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Preface

As discussed last year, many tools have been developed in the Conceptual Structures
community to model, represent and reason over different conceptual structures. These
include formalisms included but not limited to Conceptual Graphs, Formal Concept
Analysis, and Topic Maps. However, these tools mainly work in isolation and are
not sufficient to build comprehensive, collaborative and effective knowledge systems
useful to the community. To this purpose, this workshop is exploring how these tools
can be able to interoperate between themselves and other information technologies.

The ICCS Conceptual Structures Tool Interoperability workshop (CS-TIW 2007)
was organized to continue to focus on the three main themes from CS-TIW 2006:

Interoperability Requirements

What types of applications do conceptual structures tools have in real world knowl-
edge systems and systems development methodologies? What requirements do these
applications impose on conceptual structures tools? What breakdowns occur in actual
application practice? What (ad hoc or more systematic) solutions have been developed
to deal with these problems?

Knowledge Systems Architectures

What components do effective knowledge systems have? What is the role of conceptual
structures tools in these systems? How to conceptualize knowledge systems interop-
erability in terms of standard information systems and software engineering method-
ologies? What architectural principles should guide knowledge systems design and
implementation?

Interoperability Standards

What are the most relevant official and de facto standards affecting conceptual struc-
tures tool interoperability? How should these standards influence knowledge systems
design? How to evaluate the standards in a practical knowledge system implemen-
tation? How can practical interoperability experiences inform the standards setting
process?

We received some very diverse approaches to interoperability from our paper contribu-
tions. Each paper was reviewed by at least two of the chair persons (some all three).
Then we attempted to choose from these contributions the approaches that would pro-
mote the most discussion by being presented at the workshop.

Our keynote speaker, Aldo de Moor, will be presenting an approach for pragmatic
evaluation of tool system interoperability. The main elements in this approach are a
conceptualization of the tool system in its usage context and in its evaluation process.
With these basic elements, pragmatic evaluation can be operationalized in many differ-
ent ways, with development focus on the technical and semantic aspects of tool system
interoperability.
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The invite paper is followed by six papers from leading researchers in the concep-
tual structures tools building community evaluating and addressing a wide range of
theoretical and practical approaches that relate to the workshop themes.

Achieving conceptual structures tool interoperability is essential for building col-
laborative tool systems that can work with information systems in the real world. We
hope that this workshop will continue to focus research and development of tools that
can address this important topic even more fully in France at ICCS 2008.

July 2007

Heather D. Pfeiffer
Adil Kabbaj
David Benn
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The Pragmatic Evaluation of Tool System
Interoperability

Aldo de Moor

CommunitySense
Cavaleriestraat 2, 5017 ET Tilburg, the Netherlands

ademoor@communitysense.nl

Abstract. Collaborative communities are increasingly supported by systems of
information and communication tools. Much current research and development
focuses on the technical and semantic aspects of tool system interoperability.
However, for developing effective tool systems, their pragmatic evaluation is also
essential. This implies that the usage context of tools is taken into account. In this
paper, we envision an approach to the pragmatic evaluation of tool system inter-
operability. Its main elements are a conceptualization of the tool system, its usage
context, and an evaluation processs. With these basic elements, pragmatic evalu-
ation can be operationalized in many different ways. We illustrate our approach
with several real-world examples.

1 Introduction

Information systems development in the classic sense of waterfall-based requirements
analysis, design, and implementation of monolithic and customized information sys-
tems more or less from scratch is on the way out. Collaborative communities, in which
people work together to accomplish common goals, increasingly make use of a wide
range of (Internet-based) information and communication tools to support their infor-
mation processing, communication, and coordination needs. A typical configuration for
such a community includes a content management system, a couple of mailing lists, dis-
cussion fora, chat or conferencing software, co-authoring tools, a calendar tool, and so
on. However, this is only a minimal set of tools. Most communities use a wide range of
additional tools, very much depending on the particular domain they are in1.

We define a tool system as the set of integrated and customized information and
communication tools tailored to the specific information, communication, and coordi-
nation requirements of a collaborative community. There are numerous, partially over-
lapping implementations of such functionalities. In addition, many of these tools are
built on top of an emerging cyberinfrastructure of organizational practices, technical in-
frastructure, and social norms [14]. Furthermore, each community has its own, unique
way of using these functionalities. Finally, the requirements and technologies used are

1 A very good example are disaster response communities. One domain-specific tool that has
proven its worth is the Sahana open source disaster management system, which was developed
in Sri Lanka after the 2004 tsunami: http://www.sahana.lk
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in constant flux. In all, this makes it extremely complicated to come up with standard-
ized prescriptions for the best tool system for a particular community at a particular
moment in time. New forms of analysis, roles in software development, and the mean-
ing of use and maintenance need to evolve [28]. To design useful information systems
by selecting the right components, available functionalities in the form of modules and
services need to be evaluated in their context of use by the communities of use them-
selves.

A tool system is all about synergy and alignment. How to create a well-tuned or-
chestra out of these tools, which is able to perform a magnificent symphony? Like in
a human orchestra, this should go much beyond listing a set of the technical abilities
of the orchestra members. Each member has her own strengths and subtleties, which
cannot be exactly described, but needs to be experienced. Then, after much practice
and trial-and-error, the ensemble of all these unique individuals starts to express yet an-
other layer of synergetic qualities, distinct for different pieces played. Everybody would
agree that to assess the strengths and weaknesses of the various orchestra members, to
know which pieces they are best able to play, and to create the right combination of per-
formers, the trained ear of an experienced conductor is indispensable. Yet, in the design
of tailored tool systems, arguably similarly complex, the conductor is missing.

In systems development for collaborative communities, the real difficulty is not in
describing the functionalities of the individual tools, but in assessing the interoperability
of a configuration of tools in a particular usage context. Much has been said about
interoperability. The most general definition is that interoperability is the need to make
heterogeneous information systems work in the networked world [33]. One that is better
suited for our purpose of the assessment of tool system interoperability is the one given
by Miller in [24], who defines it as the ongoing process of ensuring that the systems,
procedures, and culture of an organisation are managed in such a way as to maximise
opportunities for exchange and re-use of information, whether internally or externally.
In such a view of interoperability, finding a way to represent and analyze the usage
context is all-important.

Much interoperability research stems from the domain of component-based systems
development and web services. The importance of syntactic and semantic interoperabil-
ity has been recognized for quite a while already [29, 17]. For example, the Universal
Description, Discovery and Integration (UDDI) standard provides rules for building ser-
vice directories and the facilitation of top-down querying capabilities [34]. However, al-
though syntactic and semantic interoperability is necessary, also the context-dependent
(i.e. pragmatic) needs of the users should be taken into account by more explicitly link-
ing service description, discovery, and invocation to context [30].

The key questions we will address in this paper are the following: how to conceptu-
alize the idea of usage context in tool system interoperability evaluation? What would
an evaluation procedure look like? What would the results of such a procedure be in
terms of design choices? The goal of the paper is to come up with a ”minimal con-
ceptual model”, an ontology as it were of the main concepts and relations needed to
develop pragmatic evaluation methods. Such a model can be used in the construction
of actual methods tailored to the specific needs of real-world user communities. It can
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be used as a framework for the construction and comparison of such methods, ensuring
that they are truly pragmatic in the semiotic sense of the word.

In this paper, we will synthesize and extend a body of recent work. In [8], we ex-
amined the role of pragmatic patterns in the evolution of semantic resources. In [7],
we presented a basic conceptual model of tool system interoperability. We proposed
a practical community-driven courseware evaluation approach in [10]. Together, these
building blocks are the foundation of the pragmatic evaluation approach proposed in
this paper.

In Sect. 2, we give an informal introduction into the kind of issues at play in prag-
matic tool system interoperability by exploring a real-world example of a tool system
used to support the co-authoring of a call for papers. In Sect. 3, we conceptualize the
tool system. Sect. 4 captures the usage context. In Sect. 5, we model the evaluation
process. We end the paper with a discussion and conclusions in Sect. 6 and 7.

2 Pragmatic Tool System Interoperability Evaluation in Practice:
Co-Authoring a Call for Papers

Community interaction processes tend to be very complex, leading to context-specific
requirements which often cannot be met completely by any particular tool. Vice versa,
many tools are often used for a very different purpose than what they were originally
designed for. Thus, the tool systems emerging to support collaboration are about the
process of articulating ways how to use the tools as much as about the functionalities
themselves, if not more so. Next, we will describe a powerful real-world example of
how relatively straightforward tools can be combined into tool systems that as a whole
provide very complex but useful functionality2.

In 2006, the author was one of the three co-chairs of the First International Prag-
matic Web Conference. Since the chairs live and work far apart, they tried to write the
Call for Papers by sending Word-files around. However, as the Pragmatic Web is such
a new paradigm, confusion abounded and versions kept flying back and forth between
the three of them. It was clear that just using e-mail and word processors did not fit their
collaborative needs.

The co-chairs, additionally, had a need for voice contact. However, the phone would
not do, since the three of them needed to discuss simultaneously. Phone conferences
were still relatively expensive, so they decided to use Skype instead. This voice-over-
Internet application at the time allowed up to five people to discuss for free. Additional
benefits were that the sound quality is much better than that of the phone, and that one
can talk using a microphone. This means that one’s hands are free and one can type
while talking.

Although the co-chairs could now talk simultaneously, they were not there yet. They
were considering three versions of the document: one previously written by one chair,
one by another chair, and the third one the version-in-progress which contained the
modifications that they were making as they spoke. This was too much, as all of them
were getting very confused by all those almost-but-not-quite similar texts. Instead, they
came up with the following solution (Fig. 1).

2 Previously described on http://growingpains.blogs.com/home/2006/03/it takes at lea.html
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Fig. 1. A Tool System for Co-Authoring a Call for Papers

– All co-chairs opened one of the previous versions in Word for reference.
– One co-chair acted as editor, and opened the version of the second chair as the

starting point of the version-in-progress.
– The co-chairs started editing this version paragraph-by-paragraph, line-by-line. Each

time, the editor would copy the paragraph currently being discussed, and paste it
into Skype’s chat-window.

– All three co-chairs would look at this paragraph, and compare it with the same
paragraph in the other Word-version. They could then propose and discuss modifi-
cations a few lines at a time. The editor kept track of these changes in the version
being edited. Having agreed orally upon only a few lines, it was already getting dif-
ficult to see the bigger picture. Whenever that was the case, the editor copy/pasted
the now modified paragraph into Skype-chat again. The co-chairs would then -
orally - make a few more changes, to be copy/pasted into Chat by the editor.

– This continued until all co-chairs were satisfied with the full paragraph. They then
moved on to the next paragraph, until they were, at last, happy with the final Call
for Papers.

So, what exactly happened? A few standard tool functionality components were
used: Word for editing text; Skype-Conference for group voice discussion; Skype-
Chat for keeping track of the rapidly changing ”focus-text”. Two roles (Author, Edi-
tor) were distinguished. A few simple process rules were adhered to: all authors focus
on the same paragraph; all authors compare the current focus-paragraph with the re-
lated Word-paragraph and make comments; the editor changes lines on which consen-
sus has been reached in the version-in-progress; the editor pastes modified paragraphs
into chat whenever there is too much confusion. This arrangement then allowed for a
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very complex group authoring process to be successfully supported by information and
commnunication technologies. For all the co-chairs, it has been a transformative expe-
rience to see how such a dauntingly complex collaborative task could be done online
instead of face-to-face. This experience reconfirms the idea that the future of collabora-
tion support will not be in very expensive, proprietary collaborative platforms. Instead,
continuously rediscovering the right combination of tools, process, and context seems
to be the direction to go.

3 A Conceptual Model of the Tool System

A functionality is a set of functions and their specified properties that satisfy stated or
implied needs3. Functionalities come in different forms of aggregation, from simple
word processing functions to complete modules and applications supporting particu-
lar workflows or business processes. When evaluating functionality, the right level of
granularity should be chosen.

In [7], we introduced a basic model of a tool system, consisting of components of
different levels of granularity. At the lowest level of granularity, we distinguish systems
of tools or services. The next level consists of the tools or services themselves. Then
come the modules comprising the tools or services. Finally, we distinguish the particular
functions grouped in a module.

Fig. 2. A Functionality Decomposition of the Co-Authoring Tool System

3 Definition by the Software Engineering Insitute Open Systems Glossary:
http://www.sei.cmu.edu/opensystems/glossary.html
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Functionality components of different levels of granularity can be linked in many
ways. The interface between two functionality components A and B is described by the
externally visible representation of the knowledge structures used in A and B.

In [7], we focused on the communication aspects of the interoperating functionality
components. We abstracted from the internal information processes, which are oper-
ations on information objects within a functionality component, such as the creation,
modification, or deletion of an object. For tool selection, such processes are important,
however, so we include them in our conceptual model. Note that we are only inter-
ested in those information processes visible to a user, so we abstract from all internal
computational processes.

Fig. 2 gives a functionality decomposition of the main elements of the co-authoring
support system described in the previous section. For simplicity, information objects
and processes have not been included. The Skype Conference-module includes the
function that allows a group of users to discuss. Its Chat-module allows users to type
text, paste text from the clipboard onto the chat screen, and to view the typed and pasted
text. One of the main modules of Word is to support the processing of text, including
editing a text file and copying text onto the clipboard.

Strictly speaking, a tool system conceptualization is only about functionality, not
about context. However, the tools, modules, and functions selected are a subset of all po-
tentially available functionality. This selection is determined by the usage context. This
is a good example of how the Tool System and the Human System are co-dependent
and co-evolve, to use Doug Engelbart’s terms [15].

This leads us to the question how to conceptualize the usage context? It is clear that
a sense of communal purpose is important, but how exactly to operationalize this notion
and its linkages to the tool system?

4 A Conceptual Model of the Usage Context

In [8], we made a first stab at modelling the pragmatic layer of web-based information
systems. We claimed that there needs to be a user-controlled selection process of seman-
tic representations4. We defined a pragmatic context to consist of a common context and
a set of individual contexts. The common context was defined by the common concepts
and conceptual definitions of interest to a community, the communicative interactions
in which these concepts are defined and used, and a set of common context parameters
(relevant properties of concepts describing the context). Each community member was
said to have an individual context, consisting of individual concepts and definitions of
interest, as well as individual context parameters. We then characterized the pragmatic
context by a set of pragmatic patterns, including individual and common pragmatic pat-
terns. In that paper, we focused on the meaning negotiation process between community
members and did not further explore the notion of the common and individual context
parameters, nor their conceptualization in patterns. In the current paper, the focus is

4 Although in the current paper, the focus is on functionality selection rather than semantics
resources selection, this distinction is not relevant here. In both cases, we are interested in the
ontological status of resources/tools, and how their relevance to communities of users can be
assessed.
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reversed: we do not so much look at how individual and common pragmatic patterns
influence the meaning negotiation process. Rather, we further explore the make-up of
the individual and common pragmatic patterns, and how they come about in the first
place. In that sense, the papers complement each other.

4.1 Goals

Goals or objectives are crucial in the pragmatic view. Everything starts with goals. Goals
give a sense of purpose, drive people and processes, and can be used as evaluation
criteria.

We distinguish two types of goals. First, there are activities, such as “writing a
call” or “making a group assigment”. Such activities in fact are operationalized goals:
processes with a concrete deliverable as an outcome, often in the form of an informa-
tion object such as a report or a message. However, many goals are abstract and cut
right across processes and structures. Examples of such goals are non-functional re-
quirements and quality criteria, like ”security”, ”interactivity”, and so on. We call such
abstract goals aspects.

Although activities can be viewed as workflows, we abstract from their design and
implementation details, such as concurrency and sequence. Although definitely impor-
tant in the final construction of the information system, for the purpose of functionality
component selection they add unnecessary complexity. This initial stage, the focus of
this paper, concerns itself much more with selection of potential functionalities, not
their actual configurations for workflow support.

4.2 Actors

Many stakeholders are involved in tool system evaluation. For example, in the domain
of courseware evaluation, students, teachers, the computer center, etc. all have their very
specific, often partially incompatible interests, needs, and goals. Students prefer easy-
to-use functionalities, whereas main concerns of the computer center include security
and reusability [10]. In order to ensure that all requirements are captured, contrasted,
and balanced, it is not sufficient to examine ”The User”. Instead, a very careful inven-
tory needs to be made of the actor roles that the various stakeholders play. Making
roles explicit is gaining prominence in, for instance, the Role Based Access Control
paradigm5 as a way to systematically determine actor responsibilities in workflows and
access to functionalities and information resources. Most role classifications are quite
abstract and technology-focused (Administrator, Facilitator, Member etc.). However,
many other typologies are possible, often quite specific to a particular domain. Roles
could, for instance, be based on workflow process (Author, Editor, Reviewer, ...), or-
ganizational structure (Secretary, Manager, ...), or based on the main stakeholders in a
particular domain (UNEP, Corporation, NGO, ...). Carefully defining the responsibili-
ties, permissions, and prohibitions attached to these roles helps in better definining the
use patterns of information systems. Besides operational status, such actor roles should
also be explicitly involved in the development of the socio-technical systems-in-use, as
is the focus of this paper

5 http://csrc.nist.gov/rbac/
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4.3 Domain

A third layer of the model is the domain in which the collaborative community using
the tool system (inter)operates. The domain is an important, but still ill-understood el-
ement in tool system evaluation. Aspects that influence evaluation processes and func-
tionalities of the tool system include issues of structure and size, for example is it a
distributed network or centralized organization, a large or a small organization? What
setting is the tool being used in: an academic, a corporate, a governmental, or a non-
governmental setting? What is the financial situation: are there resources for acquisition
or customization of software, or is off-the-shelf, open source software the only option?
Are there political alliances and commitments that force or preclude the use of certain
software? In other words, the domain determines how many degrees of freedom there
are in evaluation process.

5 The Tool System Interoperability Evaluation Process

Summing up, we have established tool functionality components, goals (activities and
criteria), actor roles played by users, and the domain as important primitives playing a
role in the evaluation process of tool system interoperability (Fig. 3). We now examine
the structure of this process itself.

The stakeholders playing actor roles are usually very busy, and have little time and
opportunity to develop an in-depth knowledge of the technology at hand nor to make
many requirements explicit. Each human stakeholder possesses a treasure trove of sub-
tle tacit knowledge of the tool system-in-use. Tacit knowledge is highly personal and is
deeply rooted in action, procedures, routines, commitment, ideals, values and emotions,
and is thus hard to formalize [20]. Creating massive, unwieldy evaluation processes
forcing users to assess numerous issues in detail is a dead-end road. Rather, a useful
method should focus on a few, comprehensive goals, which allow for commonalities
and differences in evaluations to be easily established, while giving ample opportunity
for efficiently zooming in on the underlying factors in human discussion processes.
The core goals could thus be used as a sieve, allowing expensive human interactions
to be focused immediately on the most interesting issues of shared understanding and
disagreement.

Although the number of evaluation goals to be made explicit should be minimized,
a well-structured evaluation process is needed, respecting the different perspectives of
the stakeholders. The reasons for making final selection decisions need to be clearly
conveyed to the users to increase legitimacy and technology acceptance. Decisions on
functionality component selection and configuration should be devolved to the lowest
actor-level possible. For example, in a courseware setting, overall class functionality
choices will generally need to be made by the lecturer, group settings by the groups,
and individual settings by the individual user.

5.1 Evaluation Subprocesses

To structure the evaluation process, we subdivide it into three subprocesses: use, inter-
pretation, and decision making.

8



Fig. 3. The Pragmatic Tool System Interoperability Evaluation Process

– In the use process, users get hands-on experience with the functionalities. Evalua-
tions can be either ex-ante or ex-post this use process. Ex-ante evaluations may in-
volve scenarios: task-based expressions of human-machine interaction, which help
users to at least partially imagine the potential usefulness and acceptability of func-
tionalities [32]. Ex-post evaluations concern evaluations done after the functionality
has been actually used. Although ex-ante evaluations can be useful, ex-post evalua-
tions are preferred, since unexpected affordances and constraints of functionalities
often only become apparent during actual use [37].

– The interpretation process is the process in which the users score and then use the
scores to prioritize and discuss the usefulness of the tool system (as there are many
ways to obtain scores, and as the scoring process is the most formal and quantitative
stage of the interpretation process, it will be further discussed in Sect. 5.2). It is cru-
cial that the interpretation process is both effective and efficient. The interpretation
process needs to be effective, in that - ideally - the interests and goals of all relevant
stakeholders are satisfied. This requires that the right stakeholders are involved in
the evaluation, and that they are provided with an instrument to actively identify,
compare, and discuss their requirements and interests. Carefully designed strategies
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are needed to balance the often competing demands of many different stakehold-
ers [2]. The evaluation process should also be efficient. Empirical findings have
shown that users have more confidence in simple information and communication
technology (ICT) evaluation methods [5]. If evaluations become more numerous,
and are to be performed by very busy professionals who often have other priori-
ties, only the most relevant questions should be asked. This could be done in the
form of an initial quick-scan, with more detailed analysis of areas identified to be
problematic only to be done in a follow-up analysis. Evaluation criteria need to
be defined, which in our case are determined by the goals (activities as well as as-
pects). These criteria can range from simple activities to be supported to abstract
aspects like usability. Evaluation criteria should on the one hand be understandable
by the user; on the other hand be precise and comprehensive enough to capture
the complexity of the tool system development and use. Second, the community
doing the evaluation needs to be characterized: What are the actors and their goal
concepts? Does the community evaluate as a whole, arriving at a single, majority
or consensus evaluation result, or is it decomposed into groups or even individuals.
How do their differences in evaluations play a role in the interpretation and decision
making processes?

– Finally, decision making needs to take place based on the evaluation results. The
decision making process needs to be examined from the point of view of stake-
holders involved, the decision making procedure, and types of interventions in the
socio-technical system. Who makes the decisions on the tool system design and
implementation: the users and interpreters, or external authorities? Is the decision
making procedure based on quantitative results only, or are also qualitative descrip-
tions taken into account? Is there any interaction between interpreters and decision
makers? How are the results used to decide on the selection/acquisition, configura-
tion, or integration of new software?

5.2 The Scoring Process

The subprocesses sketched above can be implemented in many different ways. We do
not aim to provide one particular approach here, since our goal is really to sketch the
framework in which to position these processes. However, we will examine one crucial
subprocess, the scoring process, in more depth here, as it is at the heart of the inter-
pretation process. This, in turn, is the main process in which stakeholders reflect on the
roles of the various technologies in their complex usage context.

In [10], we presented a scoring method based on Bedell’s method for the evaluation
of IT functionality effectiveness [4]. In Bedell’s method, IS functionalities are scored
on both the effectiveness and importance for the activities they support. The activities
themselves are also scored on their importance to the organization. The importance
scores act as weights for the effectiveness scores. Bedell has developed a whole range
of increasingly aggregate indicators, the most general one being whether as an organi-
zation to invest in ICT at all. Through these indicators, the method is a useful aid in the
organizational ICT interpretation and decision making process.

Simplifying Bedell’s approach, we proposed a practical method for courseware
evaluation in [10]. This approach is applicable to any tool system, however. Rather
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than using Bedell’s elaborate and quite complex framework of indicators, we limited
ourselves to two indicators: activity scores and functionality scores. These indicators
can be used to answer two basic questions: (1) how well are the various activities sup-
ported by the functionality components? (2) how effectively are the various functional-
ity components used? In the current paper, we keep the notion of functionality scores,
but generalize the activity scores to goal scores, as not only activities but also cross-
activity aspects are possible sources of purpose to be taken into account in evaluation.
We therefore consider both activity scores and aspect scores to be subtypes of goal
scores.

Goal Scores

Goal (activity/aspect) scores show how useful the combined functionality compo-
nents are for the support of a particular goal. Functionality scores represent the use-
fulness of a particular functionality component in supporting the combined goals of a
community. In calculating these scores, the basic elements to be defined by the users in
their actor roles are:

Fig. 4. Activity Scores for Blackboard and CourseFlow in 2003

– I(g) = importance of a goal
– I(f, g) = importance of a functionality in supporting a particular goal
– Q(f, g) = quality of a functionality in supporting a particular goal.

Users can define their own criteria for explicating the importance and quality scores,
or leave them implicit, just using their intuition. Whether they decide to further explicate
their assessments or not, our approach allows (individual) evaluations to be positioned
and aggregated in the larger evaluation framework and process.

(i) G-Score =
∑

I(fi, g) ∗ Q(fi, g), for all functionalities 1..i

For all functionality components fi supporting a particular goal g, the experienced
quality of the support they provide, is multiplied by their importance in supporting this
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activity. The sum of these values measures the usefulness of the combined tool com-
ponents for a particular goal to the scoring user. This measure is especially useful for
technology users, such as lecturers and students, or program chairs.

(ii) F-Score =
∑

I(gj) ∗ I(f, gj) ∗ Q(f, gj), for all goals 1..j

For all goals gj supported by a particular functionality component f , the quality
of the support provided is multiplied by its importance for this activity and by the im-
portance of the goal. This last multiplication is necessary as support for goals more
important to the users should weigh more than for less relevant goals. The sum of these
values measures the usefulness of a particular functionality component for the com-
bined goals of the scoring user(s). This measure is especially useful for technology
maintainers and developers. It allows, for example, a university computer centre or cor-
porate IT department to determine which tool system components to get, or to get rid
of.

An Example: Evaluating the Making of Group Assignments with Courseware

In 2002 and 2003, the approach was experimented with by Information Manage-
ment students at Tilburg University. In both years, they tested the value of different
Blackboard modules for the making of group assignments. This process was subdivided
into four activities (information collection, group discussion, submission of results, and
feedback from peers), while 11 functionality modules were examined (Send E-Mail,
Discussion Board, Virtual Chat, etc.). In 2003, also an open source courseware tool,
CourseFlow, was scored on similar modules. The results were interpreted by the soft-
ware manager of Tilburg University, who considered them useful as an input in future
decision making for courseware acquisition.

In this paper, we are not going in depth into the details of the scoring process. A de-
tailed account of the goals, design, and results of the experiment is given in [10]. From
that paper, we show two figures to give the reader a feel for how the process works.
Fig. 4 shows how similar both tools are in their support for group assignment making.
Fig. 5 shows how similar both tools in the experienced usefulness of their functionality
components. This is powerful evidence for the usefulness of open source courseware,
at least from the point of view of students. Given that much open source software is
actually more reliable and secure than proprietary software, from the point of view of
the computer center as well, open source courseware could be a viable alternative to ex-
pensive vendor software. By making careful evaluations of which activities need to be
supported by which particular functionalities, the funds then becoming available might
be put to much better use, for example to develop functionality for needs that currently
are not supported. To give an indication, Tilburg University alone, with about 10,000
students, paid many tens of thousands of euros in license fees for the use of Blackboard
courseware in 2003. Given the strong collaboration of Dutch universities in the inter-
university ICT and networking organization SURFNet, the combined funds for a joint
courseware product development and evaluation project might easily add up to many
hundreds of thousands of euros annually. Many universities already have an installed
base of (proprietary) courseware applications. It is not feasible to completely change

12



Fig. 5. Functionality Scores for Blackboard and CourseFlow in 2003

applications. However, through plug-ins and links, specialized functionality modules
can be easily added to applications. Courseware evaluation of components should con-
tribute to detect the gaps which such specialized modules could fill.

Our approach only provides a bird’s eye view. Very high scores indicate high quality
and high importance; very low scores indicate low quality and low importance. To in-
terpret intermediate results correctly, the source data need to be analyzed in more detail,
and to ensure the significance of many of the smaller differences, statistical tests such as
t-test comparisons would be needed . However, given the complexity of the evaluation
task, and the many different opinions of what are relevant evaluation criteria, false pre-
cision would not add much value. Instead, recognition of the broad patterns as a starting
point for focused discussion and analysis is what a method like ours can contribute

The particular results may not be completely generalizable to other student popu-
lations, as Information Management students may have different preferences and eval-
uation criteria given their personal interest in advanced information technologies. Fur-
thermore, courseware may also be used for many different purposes. In this paper, we
analyzed only the group assignment handling process, but scores are probably very dif-
ferent when the method is applied to other workflows.

6 Discussion

Besides being limited in scope with respect to results, the scoring process proposed is
still primitive in methodological functionality. Possible extensions include user-friendly
versions of Bedell’s [4] more advanced concepts, allowing for more refined judgments
in the intermediate range of scores. Besides just giving a generic quality score, specific
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quality aspects such as user friendliness, effectiveness, and maintainability could be in-
cluded. Such indicators themselves also need to be interlinked, for example to ensure
that different indicators measure the same quality aspect, thus increasing the value of
measurement [35]. However, we should be careful not to introduce too much method-
ological complexity, as it scares away intended users and makes interpretation of eval-
uation results by the users themselves difficult. Careful consideration of the trade-off
between methodological power and comprehensibility, for example by experimentation
with different types of scores and visualizations, might considerably increase the value
of a practical evaluation method (e.g. [16]).

Another limitation of the example approach presented is that only students were
asked to evaluate courseware functionality. Still, their aggregated evaluations were used
in decision making by other stakeholders, such as the software manager. A more com-
prehensive approach thus would have to contrast evaluations by different stakeholders,
since the interests of all stakeholders need to be balanced. For example, what is the soft-
ware manager to do when a lecturer evaluates a functionality shared with students very
differently? Whose evaluation to give preference? To address these important issues,
techniques to identify and manage stakeholders interests, and to design high-quality
multi-stakeholder dialogues aimed at improved relationship building and learning po-
tentials could play a key role [2, 23].

The IS quality literature has produced many evaluation criteria frameworks, cover-
ing more or less completely the information systems development process. One classic
example is Delen and Rijsenbrij’s quality tree, which decomposes information systems
quality into 46 quality attributes, organized in four dimensions: the process dimension,
concerning the development process; the static dimension, which refers to the control of
the IS; the dynamic dimension, covering the functioning of the system as perceived by
the user; and the information dimension, concerning the quality of the information itself
[11]. Along similar lines, DeLone and McLean, in their famous survey article of the lit-
erature, identified a very large, confusing and partially overlapping set of IS ”success”
measures [12]. Whereas business process models and workflow patterns can extend the
ontologies of activity-type goals in our evaluation approach, such quality frameworks
can do the same for the aspect-type goals.

The weighing, comparison, and aggregation of scores is more complex than sketched
here: for example, there are many dependencies between goals. Also, can activities and
aspects be compared in one measure, or should they be measured separately? To re-
fine such aspects, pragmatic evaluation could also benefit from the quality IS litera-
ture. Many evaluation methods have been designed, so many that their classification
has become a research topic in its own. For example, based on whether an evaluation
method has a financial or non-financial focus and the type of parameter calculation
technique used, Renkema and Berghout distinguish between financial, multi-criteria,
ratio, and portfolio approaches [26]. Typical examples of financial methods are calcu-
lations of Net Present Value and Internal Rate of Return. However, since just focusing
on financial aspects is insufficient when looking at information systems with strategic
impact, some explicit process needs to be designed to make intangibles measurable as
well [19]. Multi-criteria approaches allow for non-financial aspects to be quantified,
preferably leading to aggregate measures for each investment. For example, in their In-
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formation Economics method, Parker et al. distinguish between different non-financial
aspects from the business and technology domains, such as ’strategic match’ and ’IS
infrastructure risk’ [22]. These aspects get weighed and scored, leading to subtotals of
positive and negative weighted scores, which give an indication of the overall value of
the proposal. Related methods like Quality Function Deployment (QFD) help to trans-
late customer needs into balanced sets of relevant design and production requirements
[6].

A different classification of evaluation methods is proposed by Bannister and Re-
menyi [3]. They distinguish between fundamental measures, metrics which parameter-
ize characteristics down to a single measure, and composite approaches (such as In-
formation Economics and Bedell’s method), which combine several fundamental mea-
sures to obtain an overall picture of value/investment return. However, they go beyond
the calculation of the metrics and examine their interpretation. To this purpose, they
introduce a third category of approaches, meta approaches, which attempt to select the
optimum set of measures for a context or set of circumstances. Furthermore, they note
that fundamental, composite, and meta-approaches can be applied in two different ways.
Many methodologies take a positive/reductionist stance, where the decision maker ac-
cepts the best overall score without questioning. Hermeneutic perspectives, on the other
hand, allow for the decision maker to interpret several metrics in a way that cannot be
formally stated. According to the authors, these approaches are the more interesting, for
example by letting ”instinct” play a more important role [3]. In our case, it would be
particularly interesting to examine work on hermeneutic meta-approaches, to develop
the kind of pragmatic evaluation methods needed for interoperable tool systems. Oth-
ers propose that general evaluation methods focusing on multi-criteria comparison like
QFD should be embedded in a group decision support process to become really useful
[6]. Thus, finding the right balanced between formal and informal evaluation, in par-
ticular the link between informal interpretation and decision making with quantitative
scoring approaches needs serious investigation. Conceptual structures tools could play
a very important role here, by allowing for evaluation process ontologies to be defined
and used, defining patterns at the right level of granularity between total formality and
complete informality.

The use of patterns is a very important extension of the evaluation approach pro-
posed. In [8], we examined the roles of individual and communal conceptual patterns
in designing the Pragmatic Web. We proposed a typology of collaboration patterns in
[9]. Such patterns can enrich the modeling of the usage context and tool system and
the mappings between and within these systems. Conceptual structures tools can be
very helpful, not as operational tools to support collaboration processes directly, but as
meta-tools for defining collaborative requirements and the tool functionalities that can
satisfy these requirements. They can support the capture, representation, and analysis
of the collaboration patterns that are the essence of the evolving socio-technical system
formed by a collaborative community and its supporting tool system. One useful exten-
sion could be to refine our current simple activity-concept with more complex and real-
istic business process and workflow ideas. Vice versa, business process/workflow man-
agement systems could benefit from more systematic evaluation. For example, much
interesting work is happening on such standards like the Business Process Management
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Notation (BPMN) for modelling business processes and, for instance, the Business Pro-
cess Execution Language for Web Services (BPEL4WS) for describing the design of
and the mappings to the systems supporting such processes [36]. Which services to use
for what business processes is unclear, however. Our approach could help conceptu-
alize evaluation processes. A related notion are workflow patterns, which can be seen
from many perspectives, e.g. the control flow, data, resource, and exception handling
perspectives[31]. Many control flow structures, for example, have to do with temporal
or role restrictions on flow elements6. It would be worth examining to what extent such
a canon of workflow patterns could be mapped to particular tool system components,
and at what level of granularity.

In this paper, we examined the notion of ’pragmatics’ from a very basic goal-
orientation perspective. In philosophy, much more advanced treatments of this concept
have been proposed, many of them too theoretical to be useful for the messy practice of
systems development. In particular in our Conceptual Structures research community,
however, interesting attempts at applying pragmatics-philosophy to the construction of
concrete tool systems development methodologies are underway. Examples are Keeler
and Pfeiffer’s interest in a Peirce-grounded pragmatic methodology for the develop-
ment of scientific collaboratories and knowledge representation systems [18], Rich-
mond’s trikonic architectonic for inter-enterprise systems evolution [27], Delugach’s
active knowledge systems architecture [13], and the goal-oriented transaction mod-
elling in multi-agent systems proposed by Polovina et al [25]. Related work from the
field of argumentation theory shows how pragmatics can inform design processes of
socio-technical systems [1].

Fig. 6. The Author/Al Mohr Attending the First Second Life International Conference

6 See http://www.workflowpatterns.com/patterns/ for many examples of these and other work-
flow patterns
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So far, we have been looking at tool interoperability in the “real” world. However, a
whole new class of tool systems is rapidly emerging in virtual worlds like Second Life7.
Until recently, they were still in their infancy due to hardware and software limitations.
However, as these worlds are rapidly maturing, an increasing number of serious applica-
tions are developing. An exciting recent event was the First Second Life Best Practices
in Education International Conference8. This conference was held entirely “in-world”,
allowing people from all over the world to attend conference and poster sessions, ven-
dor exhibits and so on using an avatar, like this picture of the author/Al Mohr shows
(Fig. 6). These worlds are also very significant from a tool system interoperability point
of view as they are filled with actionable objects. In fact, everything in such a world is a
virtual object, which can show behavior through scripts. These objects themselves can
and are being combined into ever more complex systems, which display very sophisti-
cated overall behaviors, many of which are impossible in the Real World. For example,
one of the favorite modes of movement in Second Life is flying. Not using a plane,
but by persons just floating away from the ground without external help. To develop
effective collaborative systems in-world, pragmatic evaluation of such ”virtual object
systems” could lead to as of yet unimaginable new objects and behaviors, even the sky
no longer being the limit.

7 Conclusions

Choosing the right functionality components to include in a tool system is not simply
a technological decision, but a strategic socio-technical development choice. Function-
ality selection requires a careful balancing of the multiple professional, political, and
social requirements of a collaborative community with the affordances and constraints
inherent in the interoperable tool system. Without adequate, ongoing tool system eval-
uation, the socio-technical gap between work practices and supporting tools may easily
become too large, endangering collaboration.

In this paper, we examined the pragmatic evaluation of tool system interoperability.
We have explored the make-up and links between the tool system and usage context,
and examined the process in which the socio-technical calibration between these two
subsystems needs to take place. We did not present an operational evaluation method,
but outlined a conceptual framework for characterizing and comparing pragmatic eval-
uation methods. Instead, our aim was to convey the complexity of the kind of socio-
technical systems analysis needed.

It is not sufficient to merely produce tools that could interoperate at the technical
or semantic level. Instead, it is essential that tool components are evaluated in many
different community contexts-of-use, in order to find out what interoperations of tool
components do work in practice. Two major problems with such pragmatic evaluation,
however, are the infinite variety of usage contexts, and the subtle balance that needs to
be found between formal representations and human, informal, interpretation. As Pacey
puts it: “tacit knowledge in a human mind not only is operational knowledge that can

7 http://www.secondlife.com
8 http://slbestpractices2007.wikispaces.com/. A photo gallery of one of the conference sessions

can be found at http://communitysense.net/info/?q=node/53
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easily be built into a machine, but also includes a sense of what the knowledge means
and how it is related to human purposes [21, p.9]”. Conceptual structures tools could
be the key to linking the unique human capacity to interpret the meaning of an infinity
of contexts with computational power. These tools having the ability to represent and
reason about patterns, combined with their strong focus on syntactic and semantic in-
teroperability, make them an indispensable component in the next generation pragmatic
evaluation methods. They will pave the way to a gradual meshing of method and sys-
tem, as the information systems of the future will be continuously evolving, driven by
the purposeful meta-systems formed by their communities of use in combination with
the analytical power of conceptual structures tools.
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Abstract. There are many tools supporting the visualisation of semantic 
content. This is due to the fact that end users are involved in complex tasks of 
annotation and/or search of data using semantic features, so they need guidance 
and friendly interfaces to navigate through complex hyperspaces and to 
maintain semantic annotations. A variety of approaches visualise semantic 
content organised in a variety of ways but most tools design their own paradigm 
of annotation and visualisation. This paper summarises several popular trends 
and opens the discussion about interoperability and standardisation. The article 
also presents a prototype for visualisation of semantic annotations which might 
support the text comprehension as well. 

1 Introduction 

The “Levels of Conceptual Interoperability Model” (LCIM) [1, 2, 3, 4] defines 
different layers of interoperation for software systems and how they are related to the 
ideas of system integration, interoperability, and composability. This paper adopts the 
LCIM model in order to take a closer look at the present tools for visualisation of 
semantic content. In previous years we have studied the interoperability of conceptual 
graphs tools and have shown that a limited semantic interoperability exists between 
these tools [5, 6]; now we consider the visualisation approaches more broadly and 
turn to other scenarios for graphical presentation of semantic information. 

To recall briefly the main ideas of LCIM, we list the six interoperability levels: 
• Level 0: Stand-alone systems have No interoperability. 
• Level 1: On the level of Technical interoperability, a communication 

protocol exists for exchanging data between participating systems. The 
communication infrastructure allows the exchange of bits and bytes. The 
underlying networks and protocols are unambiguously defined. 

• Level 2: The Syntactic interoperability level introduces a common structure 
to exchange information, i.e., a common data format is applied and/or API 
exists. On this level, a common protocol to structure the data is used; the 
format of the information exchange is unambiguously defined. 

• Level 3: Semantic interoperability is based on a common information 
exchange reference model. The data meaning is shared and the content of the 
information exchange requests are unambiguously defined. 
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• Level 4: Pragmatic interoperability is reached when both interoperating 
systems are aware of the methods and procedures that are employed by the 
other system. In other words, each participating system understands the use 
of data and the context of its application within the other system. The context 
of information exchange is unambiguously defined. 

• Level 5: System states change over time, and this includes the assumptions 
and constraints that affect the data interchange. If two systems are 
dynamically interoperable, then each system is able to comprehend the 
state changes that occur in the assumptions and constraints that the other 
system is making over time, and both systems are able to take advantage of 
those changes. The effect of the information exchange within the 
participating systems is unambiguously defined. 

• Level 6: Finally, if the conceptual models – i.e. the assumptions and 
constraints of the meaningful abstractions of the reality – are aligned, the 
highest level of interoperability is reached: Conceptual interoperability. 
This requires that the conceptual models will be documented based on 
engineering methods enabling their interpretation and evaluation by other 
engineers. 

 
In this paper we show that nowadays there are three main types of tools which 
provide graphical representation of semantic metadata: 

• Tools based on topic maps, which mostly support the navigation of end users 
through large content archives;  

• Tools supporting the annotation process in the semantic web scenario. The 
annotation is considered as one of the most effort consuming tasks and needs 
to be performed via especially developed workbenches which often visualise 
the ontologies used as annotation backbones; 

• Tools visualising formally defined conceptual resources: for instance, 
conceptual graphs, ontologies and/or RDG graphs, oriented to the knowledge 
engineers or developed as a special effort to bring the semantic web data 
closer to the human reader. 

 
The paper is structured as follows. Section 2 considers the approaches oriented to 
Topic Maps, which ensure a user-friendly navigation surface to end users. It is shown 
that there are no general principles of how to construct a topic map; rather, every 
interface designs its own map of important notions to facilitate the user navigation. 
Section 3 exemplifies a visualisation tool, designed to support the human annotator 
and/or the end user to navigate within large (hyper-)text collections. Perhaps there is 
nothing special in the proper visualisation approach but these tools have interesting 
functionalities to link text fragments and ontology items; due to this fact we consider 
them separately. Section 4 deals with the visualisation of conceptual resources. As we 
discussed previously the conceptual graphs tools [5], in the present article we focus 
mostly on visualisation of ontologies and RDF graphs. Section 5 presents an 
extension of the CGWorld tool, which visualises annotations associated to hypertexts. 
Visualisation of semantic metadata is useful for annotators as well as readers of html-
pages who need support to comprehend the page meaning. Section 6 summarises 
relevant interoperability issues and presents the conclusion. 

22



2 Topic Maps 

Topic Maps are an ISO/IEC standard (ISO/IEC 13250:2003) for the representation 
and interchange of knowledge, with an emphasis on information finding [7]. They 
enable multiple, concurrent views of sets of information objects. This is the main 
reason why recently they became more and more popular in visual representation of 
knowledge. In the visual interface of the applications they are used to link topics 
together in a way which enables navigation between them. However, Topic Maps are 
high-dimensional knowledge bases and they may be very large; so users may still 
have problems in finding relevant information within a Topic Map. Therefore the 
issue of Topic Maps visualisation and navigation is essential. In this way Topic Maps 
provide a bridge between knowledge representation and information management. 
They build a semantic network over the information resources, which allow users to 
navigate at a higher level of abstraction within a friendly interface. 

 
Figure 1. The Visual Thesaurus (http://www.visualthesaurus.com) 

 
One popular application of Topic Maps is the Visual Thesaurus shown on Figure 1. It 
is an interactive dictionary and thesaurus which creates word maps that blossom with 
meanings and branch to related words. The latest version of Encyclopedia Britannica 
uses TheBrain technology to power a search and discovery engine called Britannica 
BrainStormer™ (Figure 2), also based on Topic Maps. By using links to 
BrainStormer within the encyclopedia articles, users can rapidly expand their 
coverage of a given topic. Topic Maps are increasingly popular for the organisation of 
eLearning content, due to their easy-to-use graphical navigation facilities. 
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Figure 2. Britanica BrainStormer 

Figure 3 shows the menus of the Ontopia Topic Map Engine 
(http://www.ontopia.net/), which is a generic software development kit (SDK) that 
implements the Topic Maps standard and allows developers to access and manipulate 
the kinds of constructs found in topic maps (e.g. topics, associations, occurrences) and 
apply other concepts defined by the standard (e.g. scope and merging). The Topic 
Maps model flexibly illustrates the knowledge structures rooted in an underlying body 
of information. The model reflects the associations typical of the way humans think 
and can then be intuitively explored in different ways, given that a picture or graphic 
can be easier to grasp than a wordy description. The Ontopia Vizigator ("vi[z]ual 
navigator") provides a graphical interface which is well-suited to complement a text-
based interface. Figure 3 exemplifies a graphical visualisation of the Puccini topic, 
with additional detail about one of his operas, Tosca. 

Coming back to interoperability and LCIM, we see that Topic Maps might be a 
good approach for pragmatic and dynamic interoperability and especially for the user 
interface interoperability, but they have no means to cover the lower LCIM levels at 
all. If they are used, additional methods have to be applied as well in order to ensure 
the coverage of all layers of data exchange and interoperation. In addition, some 
standardisation efforts are needed to ensure compatibility of annotations supporting 
the Topic Maps. There are no such initiatives at present as every application interface 
is developed independently, oriented to a different kind of users. 

24



 
Figure 3. Ontopia Vizigator, which supports adjustment of the Topic Map to user preferences. 

3 Visualisation as Annotation Support 

CREAM [8] is a framework for markup, knowledge acquisition, annotation and 
authoring. CREAM’s reference implementation is OntoMat, whose working window 
is shown at Figure 4. It consists of two main panels: ontology guidance and fact 
browser (on the left) and document/editor viewer (on the right). The user can add 
instances to existing ontological classes, attributes and relationships by: (i) typing into 
the generated templates the needed information; (ii) markup i.e. dragging a markup 
piece of text to the particular class or to the corresponding entry in attribute’s table or 
to the relation of pre-selected instance. OntoMat also provides authoring with content 
generation. Dragging an instance of a class/attribute/relationship from the ontology 
guidance and fact browser and dropping it into the document editor/viewer cause an 
addition of simple sentences into the document. Even though OntoMat is a user-
friendly tool, the manual annotation is time-consuming and not scalable.  
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Figure 4. The main window of OntoMat annotizer 

4 Visualisation of Ontologies and RDF-graphs 

This section considers tools which display graphically ontologies in tasks related to 
the Semantic Web approach. Another interesting direction is the visualization of RDF 
graphs, which is popular as an attempt to bring the formalised conceptual resources 
closer to the human reader. 

Perhaps the most popular tool for ontology development is Protégé [9], which is 
an integrated software tool, used by system developers and domain experts to design 
and implement knowledge-based systems. It offers an editing environment with 
several third-party plug-ins and supports ontology creation and visualisation. Protégé 
allows exporting the created ontology in a number of formats and has also a flexible 
plug-in structure that provides modular extension of the functionalities. The Protégé-
OWL editor (Figure 5) supports a variety of knowledge acquisition and management 
tasks, including execution of reasoners. The editor interface consists of two panels: 
the left one shows classes of the ontology and the right one – their respective slots 
(attributes and relationships). The slots have a predefined structure such as name, 
type, cardinality etc. and the user has to fill in forms in order to add or change 
something. A graphical visualisation is provided by the OwlViz tab plug-in where the 
hierarchy is again on the left-side window and the right-side window visualises 
selected class and its properties (see Figure 5). 
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Figure 5. Protégé-OWL editor 

Recently many tools visualise Resource Description Framework (RDF) graphs as 
an effort to make them readable and understandable for a broader audience of users. 
However, as [10] points out, one of the weaknesses of the RDF/OWL at present is 
their relative unfamiliarity. The terminology itself (e.g. “ontology”) is off-putting. 
The background theory is inaccessible to most developers (few will, for example, 
have come across the notion of description logic) and the existing literature makes it 
unclear how much of this background theory is necessary in order to develop 
successful applications. The notion of classes and properties appear somewhat similar 
to the more familiar notions of object oriented designs but this is misleading. It can 
encourage developers to see the languages as mere variants on an object-oriented 
approach. In addition, despite the relatively established kernel definitions of 
RDF/OWL, the visualisation approaches take different directions. We present here 
some examples in this respect. 

Figure 6 presents a node-centric technique for visualising RDF graphs (for 
discussion of the node-centric technique, see e.g. [11]). Nodes of interest are 
discovered by searching over literals. Subgraphs for display are constructed by using 
the area around selected nodes. Wider views are created by sorting and displaying 
nodes based on the number of incoming and outgoing arcs. The visualisation provides 
a consistent left-to-right orientation for node connectivity and the user browses by 
simply selecting nodes or arcs of interest.  

Paged Graph Visualisation (PGV) is a user-centred, semi-autonomous 
visualisation tool for RDF data exploration, validation and examination [12]. Unlike 
the existing graph visualisation techniques which attempt to display the entire graph, 

27



 

 
Figure  6. RDF graph visualisation centered to rdfs:Container 

 

PGV has been designed for the incremental, semantics-driven exploration of very 
large RDF ontologies. The user can explore the so called hot spots in the graph, i.e. 
nodes with large numbers (hundreds) of immediate neighbours (see Figure 7). 

 
Figure 7. Exploring RDF graphs in the Paged Graph Visualisation tool 
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Figure 8. RDF Gravity filters out and visualises specific parts of RDF Graphs [13]. 

 
We notice that there is a variety of tools and graphical layouts, all of them supporting 
knowledge acquisition and management tasks. In fact most groups prefer to develop 
 

 
Figure 9. Altova® SemanticWorks™ 2007 
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their own visualisation platform, due to the relative simplicity of the software 
implementation; in this way the tools are often related to particular projects. Some 
tools emphasize on (sub-)graph exploration; others – like Altova® SemanticWorks™ 
2007, shown in Figure 9, support graphical creation and update of RDF documents 
and convert graphically created ontologies into RDF/XML and N-Triples formats.  

5 Visualisation of Semantic Content using CGWorld 

Conceptual Graphs (CGs) and their graphic representation can be also used as a 
readable, but formal knowledge specification language [14]. The Conceptual Graphs 
Interchange Format (CGIF) is a fully conformant dialect of Common Logic (CL) [15]. 
Recently CGs have attracted the attention of the semantic webbers too, as a potential 
graphical knowledge representation language. In the OMG specification Ontology 
Definition Metamodel [16], chapter 18 (“Mapping RDFS and OWL to CL”) 
demonstrates a kind of mapping from the W3C semantic web languages to the CL as 
defined in the ISO 24707. At least this means that anything that can be expressed with 
RDF(S) and OWL can be expressed with CGs. The OMG specification is based on 
the draft mapping under development by Pat Hayes [17]. Some initial effort in this 
direction by Tim Berners-Lee can be found also in [18]. 

The application of CG in the semantic web tools is not something new. For 
example, Corese is an ontology-based search engine [19], which retrieves Web 
resources annotated in RDF(S). A query is translated into RDF and then into CG. The 
RDF annotations of Web pages are also translated into CGs [20]. 

During the last six years using CGWorld - a web-based workbench for conceptual 
graphs management and applications [21], we implemented different versions of 
operations for processing conceptual information. The general idea was to provide a 
set of components that can be used as plug-ins for building CG applications. We 
briefly present here a prototype for visualization of annotations. 

Manual annotation strictly depends on the individual annotators and the results are 
in general ambiguous. Fully automatic annotation is impossible - human intervention 
is always necessary. To cope with the mismatch between different annotation 
approaches, we implemented an extension of CGWorld - a tool supporting the 
visualisation of semantic indices and providing some kinds of semantic-based text 
search [22]. Figure 10 shows the tool interface in "Visualisation" mode. Texts are 
loaded by the button "Load text" and appear in the leftmost text window. The 
ontology is open by the "Load ontology" button, in the second scrolling window. 
After loading a www-page and its ontology, the tool analyses the semantic index and 
displays the list in the rightmost side of its main window: in the order of appearance, 
the text phrases from the leftmost window which are semantically anchored to terms 
from the chosen ontology (the list can be empty). In "Visualisation" mode, after 
selecting an item from the list in column 3, the tool shows (colours) in the leftmost 
text all words and phrases linked to the highlighted term. The same colour is used for 
colouring the ontology label too. The tool is implemented in Java using Swing 
graphical library. The ontology processing is built on top of Jena’s API [23]. 
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Figure 10. Visualisation of semantically annotated text and its semantic indices 

The first useful application of this tool is the semantic-based text search (Figure 11). 
The user selects a concept from the ontology and clicks the button Show 
semantically close pages. Then the most relevant page, which is semantically linked 
to the highlighted concept, is loaded in the leftmost window. Belonging to the same 
domain and annotated against the same ontology, this page obligatory contains many 
terms from the ontology. Please note that in this case, the present information retrieval 
techniques will not distinguish between the pages shown in Figure 10 and Figure 11 
(which are 100% similar, as they practically contain the same words, and ranking 
them in a list would depend on the algorithms of the searching engine). So the only 
way of finer ranking is to have semantic-based indices. The tool also supports text 
comprehension while reading www-pages, which could be useful for domain novices 
or for foreigners who read a page in unknown language and do not grasp the meaning 
of all specific terms. The following service is implemented: after highlighting a 
phrase in the left-most window, via the right button menu, the user can view 
properties and attributes, relations, and multiple inheritance. This may help 
understanding the meaning of the semantically-anchored phrase. We explore 
knowledge-based scenarios for annotation and text comprehension as we believe that 
the semantic-based text processing is feasible at least in narrower, well-defined 
domains. It seems the annotation as such will be always problematic, as semantic 
indexing is problematic even in the well-defined domains. But tools for computer-
aided annotation alignment enable the development of standardisation initiatives. 
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Figure 11. A page with highest relevance, which is semantically linked to bond 

6 Conclusion 

In an earlier paper [5], we have analysed the interoperability of current CG tools. The 
CG community achieved the level of (certain) semantic interoperability of data as 
most tools support CGIF. But looking at the three “dialects” of CGIF implemented for 
instance in Amine, CharGer and CGWorld, we see that every author has his own 
opinion about what CGIF should be. 

Regarding the interoperability of software modules, it is not a target at all. Most 
CG tools use different formats for processing the conceptual knowledge like CGIF, 
CGLF, FCG (+FO), Prolog+CG, CGLex, BCGCT, FOPC, KIF, XML – some CG 
XML or RDF. This makes the software exchange very difficult. In fact the shared 
CGIF “dialects” make the tools interoperable, as they can exchange at least resources. 

There are no initiatives to standardise the CG display form and every tool 
implements it in a different graphical layout. Even tools like CharGer and CGWorld, 
which follow the CGIF standard very closely, parameterize different display 
characteristics of the conceptual graphs. A promising direction is to define mappings 
of the display form to some graphical standard like the Scalable Vector Graphics 
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(SVG) Specification (www.w3.org/TR/SVG/) or X3D 
(http://www.web3d.org/x3d/specifications/ x3d_specification.html). In general, the 
CG tools developers need some standards as they are all interested in exchange of 
resources and joint creation of testing data, given the relatively compact and unified 
nature of the CG community. 

In the broader world of Semantic Web, however, many diverse approaches co-
exist without attempts to exchange data or software. For instance, topic maps and 
RDF are proposed by two standardisation organisations, ISO and W3C respectively, 
which might be regarded as competitors. But in fact topic maps and RDF can be 
considered as complementary approaches for knowledge formalisation; especially if 
the focus is to find out the potential synergies between them (e.g. Ontopia 
automatically generates topic maps from RDF, see Figure 3 and 
http://www.ontopia.net/). Actually topic maps and RDF have a number of similarities. 
They define abstract models and syntax based on XML and both have models that are 
simple and elegant at one level but extremely powerful at another. However, such 
data interoperability considerations are made within a single application; in general 
the exchange of data and modules between applications is almost out of question. 

Summarising the visualisation trends presented in the article, we conclude that the 
future trends seem to be unclear. On the one hand, we see that the graphical 
representation of semantic information is a strong tendency and is already adopted for 
interfaces oriented to end users (by e.g. topic maps navigation), so this direction is a 
promising feature of the knowledge-based applications. On the other hand, the 
majority of the isolated visualisation tools provide only interfaces for manual 
acquisition and browsing of formal statements, which looks like an approach with 
limited scalability. In this way the standardisation and interoperability considerations 
are still at a very initial phase, just included in the development schedule of the 
modern semantic-based systems. 
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Abstract. This paper applies Stamper’s semiotic ladder to assess the extent to 

which Conceptual Graph (CG) software tools can interoperate with each other 

and others. The CharGer CG editor, the Amine multifaceted CG environment, 

and the non-CG multi-agent simulation environment SeSAm were selected as a 

representative set of tools for this purpose. Using these exemplars, the paper 

explores through the semiotic ladder the interoperation that CG tools presently 

reach. It identifies that an external XML converter is required for any 

meaningful interoperability, and suggests this is where future research on 

obtaining CG tools interoperability is directed. 

Introduction 

The aim of this study was to uncover the possibilities or limiting factors behind the 

interoperability of CG modelling tools. The specific tools focused upon were: 

Amine an Open Source Multi-Layer Java Platform designed for the development 

of intelligent systems [1]. Amine which is the result of 19 years of extensive research 

performed by  Adil Kabbaj concerning several threads in Conceptual Graphs theory 

and implementation [1].  

Delugach (2000) [2] describes CharGer as a conceptual graph creator and editor 

that is deliberate and explicitly used as a research tool aimed for conceptual graph 

researchers to explore implementation issues in conceptual graph interfaces. CharGer 

offers good promise for interoperation with SeSAm and Amine with the use of a 

common language, XML. Additionally, CharGer has the capability of handling CGIF 

therefore opening up a second opportunity for communication with Amine and 

perhaps with the emergence of the common logic standard, SeSAm [3]. 

SeSAm (Shell for Simulated Agent Systems), provides a generic environment for 

modelling and experimenting with agent-based simulation [4]. SeSAm is essentially a 

MultiAgent Simulation tool which uses graphical user interfaces with UML style 

mapping in the creation of simulated environments. 

The aim and objective of this paper was to create an example CG in CharGer that 

would then be exported to Amine for development, implementing the comprehensive 
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set of tools provided. This modified structure would then be exported to SeSAm with 

the intension that the framework created could be employed by SeSAm to create the 

basis of the simulated environment. 

It must be noted that it was not an aim of Amine that interoperability would be 

possible with other such CG and non CG tools. Taking this into account does not 

detract from this investigation as the study will show what measure could be taken 

into consideration for future interoperability developments.  

Prolog+CG is another tool that is covered in this investigation, the name Prolog 

itself is derived from PROgramming in LOGic and is an extension of Prolog platform 

to include a conceptual extension, that it is now able to deal with simple CGs and 

object orientated approaches. 

In order to evaluate the success of interoperability and the level of satisfaction 

gained, Stamper’s Semiotic Ladder was used to measure a comparison of each 

software technology at every step of the ladder [5].  

CG Tool Interoperability  

To be able to assess the success of interoperability between the CG tools, a measure 

of the communication possible needs to be recorded. To augment our comparison 

using the Semiotic Ladder, we also refer to Dobrev’s modified Levels of Conceptual 

Interoperability Model (LCIM) [6] [13].  

Semiotics offers an alternate methodology to information system development, an 

area that Stamper has evaluated since the 1960's. Developed upon the traditional three 

levels of semiotics, comprising of syntactics, semantics and pragmatics, he extended 

the ladder to include the social world, empirics and physical world. The original 

purpose of the Semiotic Ladder was to ensure success of IT projects became 

achievable, not only in the technical world, but additionally in the human world. 

 

 

Figure. 1. Stampers semiotic ladder combined with the LCIM 

Figure 1 displays how we view the combination of the LCIM and the Semiotic 

Ladder. Level 0 of the LCIM is missing from Figure 1 as this denotes zero 

communication between the applications [6]. This level does not easily synchronise 

with any step of the Semiotic Ladder and was thus not considered further in our 
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discussion. LCIM 1 aligns with the first two runs of the semiotic ladder by 

incorporating both technical and physical operations as defined by Dobrev [6]. 

Software 

The routes of interoperability that will be investigated are based on the capabilities of 

each individual tool. Figure 2 shows the key features of the software's functionality 

that have been investigated and assessed.  

 

 

Figure. 2. OO view of software with key features utilised. 

 

This work will explain the findings from the attempted interoperation of the CG tools.  

Stand Alone Prolog+CG 2.0 Vs Amine’s Prolog+CG 

Historically, Prolog’s relations with CG have existed, from 1980, when Ennals used 

the software to teach students how to construct linear semantic statements [7]. In 

passing, therefore, we shall also refer to Prolog+CG1. Prolog+CG is seen as a legacy 

system as stated online by Kabbaj himself as his focus has shifted to Amine which 

incorporates Prolog+CG among the series of tools. This functionality, not available in 

CharGer, offers a means by which CGs can be processed. CharGer on the other hand 

offers a simple to use Graphical User Interface (GUI) for CG editing environment. 

The interoperability of these tools would therefore be of great benefit. 

 

                                                           
1 When Prolog+CG is documented, it is version 2.0 that that is in question. 
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Figure. 3. Screen shot to show stand alone Prolog+CG 

 

Figure 3 shows a basic example of how the “stand-alone” version looks and 

functions. The screen is spilt, with one half dealing with the knowledge base and the 

other with the queries. Each change made to the Prolog+CG requires the program to 

be compiled before it can be run and queried. 

In comparison with Amines version, several substantial changes have been made. 

One example is that the primitives in Amine have been reduced [1]. These primitives 

are extremely useful in speeding up coding practice and expanding functionality. 

Kabbaj [1] suggests that by utilising API’s users are able to create their own specific 

set of primitives, yet for a novice user this may be viewed as a limiting factor. 

Syntactical difference do occur in the applications, Amines uses "[ ]" rather then "( )", 

due to differences in naming conventions. The differences are continually growing 

and cannot all be documented in this work. 

 

 
Figure. 4. Amine’s GUI and console 
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Amine’s advantage with reference to Prolog+CG is highlighted (Figure. 4) with the 

facility to load an ontology. This acts as the database of knowledge from which logic-

based questioning can be performed. The “consult” functionality of Amines 

Prolog+CG allows for multiple querying of a single ontology. Without the ontology 

Prolog+CG is still able to function but for full optimization of the tool an ontology is 

a necessity.  

Where Amine’s version of Prolog+CG misses in primitives it more than 

compensates with improved functionality and interoperability. By supporting .db .prlg 

.plgcg .pro .pcg extensions in comparison with .prlg .plgcg used by the stand-alone 

“standalone” version, instantly Amine functionality exceeds that of its counterpart. 

Clearly, the continuation of development of Prolog+CG, now reaching version 4.0, 

brings with it many benefits with the modernisation of Adil Kabbaj’s work.  

Charger to Amine 

With the creation of transaction model in CharGer as displayed in Figure 5, the aim of 

interoperation and rapid development could commence. We saved this document as 

both XML and CGIF allowing for both paths of interoperability to be explored. In 

comparisons to CharGer, Amine is a more complex tool in the design of ontologies 

and MAS. Amine works on a hierarchical structure which means it holds limited 

flexibility in relation to implementation of part developed designs. Amine demands 

that at the Kernel level, a Lexicon Ontology is created, which then can be loaded to 

activate functionality of the full tool suite.  

 

 

Figure. 5. Example CG based on electricity generation and monitoring 

Loading of the .XML transaction model created in charger was attempted, at kernel 

level. Unfortunately this was not accepted. Amine is able to read .ONT, .XML and 

.CGIF documents but all three file types vary in structure, dependent upon the original 

source. There was limited success with the use of .CGIF as further practical 

investigation lead to the ability of opening and use of the .CGIF file created in 

CharGer. Amine allowed this inside the CG tools section of Amine but this was of 

limited use as a lexicon ontology needed to be created first otherwise application 

errors were shown when saving the changes. 
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Comparison of XML in Charger to Amine 
 

Shown is a small snippet of XML code (Figure 6) taken from Amine. As 

interoperation had not been possible, the investigation into the reasons for this 

followed the path of comparison of XML. The layout formatting has been removed 

from the charger XML (Figure. 6) and the father/child relationship information has 

been removed for the purpose of this document. The objective of the comparison is to 

understand at what point the interoperation is collapsing. As demonstrated by Brady, 

the comparison of XML allows mapping of the same objects. There are small 

similarities in naming conventions such as <type>, but beyond this the applications 

both read/write the XML according to their implementation.  

 

<Type> 

  <Key>Governing Body:National Grid</Key>  

- <Lexicons> 

- <Lexicon> 

  <Language>Transaction</Language>  

- <Synonyms> 

  <Synonym>Governing Body:National Grid</Synonym>  

  </Synonyms> 

  </Type> 

Figure. 6. Amine XML snippet 

As the organisation of each tools XML is varied, it was envisaged at that start of this 

project that interoperability would not be straightforward. The comparison of XML 

and CGIF that took place was in order to identify the need for a common language 

between CG and non CG tools. The key development would be to ensure that such 

tools used XML as a common language therefore allowing interoperability between 

the CG and non CG tool.  

Charger to SeSAm 

Brady covered this topic in the ICCS 2006 edition where he identified the use of 

XRay
2
 as an XML editor to convert XML from charger to be used in SeSAm. His 

investigation also unearthed that even when minor conversion changes are not  

completed syntactic interoperability is lost. SeSAm uses Castor to bind and transform 

the XML when saved. This is an Open Source data binding framework for Java™[8]. 

The use of Castor in the conversion from Java to XML, develops a richer depth of 

XML in comparison to that of Amine but similar to that of CharGer. A possibility for 

interoperation could be seen with the nature of SeSAm’s castor. This uses XML 

schemas allowing for APIs to be created working in unison with SeSAm and 

additional tools. Brady showed that CharGer and SeSAm break down in their 

interoperability at the Semantic layer of the Semiotic ladder [9]. Many problems were 

realised in the way the two tools interpreted the XML, leading to errors and failings at 

the interoperability stage.  
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Amine to SeSAm 

With the only successful interoperation with the tools pivoting on the CGIF 

communication between CharGer and Amine, the feasibility of SeSAm’s complex 

XML structure interoperating successfully was questionable. With SeSAm not 

supporting the CGIF technology the chances of success at this level were reduced. 

Attempting to open the .XML file created in Amine caused an error to be displayed: 

Error  

org.xml.sax.SAXException: XMLSeSAmModel is missing 
required attribute: version 

Figure. 7. SeSAm displayed error 

 

This equates to a basic error or warning information from the XML parser, 

resulting in unsuccessful interoperation of the tools. A positive outlook for Amine and 

SeSAm is that they are both capable of API extensions. As the nature of APIs is 

abstract they work off the interfaces provided to them from the software. Inclusive 

with this interoperability scenario, allowances for a plug-in to be developed between 

the two tools is a promising area for interoperation.  

Summary 

It would be easy to write off the possibility of meaningful interoperability but to do so 

would be unjust. As the results shown from this work should be of use in identifying 

those areas where interoperation is currently failing and those where success is 

becoming more apparent. With the use of the open source tools, allowances are made 

so that personalised extensions could be made to aid the interoperability process. 

Application of the Semiotic Ladder 

Using the Semiotic Ladder [5] each tool has been assessed on its capability to satisfy 

the requirements of each step with consideration of future possible benefits. 

Usage of the semiotic ladder is usual in the context of breaking down problems in 

order to foresee any project-critical issues. Having used a different approach and 

assessed each CG tools at every level to show what provisions must be made to 

satisfy the step, the semiotic ladder takes on a new role. 

Stamper’s objective of each level dealing with distinctly different properties of a 

sign [5] is aimed at reducing confusion of categorization. This is relatively clear cut 

with respect to technical issues however the human level tends to bring with it 

ambiguity. Additionally, the traditional beliefs behind semiotics and the definitions of 

syntactic, semantic and pragmatic platforms have been questioned and criticised by 

Peirce. 
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These are identified and explained by Cordeiro [10] culminating in a quotation of 

Pierce questioning the validity of the pragmatic step: "what is called pragmatics is not 

only theoretically antipragmatic, but also illogical". Even with this surrounding 

ambiguity of the Semiotic Ladder recent works by Stamper [5] and Dobrev [6] sheds 

new light on the situation which proves its worth with system development in 

modern-day practices. 

Figure.8 displays the assessed conceptual tools with regard to the investigations 

undertaken in this paper and with a view to future possibilities.  

 

 

Figure. 8. Applied Semiotic ladder to CharGer, Amine and SeSAm 

Alternate Software Use & Future Work 

In the light of the limited success with interoperability of the three selected CG tools, 

attention to possible alternative applications to replace the role of one of the current 

tools became a likely topic for future enquiry. With the greater understanding of each 
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application it became clear that an alternative solution might be possible with the use 

of Protégé-OWL in the place of Amine, which was not designed with interoperability 

in mind.  

Protégé-OWL is a free, open-source platform that provides a growing user 

community with a suite of tools to construct domain models and knowledge-based 

applications with ontologies [11]. Protégé has a proven history of interoperation 

through a plug-in developed and created by Klugl [12]. An added advantage for users 

who are new to this software is that the surrounding material in relation to Protégé is 

far superior in richness and availability. It certainly would be useful to explore the 

idea of a plug-in to connect Amine and SeSAm.  

Conclusions 

The tools used in this document are three specialised tools that are the result of 

research based projects. We investigated to see if it would be possible to find a way to 

rapidly design and develop a simulated environment using each tool to expand and 

develop the work of the last. Ultimately, as the interoperation of the tools was 

minimal, it became increasingly difficulty to visualise that this specific combination 

of programs could have any possibility of being successfully applied to a business 

scenario. Without a common language or ability to read and write in the same 

structures, interoperability of these types of tool will continue to hamper the progress 

they make. 

To assist in the process of achieving interoperability, we propose that XML 

converters are provided as part of the interoperability of CG tools. Expecting each 

tool to interoperate directly with each other is, in our view, a desirable but 

unachievable goal. Energy expended on the development of such converters would 

also identify any deficiencies in each tool for this purpose. Hence, the very 

development of these converters would focus on where interoperability would be best 

directed.  

Dobrev [6] summarises that the work of interoperability is never finished and a line 

can never be draw under interoperation. We would agree with such assumptions as 

with the ever-changing nature of technology, possibilities for interoperation will 

always be arising. This investigation has by no means exhausted all the possibilities 

for interoperation. But to fully understand and become competent in each software 

would require considerable more time and extensive effort than was possible during 

this projects enquiry. We believe, however, that we have covered the major 

possibilities and limiting factors of interoperation. During the scope of the project we 

have not been able to identify any fulfilling success. 
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Abstract. Query Expansion is a technique whereby a query in an infor-
mation retrieval system is expanded with more terms, thus most likely
increasing the number of relevant documents retrieved. In this paper, we
describe a prototype of a system built around a number of interoper-
ating conceptual structures tools, and how it uses Query Expansion to
retrieve greater numbers of relevant documents. Thus the system is an
example of how interoperating conceptual structures tools can be used
to implement an information retrieval system.

1 Introduction

In what ways is it possible to query a corpus of natural language text concep-
tually? That is the motivating question behind the research presented in this
paper. In order to answer this question partially, we have built a prototype sys-
tem which incorporates three technologies, namely the Amine Platform [1–6],
the Emdros corpus query system [7–10], and some natural language processing
software in the form of a lemmatizer and a part of speech tagger1. The system is
able to increase the recall of queries for a given corpus of text, by expanding the
query with lemmas taken from an Amine ontology. The system could not have
been built without the integration of the three key technologies mentioned. In
this paper, we show how the system works in terms of its architecture, and how
it is able to achieve greater recall.

The organizational context of the present research is the Kaj Munk Research
Centre at Aalborg University, Denmark. Kaj Munk (1898-1944) was a Danish
playwright, pastor, poet, and author, who was very influential both in Danish
cultural life and outside of Denmark in the period between the two World Wars.
He was killed by the Germans in 1944 for his resistance stance.

The Kaj Munk Research Centre has bought the nachlass of Kaj Munk, and is
in the process of digitizing the material for electronic publication on the web and

1 The lemmatizer and part of speech tagger employed in this research are the ones
developed by Centre for Language Technology (CST), Copenhagen, Denmark. See
http://www.cst.dk.
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in other ways. The envisaged website will feature advanced search capabilities
that go beyond mere matching of text strings into the realm of semantics. In this
endeavour, conceptual structures play a key role, and software tools that deal
with conceptual structures become critical in the development of the underlying
database technology.

The rest of the paper is laid out as follows. First, we introduce the litera-
ture behind our system. Second, we give an overview of our system. Third, we
offer a more detailed look at the query-process that leads to semantic querying.
Fourth, we give an example of the query process. Fifth, we give an analysis of
the functionality in terms of the precision and recall of the system. Sixth, we
report on the method of achieving interoperability between the various parts of
the system. Finally, we conclude the paper.

2 Literature review

Within the field of information retrieval, the notions of precision and recall are
often used to describe how well a search system performs. Briefly, recall is a
percentage showing how many documents out of all relevant documents were
retrieved, while precision is a percentage showing how many of the retrieved
documents are in fact relevant. For more information, see [11] and [12].

Query Expansion refers to a class of techniques in Information Retrieval in
which a query given by the user is expanded with more query terms. The intent is
always either to increase the recall, or to increase the precision, or both. Query
Expansion is an old technique, but as demonstrated by the literature, a very
useful technique. See for example, [13–15]. In so far as WordNet [16] can be
considered an ontology, [13, 17, 15] among many others show that ontologies can
prove valuable in the process of Query Expansion. The article [18] shows how
compound forms in Danish can be split into their respective lemmas, then used
as a basis for Query Expansion using a thesaurus.

The present author has built a corpus query system called Emdros. The
Emdros software is a generic query system for “analyzed or annotated text.”
As such, the software accommodates “text plus information about that text.”2

In the present research, Emdros is the component that stores and queries both
the text corpus to be queried and the part of speech and lemma information
with which each token is annotated. Additional information such as sentence
boundaries, paragraph boundaries, and noun phrase boundaries are also present,
but are not used in the present research. Document boundaries, however, are
used.

Emdros was written in C++, but has language bindings for several program-
ming languages including Java. These language bindings are provided through
SWIG.3 For more information on Emdros, the reader is invited to consult both

2 This phrase is taken from [19], which is the PhD thesis of Crist-Jan Doedens. Emdros
implements an extension of Doedens’ database model, and a subset of Doedens’ query
language. As such, Emdros can be seen as a derivate of the labours of Dr. Doedens.

3 See http://www.swig.org. See also [20].

46



the Emdros website4 and [7–10], all of which can be downloaded from the au-
thor’s website5.

The Amine Platform is a platform intended for development of intelligent
systems and multi-agent systems [5]. It implements a large array of the technol-
ogy components needed for building Knowledge Systems, including an ontology
builder, a CG layer with concomitant CG operations, and a logic inference en-
gine built around the integration of Prolog and CGs.6 The latter component
is called Prolog+CG, and is the software hub in the prototype which we have
developed.

3 System Overview

An overview of the system is given in Fig. 1. It is given in the form of a conceptual
graph, with an implied ontology of concept types such as the one given in Fig.
2, and an implied relation hierarchy such as the one given in Fig. 3.

As can be seen from the ontology of concept types in Fig. 2, there are essen-
tially two kinds of concepts in Fig. 1: Software and Data. Indeed, the relation
types reflect this, as can be seen in Fig. 3, in which all subtypes of DataSoft-
wareRole have the signature (Data,Software), and all subtypes of SoftwareSoft-
wareRole have the signature (Software,Software). Consequently, the signature of
Role in our small conceptual graph of Fig. 1 must be (Bits,Software), indicating
that the outgoing arrow on every relation always is attached to a concept of type
Software (cf. [21–24]).

There are three related but distinct flows of data in Fig. 1. The first flow
starts with the TextCorpus at the left edge of the leftmost row. This TextCorpus
(which, in our case, is the corpus of published sermons of Kaj Munk) is read
by CST’s part of speech tagger and lemmatizer to produce a pos-tagged and
lemmatized corpus. This corpus is then read by a program which converts the
corpus to a number of CREATE OBJECT statements in the MQL query language
of Emdros. This produces the MQLCorpus, which is read by Emdros to produce
the EmdrosDatabase at the bottom right hand corner of Fig. 1.

The second flow starts with the Amine Ontology Builder in the middle of the
second row of Fig. 1, in which a domain expert creates an ontology of the domain
which one would like to query. This produces the AmineOntology, which again
is read by Amine’s Prolog+CG engine. Notice that the method of production
of the ontology is irrelevant for our prototype: It might just as well have been
produced automatically. In our case, for simplicity and accuracy, we produced
our own ontology “by hand.”

The third, and main, flow starts with the user query in the top right hand
corner of Fig. 1. This query is read by the Prolog+CG programs written for our

4 http://emdros.org
5 http://ulrikp.org
6 However, Amine is much more than the few components listed here. In-

terested readers are invited to consult [5, 6] and the Amine Website:
http://amine-platform.sourceforge.net
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Fig. 1. Overview of our system

prototype, and is transformed, inside of Prolog, to an Emdros query based on
the type(s) from the AmineOntology given in the query. This Emdros query is
then fed to the Amine-Emdros bridge (through the interpreter-nature of Amine
Prolog+CG), which takes care of calling Emdros to query the EmdrosDatabase
in the bottom right hand corner of Fig. 1. An answer comes back from Em-
dros to the Amine-Emdros bridge. This answer is then further processed by the
Amine-Emdros bridge in order to obtain not only the words found, but also their
context.7 This result is then passed back to the Prolog+CG programs (through
the interpreter-nature of Amine Prolog+CG), which then displays the results to
the user.

7 Emdros’s query language is designed to be very generic. As such, it uses a generic
method of returning query results, which must then be interpreted in the context of
a given database. This interpretation usually involves retrieval of more objects from
the database, such as whole sentences and their constituent tokens, and/or the titles
of the document(s) in which the results are found.
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TextCorpus LemmatizedCorpus MQLCorpus

AmineOntology EmdrosDatabaseCorpus

Fig. 2. A possible ontology for the concept types in our system

4 Querying

In our prototype, the user enters a query in the form of a set Q of types from the
Amine ontology, along with an indication of whether supertypes or subtypes are
wanted. If supertypes are wanted, a set Ei are constructed containing n levels
of supertypes of each term ti from Q. Similarly for subtypes, if subtypes are
wanted.

An Emdros query is then constructed from the sets Ei, as follows. For each set
Ei, a single query fragment (technically, an “object block” retrieving an object
with certain characteristics) is created, finding all objects of type token whose
lemma is one of the terms ej in Ei, with Boolean disjunction being the operator
between the comparison. This could look as follows:

[token lemma=’party’ or lemma=’organization’ or lemma=’group’]

If there is more than one set Ei, then all permutations of all sequential orders
of the query fragments arising from each Ei is constructed, allowing for arbitrary
space in between each query fragment, and using an OR construct on strings
of blocks between each permutation. This results in a string of OR-separated
strings of blocks, where each string of blocks represents one possible order of the
query terms. Finally, this string of OR-separated strings is wrapped in a block
indicating that the search is to be done within document boundaries.

Variations over this theme abound. For example, the number of levels n to
go up or down in the ontology can be varied; sibling nodes may be considered;
various measures of semantic distance may be employed in determining which
concepts to include in the search; word-sense disambiguation may be performed
based on either the query terms and their cooccurrence in the query, or on
the documents actually stored in the database, or both; the context may be
changed from “Document” to a more restrictive “paragraph” or even “sentence”
textual unit, thus increasing the likelihood that the query terms do in fact have
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Fig. 3. A possible ontology for the relation types in our system

something to do with each other; named entity recognition may be performed,
and named entities may be classified as per the ontology, thus aiding in increasing
recall; compounds may be split and used as the basis of further Query Expansion,
as described in [18]; parsing or chunking of the texts may be performed so as
to aid in identifying noun phrases that could aid in identifying more precisely
where to search for given kinds of entries from the ontology; the ontology may
be enriched with part of speech information, such that this information can be
taken into account when searching. Many other techniques have been tried over
the years, all built up around the single, simple idea of Query Expansion.

5 Query Example

In this section, we give an example of how the query-process works.

Consider the small ontology in Fig. 4. It is a sample ontology of concepts
from the political domain. Some of the concepts are annotated underneath with
zero or more lemmas, separated by a vertical bar if more than one are present.
Where no lemma corresponds to the type, the number of lemmas is zero.

Suppose the user enters a query in which the set Q of query types is {
PartyMember, PoliticalEmployee }, and suppose that the user specifies that 3
levels of subtypes are to be used for query expansion. In this case, two sets E0 =
{ partymember, minister, primeminister, MP, parliamentmember } and E1 = {
spindoctor } are constructed.

From these sets, the two object blocks:
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Fig. 4. A sample domain ontology of political language

[token lemma=’partymember’ OR lemma=’minister’

OR lemma=’primeminister’ OR lemma=’MP’

OR lemma=’parliamentmember’]

and

[token lemma=’spindoctor’]

are constructed. There are only two possible permutations of the order in which
two objects can occur (2 factorial), so these object blocks give rise to the query
shown in Fig. 5.

Briefly, the query means that, within the context of a document, two tokens
must be found, in either order, where the lemma of each token is either drawn
from the sets E0 and E1. The “..” between each [token] object block means
that the tokens need not be adjacent, but may be separated by arbitrary space,
within the scope of the context Document.

This query is executed by the Amine-Emdros bridge, and the results post-
processed in order to get the context of the “hits”, to be shown to the user by
Prolog+CG.
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[Document

[token lemma=’partymember’ OR lemma=’minister’

OR lemma=’primeminister’ OR lemma=’MP’

OR lemma=’parliamentmember’

]

..

[token lemma=’spindoctor’]

OR

// Now the other order is tried...

[token lemma=’spindoctor’]

..

[token lemma=’partymember’ OR lemma=’minister’

OR lemma=’primeminister’ OR lemma=’MP’

OR lemma=’parliamentmember’

]

]

Fig. 5. Example Emdros query

6 Precision and Recall

As mentioned in Sect. 2, “recall” is a measure used within Information Retrieval
to describe how well a system performs; in particular, it shows how many docu-
ments were retrieved, divided by the total number of relevant documents for any
given query. “Precision,” on the other hand, is the number of relevant documents
returned, divided by the number of documents returned [12].

As confirmed by the research reported in [13–15,17], our system improves
recall, and for the same reason that any Query Expansion technique in general
improves recall: Since semantically similar terms are added to the query, more
documents that contain semantically similar terms will be found. Since relevant
documents may contain terms semantically similar to the original query terms,
yet may not contain the actual query terms, increasing the number of documents
retrieved with semantically similar terms will most likely increase recall.

We have not evaluated our system formally on either precision or recall mea-
sures, but this is something for future research.

7 Interoperability

This being a practical rather than theoretical paper, a number of comments on
the interoperability of the various system components are in order.

Both Amine’s ontology builder, Amine’s Prolog+CG, and Emdros can be
viewed as tools for dealing with conceptual structures; Amine’s tools more so
than Emdros. Amine’s treatment of conceptual structures goes right to the core
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of the very purpose for which Amine was created [5, 6]; thus a large part of
Amine’s codebase is centered around conceptual structures. Emdros, on the other
hand, has a different focus, namely that of storage and retrieval of annotated
text. Given that lemmas represent a unified form for all forms of a given word,
and given that this simplifies the task of assigning meaning to any given word,
and given that lemmas play an important role in the selection of labels for the
concept types in many kinds of ontologies, and given that Emdros can store
lemmas just as well as any other annotation, Emdros can be seen to be able to
deal with conceptual structures.

The interoperability of Amine with Emdros was achieved through the use of
a “bridge” written in Java. This bridge is simply a Java class which instantiates
a connection to an Emdros datbase, receives queries, and “harvests” the results.
The latter task involves processing the results of a query, then retrieving as much
context as necessary for the purposes at hand. This usually involves things like
retrieving document titles, all the words of the sentence surrounding a “hit”,
retrieval of other objects necessary for display of the hits, etc.

Amine’s Prolog+CG supports calling arbitrary Java methods and instanti-
ating arbitrary Java objects from within Prolog+CG. This is the method used
in our prototype system, where Prolog+CG instantiates an “Amine-Emdros
bridge” as a Java object, then calls methods on this bridge both to retrieve
query results and to postprocess them as described above.

The present author found that Amine’s Java-integration made it easy to
call both the Amine API and the Emdros bridge. The ability to call arbitrary
methods in the host language (Java, in this case) was key in making the inter-
operability work.

8 Conclusion

We have described a prototype system that enables a user to query a collection
of documents semantically rather than just by keyword. This is done through the
use of three key technologies: The Amine Platform, the Emdros Corpus Query
System, and a lemmatizer and part of speech tagger for the target language. An
ontology is used to guide the process of query expansion, leading to a greater
number of relevant documents being returned than would have been the case,
had the program only found documents containing the original query terms.

Pointers to further research have already been given.
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Abstract. A computer data structure based on the Phaneron of C. S. Peirce has 
been described [1, 3, 4]. Although this data structure has significant commercial 
value it does not yet realize all of the concepts that Peirce attributes to the 
Phaneron [5]. Because it is not yet possible to attempt to implement a K data 
structure that does contain all the Peirce concepts, a method was needed that 
would facilitate the implementation of these concepts in phases. The solution 
being used is to define SIGNs, which are not fully formed, and use them as 
though they were. 

1.0 Introduction 

“Phaneroscopy is the description of the phaneron; and by the phaneron I mean the 
collective total of all that is in any way or in any sense present to the mind, quite 
regardless of whether it corresponds to any real thing or not” [2  3:284]. 

The Phaneron then contains anything that the mind requires to think, that would be 
experiential data and relational information, as well as processes or strategies to 
manipulate and/or retrieve information. All of these elements of the Phaneron would 
exist within the Phaneron and in the same triadic form that Peirce describes. 

A rudimentary triadic structure, based on the Peirce phaneron, that creates a 
recording of basic data and relational information, has been described and 
implemented [1,3,4]. An API has been developed, to this software, that facilitates the 
creating and querying of this triadic structure called a Knowledge Store or K 
structure, for field/record data. Also, a GUI interface that uses the KStore API has 
been prototyped, for data analysis. This system is capable of returning the number of 
occurrences of any SIGN within the context or constraints of any set of SIGNs and 
therefore will support any type of analysis, of the data recorded in the K.  The 
prototype includes a simple classification analytic, a Naïve Bayes classification 
analytic, a graphing tool as well as an aggregation function that can create re-
aggregated forms of the original data.  

The KStore data analysis system is very efficient for building the K structure for 
and querying, large field/record data sets. It can process static or streaming data and 
does not require any external structure such as cubes or indexes. [5] 
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Development of this K structure continues with the focus on incorporating more 
types of information into the K structure. Some of this information is conceptual or 
procedural, such as a data type attribute for a number or field value, which would 
require procedures to process them.  

This conceptual or procedural type information within a K structure would have to 
be represented by a SIGN, a node in a K structure that was created through the 
recording of many interrelated experiences. These experiences that would be a part of 
an attribute SIGN, for example, can not at this time be well defined and so these 
SIGNs can not be fully formed within the current K structures. 

The first examples of these types of SIGNs are the BOT (begin a thought) and 
EOT (end a thought) SIGNs that begin and end each sequence of events in a K 
structure. At this time the determination of the completion of a sequence is controlled 
by a coded algorithm and a hard-coded delimiter. For example, in a text universe a 
space would determine the end of a word and the coded algorithm encountering a 
space would complete a sequence that represents a word and initialize a new 
sequence. Eventually it is planned that the K structure will be able to determine its 
delimiters from past recorded sequences within the K structure itself. Algorithms to 
do this are being tested. 

2.0 Basic K Structure 

The Peirce writings suggest recording information sequences in a three dimensional 
structure using the basic triad shown in Figure 1. 

 
Figure 1.  Basic Triad 

2.1 Recording Event Sequences 

K structure recordings of the event sequences ‘cat’ and ‘cats are furry’ would look 
like the K structures diagrammed in Figure 2 and Figure 3, respectively. 
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Figure 2.   K recording of the sequence ‘cat’ 

 
 
 

Figure 3.   K recording the sequence ‘cats are furry’ 

2.2 Recording Commercial field/record data 

Given the data set in Figure 4, the resulting K structure, shown in Figure 5, will have 
three distinct levels. 

In Figure 5, at the lowest level are the elemental events or sensors, in this case the 
alphanumeric character set. The middle level contains the recordings of the elemental 
event sequences from the level below that occur in this environment, that is, 
sequences of letters that represent field values. At the highest level are the recordings 
of sequences of field values that make up the records. 
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Figure 4.   Sample data set 

 

 
Figure 5.   K recording of the sample data set 

K structures created using the basic triad are truly three dimensional structures. All 
the K node pointers are bi-directional allowing the structure to be traversed left-to-
right and up-and down, and in any combination of directions. For example, in the K 
structure Fig.5 if I want to find all the records that contain the character ‘P’, I would 
start at lowest level SIGN for ‘P’ and follow the dotted line to the field variable level 
sequence that contains ‘P’. There is only one field variable that contains ‘P’, 
traversing that field variable sequence to its end using the solid line I find there are 
three dotted lines pointing to the records that contain a field variable that contains the 
character ‘P’. For more examples of traversing the K structure to obtain information 
see the patents [3.4] and ‘The Practical Peirce’ [5]. 
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3. Incorporating more information into a K Structure 

The K structure in Figure 5 is a K recording of field/record data only. Any processing 
of the recorded data would be accomplished by executing coded algorithms that 
traverse the K structure referencing the data. The K structure in Figure 7 also contains  
the SIGNs, BOT and EOT. These SIGNs represent something other than the actual 
data event elements. 

The K structure is proving to be a very flexible data structure with the potential to 
hold information that would typically be stored in multiple data structures or as part 
of coded algorithms.  

3.1 SIGNs that define K structure 

Initially, the BOT and EOT SIGNs were created to allow coded algorithms to locate 
the physical beginning and end of event sequences within the K structure. Eventually, 
it became evident that the BOT and EOT SIGNs, such as the ones in Figure 4 and 5, 
actually simulate the physical beginning and ending of event sequences and may also 
be used to represent some concept or attribute associated with the event sequence. For 
example, the EOTs at the end of the event sequences in the middle level of the K in 
Figure 7 may also contain the information that identifies this event sequence as a field 
variable value. 

An EOT SIGN representing such a concept would have been developed from many 
other experiences, also recorded in the K, and be composed of many lower level 
SIGNs, in other words fully formed within the K. Experiences that would have 
recognized the pattern of blank space between complete event sequences, ending one 
sequence and beginning another, would have created a SIGN such as the BOT SIGN 
that would trigger anticipation of a new sequence of letters. 

The ultimate computer implementation of a Phaneron or K as described by Peirce 
would have a very small set of coded algorithms to simulate the creation of SIGNs 
and habit, the strengthening of the connections between the SIGNs from the 
stimulation of a sensor set. The structure itself as it is developing, will contain a 
record of the experiences in relation to all other experiences and strategies for 
responding to those experiences, all in the form of SIGNs connected to SIGNs. 

3.2 SIGNs that represent Concepts 

In the example above, Figure 5, all the SIGNs created at the middle level are of the 
same type, so it is easy to identify all the field variables using the EOT. However, as 
we incorporate more types of information into the K, multiple event sequence types 
will occur at any given level and the sequence types must be specified. 

For example, one sequence of events from the available alphanumeric events might 
be ‘abcdefg…z’ representing the alphabetical order. Figure 6 shows the alphabetic 
sequence of events that would be at the same level as field variable, with a new SIGN 
embedded in the sequence that identifies it as an alphabetic order. 
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This attribute SIGN represents concepts we can’t fully realize in K at this time and 
its function will have to be realized by a coded algorithm. This attribute SIGN, 
however, differentiates this sequence from other types of sequences at the same level 
and established relationships between the alphabetic order and all other sequences 
containing those SIGNs in the alphabetic sequence. 

  
 

 
Figure 6.   K recording of the alphabet with an alphabet concept SIGN 

Figure 7 shows a K that contains the event sequences ‘bat’, ‘cat’ and ‘fat’ (the 
larger ovals) and the event sequence that defines the alphabetic order (the smaller 
ovals). 

 

 
 

Figure 7.   K recording of event sequences 

A general coded algorithm can use any ordering event sequence stored in the K, to 
reference any type of event sequences also stored in the K. Such an algorithm would 
use the alphabetic order event sequence to reference the word event sequences and 
select the references in the proper alphabetic order. 
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There are many other concept types that might be associated with event sequences 
at this K level. Field values, names, numbers, column names, nouns, verbs, pronouns 
and so on, this list is infinite. Many event sequences may also have multiple concept 
types associated with them. Ultimately, as Peirce says, all that is before the mind is in 
the Phaneron. 

4. Mapping Peirce concepts into the K Structure 

“This illustration has much more pertinence to pragmatism than appears at first sight; 
since my researches into the logic of relatives have shown beyond all sane doubt that 
in one respect combinations of concepts exhibit a remarkable analogy with chemical 
combinations; every concept having a strict valency.” [2 3:469] 

“One very important triad is this: it has been found that there are three kinds of 
signs which are all indispensable in all reasoning; the first is the diagrammatic sign or 
icon, which exhibits a similarity or analogy to the subject of discourse; the second is 
the index, which like a pronoun demonstrative or relative, forces the attention to the 
particular object intended without describing it; the third [or symbol] is the general 
name or description which signifies its object by means of an association of ideas or 
habitual connection between the name and the character signified.” [2 3:369] 

The concepts of valence, icon, index, symbol and others defined by Peirce, if 
generated from within a K, would have a very complex defining K structure. The 
ability to create these SIGNs partially formed (without any defining K structure) and 
process them using coded algorithms gives the potential to explore Peirce’s cognitive 
model or Phaneron and the interaction of these concepts even though the SIGNs are 
incomplete. 
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Abstract. Amine is a multi-layer platform and a 
modular integrated development Environment, based on 
CG theory and suited for symbolic programming, 
intelligent system programming and intelligent agents 
programming. Amine architecture is composed of five 
layers: ontology layer, algebraic layer, 
process/engine/programming layer, agents and multi-
agent systems layer, and application layer. 
Interoperability is among the next steps for Amine 
platform. The paper specifies also other directions for 
future works on Amine. 

 
 

1. Introduction: Amine architecture 
Amine is a multi-layer platform and a modular integrated development 

Environment (IDE), based on CG theory and suited for symbolic programming, 
intelligent system programming and intelligent agents programming [1, 2]. Amine is 
composed of five hierarchical layers (Figure 1):  
a) Ontology layer: It concerns the creation, edition and manipulation of multi-

lingua ontology which provides the “conceptual vocabulary” and the semantic of 
a domain. 

b) Algebraic layer: this layer provides several types of structures and operations. 
Amine offers elementary data types (AmineInteger, AmineDouble, String, 
Boolean, etc.), structured descriptions (AmineSet, AmineList, Term, Concept, 
Relation and Conceptual Graph) and structured patterns (structured descriptions 
that are generic; they contain variables). In addition to operations that are specific 
to each kind of structure, Amine provides a set of basic common operations 
(clear, clone, toString, etc.) and various matching-based operations (match, equal, 
unify, subsume, maximalJoin and generalize) common to all structures. 
Operations on structured patterns take into account variable binding (the 
association of a value to a variable) and binding context that specifies the 
programming context which determines how variable binding should be 
interpreted and resolved, i.e. how to associate a value to a variable and how to get 
the value of a variable.  

Amine structures and operations (including CG structure and CG operations) 
are APIs that can be used by any Java application. They are also “inherited” by 
the higher layers of Amine. 

Amine uses “Java interfaces” to guarantee genericity and openness of Amine 
to Java: new structures, that implement these Java interfaces, can be integrated as 
new structures to Amine. 
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c) Programming layer: Three complementary programming paradigms are 
provided by Amine: a) pattern-matching and rule-based programming paradigm, 
embedded in the PROLOG+CG language which is an object-based and CG-based 
extension of the PROLOG language, b) activation and propagation-based 
programming paradigm, embedded in the SYNERGY language and based on 
executable CG, and c) ontology or memory-based programming paradigm which 
is concerned by incremental and automatic integration of knowledge in an 
ontology (that can be considered also as an agent memory) and by information 
retrieval, classification, inferences, learning and other related ontology/memory-
based processes. 

d) Agents and Multi-Agent System layer: Amine can be used in conjunction with a 
Java Agent Development Environment to develop multi-agent systems. Amine 
does not provide the basic level for the development of multi-agent systems (i.e. 
implementation of agents and their communication capabilities using network 
protocols) since this level is already offered by other open source projects (like 
JADE1). Amine provides rather “plug-ins” that enables its use with these projects 
in order to develop agent-based applications and multi-agents systems. 

e) Application layer: various kinds of applications can be developed, using Amine 
(or a subset of Amine): Knowledge Based Systems, Ontology based applications, 
natural language processing applications, problem solving applications, planning 
applications, reasoning based applications, learning based applications, multi-
agents applications, etc. 

 
Amine provides also several graphical user interfaces (GUIs): Ontology editor 

GUI, CG editor GUI, CG Operations GUI, Ontology processes GUI, Dynamic 
Ontology GUI, Prolog+CG GUI and Synergy GUI. Amine Suite Panel provides an 
access to all GUIs of Amine, as well as an access to some ontology examples and to 
several tests that illustrate the use of Amine structures and their APIs. Amine has also 
a web site, with samples and a growing documentation. 

Amine five layers form a hierarchy: each layer is built on top of and uses the lower 
layers (i.e. the algebraic layer inherits the ontology layer; the programming layer 
inherits the ontology and the algebraic layers, etc.). However, a lower layer can be 
used without the higher layers: the ontology layer (i.e. with the associated APIs) can 
be used directly in any Java application without the other layers. Algebraic layer (i.e. 
with the associated APIs) can be used directly too, etc. Among the goals (and 
constraints) that have influenced the design and implementation of Amine was the 
goal to achieve a higher level of modularity and independence between Amine 
components/layers. 

 

                                                           
1 jade.tilab.com/ 
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Figure 1: Amine architecture 

  
Beside the documentation provided by the Amine website, the group of Peter 

Ohrström and Henrik Scharfe has developed on-line courses that cover some parts of 
Prolog+CG and Amine Platform2.  

Amine is used by the author to teach Artificial Intelligence (AI) courses. Amine is 
suited for the development of projects in various domains of AI (i.e. natural language 
processing, problem solving, planning, reasoning, case-based systems, learning, 
multi-agents systems, etc.). Different groups are actually using Amine in their 
projects. 

Please, consult Amine web site3 for more detail. Source code, samples, 
documentation and Amine website can be downloaded from sourceforge site4. 

 
2. Future works I: Update Amine to incorporate Interoperability 

Interoperability was not among the goals that underlie the development of Amine. 
Amine offers CG with dyadic relations only. This restriction and the various use of 

                                                           
2 www.huminf.aau.dk/cg/ 
3 amine-platform.sourceforge.net 
4 sourceforge.net/projects/amine-platform  
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CG in Amine (which provide various programming contexts) lead to the adoption of a 
CGIF notation that has some difference with the standard. 

Now and since interoperability is becoming an important issue in respect to CG 
tools, we are extending Amine in order to take into account CG with n-adic relations 
and CG notations that are conform to CG standard. 

In addition to CG, Ontology is also concerned by interoperability. Another 
extension of Amine will concern the development of interfaces between Amine’s 
Ontology and standard notations in the growing “Formal/Applied Ontology” field and 
Semantic Web technology (like XML, RDF, OWL, etc.). 

 
3. Future works II 

Current and future works concern all layers of Amine (see the next section for 
more detail) as well as the development of applications in various domains: reasoning, 
expert systems, ontology-based applications, natural language processing, problem 
solving and planning, case-based systems, multi-strategy learning systems, multi-
agents systems, intelligent tutoring systems, etc. Here is a non-exhaustive list of some 
future works. 
a) Update Amine to incorporate Interoperability. This point was discussed in section 

2. 
b) Addition of a “Knowledge Base (KB) Layer”, between Ontology and Algebraic 

layers, that will enable the definition, editing and use of several KB, distinct from 
but supported by the underlying ontology. 

c) Extension of the Algebraic Layer to include general CG, i.e. CG with n-adic 
relations and CG that are not necessarily functional.  

d) Addition of an “Inference and Learning Strategies Layer”, between Algebraic 
and Programming layers, that will be considered as memory-based strategies to 
provide an operational memory-based and multi-strategy learning programming 
paradigm. 

e) Enhance CG and Ontology editors and (automatic) drawing. Consider CG with n-
adic relations and update CG editor to include this extension.  

f) Enhance CG operations: Consider the case of CG with n-adic relations and 
consider the case of general CG; CG that are not functional. 

g) Enhance Prolog+CG: Consider the development of a better editor and provide a 
set of primitives similar to the set of primitive goals in standard Prolog. 

h) Enhance Synergy: Consider a full implementation of Synergy. Currently, only a 
subset of Synergy has been implemented and integrated to Amine; composed 
coreference and object-oriented aspects of Synergy were not considered. Also, 
provide a rich set of primitives for the Synergy language. 

i) Enhance Dynamic Ontology: the current implementation of the integration 
process considers heterogeneous ontology/KB (definition, situation, individual, 
etc.). Several applications require homogeneous ontology/KB (definition only, 
situation only, etc.). Implementation of the integration process for homogeneous 
ontology/KB will be more efficient than its current implementation, dedicated to 
heterogeneous ontology/KB. 

j) Enhance the MAS Renaldo. Consider a better formulation of agent knowledge. 
Develop a visualization of agent behaviour. Consider the reactivity of agents. 
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k) Develop a Natural Language Processing project (semantic analysis, 
question/answering, generation) around a subset of natural language (i.e. a 
Controlled Language like ACE). 

 
4. Conclusion 

With the Ontology layer, Amine provides not only powerful tools for Ontology-
based applications, but also the semantic support for symbolic programming, 
intelligent system programming and agents programming. The great variety of 
structures and operations of the Algebraic layer, especially CG and CG operations, is 
valuable for various applications in different domains. Programming layer, with 
Prolog+CG, Synergy and Ontology-based processes, makes Amine a suitable IDE for 
symbolic programming and intelligent system programming. These layers with the 
agent layer provide the possibility to develop different kinds of agents and multi-
agents systems. 

Future works concern enhance and extension of current Amine’s layers, addition of 
new layers, and incorporation of Interoperability of Amine with other CG and 
Ontology tools. 

 
We hope that Amine will federate works and efforts in the CG community (and 

elsewhere) to develop a robust and mature modular IDE, suited for symbolic 
programming, intelligent system programming and intelligent agents programming. 
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Abstract The Conceptual Programming system (CP) was upgraded to
the Conceptual Programming Environment (CPE) back in 2004. At that
time, the building and storage of Conceptual Graphs were implemented
in a modular fashion in order to allow not only interoperability with
CPE, but also to share modules with other applications. Since then a
module has been added to the environment for doing foundational rea-
soning operations, projection and maximal join. CPE's interoperability
is also being enhanced by allowing not only C and C++ applications to
access this module, but developing this knowledge system so that a story
understanding system, written in Java, can interface with it. Future work
is beginning on developing a module that will allow interoperability with
CPE and the Common Logic Standard.

1 Introduction

The Conceptual Programming system (CP) was originally developed as a sin-
gle, standalone application [1,2] that handles temporal, spatial and constraint
information [3,4] using a knowledge base of Conceptual Graphs (CGs) [5]. More
recently, the New Mexico State University group has begun to investigate alter-
native data structures and models to allow other applications and systems to
communicate with the CP application [6,7,8]. By 2004 the Conceptual Program-
ming Environment (CPE) had been introduced with its new modular, multi-
component design to increase the �exibility of the environment and to allow
modules to be used outside of the environment by other systems [9]. At that
time, the main form of interoperability was by using the CGIF1 interchange for-
mat. CPE included simple wrapper modules to allow other languages, besides C
and C++, to use the CGIF module. The knowledge system has now expanded
not only into the storage and retrieval of graphs, but also into improving the
performance of foundational reasoning operations [10]. When redesigning the
algorithms and data structures for the reasoning operations, it was taken into
account that CGs can be represented by a triples data structure many times seen
in databases. Other researchers have also exploited this data structure [11,12] in
representing CGs. NMSU is unique in using the data structures directly by the
reasoning algorithms, not just in the knowledge representation used for storage

1 The current archived copy of CGIF from the ICCS2001 workshop is located at:
http://www.cs.nmsu.edu/~hdp/CGTools/cgstand/cgstandnmsu.html#Header_44
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and retrieval. To show the usefulness of this research, CPE has been used as the
knowledge base of objects with query-answer facilities in connection with a new
story understanding system.

2 Story Understanding System

This story understanding system is in the process of being built at New Mexico
State University using a multi-agent design [13]. The primary goal is for the
story understanding system to perform in-depth story understanding by using
both world and prototype knowledge through a knowledge base. A short story
that has been tested by the new understanding system is the following text:

Down at the very bottom of the pitcher there was a little water and the
thirsty crow tried every way to reach it with her beak. But the pitcher was
much too tall. The crow got thirstier and thirstier. At last she thought
of a clever plan. One by one she dropped pebbles into the pitcher. Every
pebble made the water rise a little higher. When the water reached the
brim, the thirsty crow was able to drink with ease [14].

3 Knowledge Base

The knowledge base is divided into two categories: 1) world knowledge and 2)
prototype knowledge. The world (or object) knowledge comes from a common
sense knowledge system that can perform some form of non-monotonic reason-
ing, has the ability to change its mind and makes inferences when there is hardly
enough information available to make any inference; while the prototype knowl-
edge comes from the new story understanding system. The world knowledge
describes objects and their relationship with other objects. This part acts as a
basic query-answer facility being able to �nd elements within the story and how
they relate to other objects in the story. The prototype knowledge is a higher-
order or abstract knowledge. Unlike the world knowledge, this knowledge is very
dependent on the domain context of the text being understood.

Given the text de�ned above, an English version of a knowledge base would
need to stored the following propositions:

Water is a liquid.

Liquid is a thing.

All pitchers have a brim, bottom, and top.

Containers are things that hold things.

Pebbles are things.

Crows are birds.

Birds are animals that have beaks.

Animals are live things.

Live things are things that need air, food, water, and shelter.
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3.1 Basic Knowledge About Objects

This part of the knowledge base has open world knowledge and is not speci�c to
any particular domain. This is where CPE and its modules are very applicable.
The English knowledge given above can be translated into the following CGIF
notation.

;The first relations sets up the type hierarchy for the concepts

found in the knowledge base;

(GT [TypeLabel: `Entity'] [TypeLabel: `Thing'])

(GT [TypeLabel: `Thing'] [TypeLabel: `Liquid'])

(GT [TypeLabel: `Thing'] [TypeLabel: `Container'])

(GT [TypeLabel: `Thing'] [TypeLabel: `Pebble'])

(GT [TypeLabel: `Thing'] [TypeLabel: `LiveThing'])

(GT [TypeLabel: `Liquid'] [TypeLabel: 'Water'])

(GT [TypeLabel: `Container'] [TypeLabel: `Pitcher'])

(GT [TypeLabel: `LiveThing'][TypeLabel: `Animal'])

(GT [TypeLabel: `Animal'][TypeLabel: `Bird'])

(GT [TypeLabel: `Bird'][TypeLabel: `Crow'])

;The next set of Conceptual Graphs are definitional for giving

structure to some of the concepts in the type hierarchy just

defined;

[Pitcher*p1:@every ;all pitchers;]

(ATTR ?p1 [Bottom])

(ATTR ?p1 [Top])

(ATTR ?p1 [Brim])

(HOLD [Container*c1] [Thing:@{}]

(PART [Bird] [Beak])

(NEED [PROPOSITION:

(BREATHE [LiveThing*lt1] [Air])

(EAT ?lt1 [Food])

(DRINK ?lt1 [Water])

(LIVEIN ?lt1 [Shelter])])

Yet this knowledge does not have to be added directly into the story under-
standing system. The story understanding system can use CPE completely as a
query-answer knowledge system, where graphs and parts of graphs are returned
to the story system with a Java wrapper set of routines. All the knowledge in the
CPE knowledge base is totally independent of the story understanding system
and can be used by any application.
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3.2 Prototype Knowledge

The prototype knowledge builds understanding that goes beyond the given text.
However, this knowledge is part of the story understanding system and its rele-
vance to the topic of this paper is in how it interoperates with the world knowl-
edge system. The current design for testing di�erent knowledge systems with the
story understanding system is to have a �xed application programming interface
(API) for all knowledge systems to be used.

Originally it was believed that all basic knowledge had to be stored in all
knowledge systems being used by the story understanding system. So some pre-
liminary work was done addressing the translation of data from one knowledge
system to another [15]. However, it turns out how the knowledge is stored in the
knowledge system is not important, only that the �xed API is necessary for the
story understanding system to be able to move between knowledge systems.

4 Future Research

Work has begun on the API between the prototype knowledge and the world
knowledge to use the new Common Logic standard, CLIF2. This will give a
consistent API that will not have to change if another knowledge reasoning
system is to be used with the story understanding system. It will also allow
CPE to have available a sharable CLIF module for standardized communication
with other applications or systems.

Work is also proceeding on interfacing CPE to John Sowa's FMF blackboard
application [16]. Modules are being investigated that will take input in either
CLCE [17] or ACE [18] format.
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