Figure 6.9: The visualization of groups
groups also works recursively. In this way, a topic map may contain a highly nested hierarchy of
groups, in which every group may carry an individual type. Figure 6.8 shows a simple example
of a typed group within another typed group. Here, the group of sisters from above is assumed
to have a brother with the name "Martin". The group containing the topics for the sisters has
been assigned the type isSisterOf. As no group reifier has been identified, this declares every
contained topic to have an association to every other topic with type isSisterOf. The parent
group of the group of sisters contains the topic for "Martin", who is anticipated to be the brother
of the sisters.
As "Martin" cannot be the sister of anybody - being a male - he has to be outside the typed
sisters’ group. However, "Martin" is a sibling of the sisters. For this reason, the outer group can
be assigned the type isSiblingOf. Semantically, this makes all contained constructs of this
group siblings, even the topics within child groups without reifier. As the sisters’ group has no
reifier, every sister topic is associated to every other sister topic and to the topic named "Martin"
with the type isSiblingOf. If the sisters’ group had a reifier assigned, the typing of the outer
group would have only affected the reifier of the sisters’ group and "Martin". That means, there
would have been only one association between Martin and the reifier of the sisters’ group with
the type isSiblingOf.
As one can see, the group construct can have various meanings, depending on the topics the
group contains. Hahn’s hierarchy structures as part of the visualization of a topic map can also be
modeled by means of the group construct characterized in the previous paragraph. Figure 6.10
shows a snippet of a visualization of a topic map about Adobe Flash technology, rendered by
Hahn’s algorithm. Here, the class of Flash tools is displayed with its subclasses. The darker topics
are the reifiers of the respective groups. In order to express Hahn’s group hierarchies with the help
of the group construct as presented above, one would have to create reifier topics for every group
and assign the respective groups the type isSubclassOf. The existence of group reifiers avoids
all topics of a group to be associated to the parent groups reifier. In a sense, Hahn’s visualization
is a special case of the group construct from above.
For the visualization of groups of topics, the editor employs a convex hull algorithm, which
constitutes the basis for the drawing of the shape around grouped topics. A convex hull is the
shortest path around a set of points, which means, that all points of the set are part of the corresponding shape (see figure 6.9a). The correct name of the resulting shape of a convex hull path
is "polygon". The editor additionally adds some padding to the sides of the polygon, in order to
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Figure 6.10: Hahn’s visualization with superclass-subclass relationships between groups
relax the display of the groups (see figure 6.9b).
For the calculation of the convex hull, the editor employs the approximate convex hull
algorithm by Bentley, Faust and Preparata (BFP algorithm [36]). Most convex hull algorithms
anticipate a sorted set of points (sorted by the x and y values of their positions) for the calculation
of the convex hull. The BFP algorithm, in contrast, does not require the set of points to be in
sorted order, which makes the algorithm faster and more efficient than most other convex hull
algorithms. The disadvantage of the BFP method is a higher error rate. However, these errors
only occur under very special circumstances and can be seen as irrelevant.
For the sake of a clean integration of the group construct into the Topic Maps technology, also
the data model has to be extended. Figure 2.4 in chapter 2.3 showed the TMDM as presented by
the ISO 13250-2:TMDM extension. Of course this model is still the basis for the development
of the editor, as it constitutes the core data model for Topic Maps. The only thing, necessary to
enable a topic map to have groups, is to add a corresponding class to the model. Figure 6.11 shows
the extended model, which now has an additional class for a group. Technically, a topic map can
now consist of topics, associations and groups, while a group is determined through the following
attributes:
• parent - the topic map to which the group belongs
• type - the type of the group (optional)
• owner - the reifier of the group (optional)
• topics - the set of topics contained in the group
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Figure 6.11: The Topics Maps Data Model with a new class for groups
• childGroups - the set of groups contained in the group
• parentGroup - the parent group of the group
These attributes enable an employment of groups as described above, which involves a group,
a typed group, a group with a reifier, a typed group with a reifier and a group of groups.
Additionally, the group class also implements the Reifiable interface, so that topics can easily
make assertions about whole groups. This may turn out to be very useful, as users would elsewise
have to reify every single topic within a group.
The Topicology topic maps repository mainly consists of a conventional relational database.
All constructs are represented through tables and references between tables. This makes the topic
maps repository very efficient considering the computation of search requests and filtering tasks.
However, a relational database is not very lightweight and cannot easily be moved to another place,
as it is strongly interwoven with a DBMS.
With such a DBMS, the mobility of Topic Maps data is limited to the transfer from the
repository to the client application. Mostly, the application data is only available in a binary
non-serialized format. In order to be able to store a "Topicology topic map" in an interchangeable
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format, the XTM format (cf. chapter 2.3) has to be slightly modified, as the additional information
specific to the needs of the editor are not regarded in the XTM syntax. For this purpose, the "XML
Topicology" format (short: XTP) is introduced.
XTP is in fact an extended version of the ISO 13250-3 XTM format. In addition to topics and
associations, the XTP syntax allows for the specification of group structures as identified above
and the identification of positions of topics. For this purpose, the XTP format is wrapped around
the original XTM format, so that group hierarchies and styling information can be separated from
the core Topic Maps data. In fact XTP is a container format for Topicology topic maps.
The listing in appendix A shows a XTP example, in which the scenario as shown in figure 6.8
is formalized in XTP syntax (appendix B shows the specification of XTP in RelaxNG syntax).
The example clearly shows the precise differentiation between standard XTM content and custom
XTP content, which includes the group structure. The "view" tag is intended to express, that the
contained grouping and styling content is just an individual view on this very topic map. In this
way, grouping and styling information can be easily exchanged. The idea with this is to have a
styling mechanism, separated from the original topic map, so that arbitrary styles may be applied
to one and the same topic map. This could produce several views of one map, whereas the core
Topic Maps data would not have to be duplicated for every single view.
In this section, the visual and structural representation of a topic map has been illustrated. It has
been explained, that the editor makes use of a graph-like visualization for topics and associations.
Additionally, the group construct has been introduced. Finally, the changes of the data model
and modifications to the serial format XTM have been presented. In the following section, the
functions with which such a topic map can be created will be contemplated. Therein, the features,
the user interface controls and the primary workflow for the creation of topic maps with the help
of the editor will be discussed.
6.2.2

General Functionality, User Interface and Workflow

The authoring of topic maps can be accomplished on two different ways. Mostly, editors require
users to define types, for which instances may be created. Another approach would be to provide
the possibility to let users create content topics before type topics have been defined, as widely
argued in previous chapters. Obviously, both approaches take inverse directions. A major aspect
of the editor is the flexibility of the authoring workflow.
At any time, the user decides, what to do next. Given these two approaches, a user can decide
whether to define types and create instances afterwards or to go the other way round and create
content topics before he creates types. In fact, this implies, that there are topics which do not have
a type. This is not constituting a real violation of the standard conformance policy, however this
is not exactly what Topic Maps were originally intended for. A topic map is intended to provide
structural and semantic information about constructs and the relationship between constructs. In
order to align this conceptual idea with the Topic Maps paradigm, one would have to assign types
to topics which represent the non-typification of topics, at least as long as a topic has not been
assigned a "real" type. That is to say, when a user creates a topic without assigning a specific
type, the Topic Maps system could automatically assign the type unspecifiedType to the topic.
This would declare a topic as an instance of the topic type unspecifiedType. This problem is a
good example for what has to be done in order to make the workflow for the generation of topic
maps more flexible.
The editor is built on the assumption, that users can open several maps for editing and viewing
at the same time. Every topic map is opened in a window of its own. Before the single editor
features will be introduced, the general built up of the user interface of the editor and of the
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Figure 6.12: The graphical user interface of the editor
single editing windows shall be contemplated. This involves the user interface controls, which are
directly related to the editing of a map as well as the components necessary to create and browse
maps. Figure 6.12 shows the editor.
The GUI of the editor is divided into two major parts. The upper section (see red part in
figure 6.12) consist of a menu bar, from which users can choose certain functions and access
several submenus. In fact, this menu bar fulfills the same purpose as conventional task menus
that are normally located in the upper left area of an application. Via the menu bar, users can
access their maps (topic maps browser), the search dialogue and the settings menu. The maps
of a user are organized as a list. For every map a user creates, a new entry is added to this list.
The list entries show the name of a map, as well as informations about author, last date of editing and the number of contained topics. Within a list entry, the user can say what to do with a map.
The options for a map are "view", "edit" and "delete". Viewing a map is different from editing
a map, naturally. The difference between both modes are the lack of editing controls in the
viewing mode and the ability of the viewer to display a detailed perspective on topics. The search
dialogue provides controls for users to request the Topicology server for topic maps, fragments
of topic maps or single topics. The idea of requesting fragments of topic maps, is to provide
users with a more semantic representation of topics. In a sense, topic map fragments requests are
special variants of single topic requests. In both cases, the users search for a single topic. A single
topic request will return results in form of single topics. A topic map fragment search will return
the same topics with their associated topics and the associations in between. In fact, the user is
provided with a contextual area rather than only a single topic.
The goal of the topic maps fragments is to facilitate the search for topics. When users search
after single topics with the name of a topic, this can produce multiple results. In order to find the
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Figure 6.13: The general built up of the user interface of a single editing window
right topic within this set of possible results, users can also implicate the context of a topic (when
performing topic maps fragments searches). The information about what topics a searched topic
is associated to, can strongly alleviate the selection of the right topic from a set of candidates.
For instance, the search for a topic on the programming language "Java" might produce results
for topics on the programming language Java, as well as results for topics on the Java island near
Australia and topics on the Java coffee sort. The simple name of these topics might not suffice to
uniquely identify the respective semantic differences. A context for each of these topics, will most
probably tell, that there are topics about a programming language, an island and a coffee sort. So,
when the user scans the list of results for his topic map fragment search, he will immediately see,
what topics are associated to the topics he searched for. E.g., the topic for the Java programming
language is likely to have topics with a technical notion in its near vicinity. With the help of this
information, the user should be able to identify the semantics of this topic. When a topic is found,
this topic can be imported to a map in the editor, where the user can interact with the topic like
with any other.
The lower section, which is much bigger than the upper section, is a container for topic maps
windows (see green part in figure 6.12). The editor employs a custom window manager for the
organization of opened topic maps. Every map which is either opened for viewing or for editing
is displayed in a window. Every window can be positioned freely within this container and resize
the single windows. Additionally, the user can minimize, maximize and close the windows, which
resemble the standard functions of contemporary window containers. Whenever a user clicks a
window, the respective topic map is highlighted within the topic maps browser.
A single editing window consists of three parts: A menu, a drawing surface and an editing
panel. Via this menu, users can access certain functions of the respective editor, such as the types
browser, which will be discussed in a later part of this section. The drawing surface is the central
place of interaction, as here, users define the structure of a map. Before users can create topic
maps constructs, or interact with the constructs on the drawing surface, the respective function has
to be activated within the palette. Besides some other controls, the palette is located in the editing
panel. Figure 6.13 illustrates the general built up of the user interface of a single editing window.
In the following, the functionality offered by the editor will be illustrated. This includes a
detailed description of the respective features and of the corresponding user interface controls.
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Figure 6.14: The palette for the creation of the structure of a map
The order in which the single feature are discussed, resembles a workflow, believed to be the most
efficient and effective.

Defining the structure of a map
topic maps are displayed on top of a drawing surface. On this drawing surface, users can create,
edit and delete the constructs of a map. In order to specify the structure of a topic map, users are
provided with a palette. From this palette, several functions can be accessed for the creation of a
map. The most essential functions are create topic and associate topics.
Before the single functions can be used, the user has to activate the respective feature within the
palette, through clicking on the corresponding button. Once activated, a feature remains active till
the user activates another feature. That is to say, when a user activates the ’create topic’ function,
he may create as many topics as he likes, until he activates another feature. A palette can be used
in many different ways. Another possibility would be to have a palette from which users drag
constructs on the drawing surface. In such a case, the single functions are not activated directly.
Users simply grab a construct from the palette, drag the construct on the drawing surface and drop
the construct on a certain position.
Especially for the definition of associations, the last mentioned variant of a palette can be very
confusing, as an association always anticipates to associate two topics. For this reason, the first
described mechanism for the operation of the palette has been selected. Figure 6.14 shows the
palette with the functions for the definition of the structure of a map. The palette consists of six
functions, which are:
• create topic (top left button)
• associate topics (top middle button)
• add occurrence (top right button)
• normal mode (bottom left button)
• box selection (bottom middle button)
• lasso selection (bottom right button)
In fact, the palette is divided in two major parts. The functions displayed in the top row of
the palette are all laid out to enable the creation of the structure of a map, while the functions
displayed in the bottom row of the palette are tools for the interaction with and the selection of
already created constructs.
The ’create topic’ function lets users create topics on the drawing surface. When active, every
mouse click on the drawing surface creates a topic. In this way, a user can create several topics
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in a row. After some topics have been created on the drawing surface, the user can choose the
’associate topics’ function in order to create associations between these topics. Users wishing
to interconnect topics with an association have to fulfill two essential tasks. The creation of an
association is initiated through the clicking of a topic on the drawing surface (while ’associate
topics’ is active). As soon as a topic has been clicked, this topic is regarded as the starting point
of the association. When the user now moves the mouse to another topic, the mouse cursor trails
a line from the initially clicked topic, which constitutes the association. However, the association
has not been finished yet. The clicking of another topic finishes the creation of an association and
associates the two topics. In this way, the structure of a topic map can be defined.
The ’add occurrence’ function is in fact a shortcut to the occurrence creation dialogue within
a topic. Once the structure of a map has been defined, occurrences are the most frequently used
constructs of a map, as they provide the possibility to link further resources to a topic. Considering
the two layer approach for the theoretical definition of a topic map, as discussed in the beginning of
chapter 2.2, the question of why to have a special function for the quick access to the occurrences
of a topic, must not be paid any further attention.
The editing of the attributes of a topic takes place in a special popup menu, which will be
introduced in a later part of this section. The ’add occurrence’ button is in fact a shortcut to
this menu. For the sake of a clear user interface, there have not been added functions for other
constructs of a topic map, such as topic names, names variants or association roles. These attributes of a topic, all have to be edited in the mentioned popup menu that will be introduced below.
The ’normal mode’ function of the palette is the mode, which enables users to interact with a
map. This mode is not providing any constructive functionality, but intends to reconcile the operations necessary to interact with a map. Within the ’normal mode’, users can move the drawing
surface, in order to pan from one part of a map to another. Maps can become very large, in a
spatial as well as in a structural way. The only way to display a whole map on the drawing surface without hiding parts of the map, is to zoom the map out or, if zooming is not appropriate, to
provide a mechanism to scroll the map.
For this reason, the editor employs a drag’n’drop mechanism, with which the user can navigate
a map on the drawing surface. Clicking the drawing surface in the ’normal mode’ and holding
down the mouse button, enables the panning of the drawing surface. After the sector of choice
of the map is visible within the editing window, the user can disable the panning by releasing
the mouse button. In this way, every part of a map can be made visible without having to zoom
the whole map out (’Zooming in’ means enlarging the map’s representation, while ’zooming out’
causes the representation to lessen the size of a map, which makes it possible to have a whole map
displayed in a narrow area).
When a user performs a single left-click on a certain topic maps construct, this selects the
respective construct. Selectable constructs are: Topics, associations and groups. A selected construct has the focus of the application, which means, that certain operations, triggered by the user,
are performed on this very construct.
An example for such an operation, is the deletion of a construct. A user who hits the delete key
on his keyboard, while a given construct is selected, causes this construct to be deleted. Furthermore, the selection of a construct shows a quick edit panel, in which the most essential attributes
of the construct can be quickly edited (the quick edit panel will be discussed below in more detail).
Besides access to the quick edit panel of a construct, the ’normal mode’ also provides access to the
advanced edit menu, in which associations, names and occurrences can be managed (the advanced
edit menu will also be discussed below in more detail). In order to access the advanced edit panel,
users have to double-left-click a construct.
Another important concern of the ’normal mode’ is the repositioning of topics. In order to
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(b) Lasso selection

Figure 6.15: The general functioning of the two modes for the selection of sets of topics (the red
circles are selected)
initiate the changing of the position of a topic, the user has to single-left-click a topic and hold the
mouse button down. Until the user releases the mouse button, the topic follows the position of his
mouse cursor.
The ’box selection’ tool is a well known feature for the selection of items through the
spanning of a rectangular box around the selection area. All topics, that are enclosed by this
box, are selected. Several operations can be performed on a set of selected topics. The central
interest in selecting more than one topic, is to create a group of topics (The concept of a group
has been introduced in the previous chapter, cf. chapter 6.2.1). Another operation, which may be
performed on a set of topics, is the deletion of the items contained in the selection. When a user
selects a set of topics by means of the rectangular selection tool, all topics are deleted in case the
user hits the delete key on the keyboard.
In fact, the ’lasso selection’ tool provides the very same functionality, as the ’box selection’
tool. However, the shape, which is used to select topics, is not required to be a perfect rectangular
box. With the help of the ’lasso selection’ tool, users can draw individual shapes in order to select
topics. Figure 6.15 illustrates the two selection mechanisms.
Creation of types
The editor makes a clear distinction between content topics and type topics. For this reason,
the drawing surface only contains content topics. Type topics have to be defined in a section of
its own. This section is called the Types Browser. Here, the user can create, edit and delete
type topics by means of a tables and forms based interface. Types are categorized according to
the construct for which they provide semantics. The type topics categories are the topic maps
constructs themselves. There are dedicated types for topics, associations, occurrences and for
names as well as for scopes. This is believed to help the user keep track about the available types
in a topic map.
Semantically, types for topics differ from types for associations, as a type for a topic mostly
constitutes an object while a type for an association mostly stands for a predicate. Frequent types
for topics are Person or Organization. These types cannot be applied to associations or names.
Example types for associations and names are: isFriendOf or belongsTo for associations and
Nickname or MaidenName for names. Obviously, there is a huge semantic difference in these
types, which is also a reason for why the types within the types browser have been split in categories. For the creation of a type, the user has to insert the name of the type and the Public Subject
Identifier (short: PSI) of the type. Through the controls of the Types Browser, the types can also
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Figure 6.16: The Types browser for the management of type topics
be edited and deleted. Figure 6.16 shows the Types Browser.
Editing the attributes of topic maps
So far, only the creation of topic maps constructs has been discussed. Now that the user is able to
create the structure of a map with the help of a palette and to create types for constructs with the
help of the types browser, the editing of topic maps has to be considered. Above it has already
been mentioned, that there are two mechanisms for the editing of topic map constructs: A quick
editing panel and an advanced editing menu. Both mechanisms provide users the possibilities
to modify the attributes of a map. However, there is a huge difference between these mechanisms,
considering the view on a construct’s attributes.
The quick editing panel enables the editing of the most essential attributes of a construct. The
drawing surface is displaying topics, associations and groups. For all of these constructs, there is
a quick editing panel. In fact, the quick editing panels provide subsets of the functionality offered
by the advanced editing menus.
The quick editing panel for a topic contains controls for the modification of the display name,
the type and importance status. The display name is the default name of a topic. The type is
the topic, of which the edited topic is an instance of. The importance status is a flag, indicating
whether the topic has been marked by the user as important.
The quick editing panel for an association, in contrast, provides access to the type of the
association, the type of the role of the first topic and the type of the role of the second topic, which
are the most determining attributes of an association.
The quick editing panel for groups lets users define the type and the reifier of the group. The
quick editing panel for topics only shows types, which have been categorized as topic types in the
Types Browser, while the quick editing panel for associations and groups only show association
types. When a construct is selected (through a single-left-click), the respective quick editing
panel appears and enables the modification of the above mentioned values. As soon as a construct
gets deselected, the respective menu disappears. In order to deselect a selected construct, the user
simply clicks on anything but the construct itself. Clicking on another construct will show the
quick editing panel for this construct. Clicking on the drawing surface or anywhere else, will
deselect the currently selected item, without selecting any other. Figure 6.17 shows the quick
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Figure 6.17: The quick editing panels
editing panels for topics and associations.
The advanced editing menu provides mechanisms for the modification of topics. In chapter
2, a topic has been identified to have names and occurrences, while names can have further child
nodes, introduced as variants. In order to provide mechanisms to edit these constructs of topics,
the editor makes use of a concept, which has been introduced in chapter 4.1.
In fact, the mechanisms, with which users can access these attributes, are similar to the
concept of a pop-up menu as shown in figure 4.1 in chapter 4.1. This is also the reason for why
editors for UML have been contemplated. The editing of UML and the functionality and user
experience of the editor of this work are very similar. If one reconsiders the visualization of a
topic map as presented in the foregoing section, this similarity should become obvious. In UML,
users also create the structure of an application with the help of a palette on a drawing surface.
The quick editing panel is in fact a slightly adapted version of the panel as provided by the
ArgoUML software, whose user interface is shown in figure 4.2 in chapter 4.1. After the single
constructs have been created and associated, the attributes of a class, interface or association
(as found in UML) can be modified by means of pop-up menus, which shows up when the user
double-left-clicks an item. In terms of this work’s editor, a double-left-click on a topic also causes
the editor to show a menu, in which all attributes of the respective topic map construct can be
modified. Naturally, the attributes within the menu for a topic differs from those within the menu
for a class in UML, however, the mode of representation for these attributes are much of the same.
Figure 6.18 shows the advanced editing menu for topics.
The advanced editing menu for topics is divided into four sections. These sections are general,
associations, names and occurrences. Within the section general, the user can, among others, edit
the very same values as accessible through the quick editing panel for topics. In this way, the
display name, the type of the topic and the importance status can be modified. Additionally, the
advanced editing menu for topics provides access to the subject identifier. The subject identifier or
public subject identifier, is a reference to the resource of the topic, meaning that the topic actually
represents the resource referenced by the subject identifier (cf. chapter 2.2.1). Once defined,
the value for a subject identifier is not very likely to change again. For this reason, the subject
identifier has not been regarded as potential candidate for an attribute within the quick editing
panel for topics.
The associations section contains a list of all associations, in which the topic plays a role.
Here, the user can only edit the type of the roles, played by the topic. The type of the association
and the type of the role of the other topic can only be edited within the advanced editing menu for
associations.
The section for names, in contrast, is way more complex, as here, users have to be able to
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Figure 6.18: The advanced editing menu for topics

Figure 6.19: The Names section of the advanced editing menu for topics
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create, edit and delete names and variants for each of these names. For this reason, this section is
divided into two subsections: An upper half section and a lower half section (cf. figure 6.19). The
upper half section shows a list of names of the topic. Users can add names to this list through a
dialogue box, which appears when a button for the creation of a new name is clicked. The dialogue
box contains controls for the assignment of the literal name value in String format, the type and
the scope of the name.
The lower half section displays the list of variants depending on the name, selected in the
upper half section. That is to say, when a user selects a name in the upper half section, through
a single-left-click, the list of variants in the lower half section displays the list of variants of this
name. Selecting another name, causes the lower list of variants to show the variants of the newly
selected names. Variants can be created and edited just like names, through a dialogue box. In
this way, the user can navigate through this "two dimensional array" of names with variants.
The section for occurrences of a topic is also divided into subsections. The editor creates five
subsections for the categorization of occurrences: All, images, documents, websites and literals.
Depending on the type of an occurrence of a topic, the corresponding occurrence item is listen
within these subsections. The category all is providing a list of all available occurrences of the
topic. The categories images, documents and websites list occurrences, that have been assigned
the respective types. In this way, the most prominent resources that may be referenced through
an occurrence are accessible via categories. The occurrences from these categories, just like
those from the literals category are also listed in the category all. The creation and editing of
occurrences can be accomplished by means of a dialogue box, as seen with names and variants.
In fact, the major goal of the quick editing panel, is to provide users access to elemental
attributes of a construct without having to open the advanced editing menu for every change of
these values. The real editing of topics, however, takes place within the advanced editing menu.
An edit-operations journal
Many contemporary editors employ a mechanism which is a very useful feature, especially for
novice users. This feature is known as a journal. A journal is a list of operations that have
been performed by the user. That is, every time a user of the editor performs an operation,
such as the creation of a topic or the association of topics, the journal creates an entry in
a list, which keeps track about what operations have been performed. In this way, the user
constantly generates a list of edit-operations through the creation or editing of a topic map. This
enables some very advanced practices with regards to usability and application architecture issues.
With the help of a journal, the editor can always say, what operations the user has performed.
Thus, these operations can also be undone and undone operations can be redone. Of course, the
number of operations, stored by the journal, is a critical value considering the depth of undoable
operations. A journal with a list of the last three operations is not able to say anything about an
operation that has been performed four operations ago. Figure 6.20 (a) shows an example for
the operation of a journal. In this example, two topics are created, a name for one of the topics is
created, the two topics are associated and both topics are deleted. During the editing of a topic map,
the editor builds up a so called edit stack. This stack represents the list of operations performed by
the user from the beginning of the editing. Appendix C provides a list of all operations provided
by the editor. In Appendix D, the XML serialization format for journals is specified and a simple
example journal is illustrated.
For every operation, a stack entry object is created and pushed on top of the stack. Therefore,
the stack grows with the number of operations. A journal is not exactly the same as an edit stack,
as the length of the journal determines, whether the information about previous operations is
available. In figure 6.20 (a) & (b), the journal is anticipated to have three slots for operations.
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(b) The user has performed two new operations, instead of
redoing the undone operation

Figure 6.20: An example configuration for a journal (with length 3)
When the edit stack grows, the journal shifts to the top of the stack, meaning that, at any time,
the journal contains the three top most entries of the edit stack. The length of the journal can be
varied arbitrarily. Within the journal part of the edit stack, a stack pointer indicates what operation
has last been performed.
The stack in figure 6.20 (a), shows that the user has undone his last operation "DELETE
TOPIC T2". The journal recognizes the undoing of the operation and modifies the stack pointer
(represented through an asterisk) accordingly. Therefore, the stack pointer is placed inside the
previous operation "DELETE TOPIC T1" (Note that the journal is not shifted to a lower position.
The undoing or redoing of operations is not causing the journal to shift). If the user now performs
a new operation, instead of redoing the undone operation, the undone operation is overwritten
and cannot be redone anymore. This is because the edit stack pushes the new operation on top
of the operation with the stack pointer. Previously undone operations are literally cut off. This
mechanism is shown in figure 6.20 (b), in which the undone operation "DELETE TOPIC T2" is
overwritten with the new operation "CREATE TOPIC T3". As the deletion of topic T2 has been
undone, the user can associate the newly created topic T3 with T2 without any difficulty. (Note
that the journal as part of the editor will have the same length as the edit stack, since the edit
stack is needed for the calculation of the list of changes anyway. That is to say, like the edit stack,
the journal also grows with the number of performed operations. In this special case, the journal
is virtually the same as the edit stack. The benefit of a "shorter" journal is a lower memory consumption through the editor, which has to buffer only a part of the edit operations of the edit stack.)
Most applications that provide a journal of actions let users undo or redo actions gradually,
meaning that only one operation is undone or redone at a time. Only seldom do applications
provide mechanisms to let users undo or redo multiple operations at once. The editor provides a
mechanism for the undoing and redoing of sets of consecutively performed operations by means
of a protocol. The protocol can be seen as a user interface control for the edit stack (which is
in fact a very low level construct). Besides a simple undoing and redoing of operations, through
"undo" and "redo" buttons in the GUI, the editor’s protocol enables to set the stack pointer to any
position within the journal. In this way, several operations can be undone or redone in one step.
In order to generate the same result with the "undo"/"redo" buttons of the GUI, the user would
have to click the respective buttons several times. The real advantage of a protocol is however
the fact, that the users can reconstruct the process through which the current state of a topic map
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Figure 6.21: The protocol of the editor
has been created. Figure 6.21 shows the protocol of the editor. Here, users are provided with a
list of all performed operations. In order to undo a set of operations, the user simply clicks on
a list entry. This will cause the editor to undo all operations that have been performed after the
operation that has been clicked. Undone operations distinguish themselves from operation that
have not been undone through a lighter font-color. In order to redo undone operations, the user
has to click on an undone operation. Now, the editor redos all operations (beginning from the
stack pointer) to the operation which has been clicked by the user.
An edit stack is not only providing the basis for an undo/redo mechanism. The knowledge
about the operations, that have been performed in order to transform a topic map from state A
to state B, is very valuable in order to optimize the architecture of the system and to check the
respective sub states for consistency. The consistency of program states is a crucial issue for
the successful operation of a distributed knowledge management. In case the processing of a
commit operation, for the saving of a map to the repository, is interrupted, the system can easily
recover the respective topic map with the help of the journaling mechanism. When designing
an application architecture for a distributed knowledge management system, also the transport
latency between the client application and the server can constitute a major problem. A topic map
can become very large, which also increases the binary data volume of a map. The bigger the size
of a map, the longer it will take to transfer it over a network.
Actually, there are two possibilities to transfer a map from the client to the server. On the
one hand side, the user could load the map from the repository, edit the map according to his
requirements and return the whole map - including the changes he has made - to the server. For
smaller maps, this approach is surely an adequate solution. For bigger maps, this approach will
most probably result in very high transfer latencies, as even for very little changes of a map, the
whole bunch of data, which, in part, is already available on the server, has to be transferred. That
is to say, when a user loads a huge map from the server, performs one single operation on the map,
such as the change of a name of a topic, the whole map has to be transferred to server again. This
approach is very easy to implement, as the client as well as the server only have to copy a map
altogether from one place to another.
On the other hand side, the user could load a map from the repository, edit the map according
to his requirements and return only a list of changes to the server. Instead of copying a whole
map into the repository, the server processes this list and only performs the respective changes
(formalized within the list) on a map. In this way, the data necessary to tell the repository what
changes have been performed is minimized and the server is avoided from being overstressed
with needless copying jobs. When a user of the editor initializes the storing of the changes he
has performed on a map, the editor sends an optimized version of the edit stack (as illustrated
above) to the Topicology server. The Topic Maps engine maps the list entries on method calls of
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Figure 6.22: Optimization of the list of changes
the abstract editor API, which performs the changes to the database.
The optimization of the edit stack is necessary to avoid the abstract editor from performing
useless operations. The editor keeps track about any changes of a map. An editing session is the
interval between the loading of a map from the server to the sending of the list of changes to the
server. The unit of this interval can be seen as [editoperation].
Sometimes, users will want to delete constructs, which they have created beforehand. When a
user deletes an item from a map, that he has created during the very same editing session, the edit
stack in fact contains at least two entries that do not have to be transferred to the server. Consider
the following example of an edit stack. The user creates a topic T1, a topic T2 and a topic T3.
Afterwards he creates associations between T1 and T2, T2 and T3 and T1 and T3. Before he
sends this list of changes to the server, he deletes topic T1. The edit stack now contains entries for
the creation of topics T1,T2 and T3, for the creation of association between T1 and T2, between
T2 and T3 and between T1 and T3 and for the deletion of topic T1. Figure 6.22 (a) displays this
exemplary setup.
If this list of changes was sent to the server without any optimization, the server would have
to perform operations unnecessarily. The stack shown in figure 6.22 (a) has seven operations, of
which in fact four operations are dispensable, as topic T1 is deleted in the end. Some operations
on topic maps constitute oppositional forces, such as create and delete. For the edit stack, this
means, that there may be entries, which are redundant. In case, a topic, which has been created in
the beginning of an editing session, is deleted in the end of an editing session, this is very likely
to make several entries of the list of changes redundant, as many operations, such as add name
or assign type of topic, are strongly related to the topic. Through the deletion of the topic, these
operations do not have a subject, to which they relate.
The deletion of topic T1 in 6.22 requires the list to be optimized, as this entry constitutes a
critical operation. Before the list of changes is sent to the server, the editor has to run an optimization for ever critical operation within the list. The result of an optimization of the list of changes as
shown in figure 6.22 (a) is illustrated in figure 6.22 (b). The creation entry for topic T1 is removed
from the list, as well as all definitions for associations that implicate topic T1.
The existence of a creation entry for topic T1 causes the list of changes to also remove the
entry for the deletion of topic T1 itself. In case, the topic would have existed from the beginning
of the editing session, there would not have been a creation operation item for the respective
topic. This would result in the deletion of all topic related activities from this editing session,
except the final delete operation for this topic. The reason for this is, that the deletion of the topic
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is bringing a real change for the topic map in the repository. Any other operations for this topic,
such as the adding of a name or the creation of an association to another topic, are in vain, as the
final deletion operation for the topic nullifies their respective effects. Besides the create-delete
discrepancy of topics, several other constellations between operations can lead to unnecessary
processing of changes. Tables 6.2 & 6.4 shows all critical operations, that might affect previous
actions.
Obviously, the deletion of a group or a topic bears the greatest risk of making previous actions
redundant. The reason for this, is the fact, that groups and topics are the most complex constructs
of a topic map. Topics can have names and occurrences, while names can have multiple variants. A
group consists of topics and further child groups, which makes groups the most complex construct
within a map. Any change to one of these child constructs of a topic or a group, is highly dependent
on the group or the topic that is the owner of the construct. When the owner of these constructs
ceases to exist, the respective constructs are deleted, too, and any modification operation to any
attribute of these constructs become obsolete.
Topics can exist without associations, however, associations cannot exist without topics. When
a topic is deleted, all association, in which this topic plays a role, are deleted indirectly. The data
model for Topic Maps is not prohibiting associations with only one role, however this is not very
intuitive. The setter operations also constitute critical actions, as the setting of the value of an
attribute can overwrite a previous setting of the same attribute. For instance, when a user changes
the display name of a topic, twice, the first change of the name is overwritten by the second change.
So, the first change must not be included in the list of changes of an editing session. Hence, the
employment of a journal is not only bringing about advantages, but also difficulties.
6.2.3

Styling Topic Maps

The Topic Maps editor as presented in the previous chapter raises a very interesting question.
In fact, a graph is a very uniform formation of nodes and edges between nodes. In terms of the
user experience of browsing and viewing a topic map, an individual styling can strongly increase
the user acceptance. So far, only minor styling issues have been contemplated. Technically,
the groups hierarchies and the x and y coordinates for topics are in fact also style attributes of
a topic map. However, those styling attributes are specific to a certain topic map and do not
satisfy the general understanding about styles of graphs. For this reason, a more advanced styling
mechanism for topic maps shall be contemplated in this subsection.
As has been shown in the foregoing section, the XTP format already strives to strictly
distinguish content and styles (with views for topic maps). Yet, the XTP format is formalizing
only attributes that are tightly coupled to the corresponding map. The grouping and positioning
informations for topics only reference topics from within the very same topic map, which is why
these grouping and position informations cannot easily be applied to any other map. Besides
these topic map specific styling attributes, there are several other attributes that might be applied
to any topic map. For instance, the color and the size of a topic on the drawing surface constitute
very important styling attributes for arbitrary maps.
The idea of this work is to introduce an additional class of topic maps that enable the definition
of styles for topic maps. All topic maps and topic map fragments, that have been contemplated in
this work so far, were instances of the class of content topic maps (short: topic maps). In order
to realize a generic styling of topic maps, the so called class of styling topic maps (short: style
maps) is introduced. Like content topic maps, style maps consist of topics and associations. A
style map can be created by means of the editor, just like a topic map is created. The intention of
this, is to have an editor which is capable of creating content and styles on the same way. That
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DELETE GROUP
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Affected previous operations
Group:
CREATE GROUP, SET GROUP TYPE, SET GROUP OWNER
Topic:
CREATE TOPIC, SET TOPIC TYPE, SET TOPIC POSITION, SET
TOPIC SUBJECT LOCATOR, SET TOPIC GROUP AFFILIATION,
SET TOPIC IMPORTANCE
Name:
CREATE NAME, SET NAME VALUE, SET NAME TYPE, SET NAME
SCOPE
Variant:
CREATE VARIANT, SET VARIANT VALUE, SET VARIANT SCOPE
Occurrence:
CREATE OCCURRENCE, SET OCCURRENCE VALUE, SET OCCURRENCE TYPE, SET OCCURRENCE SCOPE
Association:
CREATE ASSOCIATION, SET ASSOCIATION TYPE, SET ASSOCIATION SCOPE

DELETE TOPIC

Role:
SET ROLE TYPE
Topic:
CREATE TOPIC, SET TOPIC TYPE, SET TOPIC POSITION, SET
TOPIC SUBJECT LOCATOR, SET TOPIC GROUP AFFILIATION,
SET TOPIC IMPORTANCE
Name:
CREATE NAME, SET NAME VALUE, SET NAME TYPE, SET NAME
SCOPE
Variant:
CREATE VARIANT, SET VARIANT VALUE, SET VARIANT SCOPE
Occurrence:
CREATE OCCURRENCE, SET OCCURRENCE VALUE, SET OCCURRENCE TYPE, SET OCCURRENCE SCOPE
Association:
CREATE ASSOCIATION, SET ASSOCIATION TYPE, SET ASSOCIATION SCOPE
Role:
SET ROLE TYPE

Table 6.2: Critical operations, that affect previous actions (part 1/2)
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Operation
DELETE ASSOCIATION

DELETE NAME

DELETE VARIANT

DELETE OCCURRENCE

SET GROUP TYPE
SET GROUP OWNER
SET TOPIC TYPE
SET TOPIC POSITION
SET TOPIC GROUP AFFILIATION
SET TOPIC SUBJECT IDENTIFIER
SET TOPIC IMPORTANCE
SET NAME VALUE
SET NAME TYPE
SET NAME SCOPE
SET VARIANT VALUE
SET VARIANT SCOPE
SET OCCURRENCE VALUE
SET OCCURRENCE TYPE
SET OCCURRENCE SCOPE
SET ASSOCIATION TYPE
SET ASSOCIATION SCOPE
SET ROLE TYPE

6

Affected previous operations
Association:
CREATE ASSOCIATION, SET ASSOCIATION TYPE, SET
ASSOCIATION SCOPE
Role:
SET ROLE TYPE
Name:
CREATE NAME, SET NAME VALUE, SET NAME TYPE,
SET NAME SCOPE
Variant:
CREATE VARIANT, SET VARIANT VALUE, SET VARIANT
SCOPE
Variant:
CREATE VARIANT, SET VARIANT VALUE, SET VARIANT
SCOPE
Occurrence:
CREATE OCCURRENCE, SET OCCURRENCE VALUE,
SET OCCURRENCE TYPE, SET OCCURRENCE SCOPE
SET GROUP TYPE
SET GROUP OWNER
SET TOPIC TYPE
SET TOPIC POSITION
SET TOPIC GROUP AFFILIATION
SET TOPIC SUBJECT IDENTIFIER
SET TOPIC IMPORTANCE
SET NAME VALUE
SET NAME TYPE
SET NAME SCOPE
SET VARIANT VALUE
SET VARIANT SCOPE
SET OCCURRENCE VALUE
SET OCCURRENCE TYPE
SET OCCURRENCE SCOPE
SET ASSOCIATION TYPE
SET ASSOCIATION SCOPE
SET ROLE TYPE

Table 6.4: Critical operations, that affect previous actions (part 2/2)
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Figure 6.23: An example style map
is to say, the mechanism with which topic maps are created and the mechanism for the creation
of style maps are the same. This is very beneficial, as such a solution constitutes a very clean
and professional build-up for an application. The major advantages of this are the facts, that
no additional editor has to be implemented for the generation of style maps and that the user
experience for content creation and styling of topic maps are exactly the same.
The differences between the two classes of topic maps can be found in the constructs of the
respective map types. In contrast to topics in content topic maps, topics in style maps (short:
styling topics) do not have names and occurrences. A styling topic is only determined through its
type and the styles, which have been applied to the topic. The existence of a type for a styling
topic is a very important indicator for the selection of content topics. A styling topic without a
type selects more content topics than a styling topic with a type. Therefore a type for a styling
topic can be seen as a constraint.
In fact, a style map is very similar to a TMCL schema (see chapter 2.3). Instead of creating
topics for resources on the web, a styling topic represents the class of all content topics, that have
the same type. That is to say, when a user creates a style map, he is not creating content topics that
reference a subject via subject identifiers, moreover he creates topics that stand for content topics
within a topic map. For instance, a topic map that consists of a hierarchy of employees and their
respective bosses, is likely to contain many topics of type Employee and Boss.
In order to add styles to this map, the corresponding style map would have to contain two
topics, one with type Employee and one with type Boss (Note that it is not mandatory to create
both topics, however, for illustration purposes, this example creates topics for both type classes).
The styling attributes for these two classes are formalized by means of a certain visual grammar.
A styling topic can be assigned multiple styles, such as the background-color or the border-width
of the topic. So, in order to assign styling attributes to the respective topics, the user will have to
specify the styles in form of styling topics, to which he applies certain styles, as shown in figure
6.23.
The styling of a topic map through such a mechanism, strongly reminds of the functioning
of cascading stylesheets [37] (short: CSS). CSS is a language for the assignment of styling information to objects from the document object model (short: DOM). DOM is the technical basis of
marked up information bases, such as found in HTML. With the help of CSS, the styling information for a webpage can be separated from the content of a HTML file. A styling definition in CSS
format can be applied to any arbitrary HTML markup data. A directive within a CSS definition
is made up of two parts: A selector and a style definition. The selector is an expression, which is
following a certain grammar. Simple CSS selectors are simply the names of the tags from within
a corresponding HTML file, such as h1, p or div.
In fact, style maps are following a very similar approach. The two topics in figure 6.23 can
be seen as the analogous constructs for topic maps as the directives within a CSS declaration are
for DOM data. When a style map is applied to a content topic map, this impresses the style of
the style map on the topic map. For every topic within the style map, topics within the topic map
are selected and assigned the respective styles, as defined in the style map. Given the example
from above, the application of the style map, containing the style declarations for EMPLOYEE
and BOSS, on a corresponding topic map causes every Employee-typed topic to have the color
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blue and every Boss-typed topic to have the color red. A major difference between the style
maps concept for topic maps and CSS for DOM is the hierarchical model of CSS, which is not
contemplated for topic maps in this thesis. A likable construct for the hierarchical navigation
through a topic map could be the group construct which has been introduced in the previous
section. The mechanism presented in this section is moreover contemplating a way for users to
specify styles for topics, or moreover classes of topics.
The previous example for the application of styles to a topic map is intended to convey a
general understanding about how topic maps can be styled by means of style maps. Like in CSS,
the application of style, as presented above, passes two subprocesses. First, the topics within the
content topic map are selected. The criteria for the selection of topics within a content topic map,
are the type of a styling topic and the associations of the styling topic (see more below). The type
of a styling topic can be seen as the selector for the styling of content topics when a style map is
applied to a topic map. Besides topics, also associations may be styled.
Suitable styling attributes of associations are, for instance, the color, the line-width or the kind
of the line-type. Possible line-types are solid, dotted or dashed. In order to select associations in
a topic map, the user has to create at least two topics and create an association between these two
topics in a corresponding style map. Now there are six possibilities, to define the selection criteria.
Figure 6.24 shows all six possibilities to select associations in style maps.
In the most generic case, the two topics and the association are not assigned a type. This
means, that the user simply creates the two topics and associates the topics without assigning
any types to any construct. This will result in the selection of all associations contained within a
topic map (see figure 6.24 (a)). For a general change of the styling of all associations, this is an
adequate variant. The next step towards a more specific selection of associations, is the assignment
of a type to the association in the style map. In case, the association is assigned a type, only those
associations will be selected, which have the respective type (see figure 6.24 (b)).
The selection of associations can also be constrained by the topics that play roles in the
association. In order to select only those associations, that associate topics of certain types,
the corresponding types have to be assigned to the styling topics in the style map. As soon
as an association in a style map associates topics that have been assigned a type, the selection
of associations is constrained through the type of the corresponding topic. For instance, if an
association connecting an employee with a boss is to be styled, the style map would have to
contain at least two topics with types Employee and Boss and an association between these topics.
If the association is not assigned a certain type, this style map selects all associations between
employees and bosses. In case the association is assigned a specific type, such as worksFor, only
associations of this type between employees and bosses are selected (see figure 6.24 (c-f)). In this
way, all circumstances that may exist between topics and associations can be styled.
Styles in style maps work additively. A content topic or an association may be selected by
multiple styling topics or associations in a style map. In fact, a style map may also contain
multiple topics with the same type. As long as the style attributes of the single styling topics do
not overlap, this will result in an aggregated styling of the corresponding content topics. In case,
multiple topics of the same type assign the same styling attribute(s), the last created styling topic
determines the value of the respective style(s).
For a better understanding of this styling mechanism, a little more complex example shall
be illustrated. Consider a topic map in which employees, bosses, organizations and cities have
been linked together. Here, organizations reside in cities, employees and bosses are employed by
organizations and employees work for bosses. Figure 6.25 shows an example topic map for this
schema. This map asserts, that an Organization with the name "capgemini sd&m" resides in the
City "Munich" and that "John Q. Public" of type Employee and "Jim Q. Public" of Type Boss are
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(a) Select all associations with arbitrary types

(b) Select all associations with type worksFor

(c) Select all associations with arbitrary types in which
at least one topic with type Employee plays a role

(d) Select all associations with type worksFor, in
which at least one topic with type Employee plays a
role

(e) Select all associations with arbitrary types, in which
one topic has the type Employee and the other has the
type Boss

(f) Select all associations with type worksFor, in which
one topic has the type Employee and the other has the
type Boss

Figure 6.24: Selection of associations in style maps
of Type employedBy this organization. Additionally, "John Q. Public" worksFor "Jim Q. Public".
A possible corresponding style map could say that, for instance:
• Topics of type City have a gray background and a city icon
• Topics, which are associated to an Organization, while the type of the association is
isEmployedBy, have a green background, a white font-color and an icon showing a person. Furthermore, associations between these topics are red
• Employees have a thin border-width and a turquoise font-color
• Bosses have a thick border-width
• Associations between Employees, and Bosses are orange and in a dotted style
• Associations between Cities, and Organizations are in a dashed style
Figure 6.26 illustrates a style map, which fulfills all these requirements. This map is a
standalone styling declaration for the schema as described above and may be applied to any topic
map, no matter if the map contains topics of the types for which the style map defines styling
information. If another map happens to contain topics with the respective types, the styles can be
applied to these topics, too. Figure 6.27 shows the topic map from figure 6.25, after the styles
from the style map in figure 6.26 have been applied to the topic map. For every topic, the selection
process and the application of styles will be illustrated in the following.
The topic "Munich" of type City is selected through the corresponding styling topic with the
type City and assigned a gray background and a city icon. The association between "Munich" and
the "capgemini sd&m" Organization is dashed, in accordance to the style definition. The fontcolor of the "capgemini sd&m" topic is defined as purple at the corresponding styling topic. The
styling of "John Q. Public" of type Employee and "Jim Q. Public" of type Boss is more complex
and shows the additive effect of multiple selections.
The association between an Organization and an arbitrary topic is defined to be red, as
long as the type of the association is isEmployedBy. As the second topic has not been assigned
a type (marked as undefined in figure 6.26), the style of this topic will be applied to any topic,
which is associated to a topic of type Organization with the association type isEmployedBy.
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Figure 6.25: An example topic map without styling information
Since "John Q. Public" and "Jim Q. Public" satisfy this precondition, the respective styles of
the untyped topic from the isEmployedBy-association are applied to these topics, which are a
green background, a white font-color and a person icon. However, the style map contains further
selectors for topics of these two types. Furthermore, an Employee topic is defined to have a
turquoise font-color and a thin border-width, while a Boss topic shall have a thick border-width.
The representation of the two topics in 6.27 results from the additive effect of multiple selections. Both topics have been selected indirectly, through the isEmployedBy-association. This
caused both topics to have a green background, a white font-color and a person icon. Additionally,
the topics are assigned specific border-widths through the designated styling topics. Although the
font-color has been defined to be white for topics, playing roles in isEmployedBy-associations,
the font-color of "John Q. Public" is turquoise. This is because the direct selection of topics is
stronger than the indirect selection through type-undefined topics in associations. In this way,
the style of topics, which have related types, such as Employee and Boss, can be assigned a
basic set of styles that is extended, depending on the type of the topic. Here, all employers of the
"capgemini sd&m" organization have been assigned the basic styles "green background", "white
font-color" and "person icon". In order to better distinguish these topics, certain extensions have
been defined. This caused the respective topics to look alike, whereas some cues indicate that
they really are not the same.
This section is intended to introduce a mechanism which enables styles to be applied to
arbitrary topic maps. The major issue of this mechanism can be seen in the selection of content
topics though direct or indirect selectors within style maps. Direct selectors of topics and
associations, are represented through the types of the items within a style map. A direct selector,
selects all topics of one type and associations respectively. Indirect selectors have been found to
enable a "wildcard" mechanism for the selection of topics, as shown in the example above. In this
way, topics of any type can be selected at once.
The above illustrated mechanism is only a conceptual idea for the styling of topic maps. Due
to time restrictions, this mechanism has not been implemented in terms of the development of the
editor. Future work on this topic would have to deal with a suitable parsing of a topic map, in order
to prepare the topics for the selection through styling topics and associations. A good point to start
could be to create suitable classes for content topics, which stand for certain criteria, such as "has
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Figure 6.26: An example style map for the topic map in figure 6.25

Figure 6.27: The topic map which results from applying the style map from figure 6.26 to the topic
map from figure 6.25
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associations to topics of a certain type", etc. Otherwise every topic would have to be tested for
selectivity by every styling topic within a style map. This might cause the application of styles to
take very long. A prior classification of topics according to certain criteria could ease the severity
of such a problem. Additionally, a reasonable integration of the group construct into the styling of
topic maps should be contemplated. So far, the style maps as presented above do only recognize
topics and associations for styling of content topics.
Above all, it should be reconsidered, whether or not the type of a topic should be the only
criterion for the selection through a styling topic. In a sense, all available constructs of a topic,
such as its names and occurrences could be included into the selection of content topics. The
presence (or absence) of a name of a certain type might be a reasonable selection criterion to
select all topics that have (or do not have) a name of the respective type in order to highlight
all topics that have, for instance, a name of type Nickname. In such a case, advanced querying
concepts like TMQL (cf. chapter 2.3) could provide a valuable aid for the selection of content
topics in order to determine what content topic should be selected through what styling topic.
6.2.4

Integration of a RDF Component

It has been often mentioned, that RDF and Topic Maps have very much of the same intention
and as has been shown in chapter 4.2.2, there are not too many differences between these two
technologies. Therefore, the question arises, whether or not the Topicology editor might also
be utilized to author RDF contents. This chapter tries to answer this question and evaluates the
possibilities to integrate an RDF component into the editor.
RDF and Topic Maps are very similar, albeit obvious differences exist. RDF is more
lightweight than Topic Maps are, as, besides literals and blank nodes, the only constructs in RDF
are subjects and objects, which may be predicated in terms of statements. Topic Maps, in contrast,
allow for the direct reification of single constructs. A complete overview of the major differences
is described in chapter 4.2.2 and will not be illustrated again. Moreover, this chapter tries to resolve these differences, so that the editor can be used to author RDF content. The technologies
cannot simply be merged. For this reason, the only chance to make them work together is to try
to find a consistent mapping from one technology to the other. That is to say, in order to make the
two technologies work together, one has to find a way to express a RDF graph in Topic Maps and
vice versa. At this point, the goal for the integration of a RDF component into the editor should
be contemplated. The goal is not to create a new visualization and user interface for RDF, but to
create a mechanism, with which a RDF graph may be edited within the editor. For this purpose,
one could for example create a mapping between RDF and Topic Maps, with which the models
are converted to the respective other format.
Mappings between RDF and Topic Maps have been subject to indepth analysis for several
times. For example, the RTM RDF vocabulary by Ontopia [78] proposes a certain encoding of
RDF content, which can be automatically converted to topic maps. Every triple within a RDF
model is converted to a corresponding topic maps construct. The topic maps constructs scopes,
names and occurrences are therein expressed as predicates. A scope is therefore created through
an RDF triple in which the predicate is typed with rtm:in-scope. A parser for the conversion
of the RDF content to Topic Maps now scans an RDF model for predicates of certain types and
maps these predicates to the respective constructs of a map. The RTM format is an interesting
approach, considering the interoperability of the two concepts. In terms of the editor, such a shared
vocabulary might bridge the gap between RDF and Topic Maps, as only one single data model
for both concepts would have to be implemented. Another approach for RDF and Topic Maps
interoperability by Moore [32] simply creates topics for each RDF construct that is unavailable
in Topic Maps. A topic map that represents an RDF graph therefore contains topics with the
following types (notation: (topic : PSI)):
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Figure 6.28: Moore’s approach to express RDF statement through ternary associations
• (resource : 'http://www.empolis.com/rdftmmapping#rdf-resource')
• (statement : 'http://www.empolis.com/rdftmmapping#rdf-statement')
• (property : 'http://www.empolis.com/rdftmmapping#rdf-property')
• (subject : 'http://www.empolis.com/rdftmmapping#rdf-subject')
• (object : 'http://www.empolis.com/rdftmmapping#rdf-subject')
• (identity : 'http://www.empolis.com/rdftmmapping#rdf-resource')
• (literal : 'http://www.empolis.com/rdftmmapping#rdf-literal')
• (model : 'http://www.empolis.com/rdftmmapping#rdf-model')
With the help of these types, any RDF graph can be modeled. So, in order to model, for
instance, a statement between a subject and an object, several topics with types from this set
of RDF related topic types have to be created. With this mechanism, the relationship between
ThisThesis and the ISOTopicMaps could be modeled in a way, as shown in figure 6.28. A
binary statement from RDF is converted to a ternary association in Topic Maps. Obviously, the
embedding of RDF in a Topic Maps based rendering, enlarges the visual representation for a
statement with Moore’s approach. Instead of two constructs in RDF graphs, the RDF statement in
form of a topic map association consist of three constructs.
Here, the statement to be modeled is represented through the association between the three
topics. The two subjects of the statement, which are "ThisThesis" and "ISOTopicMaps" are
instances of the types subject and object. The predicate of the statement, "isAbout", is
typed property. In the notation commonly used in object-oriented programming languages, this
statement would read as: ThisThesis.isAbout = ISOTopicMaps. For the integration of RDF
authoring into an editor for Topic Maps, this approach is not believed to make the authoring of
RDF very comfortable and intuitive.
The above illustrated example shows very clearly, why representing RDF in Topic Maps can
be unsatisfactory. The corresponding topic maps may become very large, whereas many topics
only take care about maintaining the correct meaning of constructs from the original RDF content.
For the purpose of this work, a more lightweight representation of RDF in Topic Maps would
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have to be created. A likable approach would be to make a RDF triple the same as a Topic Maps
association.
Many scientists argue, that the difficulty in RDF-Topic Map interoperability is the fact that
a statement in RDF only consists of three items (a subject, a predicate/property and an object),
while a Topic Maps association consists of five (an association type, the first role type, the second
role type, the first player topic and the second player topic). For the seamless conversion of RDF
to Topic Maps and vice versa, this issue is a real difficulty. For the purpose of this work, however
the data models would not have to be converted into each other. In fact the simplest variant for
the authoring of RDF would be to create a RDF component which takes care about the RDF data
model processing. For the visual authoring of the RDF models, the component could use the very
same visualization as for topic maps. The concept of a resource from RDF perfectly resembles
the topic concept from Topic Maps. RDF statements could therefore be visualized as associations
between two topics, that represent the subject and the object of the triple. The predicate of the
statement would be defined through the type of the edge (association) between the subject and
the object. Admittedly, the user interface controls would have to be slightly customized for RDF
authoring, however, the general functioning and the authoring workflow could be preserved. Even
the types browser could be reutilized for RDF type definitions. In a sense, the visual representation
of a RDF graph would not differ from the visual representation of a topic map.
Internally, the interactions on the respective visual graphs are interpreted according to the type
of graph (RDF or Topic Maps). Thus, either the Topic Maps data model or the RDF data model
is changed when a users performs a change on a corresponding graph representation. In this way,
the editor could be used to author both, topic maps and RDF content.

6.2.5

Synchronizing "Distributed" Public Subject Indicators

Public Subject Indicators are a means to make subjects from the real world accessible for
machines (see chapter 2.2.1). Whenever a user of topic maps faces a subject for which no subject
indicator exists, he simply creates a website with a description for the corresponding subject. In
this way, the subject can be referenced by an URI. Subject indicators emerge under the influence
of individual perceptions of the user who creates the subject indicator. A subject can have many
public subject indicators. Users from Asian countries are very likely to have their own subject
indicators, due to the language barrier. Therefore, several PSIs for one and the same subject may
exist. However, not only language barriers produce multiple PSIs for the same subjects. Political
or organizational restrictions and competitive thinking can cause every company to build its own
repository of PSIs. The result of these factors are very heterogeneous sets of subject indicators, of
which many describe the same subjects.
The problem of merging topic maps from a distributed environment exists since the advent
of Topic Maps. There are approaches, that are able to determine the similarity between topics in
order to avoid a map from containing multiple topics, which in fact represent the same subject.
In fact there are several characteristics that uniquely distinguish topics from each other. Above
all, there is the subject locator which points to the resource or a PSI. Topics with equal subject
indicators can be anticipated to describe the same resource. In case of PSIs (hence real world
subjects), this is however more complicated as one may think, as described above.
For the merging of topics from multiple sources and environments, the Subject Identity Measure (short: SIM) by Maicher [33] and a modified version of this approach, the Topic Similarity
Metric (short: TSM) by Hahn [1], provide valuable informations about the similarity of topics.
Both methods aim at the comparison of topics by means of their individual constructs. While
the SIM approach only recognizes the names and occurrences of a topic, the TSM approach also
includes associations, scopes and types for the calculation of the similarity between topics. Both
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methods determine the number of similar constructs for the single topics and calculate a numeric
value, which can be utilized for the synchronization of the contemplated topics. If the calculated
similarity is above a certain threshold, the topics are regarded to be about the same subject and
merged.
The mechanism presented in this section is following a different approach. Instead of
comparing topics to each other, the idea of this thesis aims at the comparison of the PSIs. If two
distinct PSIs can be ascertained to be about the same subject from the real world, topics for these
PSIs can be merged without question. The determination of the identity of these PSIs is what the
mechanism presented below is trying to accomplish.
Lately, there have been attempts by certain organizations to create uniform databases for the
definition of PSIs that were intended to serve anybody who needs to process topic maps. Such an
approach favors a globally unique identification of PSIs for subjects, but in terms of a centralized
authority. Such a database would make the mechanisms for the determination of similarities between topics redundant, though, as topics about the same subjects would automatically reference
one and the same PSI.
The Topicology system, with its focus on peer-to-peer communication, would however need a
different mechanism for the management of distributed PSIs. In this section, a possible solution for
the identification of similar subject indicators in distinct PSI repositories shall be introduced. The
need for such a mechanism is justified through the fact, that the participators of the Topicology
network are self-contained entities, which do not necessarily have to contribute anything to the
network. In case, participators do want to interact with other participators, the question arises,
what subject indicators in the respective PSI repositories are equal. The Topicology network is
also subject to the individual perceptions of its users. In order to match PSIs for the same subjects,
the pure parsing of the text snippets that describe the subject is not providing satisfactory results.
In fact, the single PSIs would have to carry additional semantics about the nature of the subject.
This is in fact very curious, as actually, the PSI is intended to provide certain semantics for a topic
map.
The semantics of a PSI cannot be formalized in form of types as this would result in the same
problems as described above: this would result in a vicious circle. Moreover a PSI would have
to carry more information about the real world subject itself. The idea of this work is to create a
n-dimensional coordinate space for the definition of the nature of a subject. Every subject can be
classified through a vector of n values. These values classify the real world subject with regards to
several aspects. The value for a respective aspect can be continuous in a certain range or discrete,
with predefined constant values. The point of a subject within this coordinate space is determined
through the values for the single aspects. In table 6.5 a proposal for a 6-dimensional coordinate
space is illustrated.
The major aspects of a subject have been identified to be the constitution (C), the size (Si), the
age (A), the quantity (Q), the specificity (Sp) and the uniqueness (U). The range of the continuous
values reaches from 0 exclusively to 10 inclusively.
Especially for the size and the age of a subject, the range is not anticipated to represent the
values for subjects in a linear way. In order to cover all possible subjects, such as a new car or
the earth, the domain of the values is arranged in an unproportional way. Many subjects of daily
life are not nearly as old as the earth and most subjects are way smaller than the Atlantic ocean.
If the range was expressing the age and size values for subjects in a linear way, most values for
these aspects will be settled very close to zero, as earth itself is disproportional bigger and older
as everything else. The values are in fact only approximations for the subjects. A size or age value
between 8 and 10 indicates, that the subject is one of the oldest or biggest things on earth (or earth
itself), while a value between 0 and 8 is anticipated to stand for adequate values which can be
reasonably compared to each other. The magnitude of the value is the determining factor for the
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p
(CA −CB )2 + (SiA − SiB )2 + (AA − AB )2 + (QA − QB )2 + (SpA − SpB )2 + (UA −UB )2

Figure 6.29: Euclidean distance between subjects within the 6-dimensional coordinate space

apple (fruit)
Apple (company)

−→
−→

(organic(0),
(inorganic(10),

0.01,
4.2,

6.3,
0.8,

entity(0),
organization(10),

2.2,
7.5,

unique(0))
imitable(10))

Figure 6.30: Example vectors for the apple fruit and the Apple company subjects
subject.
In order to test two subject identifiers for similarity, a system would have to calculate the
distance between the corresponding points of the subjects within the coordinate space, which is
determined through the aspect values of the respective subject. The basis for this metric, is the
believe, that on a certain level, users from any background rate the same subject with similar
values, no matter from what cultural regions or organizations they come. Everybody will rate an
apple to be organic and rather small in size.
If the distance between two subjects is below a certain threshold, the subject indicators are
anticipated to describe the same subject. For the calculation of the distance between two points,
the euclidean distance for n-dimensional euclidean spaces is utilized, which is shown in figure
6.29 for subject A and subject B.
Consider the following example for subject indicators. The PSI for the fruit apple is named
"apple", while the PSI for the Apple computers company is named "Apple". The descriptions
for these subjects might contain certain keywords, which indicate that the one subject is a fruit
and the other subject is a supplier for computers. In case, the descriptions do not contain those
keywords, necessary to distinguish the PSIs, a system will have heavy difficulties to test the PSIs
for similarity or disparity. Here, the above presented mechanism can provide a useful aid. If both
PSIs had been classified according to the above introduced metric, the system could also implicate
the respective subject classification vectors. These vectors might be composed as illustrated in
figure 6.30. The size of an organization is obviously hard to specify, as an organizations is a
virtual thing. In fact the size value for an organization is not describing its physical size, but the
figurative size of the company compared to other companies.
This example shows very clearly, that subjects with identical names must not be related in
any way. In order to test both subjects for similarity, the system would now compute the distance
as defined above. Figure 6.31 displays the calculation of the distance between these subjects.

q

(0 − 10)2 + (0.01 − 4.2)2 + (6.3 − 0.8)2 + (0 − 10)2 + (2.2 − 7.5)2 + (0 − 10)2
√
= 100 + 17.5561 + 30.25 + 100 + 28.09 + 100
√
= 375.8961

distance(A, B) =

= 19.388

Figure 6.31: Calculating the distance between A and B
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Aspect
Constitution

6.3

Value range
[organic(0), inorganic(10)]

Size

]0, 10]

Age

]0, 10]

Quantity

[entity(0), set(5), organization(10)]

Specificity

]0, 10]

Uniqueness

[unique(0), imitable(5), versatile(10)]

Integration into the Topicology System

Examples
apple fruit:
Apple computer:
apple:
house:
Atlantic ocean:
Tom’s new car:
Munich:
earth:
Tom:
The Beatles:
capgemini sd&m:
machine:
computer:
Apple MacBook Pro:
John Q. Public:
John Q. Public’s sunglasses:

organic
inorganic
0.01
5.6
10.0
0.01
4.2
10.0
entity
set
organization
0.2
6.5
10
unique
versatile

Table 6.5: Aspects for the classification of the nature of a subject (discrete values are assigned
constants, see brackets)

The euclidean distance between these two subjects is 19.388, which is a pretty high value, if
one considers, that the maximum distance between two subjects is ≈ 24.5 (all differences of all
corresponding values are 10).
A threshold for the determination of the similarity of subjects would have to be far below 1, as
also subjects which are strongly related to each other have to be identified as unequal. However,
this technique is not robust for every combination of subjects. Consider the the PSIs for two sorts
of apples, such as "Breaburn" and "Royal Gala". With the presented set of aspects, the PSIs for
these subjects will definitively found to be similar, as the distance between these subjects is likely
to be near to zero. Additional or other aspects for subjects might bring more distinctness to strong
related subjects, such as apple sorts (sorts of things are by the way very hard to classify in terms
of universal aspects of a subject).
For the integration of such a metric into a system, in which the automated determination of
the similarity between subject indicators from distinct repositories is of great interest, this mechanism should best be employed together with methods for String comparisons of the PSI type
descriptions. In many cases, the parsing of the description text for a subject within a PSI provides
valuable hints for the identification of semantic matters. When the String comparisons have failed
to produce a decision for whether or not two subjects are similar, the above presented mechanism
might help. In doubtful cases, for instance when two apple sorts are to be tested for similarity, the
last say should always have a human user of the system.

6.3

Integration into the Topicology System

In terms of a technical implementation, the Topicology system will be introduced in detail in the
beginning of the next chapter. In this section, a short outline of the conceptual idea to integrate a
visual editor into a distributed management workflow shall be illustrated. The Topicology system
is intended to provide a mechanism, able to let users define, persist and share Topic Maps based
knowledge. However, the system is more than just a mechanism for the definition and interchange
of knowledge. In fact, the server-side part of the Topicology system constitutes an independent
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stand-alone-application for the management of Topic Maps repositories in a peer-to-peer environment. The system vision of Topicology is to have the software deployed to multiple servers in a
networked setting, in which each server institutes a self-contained entity.
Within this Topicology network, servers can request other Topicology servers for topic maps
that are stored within their repositories and let users contribute to the creation of collective maps.
For this purpose, servers maintain copies of these collective maps that are updated every time
a change is performed to the original map. Once again, the information about the single editing
steps, which lead to a transformation of a map from state A to state B, turn out to be of great
value. So instead of copying whole maps to the neighboring peers, only lists of differences are
interchanged, that are calculated on a timestamp basis. When a user loads a collective map from
his Topicology server, the server contacts the peer containing the original map and asks whether
any changes have been performed. If any changes happen to have occurred since the last update,
the local map is updated accordingly. In this way, the creation of topic maps can be accomplished
on a global scale with contributions from arbitrary users.
The idea of these collective - or rather distributed - maps is to provide a social network, such
as found in the phenomenon of Wikis. Wikis also profit from the active involvement of a broad
variety of users. Topic Maps could enhance the classical Wiki styled knowledge interchange
through semantic meaning of information and simultaneously provide an intuitive representation
of knowledge. The editor of this work is providing the main access point for users to the Topicology network. Besides monitoring and administration channels, the editor is so far the only way to
communicate with this network from outside the network itself.
Every registered user can start his own topic maps collection and publish the information.
Furthermore users can access their maps or the collective maps from all over the world, as the
editor is developed as a thin client, which means, that no application data is stored in the client.
A web interface provides all tools necessary to accomplish the creation and management of topic
maps within the Topicology system. When a user logs in, his maps are requested from the server
and he can work with the maps. After his editing is completed, the changes are sent to the server,
where the changes are committed to the repository.
The idea of collective maps appears to be a rather useful concept, however, they also cause
problems. Whenever users work on the same data sets in parallel, problems may occur. Multiple
users, who edit the same map at the same time are very likely to perform changes to the same
constructs of this map. The first user to save his changes creates a new version of the topic map
in the repository. The next user who wants to save his changes, might produce a severe conflict.
Given the case, that both users changed the same attribute of the same construct of the collective
map, the question arises, which version should be assumed to be effective. In fact, the server
now has three versions of values for the respective attribute: The original version (which all users
initially loaded from the repository to perform their changes), the version of the user who saved
his changes first and the version of the user who saved his changes second. If the system did
simply overwrite the changes of the first user with the changes of the respective next user, this
might understandably anger the first user. Moreover, the system would now have to ask the users,
which version to finally save to the repository.
This problem can also be found in conventional versioning control. Actually, the collective
maps bring about the same problems as faced in classical version control systems. In order to
avoid these problems, a version control mechanism for collaborative work on topic maps would
have to be developed for the Topicology system. The methods, which enable such a versioning of
topic maps, could be adopted from classical version control systems for code bases, as the content
to be versioned constitutes the only difference between these two application domains. So, when
a user tries to save changes of a map to the repository, which relate to attributes that have already
been committed beforehand, the editor could signal the user by means of some visual mechanism
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that there has been occurred a conflict he has to solve before his changes may take effect.
A possible solution for this problem could be to synchronize the editors of users that perform
changes to one and the same map. For this purpose, the editors could identify constructs that have
already been changed by other users with certain colors. In this way, the user could be informed
about what constructs should not be changed during the running editing session anymore. This
might avoid the problem of multiple versions for the same values, as described above.
A critical issue for this solution is of course the transfer latency for synchronization messages.
If the delivery of these messages takes too long, several users are likely to start editing the same
attributes of the same constructs despite this conflict avoidance strategy. In case multiple users
perform the same action on the same constructs in the very same moment, this strategy will fail
no matter how fast these messages can be delivered. Like multiple processes that access the same
resource in the same machine, some sort of "distributed semaphore" might solve this conflict. Similar to semaphores in process-resource-allocation, a distributed semaphore - which could reside on
the Topicology server - would serve the purpose of making a construct from within a topic map
exclusively available for only one client at a time (Conflict avoidance approach). Whenever a map
is edited by more than one user, every operation on this map would have to be verified by means of
one of these distributed semaphores. Obviously, this mechanism causes the editing of topic maps
to produce a high overhead, only to avoid multiple users from editing the same construct at the
same time. However, if the parallel editing of topic maps is essential for the successful operation
of the Topicology network, such a mechanism would have to be integrated into the application, as
elsewise users would have to solve conflicts for every editing of an attribute of a map, which has
also been edited by another user (Conflict resolution approach).
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Implementation

In this chapter, the technical implementation of the editor will be described. Only those features,
which have been implemented are regarded. Features or concepts, that have been discussed in
chapter 6, which are not part of the implementation will be summarized in the end of this chapter.
In the following section, the technical infrastructure of the Topicology system will be contemplated. Thereby, some aspects of the implementation of the Topicology system will be discussed.
Afterwards the implementation of the editor will be illustrated. The implementation is divided
into two parts, the architecture and the components of the editor. The architecture of the editor
shows the structure of the application and is intended to convey an understanding about the general
interplay of the single components of the editor. The single components of the editor are the user
interface, the data manager, the topic maps controller, the journal and the communicator.

7.1

Introduction to the Topicology System

The Topicology application can be seen as a Topic Maps Management System (short: TMMS). A
TMMS is a system for the persistence of Topic Maps based information. The major tasks of a
TMMS are the provision of an interface to which clients can connect and the execution of topic
maps manipulation commands. At this point, the notion of an abstract editor for the manipulation
of topic maps should be considered once again. An abstract editor for Topic Maps is intended
to provide the functionality to manipulate a topic map without requiring a client application to
perform the changes directly to a given map.
In a sense, an abstract editor is an additional layer between the repository and the client application, which abstracts the methods for the creation and editing of topic maps. In this way, the
manipulation of the repository can be generalized for all client applications, as client applications
do not directly modify a map. Instead, they call methods of the abstract editor, which finally performs the changes to the repository. For this reason, changes of the topic maps access mechanisms
do not effect client applications, as long as the interface to the abstract editor is not changed.
The Topicology system employs a relational database for the storing of topic maps. The data
in a relational database is represented through tables and references between tables. A topic map
is split up in multiple tables. Each table stores the information about a certain aspect of a map.
For instance, there are tables for topics, associations and names, as well as for occurrences, roles
and variants. Furthermore there are tables for subject identifiers and scopes. Besides tables for
these essential constructs of a map, there are several further tables for other aspects, which will
not be specified here.
For this work’s visual editor, the abstract editor is in fact a small bit of code, which maps
entries from the list of changes to methods for the manipulation of the relational database. For
instance, a "CREATE TOPIC" entry in the list of changes of a certain editing session, is mapped
to the respective method for the creation of a topic, which in fact executes a SQL statement on
the database. The Structured Query Language (short: SQL) is a database language for the definition, query and manipulation of data in relational databases. For every edit operation, there is a
corresponding SQL statement, which contains the code, necessary to perform the changes to the
repository.
Imagine the repository has to change the mechanism with which topic maps are persisted, for
instance because the relational database turns out to be unsuitable for the storing of Topic Maps
data. Instead, it has been decided to employ a XML Database. Without an abstract editor for the
manipulation of the topic maps within the repository, every single client application would have
to change its methods to access the newly XML based repository. With an abstract editor, the
client applications do not have to change anything of their respective implementations, as long as
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the interface to the abstract editor is not changed, too.
The server application is implemented in Scala [79]. According to Martin Odersky, the inventor of the Scala ("Scaleable language") programming language, Scala is the Java of the future
and yet it fits seamlessly into any Java environment. Scala has been chosen due to its scalability,
interoperability with other technologies and its tendency to avoid boilerplate code, as widely seen
in Java. Scala offers a pure object system, while providing concepts from functional programming
languages, such as closures, pattern matching and type inference. With Scala, users can literally
intermix the object oriented programming paradigm with the functional programming paradigm.
The architecture of the server application is built on a so called "Open Services Gateway
initiative" runtime (short: OSGi runtime). An OSGi runtime is an advanced concept from the field
of object oriented programming and requires application components to be packed into so called
"bundles". Every aspect of an application is packaged into a bundle of its own. In this sense, the
abstract editor is also a bundle, which is loaded into the OSGi runtime when the server starts up.
The communication between the single bundles is handled by the OSGi framework.
When a user logs in to the Topicology system, the communication bundle of the application
accepts the request and delegates the request to the bundle which is responsible for user authentication. Likewise requests for topic maps are processed in a bundle of its own, confined to the
answering of requests for topic maps. The complete server application contains multiple bundles
for various aspects of the server. For instance, a bundle for the monitoring of the performance
of the server or a bundle for maintenance purposes. Figure 7.1 illustrates the architecture of the
server application.
Besides the processing of topic maps related commands from the editor, a major task of the
server is to manage the interplay between itself and other Topicology servers. Figure 1.1 from
chapter 1 showed the architecture of the skype messaging network. The structure of the Topicology
network is in fact the same, except that the Topicology servers communicate in a peer-to-peer
fashion. Every Topicology server is a self-contained unit with a certain set users.
When users initiate the search of a topic map, a Topicology server is not only querying its own
database, but also requests neighboring nodes for the respective maps. The requests are delegated
to any Topicology servers in range, until results for the search request have been found. In this
way, the Topicology network constitutes a distributed repository for the interchange of knowledge,
for which the editor provides users an interface to access and contribute to the repository.

7.2

Architecture of the editor

Like the server, the editor is implemented in an object oriented programming language. As one
requirement for the editor is to access it via a web interface, Actionscript has been decided to be
the language of choice. Actionscript is based on the ECMAScript-Standards (ECMA-262) and
can be used by the Adobe [77] products Flash, Flex and Air. Flash is a proprietary IDE for the
creation of multimedia-based content. Flex and Air, in contrast, are frameworks for the creation of
complex web application, or Rich Internet applications (short: RIA). While Flash is intended for
the creation of appealing animations through a graphical user interface, Flex and Air are moreover
intended to let users create applications by means of an advanced editor for Actionscript.
However, with its advanced concept for the definition of user interface controls, the Flex
framework is going beyond the conventional creation of code based GUIs. For the definition
of user interface components, the Flex framework provides a declarative mechanism based
on XML. The main file of a Flex project is in fact also a XML, in which Actionscript code
may be embedded using a certain tag. The syntax of Flex files is known as MXML. Listing 6
shows an example MXML file with a single button and a text field. Flex code is just another
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Figure 7.1: The architecture of the server application
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variant of Actionscript code. That is to say, when Flex code is compiled, the Flex framework
converts the XML tags of the MXML files to a meta representation. In a second step, this
representation is linked to the Actionscript code. Finally, the whole code is compiled to a binary format which runs on the Adobe Flash Player and the Adobe Integrated Runtime (short: AIR).
Listing 6: A simple MXML Example
1 <? xml version ="1.0" encoding =" utf -8" ?>
2 < mx:Application xmlns:mx =" http: // www . adobe . com /2006/ mxml " layout = " absolute " >
3
< mx:Button id =" btn " x= " 30 " y=" 25 " width =" 100 " label =" Say hello !"
4
click ="{ txt . text = ' Hello World ! '} " />
5
< mx:Text id = " txt " x=" 30 " y =" 55 " width =" 100 " text ="" />
6 </ mx:Application >

The editor is made up of several components. The most essential components are the user
interface, the data manager, the topic maps controller, the journal and the communicator. Figure
7.2 shows the UML model of the editor, in which the communication channels between these
components are displayed (Note that due to the complexity of the application, only the most
prominent classes have been included in figure 7.2. The classes displayed fulfill controlling
purposes and can be seen as the backbone of the application. Besides the classes displayed in the
figure, there are some classes - such as classes for the definition of user interface controls - which
provide additional functionality).
The TopicMapsController class in the middle can be seen as the central authority of the
editor. All internal operations are coordinated from this point. At system startup, the TopicMapsController instantiates the single components and prepares the system for utilization. This
architecture has been chosen, because it allows every component to be separated from the whole
system. So, if a component needs to be changed, this is not affecting the whole application.
The change of a component only affects the component itself and the TopicMapsController, as
the TopicMapsController provides an interface to every component. When a component wishes
to communicate with another component, for instance in order to create a topic within the data
model, the component in fact communicates with the interface for the respective component
within the TopicMapsController. As long as the interface within the TopicMapsController
remains unchanged, the change of a component is therefore not affecting any other components.
The communicator component has been included, in order to separate the core business
logic from the communication with the environment and the network. One major task of this
component is to make the access to external resources from within the editor more abstract.
The journal is tightly coupled with the data manager component. For every change of a topic
map within the data manager, the journal creates an entry in the list of changes.
The user interface component is the only possibility for users to interact with the application.
Here, the user interface controls are rendered and user interaction events are processed. Additionally, this component is responsible for the visual rendering of the topic maps.
Besides the UML structure of the editor, figure 7.2 also illustrates the points of interaction of
the application with external resources. The application can be operated in two modes. On the
one hand side, the application can be utilized as a visual editor and viewer for topic maps with
all the user interface controls (STANDALONE mode), as widely introduced in chapter 6. On the
other hand side, the editor can be used as a simple viewer for topic maps (EMBEDDED mode).
In the latter mode, the application is embedded into a HTML page, from which a topic map is
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injected into the system via JavaScript. Now, the application simply displays the topic map in a
single viewing window. The user interface controls for the creation and editing of a map are not
available in this mode, visitors of the corresponding website can only view and browse the map
within the window. The mode or operation can be assigned in a configuration file, which is loaded
together with the application.
In the STANDALONE mode, the application is in fact also embedded into a HTML page,
however here, the application is run in full screen. While operated in the EMBEDDED mode,
the size of the viewer container can be adjusted individually and also HTML markup may be
displayed on the screen. In a sense, one can say that the EMBEDDED mode provides a subset of
the functionality of the STANDALONE mode.

7.3

Components of the Editor

As has been illustrated in the previous chapter, the editor is structured into several components,
which take care about various aspects of the application. In the following, every component will
be contemplated in a subsection of its own. For this purpose, the structure and the functionality
of the components will be described. In the end of this chapter, a whole processing cycle of the
system will be illustrated.
7.3.1

The User Interface

The user interface component is the only component that provides ways to interact with the system.
Besides some controller classes, this component mainly consist of elements for the visual representation of program states. The user interface is displayed in the topmost part of the architecture
in figure 7.2.
In fact, this component has two points of interaction for the communication with resources
outside of the component. The user can interact with this component via the graphical constructs,
that are created by this component. The gateway to this component for other components of the
editor is located within the GUIController class. This class provides an interface for the other
components, who wish to communicate with classes within the user interface component, as well
as an interface for classes within the user interface component who wish to communicate with
other components. Although this class is not strictly implementing the facade design pattern, it
somehow works like a facade class for the rest of the component.
When the application is run in the STANDALONE mode, the GUIController first displays
the login page, in which the user has to authenticate. The login page is located within the
LoginDialog class. If the login information of the user is valid, the GUIController unloads
the login page and loads the main editing stage, which is the TopicologyStage class.
Within the TopicologyStage, the user interface controls for the creation and opening of topic
maps and the controls for the search functions are contained. Additionally, the TopicologyStage
contains the container for opened topic maps. For the TopicologyStage, it does not matter
whether a map is opened for editing or opened for viewing. In both cases a topic map is opened
within a window of its own, which is contained by the container within the TopicologyStage.
For this reason, the main functions necessary to display a map have been defined in an interface,
which both, the TopicMapsEditor as well as the TopicMapsViewer, implement.
These two classes distinguish themselves through the functionality they provide for users.
The TopicMapsEditor contains methods and controls for the manipulation of a map, while
the TopicMapsViewer is intended to let users browse a map. Both classes make use of the
TopicMapsVisualizer class, which takes care about the rendering of a topic map, no matter
if the map is opened for editing or opened for browsing. In contrast to the TopicMapsEditor
, the TopicMapsViewer can also provide a more detailed representation of a topic through its
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Figure 7.2: UML structure of the application (part 1/2)
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Figure 7.3: UML structure of the application (part 2/2)
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TopicVisualizer.
7.3.2

The Data Manager

The data manager component can be seen as a local in-memory repository for topic maps. When
a user has successfully logged in to the Topicology system, the editor automatically loads his
maps from the server repository. As soon as the maps have been transferred to the client, the
data manager creates TMDM compliant objects (cf. chapter 2.3) for every topic map, as the data
manager contains an implementation of the TMAPI (cf chapter 2.4.3). Whenever a topic map
is created or edited, the data manager plays an essential role, as the TMDM topic map objects
represent the data model. So, the editing of a topic map affects both, the graphical constructs on
the drawing surface as well as the topic map within the data manager.
The graphical constructs in fact reflect the structure of a map from within the data manager.
Every change to a graphical construct is also causing the corresponding topic map in the local
repository of the data manager to change. In this way, the visual and the data structural states of
a map are always synchronous and consistent. The data manager is displayed in the middle right
part of the architecture in figure 7.2.
7.3.3

The Topic Maps Controller

When the system starts up, the TopicMapsController is the first class to be instantiated. The
instantiation of this class takes place in the application MXML file. Listing 7 shows the application MXML file for the editor. During initialization, the TopicMapsController loads the editor
configuration file, containing information about the mode of operation. According to the mode of
operation, instances of all other classes are created.
If the application is running in the STANDALONE mode, the TopicMapsController
prompts the GUIController from the user interface component to initialize the login dialogue.
In case the application is running in the EMBEDDED mode, the TopicMapsController
is waiting for a topic map to be injected to the system through the JavaScript Bridge. The
interface for external access to the editor is located at the TopicMapsController and is named
ExternalInterface. Here, a single method is defined that delegates the request from the HTML
page to the TopicMapsController. The TopicMapsController then initiates the display of
the injected map in a single browsing window.
The main purpose of the TopicMapsController is to enable the communication between the
single components and to decide what component may communicate with what other component.
For every component, there is an interface for other components that wish to communicate with
the respective component. This creates a higher degree of encapsulation for the single components
and makes the communication between components more abstract.
Listing 7: The application MXML file which starts the editor
1 <? xml version ="1.0" encoding =" utf -8" ?>
2 < mx:Application xmlns:mx =" adobe . com /2006/ mxml " creationComplete =" start () ;" >
3
< mx:VBox id = " applicationContainer " width =" 100% " height =" 100% " />
4
< mx:Script >
5
<![ CDATA [
6
7
import net . topicology . controller . TopicMapsController ;
8
9
public function start () :void {
10
var tmc:TopicMapsController = new TopicMapsController () ;
11
}
12
13
]] >
14
</ mx:Script >
15 </ mx:Application >

108

7

IMPLEMENTATION

7.3.4

7.3

Components of the Editor

The Journal

Whenever a user changes a topic map, this change is registered by the journal component. For
every topic map within the data manager, the Journal class maintains a list of changes. During
editing, the Journal is utilized to let users undo and redo operations on topic maps. After the user
has finished editing, which he indicates through the saving of a map, the list of changes for the
respective map is optimized and handed to the communicator component in order to commit the
changes to the server. The optimization of lists of changes takes place in the Optimizer class. The
Journal and its corresponding Optimizer are located on the right hand side of the data manager
in figure 7.2.
The Optimizer class provides one single method, which takes a list and returns a list. During
the processing of the method, the list of changes is scanned for critical operations. If the list of
changes happens to contain a critical operation (see table 6.2 in chapter 6.2.2 for the list of critical
operations and their respectively affected operations), the list is tested for actions, that might have
become redundant due to the existence of this critical operation. Redundant operations are deleted
from the list. When all critical operations have been resolved, the list is declared as optimized and
handed to the TopicMapsController.
7.3.5

The Communicator

The editor is often accessing external resources, such as configuration files or the Topicology
server itself. The communicator is intended to create an abstraction of both, the methods that
access these resources and the mechanism with which these resources can be accessed. The editor
is able to access resources through several protocols. For the communication to the Topicology
server, a Webservice infrastructure has been created. All messages from the editor to the server
are encoded in XML (known as marshaling) and decoded in the server (known as unmarshaling).
The interfaces for the communication are formalized in the Webservice Description Language
(short: WSDL), which is also an XML based format. Besides this mechanism, the editor is
able to access external resources through AMF, REST and HTTP(S). For the inclusion of local
files, such as configuration files or images, the editor has an additional channel. AMF stands for
Action Message Format and is a binary data protocol specification for the transmission of binary
data over a network. For this purpose, the AMF protocol makes use of remote procedure calls.
Originally, the AMF protocol was intended to transmit data from a Flash application to a database.
With the introduction of Actionscript 3.0, the protocol was reconfigured for the employment in
client-server communication. With AMF, the client can simply push objects to the server and
vice versa. In RESTful environments, application methods are mapped to HTTP-primitives and
send to the server. The access of servers through HTTP(S) enables a universal interface for the
communication with the server via HTTP commands.
The communicator component is displayed in the lower part of figure 7.2 and is divided into
three layers. The topmost layer contains the interface for the communication with the component.
The CommunicationsController class creates an abstraction of the functionality offered by the
component. Whenever the application wishes to access external resources, the methods within this
class are called.
In case the editor is run in STANDALONE mode, the CommunicationsController creates
an instance of the SessionController, which takes care about session IDs and tokens. For the
sake of a secure transmission of data from the client to the server, the data is encrypted with a
symmetric key, which has been received from the server. As the communication infrastructure
is based on WebServices, a stateless protocol, tokens take care about session handling and
authentication. Every command has to be validated by means of a token, in which the information
about the user as well as the active session are encoded. The SessionCommands class is an
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intermediary for the selection of the channel. The application configuration file also contains
information about what channel to take. When the system starts up, this information is stored in
the SessionCommands class.
While the CommunicationsController created an abstraction of the functionality of the
component, the SessionCommands class in fact creates an abstraction of the communication channels. Depending on the information from the configuration file, the class sends data over a certain
channel. The channels return topic maps or topic map fragments, such as single topics or sets
of topics and associations. There are multiple classes for the creation of TMDM topic maps according to their respective versions. A topic map can be formalized in XTM 2.0, XTM 3.0 and
in XTP. For each of these serialization syntaxes, the communicator contains a class, able to parse
the XML and create TMDM topic maps in the data manager. When the loading of a map has been
completed, the CommunicationsController signals the TopicMapsController that the map is
available for viewing and editing and hands over the reference of the TMDM object from within
the data manager.

7.4

A sample run of the system

In this section, the above presented implementation for the editor shall be illustrated with the
help of a sample run of the system. Therefore, the major steps from program start to the commit
of changes through a user will be described. It is anticipated, that the editor is run in the
STANDALONE mode and data is anticipated to be send to a WebService.
First, the TopicMapsController is created in the main application MXML file. The
TopicMapsController triggers the CommunicationsController to load the configuration file for the application, which is loaded via the File channel. The information
contained within the configuration file is extracted within the File class and handed to the
CommunicationsController, which hands the information over to the TopicMapsController.
Here, the data manager and the user interface components are initialized. As the editor is run in
the STANDALONE mode, the GUIController is said to show the login page. After the user has
logged in, the GUIController shows the TopicologyStage. The SessionController now
contains the token, necessary to authenticate the user at the server. The server additionally returns
a list of the topic maps of the respective user.
For every map, the user interface displays an entry in the topic maps Browser. The user decides
on one map and clicks the respective button for editing of the map. The request is delegated to
the TopicMapsController, which gets the respective map from the data manager. Now, the
map is opened in an instance of the TopicMapEditor, which creates a TopicMapVisualizer
for the rendering of the map. When the rendering of the map has finished, the user creates topics
and associations and edits the attributes of the constructs. During editing, the journal constantly
maintains a list, which keeps track about all operations the user performs. The TMDM object
within the data manager is changed according to the changes the user performs on the rendered
map.
After his editing is finished, the user saves the map. This causes the journal to create an
optimized list of changes from the list of operations, which the user has performed during the
editing session. After the Optimizer has finished the optimization, the map is handed over to the
TopicMapsController. The TopicMapsController calls the respective method for the commit
of changes to a map in the CommunicationsController. The CommunicationsController
delegates the request to the SessionCommands class, where a WebService channel instance is
created. The WebService instance sends the list of changes to the server and receives a notification
for whether the commit succeeded or failed.
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Unconsidered Features of the Implementation

This chapter illustrates, what features of the editor have not been recognized in terms of the
implementation. This work was intended to develop a concept for a visual editor for Topic Maps
and to create a prototype for such an editor. Due to the strict deadline of this thesis, several
aspects of the application have not been implemented. These aspects will be summarized in the
following.
The editor as presented in chapter 7 enables the editing of topic maps with the help of a
graphical rendering of topic map graphs. Besides the core topic maps constructs, the newly
introduced group construct let users make assertions about multiple items at once. As groups can
have further child groups, highly nested representations can be achieved, as shown in chapter 6.
With the help of a palette, user can create the structure of a map and through a popup menu, the
attributes of topics, associations and groups may be edited.
A very complex issue when dealing with semantic technology, is the search of information
within semantic repositories, such as a topic map. The idea as described in chapter 6.2.2 is only a
possible way to help users find topics with similar identifiers on a visual way and is not including
any complex algorithms for the automatic computation of likable search results. A search function
which recognizes the context of items would indeed require an indepth analysis about various
matters. This might include mechanisms for the recognition of topics through the presence or
absence of neighboring nodes. So, when users search for information, they could specify the
context of an item in order to search for items.
A positive context of a topic would require a potential search result to have all topics in range,
that were specified to be in the context of a topic. A negative context, in contrast, would prohibit
a potential search result to have any topic in range, that were specified to be in the context of
a topic. Obviously, such a search functionality is way more than a simple String search, which
simply returns a list of items that have the same or a similar name. An adequate contemplation
of such mechanisms would definitively go beyond the goals of this thesis. Further work on this
subject will surely bring an added value for the Topicology system.
In the current stage of expansion, the prototype for a visual Topic Maps editor is only supporting the definition of binary associations, as seen in RDF or conventional graph theory. That is, an
association item can only interconnect exactly two items with each other. As the Topic Maps data
structure is not limiting the arity of associations, this issue should be taken care of in future work
on the prototype. Even though, n-ary associations are not often used in practice, the editor should
support such associations for the sake of completeness. At the moment, associations of higher
arities have to be created through multiple binary associations.
A parent relationship between a child and its mother and father could be expressed through
a ternary association with the type parenthood, in which the mother and the father topics play
the roles Parent, while the child plays the role Child. With the help of binary associations, this
association has to be split up into three discrete associations with type parenthood, in which a
parent plays the role Parent and the child plays the role Child.
Another issue which has not been implemented in the prototype, is an efficient mechanism
for the reification of topic maps constructs. As discussed in chapter 2, reification enables users to
make assertions about constructs from within a topic map. While content topics and type topics
represent resources on the web, reifying topics represent topic map items. In fact a reifying topic
is neither a content topic nor a type topic. For a visual Topic Maps editor, this class of topics
brings about several difficulties, as some questions arise for how to visualize reifying topics and
for how to provide users with the possibility to reify constructs efficiently.
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This issue is a very complex task, as reification itself constitutes a complex mechanism, which
has to be understood by users beforehand. In the current stage of development, the prototype
enables the reification of constructs through the referencing of the corresponding construct in the
subject locator field of a topic. That is, in order to reify a construct, the subject locator field of
the reifying topic has to be assigned the id of the reified construct. Although this enables the
reification of constructs, the mechanism for how the constructs are reified should be reconsidered
and made more intuitive and efficient.
Generally, the question of how to visualize reifying topics has to be answered. The Topicology editor creates a clear distinction between type topics and content topics and reifying
topics should not just be added to the drawing surface like any other content topic. Moreover
there would have to be created a mechanism for the indirect visual reification of constructs.
Like the type of a construct, a reifying topic for this construct could be part of the construct
itself instead of placing the reifying topic in a place (for instance on the drawing surface) where
it is not providing any semantic and structural information for users of the map. In this way,
a reifier for a construct would be contained within the construct itself, which is way more intuitive.
The prototype enables users to set the type and define the scope of constructs. In this way,
the semantics of a topic map can be adjusted. In a future stage of development, an effective
filtering mechanism for the application of scope dependent representations of a map should
be contemplated. With the current version of the editor, users are only able to set the scope
of constructs. A desirable feature for a contemporary Topic Maps application would be the
possibility to apply the scope also on the representation of a map. A map which is viewed with
the scope English would now only display constructs that have been assigned the scope English.
In contrast to the rectangular selection of topics, the lasso selection function of the editor as
presented in chapter 6.2.2 has not been implemented. The rectangular selection feature enables
an efficient selection of multiple topics at once. The lasso selection feature provides the very
same functionality, but employs an arbitrary user-defined shape for the selection of topics. This
feature can be implemented with some efforts directly into the prototype, as the mechanisms for
the selection of the single constructs has been implemented for the rectangular selection anyway.
So, in order to implement this feature, one would only have to create a mechanism for the drawing
of arbitrary shapes and a method to test whether or not a topic is contained within this shape.
Afterwards, the set of selected topics can be treated like any other set of topics which has been
defined through a selection by means of the rectangular selection tool.
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In the preceding two chapters, the Topicology editor has been presented from a conceptual
point-of-view as well as from a technical and technological perspective. This chapter is intended
to reflect about the editor with regards to its conceptual idea and technical implementation. For
this purpose, issues like usability, user acceptance, performance and scalability shall be discussed.
The editor was planned to help a variety of users to formalize their knowledge in the Topic
Maps concept as created by the ISO with their 13250 Topic Maps standard. For this purpose, the
concept for the editor was strongly aligned with topics concerning the user experience and the
ease-of-use of the editor. Primarily, the editing of topic maps ought to be fun. Through comfortable user interaction controls, such as quick editing panels, the look-and-feel of the editor was
anticipated to make authors less concerned about the complexity of the Topic Maps technology.
Users with low technical skills and little knowledge about semantic technologies should be able
to use the editor just like professional users who worked in the field of the semantic web for a
long time. The key to this generalization of user groups was the degree of flexibility, with which
users can create topic maps. At any time, the user decides what to do next. Other than many
editors for semantic technologies, the editor does not require users to create types before content
may be created. This issue is believed to be a very crucial point in the user acceptance of an editor
for a semantic technology. Novice users are very likely to start with the creation of the structure
of a map. Requiring users to create types before the structure of map may be defined, creates
a bigger entry barrier. Every user can handle a drawing program, in which simple geometric
forms are created and interconnected. For the creation of types, that define additional semantics for a map, a user will most probably have to go into more detail about the Topic Maps concept.
Generally, one can say that a technology is accepted by users if the technology is easy to
use and provides a useful functionality. In fact, this statement is based on a theoretical model
by Davis [35]. This model is known as the Technology Acceptance Model (short: TAM) and
illustrates the interplay of factors for the determination of the acceptance of a technology for
users. Figure 8.1 displays the TAM. The factors that influence the acceptance of a technology are
therein described as "perceived usefulness" and "perceived Ease of Use", while the "perceived
Ease of Use" is additionally influencing the "perceived usefulness". Both factors together form
the "Behavioral Intention to Use" a technology. The "Behavioral Intention to Use" indicates the
willingness of a user to use the technology. The "Actual system Use" constitutes the acceptance
of the technology, for which the "Behavioral Intention to Use" is a crucial factor. As one can see,
these issues identify one central point, which has also been described by Davis: The acceptance
of a technology is highly dependent on the subjective sensation of a user towards a technology.
Different users might feel different about the same technology. For this reason, one cannot make
an assertion about the acceptance of a technology for all potential users of a system. However,
the model provides a good help for the creation of a technology that is intended to keep the entry
barrier as low as possible. For the development of the Topicology editor, this model represented
a point of reference for the quantification of issues like workflow, usability and ease-of-use. In
this respect, it remains to say, that every technology requires a user to have at least a minimum
amount of knowledge about the underlying concepts and technologies. Therefore, in terms of
the development of the Topicology editor, it has been tried to keep the amount of knowledge,
necessary to successfully operate the editor, as low as possible.
In the light of an objective contemplation of the overall system performance, the result of the
development is very satisfactory. Obviously, the goal of creating a mechanism for the generation and editing of ISO Topic Maps has been attained without major difficulties. Compared to
other suitable mechanisms, the Topicology editor provides a real alternative for the formulation
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Figure 8.1: The Technology Acceptance Model (figure from [35])
of knowledge. The decision to choose Actionscript as language for the development of the editor
has been made as a result of the architecture of the Topicology system and the requirement of the
editor to be accessible through a URL with his web browser. This brings about several advantages
and disadvantages. On the one hand side, this avoids the installation of client-side software, as the
user accesses the editor by simply requesting a certain URL. On the other hand side, the editor
is run in a sandbox, from where it cannot access the local file system of the machine of a user.
For this reason, the editor cannot store a map on the local machine. For viewing or editing, every
map has to be loaded from the server and the changes can only be committed to the server repository. The solution for this discrepancy is provided by the Adobe Integrated Runtime (short: AIR).
Like the Flash player, the Adobe Integrated Runtime is able to execute Actionscript applications.
In contrast to the Flash Player, which runs in a sandbox of the web browser, however, AIR runs
natively on the local machine and lets application access the local file system. With some minor
integration efforts, the editor can be easily customized to run in the web browser as well as on the
local machine as native application. This would only require the user to install the Adobe Integrated Runtime and the editor. The AIR-form of the editor is compiled and packaged with several
meta files, which enable a conventional installation of the software on the local machine. For the
PC, the AIR-form of the editor looks like any software. Thus, also the registry of the operating
system is updated when an AIR application is installed and the system even shows a task menu
item when the editor is running. The deinstallation can be achieved like with any other program.
As one can see, the technologies with which the editor has been developed, enable very
sophisticated practices. A parallel operation of the editor within web browsers and as native
application is therefore definitively possible.
The presented editor has been designed in a modular way, in order to enable a later replacement, enhancement or extension of the concept by altered functionalities. This is believed to make
the system more scalable and more interoperable with other software, as interfaces to external
resources can be added to the system without great difficulties. The integration of a component
for the creation RDF graphs, as illustrated in chapter 6.2.4, is just one imaginable extension to the
system. A Wiki component, which is based on the representation of Wiki content in Topic Maps,
could further enhance the functionality of the editor. This could make the concept of Wikis more
semantic and provide users with an additional way to formalize their knowledge. With the creation
of an abstract editing of topic maps, the integration of further editors for topic maps into the Topicology system is very likable and should be considered intensely in the near future. Above all, the
styling of topic maps by means of style maps, should be focused during the next implementation
round, as the above presented mechanism appears to provide a real intuitive and efficient way of
styling topic maps.
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Summary and Outlook

This thesis provides a detailed analysis about how a visual editor for Topic Maps should look like
and provides a description of a concept and an implementation of a visual Topic Maps editor. For
this purpose, this thesis introduced several aspects that influenced the conception and design of the
editor. In chapter 2, the ISO 13250 Topic Maps standard has been introduced from a more informal
point-of-view. A topic map is determined through its topics and associations, while topics can have
multiple names and occurrences. Topics may be interconnected through associations and almost
every construct may be assigned a type. In general, these are the major issues of a topic map.
The standard has been released in 1999, which is ten years ago. Since then, several applications
for Topic Maps have been developed. These applications have been contemplated and it has been
analysed in how far the features of the respective applications might fit in the concept for the
Topicology editor.
Furthermore a brief overview of the basic intentions of visual programming and its classes has
been provided. In this respect, visual programming has been found to classify visual programming
languages according to their visual constructs. In this way, visual programming languages can
be categorized in diagrammatic, tables and forms based and iconic languages. A diagrammatic
language mediates program states by means of graphical constructs, spatial grammars and textual
hints. A tables and forms based language, in contrast, displays application related information
in a tabular user interface, in which entities and relations between entities are illustrated as list
entries. Iconic languages moreover build on the figurative meaning of icons and images. The
introduction to the area of visual programming in chapter 3 was intended to give an impression
about the possibilities for the creation of visual editing mechanisms.
Before the concept for a visual Topic Maps editor was introduced, several available editors
from related concepts have been analysed in chapter 4. Editors for the system modeling language
UML provided valuable information about how the user interface for the Topicology editor might
look like, as the editing of UML diagrams turned out to be very similar to the editing of topic maps.
Several month before the Topic Maps standard was publicly launched by the ISO/IEC, the W3C
launched their Resource Description Framework, which can be seen as a counterpart of the Topic
Maps technology. As both concepts have much of the same intention, a comparison was believed
to expose more or less significant differences. In a sense, RDF is a more abstract version of the
Topic Maps concept. Both technologies target the indexing of information items and the assertion
of things about these items, while the Topic Map technology has more higher-level constructs, such
as scopes and association roles. Subsequently, RDF editors have been illustrated and some useful
impressions from the world of the semantic web have been received. The analysis of available
Topic Maps editors produced further conceptual ideas for the creation of a visual editor.
In chapter 5 a prominent model from the field of knowledge management was utilized to test
the suitability of the Topic Maps technology as driver of a distributed knowledge management
system. This test resulted in the awareness, that Topic Maps are a very suitable technology for
the employment within knowledge management. For most of the subprocesses of knowledge
management, Topic Maps can provide valuable functionalities and practices.
A large part of this thesis dealt with the description of the concept for a visual Topic Maps
editor. In chapter 6 this concept was widely discussed and illustrated. The concept for the editor
anticipates, that users interact with topic maps by means of a graph-like rendering of maps. Topics are represented through nodes and associations are represented through associations between
nodes. Further constructs, such as names and occurrences, are accessed via panels and menus. The
editor is moreover built on the assumption, that the real editing of a map takes place in a server-side
repository, which provides an abstract interface for the manipulation of topic maps. This abstract
interface allows arbitrary applications to access and manipulate the information from within the
topic maps repository. For this purpose, the editor makes use of a journal, which records the operations that have been performed by a user during an editing session. This journal is sent to the
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server and the single entries are mapped to methods that perform the changes on the repository.
Furthermore, a concept for the styling of topic maps has been presented. With the introduction of
so called style maps, users are enabled to specify styles independent from a topic map. A style
map can be applied to any topic map. For this purpose, a mechanism for the selection of content
topics and associations from within Style Maps has been proposed. Topics can be selected directly,
via their types, and indirectly through undefined entities in associations. In chapter 6.2.4 the conceptual idea for the creation of a RDF components that makes use of the editor has been evaluated
and in chapter 6.2.5 a metric for the synchronization of PSI repositories has been developed. The
styling of maps, the RDF component and the mechanism for PSI synchronization are not part of
the implementation. This is due to restrictions considering the time budget for this thesis.
The implementation of the editor is described in chapter 7. For illustration purposes, the
implementation is described with the help of the UML class diagram of the application. The
architecture of the application is modularized according to its major aspects, which are: the user
interface, the data manager, the topic maps controller, the journal and the communicator. Each of
these components has been illustrated and a complete run of the system has been demonstrated in
the end of the chapter.
The Topic Maps technology provides ways to index information items on a global scale.
The Topicology system is intended to enable a distributed knowledge management with a Topic
Maps based storing of knowledge. As Topic Maps seem to provide suitable functionalities
for the management of knowledge, the Topicology system should perform very well, once its
development has finished. With the creation of the Topicology editor in terms of this thesis and
the Topicology server by Diego Vera, the system is already able to let users create and manipulate
topic maps with the help of a visual mechanism and persist the maps on a central repository.
Future development on the Topicology system will most probably produce implementations for
the import of information from external resources, such as the Wikipedia database. In such a
case, users could access the knowledge contained in the Wikipedia database directly through
topics within the Topicology system. This would enable very efficient practices concerning
the integration of universally available knowledge into the Topicology workflow for knowledge
management. However, this is only one possible adapter for the integration of knowledge from
external sources. Other imaginable scenarios could be the automated generation of topic maps as
part of processes from the domain of, for instance, software engineering. For this purpose, the
most common tools for the specification of software could be enhanced by Topic Maps interfaces,
which map these specifications to topic maps. Thanks to the abstract editing of maps in the
server, such tool enhancements are provided with a universal interface for the manipulation of
topic maps. In this way, the Topicology repository could become a semantic archive for the
documentation of software projects. Furthermore, due to the semantics, these informations could
be utilized to detect correlations between software projects that are affected by similar bugs
or problems. This could turn the topic maps repository into a database for the optimization of
software projects and the avoidance of severe design defects.
As one can see, the Topic Maps technology allows for very sophisticated practices regarding
the processing of information, for which this thesis contributed a mechanism for the creation and
manipulation of topic maps through human users. However, as shown in the above illustrated
example, topic maps can also be created through machines, which in fact constitutes the next step
in topic maps processing.
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Appendix A
An example XTP 1.0 file.
Tag-ID-Naming-Convention: ttx → type-topic-x and ctx → content-topic-x, while x is a given
number
1 <? xml version ="1.0" encoding =" UTF -8" ?>
2 < topicology >
3
4
<!-- XTP Specific Information -->
5
<view >
6
< group grouptype =" tt3 ">
7
< topic topicId =" ct1 " />
8
< group grouptype =" tt2 " >
9
< topic topicId =" ct2 " / >
10
< topic topicId =" ct3 " / >
11
< topic topicId =" ct4 " / >
12
</ group >
13
</ group >
14
</ view >
15
16
<!-- Standard XTM - Compliant Content -->
17
< topicMap >
18
< topic id =" tt1 ">< subjectIdentifier href =".../ psi /# Person " / > </ topic >
19
< topic id =" tt2 ">< subjectIdentifier href =".../ psi /# isSisterOf " / > </ topic >
20
< topic id =" tt3 ">< subjectIdentifier href =".../ psi /# isSiblingOf " / > </ topic >
21
22
< topic id =" ct1 ">
23
< instanceOf > < topicRef id =" tt1 " / > </ instanceOf >
24
<name >< value > John </ value > </ name >
25
</ topic >
26
< topic id =" ct2 ">
27
< instanceOf > < topicRef id =" tt1 " / > </ instanceOf >
28
<name >< value > Julia </ value > </ name >
29
</ topic >
30
< topic id =" ct3 ">
31
< instanceOf > < topicRef id =" tt1 " / > </ instanceOf >
32
<name >< value > Alice </ value > </ name >
33
</ topic >
34
< topic id =" ct4 ">
35
< instanceOf > < topicRef id =" tt1 " / > </ instanceOf >
36
<name >< value > Natalie </ value > </ name >
37
</ topic >
38
</ topicMap >
39
40 </ topicology >
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Appendix B
The RelaxNG schema definition for XTP 1.0 documents.
1
2
##############################################
3
##
##
4
##
XTP Specification
##
5
##
##
6
##############################################
7
8
namespace xsd = " http :// www . w3 . org /2001/ XMLSchema "
9
namespace xtm = " http :// www . topicmaps . org / xtm /"
10
namespace xtp = " http :// www . topicology . net / xtp "
11
12
#-- ----- ------ ----- ------ ----13
#
ROOT
14
#-- ----- ------ ----- ------ ----15
16
topicology = element xtp : topicology { view ?, topicMap }
17
18
#-- ----- ------ ----- ------ ----19
#
XTP Specific Content
20
#-- ----- ------ ----- ------ ----21
22
view
= element xtp : view { group * , topic * }
23
24
group
= element xtp : group {id , groupType ?, owner ?, group * , topic *}
25
26
id
= attribute xtp : id { xsd : ID }
27
groupType = attribute xtp : groupType { xsd : IDREF }
28
owner
= attribute xtp : owner { xsd : IDREF }
29
30
topic
= element xtp : topic { topicID ,x , y}
31
32
topicID
= attribute xtp : topicid { xsd : IDREF }
33
x
= attribute xtp :x { xsd : int }
34
y
= attribute xtp :y { xsd : int }
35
36
#-- ----- ------ ----- ------ ----- ------ ----37
#
Standard XTM - Compliant Content
38
#-- ----- ------ ----- ------ ----- ------ ----39
40
topicMap
= element xtm : topicMap {...}
41
42
... // see XTM 2.0 Specification
43 STOP
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Operation

Operation Parameters

TOPICMAP
Create Topic
Delete Topic
Create Group
Delete Group
Create Association
Delete Association

(topicID, nameID, nameValue)
(topicID)
(groupID, parentGroup, setOfTopics, setOfGroups)
(groupID)
(associationID, topicID1, topicID2)
(associationID)

GROUP
Set Group Type
Set Group Owner

(groupID, groupType)
(groupID, topicID)

TOPIC
Set Topic Type
Set Topic Position
Set Topic SubjectILocator
Set Topic Group Affiliation
Set Topic Importance
Create Name
Delete Name
Create Occurrence
Delete Occurrence

(topicID, topicType)
(topicID, x, y)
(topicID, subjectLocator)
(topicID, groupID)
(topicID, importance)
(topicID, value)
(topicID, nameID)
(topicID, value)
(topicID, occurrenceID)

ASSOCIATION
Set Association Type
Set Association Scope

(associationID, associationType)
(associationID, scope)

OCCURRENCE
Set Occurrence Type
Set Occurrence Scope
Set Occurrence Value

(occurrenceID, occurrenceType)
(occurrenceID, scope)
(occurrenceID, value)

NAME
Set Name Type
Set Name Scope
Set Name Value
Create Variant
Delete Variant

(nameID, nameType)
(nameID, scope)
(nameID, value)
(nameID, value)
(nameID, variantID)

VARIANT
Set Variant Scope
Set Variant Value

( variantID , scope)
( variantID , value)

ROLE
Set Role Type

(roleID, roleType)
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Appendix D
The RelaxNG schema definition for the journals, which represent the lists of changes, that are
sent to the server when a map is being saved
1
2
##############################################
3
##
##
4
##
JOURNAL Schema
##
5
##
##
6
##############################################
7
8
namespace xsd = " http :// www . w3 . org /2001/ XMLSchema "
9
namespace topicology = " http :// www . topicology . org "
10
11
#-- ----- ------ ----- ------ ----12
#
ROOT
13
#-- ----- ------ ----- ------ ----14
15
journal
=
element
topicology : journal
16
17
#-- ----- ------ ----- ------ ----18
#
Operation Items
19
#-- ----- ------ ----- ------ ----20
21
operation
=
element
topicology : operation
22
23
type
=
attribute
topicology : type
24
25
param
=
element
topicology : param
26
27
name
=
attribute
topicology : name
28
value
=
attribute
topicology : value
29 STOP
30 STOP

{ operation *}

{ param *, type }
{ xsd : string }
{ name , value }
{ xsd : string }
{ xsd : string }

An example journal in (above-schema-compliant) XML representation
1
2 < journal >
3
4
< operation type =" CREATE_TOPIC " >
5
< param name = " topicID "
value =" 015 EBE7A -5 FFB -0 A2C -7115 - BE2B918CA91D "
6
< param name = " nameID "
value ="8 DF91446 - CFB8 -4 B29 -8 DF9 - BE2B918CEA11 "
7
< param name = " nameValue "
value = " NEW_TOPIC_1 " />
8
</ operation >
9
10
< operation type =" CREATE_TOPIC " >
11
< param name = " topicID "
value ="9 C102DEA -16 E8 - A2D1 - B451 - BE2B9390CE3B "
12
< param name = " nameID "
value =" DBF5D0F0 - A239 - CAAC - DF00 - BE2B93902556 "
13
< param name = " nameValue "
value = " NEW_TOPIC_2 " />
14
</ operation >
15
16
< operation type =" SET_TOPIC_POSITION " >
17
< param name = " topicID "
value ="9 C102DEA -16 E8 - A2D1 - B451 - BE2B9390CE3B "
18
< param name = " topicX "
value =" 1995 " / >
19
< param name = " topicY "
value =" -797 " / >
20
</ operation >
21
22
< operation type =" SET_NAME_VALUE " >
23
< param name = " nameID "
value =" DBF5D0F0 - A239 - CAAC - DF00 - BE2B93902556 "
24
< param name = " nameValue "
value = " Test1 " />
25
</ operation >
26
27
< operation type =" CREATE_ASSOCIATION " >
28
< param name = " associationID " value =" FC99E1A9 - C894 -1 D21 -9267 - BE2BC22147D2 "
29
< param name = " topicID1 "
value ="9 C102DEA -16 E8 - A2D1 - B451 - BE2B9390CE3B "
30
< param name = " topicID2 "
value =" 015 EBE7A -5 FFB -0 A2C -7115 - BE2B918CA91D "
31
</ operation >
32
33 </ journal >
34
35 STOP
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/>
/>

/>
/>

/>

/>

/>
/>
/>

Content of the attached CD
• Software, that is, the source code of the prototype as well as a compiled distribution, external
applications and libraries (/software)
• Graphics, of all graphical creations that emerged in terms of this thesis (/designs)
• This thesis, in Latex source files as well as PDF (/thesis)
• Literatur, in form of PDF files (/literature)
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