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Preface
Generalization of information must be considered a fundamental
principle of science investigation – in structural equivalence to investigating elementary details. Generalization not only is used to reduce
complexity but at the same time helps to understand the intrinsic
structure of phenomena under investigation by enabling transforms
into other representation spaces. Investigating these transformations
properties and the possible new logic that evolves in different representation spaces is origin of important scientific understanding.
CODATA deals with basic principles of science methods in a most
interdisciplinary way. This is reflected in the contributions to this
symposium. It is clear that many other fields of science contribute to
the principles of generalization of information. In this symposium,
participants especially appreciated the open atmosphere of hearing
about generalization principles of other science fields they did not
have much contact with previously. Nevertheless, the gain in reflection of other sciences results against one's own investigations was felt
of high inspirational benefit and participants experienced a lot of synthesis and potential for further joint investigation. In other terms, the
"gain" was described in getting out of one's box - and step into a larger one. In this respect, even the participants themselves experienced
a representation in another (cognitive) space.
As a common understanding of participants, during a final discussion
there were also challenges of future research named that appeared
when comparing the state-of-the-art with the scientific demand that
would lead to correctly understood complex situations in several
years, anticipating the sharp rise of information amount available in
future decades.
There is too little information support nowadays in very complex scenarios like in disaster management (including preparedness, rescue
and mitigation efforts). Actor-specific generalization concepts have
to be developed in a way that not only prevent contradictions in interoperability of the individually generalized concepts but also support the efficiency of task management of all the actors involved. Information society investigations are today very far from answering
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questions like this, although touching our everyday life in quite important ways. It is also noticeable that generalization principles in
such complex scenarios cannot be seen as an analytical or database
tool only. There is strong demand of support from behavioral sciences as well, since the action aspects (pragmatics) of the situation
under investigation has to be included in addition to current main
analytical and semantical investigations in generalization to achieve
complete semiotical conceptions.
To name only a few of the future research challenges determined by
participants:

The conceptual structure of situation and its dynamics


Algebraic properties of dense and sparse fact spaces



Generalization transforms algebraic properties



Transform space characteristics



Metainformation transform in generalization



Context models and clustering



Generalization in organizations and management



Sensor- and actor-specific generalization
for decision support and action

This symposium was kindly hosted by PTB Berlin (PhysikalischTechnische Bundesanstalt) who's support, especially by caring for a
very friendly atmosphere in a technically astounding and at the same
time historically impressive environment, was greatly appreciated by
all participants.

Horst Kremers
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Information-decision system aiding scientists and
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Abstract. Decentralised information-decision system INFOCAST was designed in the Foundry
Research Institute. The main task of this system is to support solution of technological
problems of the foundry industry in the fields of assistance in reference literature from the field
of foundry practice, analyses in the field of manufacturing technologies, casting defects
diagnosis, supervision of the production process. One part of this system is CASTEXPERT
knowledge base provided in logical rules. The principle functions of this knowledge base are
the diagnostics of casting defects as well as helping to pick up the productive decisions. There
are the possibilities of collaboration in the scope of gaining knowledge and decision making. In
the paper the authors described the sources of gaining the knowledge from experts. In the
article the structure of the defect systems in some other countries is also described. The
principle elements of the theories of ontology giving the base of the co-operation in the area of
different defects of this structure are also placed in the article. The information-decision system
works in the network (internet).

Keywords: Knowledge base, information systems, expert systems, industry

1.Introduction
A network of Internet connections and electronic mail systems became invaluable
tools for organizations which require fast communication and data acquisition in real
time. In foundry industry communication computer systems supplemented with expert
systems are of crucial importance. Computer expert systems, which are an important
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practical application of artificial intelligence, combine knowledge with expert
experience thus allowing diagnosis and technical consulting.
Ever larger class of industrially important computer systems constitute intelligent
informative and decision-making systems which may serve various information
services and support decisive processes on versatile fields of production activities.
This contribution presents brief characteristics of INFOCAST system implemented
in Foundry Research Institute in Kraków which was specially designed to meet
requirements of foundry industry.
INFOCAST belongs to the second class of intelligent computer systems; it enables
access to a broad range of information concerning various subjects spanning form
research, through foundry technologies, to defect diagnosis. The latter can be,
moreover, supported by the data collected from production process in real time.
This work pays special attention to these features of the INFOCAST system, which
make it different from classical expert systems, which are described in available
literature.

2. General Characteristics of the INFOCAST System
Integration of domestic foundry industry with European and worldwide foundry
industries and its further development require access to large information resources
with scientific and technical data. This access is essential during research activities as
well as on implementation of new technologies and international standards
concerning quality management systems.
In the years 1996-1997 in the Laboratory of Computer Systems of the Foundry
Research Institute in Kraków the information-diagnostics system INFOCAST was
designed, implemented and subsequently made available online in the Internet. It was
addressed mainly to scientific institutes in Poland and approximately 440 Polish
foundries, which were in operation at that time. Computational problems were solved
in co-operation with Department of Computer Sciences, University of Science and
Technology in Kraków [1,2,7]. This system is made available online free of charge to
all research institutes in Poland and it is a basis of numerous research projects and
scientific studies. At the same time the system itself is a subject of continuous
development. It is the only one fully computerized database specialised in foundry
and related subjects in Poland.
The INFOCAST system incorporates relational databases SINTE, NORCAST,
CASTSTOP and CASTEXPERT expert system [4]. Every database constitutes a
crucial component of the system. They concern various fields of foundry, namely:
- review of Polish and foreign foundry journals,
- Polish, foreign and international standards,
- standardised grades of foundry alloys,
- casting defects, reasons of their formation and means of defect prevention.
The databases within INFOCAST system work under UNIX operating system and
are accessible through Internet. The SINTE, NORCAST and CASTSTOP databases
were realised using the ORACLE database system. Access to these databases is
possible either directly through the SQL protocol, or via applications based on clientserver architectures [1].
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The SINTE database contains scientific, technical and economical data in the form
of abstracts (in Polish) based on articles from Polish and foreign foundry magazines
published in English, German, French and Russian. This database constitutes a
review of research achievements of foundry from last twenty years. The database
serves a possibility to perform thematic and retrospective surveys.
The NORCAST database contains Polish, foreign and international standards and
European Union directives. Access to information contained in the standards is
necessary to design new technologies, casting production, marketing and organisation
of quality and environment management systems.
The CASTSTOP database contains information on standardised grades of foundry
alloys and their properties. In the introductory period the database is confined to the
alloyed cast iron and cast carbon steel, but in the future the database will be
supplemented with data on other cast alloys.
The abovementioned databases, which are the informational part of the
INFOCAST system, are based on classical database technology. Much more
interesting are the solutions regarding the overall structure of the whole INFOCAST
system and some aspects of the diagnostic subroutine: the CASTEXPERT system[6].

User

communication off-line,
e-mail

user interface

base of metaknowledge,
base of agents,
base of sevices

AG-U

AG-M
KQML

KQML

AG-..
AG-E
communication off-line,
e-mail

expert

AG-ES
rules, facts

expert system

AG-DB
SQL

database

Fig. 1. Agent structure of access to information and knowledge databases.
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3. System Architecture
An important feature of the INFOCAST system is the fact that the system
processes information and knowledge from various, sometimes heterogeneous sources
[6]. To the most important information sources of the INFOCAST system belong:
-

Relational databases.

An access to information ensues in the question language. Information processing
requires knowledge of database structure.
-

Bases of knowledge of inferring systems.

Expert systems which possess information on certain field of knowledge. In the
described case they are systems of rule-based representation of knowledge.
Communication with this type of databases consists in the exchange of facts and
rules.
-

Human experts.

It is assumed that an expert constitutes a source of knowledge on certain field.
Communication with the system consists in e-mail exchange in the off-line mode.
One should assure proper understanding of asked questions.
-

Other sources of information.

It is allowed to use other information sources like other computer systems, control
devices and measuring instruments. Engagement of these devices to the system
requires programming of communication procedures.
In order to ensure effective access and information processing one should apply
proper design of system architecture and its mode of operation. In this case agent
system architecture is applied. In this approach individual agents are design to
perform various functions, to the most important belong:
- Inference based on local information resources,
- Communication with other agents,
- Communication with humans involved in the system (users, experts),
- Making available diverse sources of knowledge, prepared in various
technologies,
- Creation of information grid in the system through identification of agents
solving selected problems (assessments),
- Assurance of coherence of knowledge components which are used in
diagnostic process,
- Integration of information, synthesis and propagation of the results,
arbitration in the case of conflicts.
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The scheme of the architecture with definitions of the functions of agents is presented
in Figure 1. These functions are as follows:
AG-DB – source of knowledge agent of the database type – on the basis of
knowledge source description (database definition, tables’ characteristics) it performs
translation of KQML message contents into corresponding phrase of question
language SQL. Most of these agents allow communication with JDBC/ODBC-type
interface.
AG-SE – source of knowledge agent of the expert system type – both expert system
and the agent use the same representation of knowledge (facts and rules described in
the JESS language), interaction consists in initialisation of the inference process.
AG-E – source of knowledge agent of the expert type – it assists the expert in its
communication with the system, receives the KQML language messages, generates
the HTML form and sends it via e-mail to the human expert, the expert’s answer is
than translated into KQML language.
AG-U – user agent – performs communication with the user from the moment of
assessment initialisation, generates help questions and presents the final results. These
functions may be performed within standard windows interface (based on WWW
browser) or using electronic mail. In the latter case the communication with the user
is analogous to the communication with an expert.
AG-M - agent of meta-knowledge management – it is also (is some sense) agent
performing access to the source of information/knowledge as it manages the
following information resources:
-

-

Base of agents – information on system structure (identifiers, addresses,
etc.);
Ontologies – sets of notions (facts) together with relations between them,
which are operated by agents; inferring in the system proceeds according to
proper ontologies (within support of foundry technologies ontology was
based on thesaurus designed in the Foundry Research Institute in Kraków);
Base of services offered by individual agents – what kind of information
may be supplied by the information sources (agents serving particular
sources of knowledge).

The structure of the system presented above and the way the access to the
information sources is organised, enable performing the inferring process
(performance of assessment) independently on the structure of individual sources of
knowledge (uniform set of notions and facts, uniform way of communication). It
ensures flexibility of the system and possibility of facile adaptation of newly formed
sources of knowledge (extension of thematic information resources, new kinds of
knowledge sources, etc.).
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4. Agent-computational Structure of Knowledge
The presented system description shows the agents performing a wide set of
functions, the especially interesting seems to be the agent for meta-knowledge
management. Operation of this agent is associated with assumed component-based
structure of knowledge which takes into account its versatile character.
As a component one understands a part of knowledge originating from the same
source and expressed in common ontology.
The main task of the AG-M agent is selection of knowledge components essential
for solution of particular problem (diagnosis, assessment); moreover it can arrange
common ontology for these components. In some cases (e.g. for heterogeneous
sources of knowledge) a special agent performing ontological services may be
needed.
Complexity of agent-based functions (or, at least, of some of them) requires
application of relatively complex internal architecture of particular agents. Typical
architecture of an agent is presented in Fig. 2.
It is a general architecture of an agent in the sense that it encompasses all the
elements (modules) which may occur among agents belonging to the system. In the
case of a specialised agent type they appear in some limited configurations.
Agent
Reasoning engine
Bases of rules
Rules + facts
representing
domain
knowledge

Rules + facts
representing
metaknowledge

Temp working
area, base of
intermediate facts

Rules + facts
controlling
agents
communication

Communication
module
(KQML)

Rules + facts
Rules + facts
controlling data controlling user
bases
communication
communication

Database
access module
(ODBC/JDBC)

Communication interfaces

Fig. 2. General architecture of an agent.

User interface

Rules + facts
controlling
communication
with expert

Agent - Expert
communication module
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The nucleus of an agent works on the basis of facts and rules. This basis can be
divided into categories depending on their function. It leads to isolation of functional
blocks (modules). Every block consists of sub-base of rules and facts and proper
module ensuring communication with external environment (other agents or sources
of knowledge). Communication between blocks is realised using temporary base of
facts (in the terminology of rule-based systems it is called “working space” or
“agenda”). Appearance of new facts in this area results in activation of rules
(according to validity of premises), activation of these rules results in modification of
temporary base of facts, appearance of new facts which in turn affect rules of other
modules. Communication modules (interfaces) are responsible for with external
environment. communication
As it was mentioned before, main task of an agent for meta-knowledge
management is selection and structuring of components designed for solution of a
particular problem. Taking into account intended development of the INFOCAST
system, these problems may have a versatile character. General description of
knowledge component and definition of particular task are presented in work [5].

5. Knowledge Elements of the CASTEXPERT Module
Up to now we presented structural solutions of the INFOCAST system and some
selected aspects of organisation of access to the data contained in the system.
Finally, some details of various knowledge representations in the CASTEXPERT
module are presented. They are responsible for diagnostic functions for indication of
causes of casting defects and preventive actions against them.
The screenshot of initialisation of the diagnostic procedure is presented in Figure 4.
The procedure uses several types of rules which are presented in Tables 1-3. These
tables present the sequence of introductory rules (Table 1), rules in the form of
statements which require user’s declaration (Table 2) and finally rules showing
diagnosis and suggestion of improvement (Table 3).
Right now the applied rules are of deterministic character (binary logic), but during
the development of the CASTEXPERT system introduction of component suited for
incomplete and uncertain knowledge (fuzzy logic, rough sets) is foreseen.
Table 1. Introductory rules.

(defrule locate-interest
(declare (salience -10))
(not (defect yes))
(begin)
(not (action ?))
=>
(bind ?ans (menu-question1
"Do you want?"""
1 "See the defect description"
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2 "Find the cause and ways of prevention"
3 "See the cases"
0 "End"
))
(switch ?ans
(case 1 then
(assert (action description)))
(case 2 then
(assert (action cause)))
(case 3 then
(assert (action cases)))
(case 0 then
(reset)
(assert (end)))
))
Table 2. Rules in the form of statements.

(defrule infer impurities content
(not (defects yes))
(answer impurities content yes)
=>
(assert (diagnosis1 "Decrease sulfur and phosphorus
content below 0.015%."))
)
(defrule set content of impurities
(declare (salience -10))
(action cause)
(not (defect yes))
=>
(bind ?ans (menu-question1
"Has starting material contained more than 0.015%
sulfur and 0.015% phosphorus?" " "
1 "Yes"
2 "No"
;
3 "I don’t know"
) )
(switch ?ans
(case 1 then
(assert (answer impurities content yes)))
(case 2 then
(assert (answer impurities content no)))
; (case 3 then
; (assert (answer impurities content I don’t know)))
))
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Table 3. Rules showing diagnosis and suggestion of improvement.
(defrule print diagnosis x
(defect yes)
(diagnosis temperature yes)
=>
(print diagnosis
"1. Assume proper shrinkage for the give material.
2. For castings of complicated shape and large diversity
of wall thickness take into account decrease of
dimensions due to mechanical inhibition of shrinkage by
core and mould walls.
3. Make moulds and cores from material susceptible to
cast shrinkage.
4. In appropriate moment of cast solidification release
materials of mould or core between protruding parts of
casting or riser heads."
))

Fig. 4. Screenshot showing the beginning of the diagnostic procedure.

9

10

Proceedings, ISGI 2005, International Symposium on Generalization of Information

6. Concluding Remarks
This study is a preliminary step in preparation of guidelines for the development of
an interface enabling operation of INFOCAST system in the Internet – the worldwide
network of information systems.
It is expected that the INFOCAST system will be provided with intelligent
modules moving around Internet in search of relevant information.
Such modules, called in literature „mobile agents”, know the terms used to express
the searched information and are capable of making appropriate conversions.
An intelligent mobile agent to some extent represents the user, performing „on the
spot” (in a remote data base) the abovementioned operations and supplying the user
with a satisfactory output of these operations.
The application of mobile agents is one of the most important development trends
in the scope of information systems. Yet, for an effective implementation of such
solutions it is necessary to carry out a number of preparatory works which include,
among others, the tasks described in this study.
Sponsor advice : MNiI Grant

4 T08B 028 24
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Abstract. The archives of large national and international news agencies typically contain millions of articles featuring significant textual content and annotated metadata. Advanced problem settings requiring, for example, analysis
along temporal and topical dimensions, can be exceedingly complex to handle
in such an environment. In this publication, we present an interface for query
formulation and visual analysis of query result for the news repository of the
Austrian Press Agency APA. Combining traditional means of inquiry with
visualization components, this interface allows examination of complex problem settings with respect to topical, temporal and multiple metadata dimensions. Methods and techniques from a variety of fields, including computer science, cognitive psychology, linguistics and communication science have been
involved in designing and implementing the presented approach.

Keywords. Information Retrieval, Information Visualization, User Interfaces,
Multiple Synchronized Views, News Article Repositories

1 Introduction
Large press agencies typically keep millions of articles instantly accessible in their
news archives. Articles feature significant textual content and an increasing amount of
annotated or extracted metadata like date, author or topic. Boolean, textual queries
combined with relevance ranked result lists have been the state of the art for systems
facilitating search and analysis in such a context. However, in the face of radically
expanding archives and increasingly complex user requirements, new forms of query
formulation and result representation have been considered. One of the most promising directions is the use of visualization techniques, which employ the inherent analytic power of our visual sense to quickly communicate many different aspects of a
domain through a single, consistent visual metaphor.
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During the last two decades, several visualization environments for newspaper archives have been presented. Systems like Galaxy of News [1], InfoSky [2] or Lighthouse [3] employ novel visual metaphors in interactive visualizations enabling users
to quickly gain a broad understanding of a news base. However, most approaches are
based on assumptions which do not easily generalize: For example, systems depend on
articles being organized into a graph or on explicit links between articles, or interfaces
are modeled on the assumption that users are expert analysts.
The approach presented in this publication avoids such assumptions by providing a
broad range of visual tools from which users can freely choose. Different visualizations represent different aspects of a query result set. A standard set of tools, including
a relevance-ranked result list, is always available, and stays synchronized with whatever form of analysis a users chooses. In a project carried out in close cooperation
with the Austrian Press Agency APA [4], a prototype has been developed which has
served as a baseline for APA’s future retrieval systems, including APA’s next generation search client AOM 6.0.

2 Problem Domain
Austrian Press Agency APA is Austria's national news agency and one of the country's leading information providers. APA editors supply national and international
political, economic and financial news as well as topical reports on science, culture,
sports and local events to agency customers in near real-time. APA Defacto, APA’s
subsidiary specializing in knowledge technologies and services, provides customers
with roughly 18 million documents available for enquiry through a client interface
based on boolean queries and relevance-ranked result lists.
The system described has been based on a database technology called Powersearch
specifically designed for newspaper article repositories. This technology has been
developed by APA IT, the IT subsidiary of the Austrian Press Agency. It focuses on
efficient storage and fast retrieval of short text entities. Basic functionality of Powersearch has been extended with clustering mechanisms[5] applied to search results and
a similarity search mechanism based on the “best” words of an article. The problem of
queries too general in nature, which yield too many results, has been addressed by the
introduction of an automated search result extension suggestion mechanism. For very
general search terms, refinement terms are extracted from the corpus, which users can
then add to query formulations to narrow the scope. Once a result set has been determined, metadata is gathered. We used shallow text parsing techniques [6] to identify
metadata entities not yet annotated in the article database. In our example implementation, we facilitated person detection based on a first name thesaurus and simple syntactical rules, and identified geographic locations based on a geographic thesaurus and
regular expression matches. Finally, search results are supplemented with visualization
data computed for all visual components, for example by applying multidimensional
scaling techniques [7] to determine document locations.
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3 Approach
Many comparative usability studies show that only the right combination of user
(experience and work style), task and tools yields optimum performance in complex
problem settings [8]. Consequentially, there is no “perfect visualization” which instantly solves all problems of a given domain. In our work, we assumed that different
visualization styles would be required for different problem settings and user preferences. A number of visualizations differing by layout, functionality and source has
been implemented. Orthogonal dimensions of the information space comprised by a
search result set and its associated metadata, like temporal or topical dimensions, are
covered by different visualizations. To compensate for such a fragmented view of the
information space as a whole, users are provided with a framework consistent across
visualizations: We will now discuss key issues of our approach, namely complementary, synchronized views and closed-loop refinement of queries.

Fig. 1. The visual query interface. At the top of the page, a textual representation of the query is
shown. Below that is a result list (to the left) and one of a number of complex visualizations (to
the right). Below the result list is a simple topical visualization which is always visible. All
interface components are fully synchronized.

14
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3.1 Complementary Views
The purpose of the visual components provided is to allow users to answer questions about the result set quickly, to analyse the result set, without having to reformulate the initial query. Analysis could, for example, determine which results include a
specific person or geographic location, or fall into a certain topical range. With such a
wide range of possible operations, it is important for visualizations to complement
each other: For important combination of information channels, there should exist a
view depicting results and interrelations.

Fig. 2. Metadata visualization. A tree represents the various types of metadata known to
the system. Below each metadata type, expressions associated with it are listed, with
numbers in brackets denoting article count.
Selecting an item instantly filters all other
visualizations and lists to the selection.

Fig. 3. Timeline Visualization. A diagram
displays the relative importance, as derived
from article and occurrence count, of major
clusters varying over time. Rectangular selection of topical and temporal ranges is supported and instantly filters all other visualizations and lists to the selection.

Figure 2 and 3 display two very different visualization variants covering different
aspects of the same query result set. A tree-based metadata visualization represents all
metadata types found in a result set, and all instances of such types, with associated
articles, while a timeline visualization similar to the theme river scheme [9] displays
the relative size of article clusters in discrete time intervals. Both views are complementary in the sense that they cover different or even orthogonal channels of information, and are useful for different kinds of questions: Users looking for occurrences of a
specific person would probably employ the first view, while users trying to analyze
peak times for a given topic would likely resort to the second view.
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3.2 Synchronized Views
Query results are initially presented as shown on the left side of Figure 1: A conventional, ranked result list is combined with a simple graph visualization which depicts either a representation of clusters found in the result set or one of document
count per time unit. Both views are fully interactive, allowing users to select ranges
using the mouse. Range selection immediately filters the result list to documents
within that temporal or topical range. The ranked list and the simple graph stay visible
during an analysis session and are always fully synchronized with whatever advanced
visualization variant a user activates.
Result list and graph visualization are used as a form of visual and logical “glue”,
to allow users to keep the sense of working in a continuous information space without
having a single consistent metaphor in the visualization. Employing a complex visualization like the timeline view mentioned in section 3.1 imposed high cognitive load
on users; we expect that providing a simple view as a point of reference and a fallback
in case users become confused will alleviate this problem.

3.3 Closed Loop Refinement
While initial query formulation is done using a standard textual query formulation
language, once query results are available, users can employ the visual components
present to quickly restrict (and expand) the query without changing its formulation
manually. In fact, after specifying the initial query by typing one or two keywords,
then choosing several more from the displayed list of common refinement terms, no
further textual input facility is provided.
Closed loop refinement describes a way of refining and changing a query which is
completely based on browsing result sets and choosing restrictions, extensions or
focus changes according to presented content. Every single piece of content or metadata can serve as a filter, reducing the number of results in the result set, or as an extension, expanding the number of results. In addition, once query results are available,
users can employ the visual components present to quickly restrict (and expand) the
query without changing its formulation manually.
Articles similar to a given article, or a set of articles, can be located by using a
more complex algorithm which employs a term-frequency based similarity search.
Queries can be expanded based on a given article by several methods: A general “find
similar articles” option determines the 20 to 30 most important terms of an article and
generates a query searching for those terms. More special expansion options based on
selected text passages or metadata present in an article (e.g. “find articles dealing with
the same people as the current one” or “find articles referring to similar geographic
locations”) are also available.
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4 Future Work
The prime focus of future work will be on evaluation of the system and its various
components. We will evaluate the system as a whole in comparison to other, similar
systems, in especial the former, Boolean text query based AOM client of APA. Furthermore, we will evaluate the adequacy of various visualizations for a range of analysis tasks. As the system allows for easy replacement and configuration of visualization
components, such comparative usability studies promise manifold new insights. As a
second direction, we will integrate several visualization variants currently amiss in the
system. In especial, a 3D visualization could allow displaying multiple orthogonal
metadata channels in a single view. Restricting the degrees of freedom for user views
and basing the visualization on a clear, well-know metaphor should help to avoid
common 3D visualization pitfalls, namely (too) complex interaction patterns and visual overload of the user. A prototype 3D cluster visualization based on the visualization islands approach [10] has already been added. Finally, a lightweight, web-based
derivate of the system is envisioned, and will probably be implemented soon.

5 Conclusion
In this publication, we have presented a visual interface for formulation and refinement of queries and for analysis of results obtained in the domain of newspaper
article archives. Users can explore topical, temporal and metadata dimensions of a
result set within a single, consistent system. Focusing on multiple, complementary
visualizations and closed loop query refinement, we have tried to facilitate query
analysis in archives containing tens of millions of textual articles.
While extensive formal evaluation remains to be done, friendly user test results indicate significant enhancement in terms of search and analysis performance and user
satisfaction. Consequentially, our project partner APA has based their next generation
search client on metaphors and methods described in this publication.
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Abstract. Generalization strategies are frequently used in the field of information extraction for
the purpose of dealing with or minimizing the deleterious effects of uncertainty and
indeterminacy phenomena. Some areas in which such strategies are successfully applied are:
automated information extraction, neural networks, cartography, logical clock synchronisation,
decision theory and coping with issues of information overload.
Keywords. information science; information extraction; generalization strategy; uncertainty;
indeterminacy

1 Introduction
Information and uncertainty are very nearly antonyms of each other, yet uncertainty is
a powerful determinant in information extraction issues. Although uncertainty
phenomena manifest themselves in many different ways, at the highest level of
abstraction, uncertainty in information science may be described as a metaphor for the
inherent discrepancy between data and the underlying reality they are intended to
describe.
This paper investigates various ways in which generalization can be used as a strategy
to reduce the negative effects of uncertainty on information retrieval - in the broader
sense of the word. Generalization was one of the earliest - and also most powerful paradigms in the development of a methodology for the extraction of information
from data bases. At first, the retrieval problem was caused by there being too little
data. Later, the problems were caused by too much data in combination with
dramatically declining data pertinence. Here, for instance, generalization can help in
dealing with inconsistency, incompleteness and noise in data, and handling
intelligently large quantities of data from multiple sources.
A remarkable variety of different applications can be used to illustrate the
phenomenon: neural network computing, cartographic or geographic information
systems and logical clock (Lamport clock) algorithms all make use of generalization although in different ways - to deal with uncertainty phenomena. Issues of semantic
abstraction (for instance semantic information spaces) for the purpose of data
generalization will also be considered.
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2 Automated Information Extraction
In terms of generalization in the automated or machine-supported information
extraction from databases, parallelism is useful in the storage and access of structured
documents. Fast parallel algorithms for search in structured text are already known,
but they will not supercede the use of indexes to speed up searching until massively
parallel architectures become routinely available. However, parallel algorithms
suggest new kinds of indexes that provide powerful search capability and
performance even on modestly-parallel computers. It is possible to devise a
generalization of indexes based on regular languages, called indexing languages, that
are chosen to be homomorphic images of languages generated by typical search
patterns. Precomputing properties of text strings relative to indexing languages makes
it possible rapidly to exclude large parts of the text from consideration before
executing a direct search.
Search times in document archives are improved by building indexes giving the
location of (usually) words as offsets in the structure. This kind of index has some
major drawbacks: it is expensive to compute, often taking days for moderately-sized
archives; it does not permit searches that cannot be expressed as simple conjunctions
and disjunctions on words; and it requires large ancillary storage, typically twice as
large as the documents themselves. A related technique is the use of signature files
which "condense" (i.e. generalize) the set of words, or perhaps only index terms, in a
document down to a single key. A similar operation is then applied to the search
terms, and a simple test determines those documents that cannot contain the search
terms (although it only indicates documents that may contain them). This reduces the
storage load, but still limits searches to Boolean expressions on words. Full-text
document archives are large enough to benefit from parallel computation techniques.
Techniques for parallelizing both index and signature file management have been
suggested, but they have shown limited promise. However, starting from the premise
that parallelism is integral to document archives, and that documents are typically
stored in a distributed way and accessed by multiple processors provides a new
perspective on how to index them. These insights also provide alternative approaches
to indexing sequentially accessed documents. Parallel document processing systems
are capable of evaluating searches described by arbitrary regular expressions (and are
thus more powerful than the query capability of many existing search systems) in a
greatly reduced time-frame relative to the total size of the documents, provided that
enough processing power is available. This suggests that, in the long run, indexing
will decrease in importance since even complex queries can be directly evaluated in
reasonable amounts of time. However, it is at the present time unreasonable to expect
that parallel systems will have more than a small number of processors, while
document archives hold thousands of documents and have a total size of many
terabytes.
Thus, although indexing will continue to play a role in the middle run, new and more
powerful kinds of indexes may be useful. It has been shown that search problems can
be cast as regular language recognition problems [15]. This suggests the use of a set
of indexing languages and associated homomorphisms that ascertain commonalities
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between search patterns. Precomputing information about membership in these
indexing languages for segments of the text string, already partitioned and distributed
across a set of processors, makes it possible to eliminate segments from further
consideration quickly and cheaply. The resources of the parallel computer are then
better deployed to search segments in which instances of the search pattern might
appear.
Automated (or machine-based) information extraction isolates relevant text fragments
within a document, extracts relevant information from those fragments and then
pieces together the target information into a coherent framework. IE systems are
usually knowledge-based i.e. so-called expert systems. Consider a trainable IE
system: Many natural language processing techniques are applied in the system:
tokenization, parsing, name entity identification, word sense disambiguation and most importantly - the automatic creation and generaliziation of the rules for
information extraction. Such a system was described by J.Y. Chai [4]. A number of
rule generalization strategies are characterised, some of which account for semantic
variations. A major issue is the trade-off between the desire for the extraction rules to
be specific und thus unambiguous, and the need for them to be general.
Three ontological perspectives may serve to formalize some issues of information
space design. First, geometric reduction of database complexity (e.g. cartographic
generalization) is formalized using basic geographic concepts, such as identity,
location, magnitude and time. Here geometric generalization is understood as the
transformation of high dimensional phenomena into lower dimensional geographic
representations. Second, the concept of a Benediktine space is applied to propose a
structured approach for the semantic generalization. Benediktine spaces are semantic
constructs that preserve properties of mapped entities and functional relationships
between entities represented in an information space [2]. Thirdly, an information usercentered view of design is adopted.
Geographic space is more than absolute space represented by Euclidean geometry or
topology. Geographic space includes affordances, experiential properties and socially
constructed meanings. The cognitive space approach focuses on how people explore
information spaces and are able to decode meaning locked into spatialized views for
knowledge discovery. The power of the spatial metaphor is the key to connecting the
three complementary types of spaces (e.g. geographic, Benediktine and cognitive).
Spatial metaphors not only facilitate the reduction of database complexity through
geometric and semantic transformations, but they also act as interpretation aids for
information seekers to comprehend abstract data domains with the help of familiar
geographic concepts [6].
The outcome of this serves two purposes. First, a solid spatialization design strategy
for constructing usable information spaces will help improve communication between
information seekers and database providers for efficient knowledge exchange. A solid
framework for data generalization through semantic abstraction is a promising avenue
to deal with the information overload problem assuming data archives keep growing
exponentially, as seems likely.
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3 Neural Network Computing / Artificial Intelligence
In the field of Artificial Intelligence (AI), a constraint satisfaction problem requires a
value, which is selected from a given finite domain, to be assigned to each variable in
the problem, so that all constraints relating to the variables are satisfied. Many
combinatorial problems in operational research, such as scheduling and timetabling,
can be formulated as constraint satisfaction problems. Researchers in artificial
intelligence usually adopt a constraint satisfaction approach as their preferred method
when tackling such problems. Because of their importance, CSPs and methods for
solving them have been studied extensively. Also extensively studied is the resolution
rule of inference, which can be used to decide the satisability of a set of propositional
clauses, a problem that specialises the CSP. A recent development in this area is the
NB1-resolution rule of inference, a generalization of ordinary resolution that can be
used to solve constraint satisfaction problems. This rule generalises the usual
completeness result for resolution by discovering not only what happens when an
unsatisfiable set of clauses is closed under resolution, but also what happens when a
satisfiable set of clauses is closed under resolution.
A.M. Frisch did research on the relationship between resolution and the concepts
developed in the CSP literature. The key observation on which the results of his paper
are built is that semantic trees used in the study of resolution, and backtrack search
spaces, used in the study of constraint satisfaction, are the same objects [8].
It can be shown that if a set of propositional clauses is closed under the usual
resolution inference rule then the search space for the corresponding constraint
satisfaction problem is backtrack free for every variable ordering. This result is useful
for Boolean problems, those in which the variables can take on values from a domain
of size two. However many naturally arising problems are non-Boolean. The result
can, however, be generalized to the non-Boolean case. There exist non-Boolean
clauses which contain variables ranging over domains of arbitrary finite size. It has
been demonstrated that if a set of NB-clauses is closed under NB-resolution then the
search space for the corresponding constraint satisfaction problem is backtrack free
for every variable ordering. There is also a severely restricted version of NBresolution, called ordered NB-resolution, and proves that for any given variable
ordering, it eliminates all backtracking from the search space generated by that
variable ordering.
These results on the elimination of backtracking generalize the usual refutation
completeness results by telling us what happens when any set of clauses, satisfiable or
not, is closed under resolution. Refutation completeness, which states that the empty
clause can be derived from any unsatisfiable set of clauses, follows as a special case
of each of the three general results.
Statistical methods can be applied to analysis of neural networks to come up with onaverage results for robustness, capacity, and generalization in the presence of certain
1

i.e. non-Boolean
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network architectures and data distributions. In particular, the dynamics of
generalization and learning of the Adaline (Adaptive Linear Neuron) training
algorithm have been calculated for correlated patterns. Modified algorithms were
derived which restore the characteristic times found for uncorrelated patterns. For the
most complex of single–layer networks, the perceptron with threshold and biased
pattern outputs, a maximally stable solution is algorithmically obtained. The
investigation of its generalization ability showed that this network is superior to
existing ones. This approach was then applied to unlearnable data, introducing refined
algorithms and showing the training and generalization characteristics. Artificial
neural networks have become a popular tool in computer science. Neural networks are
typically trained in a supervised fashion from sample data in order to obtain their
classification power. However, very little is known about the robustness of training
algorithms, about their capacity (i.e. the amount of data which can be correctly
mapped in training) and, most importantly, about their generalization ability, i.e. their
performance when classifying unknown data. This holds even for the simplest of
network architectures and/or data distributions. Algorithmic tools are available which
overcome one of the most serious drawbacks of perceptron learning: the requirement
of linear separable problems. This drawback had almost stopped neural network
research altogether in 1969. These algorithms provide the generalization ability
predicted by theory [16].
It has been postulated that quick learning using artificial neural networks should be
useful for many engineering applications. It was the motivation to model short-term
memory that led to the development of the so-called corner classification (CC) family
of networks that learn instantaneously and have very good generalization
performance. These networks learn example patterns and then generalize points that
lie in a sphere around them, without a specific strategy for other points that lie outside
the sphere. It has been shown that these networks are hardware friendly and suited for
implementation in reconfigurable computing using fine-grained parallelism. Although
the CC networks have found many applications in engineering and business, they
suffer from the disadvantage that their input and output must be discrete.
Furthermore, the degree of generalization achieved at each trained node is, in the nonadaptive version of the CC network, kept constant. In reality, the data might require
that the amount of generalization vary from node to node. These characteristics
somewhat limit the applicability of CC networks. S.C. Kak has described a
generalization of the CC network that he calls the 'FC network'. This network can
operate on real data directly and offers greater flexibility compared to the CC
networks [12].
Finally, B. Hnich's architecture of a practical modelling tool should be mentioned.
The tool serves the goal of helping modelers explore different models of function
problems that are expressed at a high-level of abstraction. The tool helps
inexperienced users to gain some knowledge about modelling issues, as well as
speeding up the process of modelling for an expert user. Such a tool is a result of
identifying many recurring modelling idioms in constraint programs, generalizing
them, and providing high level constructs to capture them. These modelling idioms
are then reproduced automatically from these high level constructs. Thus, the tool
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constitutes a step towards revealing the secrets behind the design of good models for a
function problem [11].

4 Cartography
In cartography it is the case that maps as representations have basic properties of
models, including among other things, abstraction, generalization, selection of the
object’s features, synthesis and comprehensive presentation of the phenomena which
occur in isolation. The following are three properties of maps as models:
transformation (representation of relationships and properties of the original),
reduction (maps reduce relationships and original properties taking into account only
those which are essential for the author or user), and pragmatics (maps are substitutes
for the originals). Thus, the map is an information model, i.e. an information copy of
the piece of reality at a given level of knowledge. Recent research addressing the
problem of providing efficient access to geographical map data at multiple levels of
detail suggests that this is susceptible to a generalization-based solution approach.
Derivation of a map at a particular scale and with a particular thematic emphasis, for
instance, is referred to as cartographic or map generalization. It involves processes of
selection, elimination, shape simplification, caricature, amalgamation and
displacement of map features.
The mathematically determined map structure establishes a strict functional
dependence between the co-ordinates of point on the surface of the Earth and the coordinates of the same points on the map surface. The transfer from the physical
surface of the Earth to its representation on the plane is possible owing to
cartographic mapping which takes into account and defines the character, size and
distribution of transformation distortions of the object found on the surface of the
Earth. A property of each cartographic transformation is, for example, the distortion
expressed by scale diversity. The application of cartographic transformations allows
us to draw data from maps concerning real location, sizes and shapes of the objects
being represented. Maps as cartographic representations have basic properties of
models, including among other things abstraction, generalisation, selection of the
object’s features and synthesis comprehensive presentation of the phenomena which
occur in isolation [1].
In cartographical line generalization, generalization operators geometrically
manipulate the strings of x-y coordinate pairs. The following techniques for
knowledge-based systems apply [9]:
Simplification - simplification algorithms remove from the line redundant or
unnecessary coordinate pairs based on some geometric criterion, such as distance
between points or displacement from a centerline
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Smoothing - smoothing routines relocate or shift coordinate pairs in an attempt to
"plane" away small perturbations and capture only the more significant trends of the
line
Feature Displacement - displacement involves the shifting of two features at a
reduced scale to prevent coalescence or overlap. (Most computer algorithms for
feature displacement in vector mode concentrate on an interactive approach where the
cartographer positions displacement vectors in order to initialize the direction for
shifting.)
Enhancement/Texturing - enhancement allows detail to be regenerated into an already
simplified data set e.g. a smooth curve may not look like a coastline so the line will be
randomly textured to improve its appearance. One technique is to fractalize a line by
adding points and maintaining the self-similarity of the original version; this produces
fake (random) detail.
Merging - merging blends two parallel features at a reduced scale, e.g. the two banks
of a river or edges of a highway will merge at small scales, an island becomes a dot;
in other words: algorithms for merging bring the two linear features together
The function of cartographic generalization is to effectuate the transition between
different scales for maps or topographic/geographic information. The development of
the area of cartographic generalization has a long history in terms of science and art.
Recently, there is a strong tendency to automation, which was to be expected once
this became technically viable. There is a tendency to distinguish between two
different directions: object generalization and cartographic generalization. The former
can be further sub-divided into acquisition generalization and model generalization.
This results in a modelling of geographical information on various levels of
abstraction. The information might well be stored in a multiple representation
database where links between the levels make an incremental update possible.
While model generalization is sufficient for subsequent analysis, as for instance in a
geographic information system (GIS), for output having to do with media a
cartographic generalization is needed in most cases. This issue deals with problems
arising when objects are to be visualized based on signatures of a certain size, or
originating from constraints such as minimum distances. Basically, the research on
both types of generalization has a strong tendency to use object-oriented structures,
i.e. declarative knowledge, and rules, i.e., procedural knowledge. This can be
extended with methods for database interpretation and machine learning.
To model the semantics of this, the purpose of the generalization and especially a
close interaction with geometric (that is: spatial) structures, are of major importance.
Apart from expert knowledge, semantics, and geometry, quality control is perceived
as playing a crucial role. It can not only be used to measure the quality of the product,
thereby indicating good strategies for generalization, but it can also give information
needed to control the steps of the generalization. During generalization, conflicts
often arise - mostly of a geometric kind.
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There is a long tradition of automated generalization of buildings. It deals with
building outlines for which a fixed processing scheme is proposed based on
techniques like the intersection of straight lines or the positioning of a point based on
direction and distance. The merging of buildings depends on the change of the
position of a building and the treatment of the corresponding region. Classification
may also be a generalizing strategy: The classification is based on correlation of the
rasterized buildings to a template. If a classification is not possible, a simplification is
employed. Furthermore, a strong focus lies on quality control, i.e., the determination
and analysis of geometric changes of the generalization. Rows of buildings can
improve the generalization of suburban areas. A so-called "production net'' may be
used to generalize building outlines from different information sources. This is done
to compare and combine the different sources.
It should be noted that the results of human, i.e., of manual generalization, can show
considerable divergences, which implies that there is a strong subjectivity component
operative here. This is apparent for the results of an OEEPE (European Organization
for Experimental Photogrammetric Research) test, which show - among other things that generalization is an art, rather than a science [14].

5 Logical Clocks
Lamport (or logical) clocks are an interesting exemplar of generalization, since it is
not at all obvious at first in what way generalization comes into play. Logical clocks
are used to effect partial ordering of events in a distributed system, thereby taking no
account of the actual passage of time, this being the province of physical clocks. The
means by which this is done is a generalizing heuristic which sets ahead the logical
timestamp of each new event within a system so that it is more recent in terms of
system time than all preceding events - such being defined as events which the system
has already recorded as having happened. The temporal drift, and its attendant
uncertainty, which almost inevitably desynchronises the physical clocks of the
individual nodes of a distributed system, is thus negated by a generalization which
enforces the application of an arbitrary - but useful - "happens before" relationship.
The following is a brief mathematical statement of partial ordering by means of a
Lamport Logical Clock:
• Each process, p_i, keeps a counter, L_i
• Every time a process changes state, it increments L_i before the event. Thus each
state change event e has an associated value L(e)
• Every message includes the L-value of the sending process, L_i(send)
• Every receiving process updates its local counter by L_j = max[L_j, L_i(send)]
before incrementing and setting L_j(receive)
• This guarantees that if e_1 came before e_2, then L(e_1) < L(e_2).
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In order to go from partial to total ordering with Lamport clocks, in some situations
one must always be able to put an order on events, even if it that order is actually
arbitrary. An arbitrary order is first assigned to the processes. Then if two processes
give events the same timestamp, the event whose process is higher in the ordering is
considered to have happened “first”. The question arises here whether this can
produce race conditions? (In shared-memory parallel programs that use explicit
synchronization, race conditions result when accesses to shared memory are not
properly synchronized.) [13]
So how does generalization come into play here? This can perhaps best be illustrated
by looking at the special case of so-called Byzantine clock synchronisation. In parallel
or distributed systems, one speaks of Byzantine faults when there is a "dual-faced"
clock in operation; in other words a faulty clock which gives different readings to
different system nodes. There are two different approaches which can be applied here:
convergence algorithms and consistency algorithms.
Convergence algorithms guarantee limited clock skew in spite of faulty clocks and
different sets of clock readings whereas consistency algorithms have an agreement
function which guarantees that all sets of clock readings are identical. Convergence
algorithms mainly employ heuristics for achieving a probabilistic clock
synchronisation or to delay messages which are time-stamped by the faster system
clocks. The adjustment function of a consistency algorithm is “arbitrary”, for instance
it might simple take the median value of all available system clocks. Both approaches
represent valid generalization strategies.

6 Decision Theory
A great deal of literature devoted to studying decision making has been generated. It
should also be noted that in the field of decision theory, ranking and inference
heuristics may well make use of generalization strategies.
A standard formalization describes the choices a decision maker faces as acts, where
an act is a transition function from states to consequences. Many decision rules (that
is, rules for choosing among acts based on the tastes and beliefs of the decision
maker) have been proposed in the literature. Some are meant to describe how
“rational” agents should make decisions, while others aim at modelling how real
agents actually make decisions. Perhaps the best-known approach is that of
maximizing expected utility (EU). Normative arguments suggest that rational agents
should behave as if their tastes are represented by a real-valued utility function on the
consequences, their beliefs about the likelihood of events (i.e., sets of states) are
represented by a probability measure, and they are maximizing the expected utility of
acts with respect to this utility and probability.
Despite these normative arguments, it is well known that expected utility often does
not describe how people actually behave when they make decisions. Thus, expected
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utility is of limited use in modelling (and perhaps predicting) how people will behave.
As a result, many alternatives to expected utility have been proposed. Some of these
rules involve representations of beliefs by means other than a (single) probability
measure; in some cases, beliefs and tastes are combined in ways other than the
standard way which produces expected utility. Yet other cases do not require a
representation of beliefs at all.
F.C. Chu and J.Y. Halpern have proposed a general framework in which to study and
compare decision rules [5]. Their idea is to define a generalized notion of expected
utility (GEU), where a decion maker's beliefs are represented by plausibility measures
and the decision maker’s tastes are represented by general (i.e., not necessarily realvalued) utility functions. They make the claim that every preference relation on acts
has a GEU representation. The position here is that GEU is universal in a much
stronger sense, that essentially all decision rules have GEU representations. The
notion of representing one decision rule using another seems to be novel. Intuitively,
decision rules are functions from tastes (and beliefs) to preference relations, so a
representation of a decision rule is a representation of a function, not a preference
relation.
In economic theory, the traditional approach to decision making under risk is to
assume that producers choose the alternative that maximizes their expected utility.
However, the approach has its detractors. Most of the objections are linked to the lack
of transitivity in utility ordering. The debate over transitivity along with subtle issues
surrounding the estimation of risk aversion coefficients has led to the development of
risk efficiency criteria such as stochastic dominance. In general, a risk efficiency
criterion is a decision rule that reduces the set of all feasible alternatives by
eliminating those decisions that imply higher risk without an increased return [7].
The theory of stochastic dominance (SD) gives a systematic framework for analyzing
economic behavior under uncertainty. SD has seen considerable theoretical
development and empirical application in the last decades, in various areas of
economics. It is useful both for positive analysis (where the objective is to analyze the
decision rules actually used by decision-makers) as well as in normative analysis
(where the objective is to support practical decision making). The theoretical
attractiveness of SD lies in its nonparametric orientation: SD criteria do not require a
full parametric specification of decision-maker preferences, but rather rely on general
preference assumptions. Indeed, SD is consistent with a broad range of economic
theories of choice under uncertainty, including EUT (i.e., expected utility theories)
and non-expected utility theories such as the so-called dual theory of risk.

7 Information Overload
Lastly, the broader issue of information overload is to be considered. Information
overload is a particularly common causative agent of uncertainty, particularly when it
comes in the form of 'data smog', which is an overabundance of very low-grade
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information. Information overload is a phenomenon which has both objective and
subjective causes. Objectively, the amounts of readily available information have
increased exponentially in each of the last five decades. There is no indication at
present that this rate of increase will not continue to apply in the forseeable future.
The subjective component of information overload comes from our having more
information available to us than we can readily assimilate; this is a perceived
phenomenon - though it is clearly no less real on that account. Lack of a coherent
conceptual knowledge management framework may also act as an aggravating factor.
In the historical perspective, more information has almost always been a very good
thing. Information made possible the dissemination of culture, the development of
commerce and technology - and it was one of the main driving forces behind the
large-scale establishment of democracy and human rights. There was quite literally no
downside to having more information. The dissemination of information empowered
people. Oddly enough, the Information Age has been named for something which
once conferred only benefits, and which is now increasingly being seen as a problem
[3].
Generalization strategies for coping with information overload are, for instance:
•

•

•

•

•

ranking algorithms - The methodology by which search engines calculate
positioning results. Ranking algorithms can be influenced by a wide variety
of factors including domain name, spiderable content, submission practices,
HTML code and link popularity.
cluster analysis - Cluster analyis is an exploratory multivariate statistical
method that attempts to find the "natural" groupings of objects based on
attribute information about the objects.
web mining / data mining - Data mining is the data-driven discovery and
modelling of hidden patterns in large volumes of data. Data mining differs
from the retrospective technologies mentioned above because it produces
models - models that capture and represent the hidden patterns in the data.
web graph algorithms - These proceed from a recurrent phenomenon on the
Web: For any particular topic, there tend to be a set of "authoritative" pages
focused on the topic, and a set of "hub" pages, each containing links to
useful, relevant pages on the topic.
recommendations and collaborative filtering - Personalization algorithms
apply known facts about users to customize information services. Known
user preferences are derived from log files of prior behaviour or from
specific statements made in user profiles - or both. Recommendations and
collaborative filtering extend this principle to preferences of other users, and
thus represent generalization strategies.

It has been argued that social and technological evolution is characterized by
ephemeralization, an accelerating increase in the efficiency of all material, energetic
and informational processes. This leads to the practical disappearance of the
constraints of space, time, matter and energy, and thus spectaculary increases our
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power to physically solve problems. However, the accompanying “lubrication” or
reduction of friction in all processes creates a number of non-physical problems,
characterized by the increasing instability, complexity and reach of causal networks,
and therefore decreasing controllability and predictability. As a result, individuals are
forced to consider more information and opportunities than they can effectively
process. This leads to anxiety, stress, alienation, and potentially dangerous errors of
judgment. Moreover, it holds back overall economic productivity [10]. Generalization
strategies - particularly those based on heuristics - can provide a powerful tool for
ameliorating the deleterious side-effects of this phenomenon.

8 Conclusions
Uncertainty in information science may be rooted either in indeterminacy, in which
case it is paradigmatic, or in undecidability, in which case it is syntagmatic. Generally
speaking, indeterminacy phenomena would most likely be found in automated data
extraction and in visual data representation, whereas undecidability would tend to be
an attribute of human-centric information environments, viz. decision theory and
subjective (i.e. perceived) information overload. Borderline cases come up however in
trainable neural networks, where trainable algorithms may be making something very
much like "judgements".
Generalization strategies tend to operate differently in the two respective cases. In the
case of indeterminacy, a generalization strategy will typically either extrapolate
missing data from available data or it will reduce a data excess to something more
manageable by means of seeking a smaller number of common factors.
Undecidability on the other hand may have a variety of different causes, many of
them quite subjective or even idiosyncratic. Here, we find a noticeable tendency to
achieve pragmatic generalization with the help of heuristics.
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Abstract. With today’s vision of modern, inclusive and citizen-oriented public
administrations, the interoperability of government applications has become an
important research challenge. Each interoperability dimension (whether organizational, legal, or social) includes geographical references. Their coupling in
Geographical Information Systems (GIS) improves descriptive and exploratory
analyses of complex situations, such as risk management. In this paper, we
build a conceptual model supporting a query tool for health risks associated
with the environment. This model represents the sharing of operational metadata as a managed process, based on distribution rules. In turn, these rules describe the contexts and scopes of metadata, in accordance with the recent norm
ISO 11197. The model has been conceived to contribute to engineering requirements and guarantee coherence, efficiency and performance. Generalization mechanisms highlight interoperability requirements between query and
conceptual contexts.

Keywords: interoperability, metadata, multiple representations, composition of
contexts, distribution rules, health, geography

1 Introduction
Controlling risk situations is a priority for industries and governments. In this domain,
many projects in Europe respond to industrial requirements, such as accident risks,
food safety, fuel management and fire hazard reductions [1]. In the United States, the
National Library of Medicine provides several specialized information services for
toxicology and environmental health (biological warfare). One such service is
TOXMAP, a GIS that uses maps to represent Toxics Release Inventory data [2]. In
France’s public health domain, health sentinel surveillance networks are set up at
different levels, depending on the diseases. For instance, they are regional for the flu
or national for the cancer. Health Regional Observatories ('Observatoires Régionaux

32

Proceedings, ISGI 2005, International Symposium on Generalization of Information

de Santé', ORS) take into account local specificity for atmospheric pollution analysis
and decision-making mechanisms.
Recent events, like the notorious French "heat wave" of August 2003, which tragically caused over 15000 deaths, illustrate the difficulties faced by authorities responsible for managing public health emergencies. From an information systems perspective, difficulties for the interoperability occur at all the levels: institutional, legal,
semantic, technical. The high number of participating organizations and actors, the
complexity of the normative framework, the heterogeneity and volume of the data
distributed among many legacy systems, all make difficult the requirements engineering for operational solutions.

Objectives and organization of the paper
In this paper, we explain the design elements for a query tool to be used as the basis of
an e-government query-answering system. This will concern the management of environmental risks which may impact upon citizens' health.
We restrict our analysis to the water domain (pollution, contamination, floods,
etc.). This choice is justified by several reasons:
− On one hand, health quality is strongly linked to many domains (economical, environmental, social, etc.) and to several activity sectors (education, food, technology,
energy, etc.). Improving the quality of distributed water emerges as a determining
axis for health, both in developing and developed countries. So, many initiatives
link health and water domains within a framework of sustainable development and
territorial management.
− On the other hand, information systems in the water domain are particularly advanced, including in the area of health. In France, for instance, the Health Ministry
has developed a health-environment information system (in French, 'Système d'Information dans le domaine Santé-Environnement', or SISE) and more particularly,
an IS concerning a healthy use of water (SISE-Eaux).
− The coupling of these fields in geographical information systems improves descriptive and exploratory analyses on health risk management linked to environmental
factors.
Despite the maturity level of the IS involved, we will show that the engineering requirement is complex in a transversal context.
We couple health and geography domains in a generalized IS framework over a
wide set of heterogeneous and distributed Information Systems (IS). To build a conceptual model that supports the sharing of information in such a context, we use distribution rules with multiple dimensions. These dimensions include motivations, information resources, localization, organization and temporality.
This paper is organized as follows: section 2 first describes some relevant actions
contributing to the standardization process, in both environmental and health domains.
The section then goes on to illustrate the difficulties entailed in correlating metadata
into a single domain and transversal context. It is expected that examples from the
French context can easily be generalized to other developed countries. The methodo-

Proceedings, ISGI 2005, International Symposium on Generalization of Information

33

logical elements driving our analysis are resumed in the section 3. The conceptual
model supporting sharing information is laid out in the 4th section. This model elicits
several complexity factors for the early design of the query tool. These factors are
then analyzed in the 5th section and highlighted by generalization mechanisms in the
6th section. Finally, conclusions and future research possibilities are discussed in section 7.

2 Towards Operational Metadata
In this section, we begin to list some actions performed in the public sector and in the
standardization process towards operational metadata. We point out some difficulties
in correlating specific business domain metadata. These difficulties increase in transversal contexts. So, it is very difficult to build operational metadata as required by
users for very large applications.

2.1 Actions in the public sector
The Member States of the European Commission recognize the necessity of transforming and improving the public sector by providing a broad array of e-services, for
any authorities involved, whether international, national, regional or municipal. They
encourage metadata constitution to describe, analyse, classify and administer data.
Thus, as is the case in France, the principal health actors already have set up multiple kinds of directories. A non-profit organization for the modernization of hospital
information systems (GMSIH, 'Groupement pour la Modernisation des Systèmes d'Information Hospitaliers', in French), helps identify services for a wide set of directories. These services include content description, security requirements and global
architecture. In the framework of an interministry mission (MARINE, Modernisation
de l’Administration des Répertoires d’Identification Nationales et Études), links between directories are considered, in particular with the directories provided by a public interest group for the health professionals' cards (in French, Groupement pour la
Carte des Professionnels de Santé, CPS) [3].
In geography, lawful requirements (in particular an EC Directive aimed at establishing an Infrastructure for Spatial Information in Europe, INSPIRE), push towards
the production of mutualized cartographic catalogues and metadata. Thus, the French
Data Reference Centre for Water (SANDRE, 'Secrétariat d’Administration Nationale
des Données Relatives à l’Eau ',in French), within the National Water Data Network
(RNDE), develops a common language for water data. It also provides a common
reference frame of observation devices, necessary for sharing information between
providers, users and databanks [4].
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2.2 Standardization Process
Several consortiums and multiple organizations contribute to the metadata standardization process. The Open GIS Consortium is very active in the cartographic
sector. In the healthcare domain, an ANSI - accredited organization (HL7, Health
Level Seven [5]), operates with multiple affiliated groups in Europe, "to create flexible, cost effective approaches, standards, guidelines, methodologies, and related services for interoperability between healthcare information systems".
Standardization structures work at different levels: national, European (with the
European Committee for Normalization, CEN) [6], and worldwide (with the International Standardization Organization, ISO) [7]. At each of these levels, two distinct
technical committees work respectively on the field of digital geographical information and on the field of health information and communications technology (ICT).
Within the ISO, they are respectively TC 211 and TC215, while within the CEN they
are respectively TC 287 and TC 251. Metadata of both domains are addressed by
Dublin Core Initiatives [8] and by the very recent norm 'Information Technology Metadata Registries' (MDR, ISO/IEC 11179) [9]. The purpose of this norm is to standardize and structure the contents of metadata registries and to make metadata collections accessible and searchable by semantic content.

2.3 Monodomain contexts
Even in a single domain, metadata are often far from providing the data with a context. For example, several sources of information concern health professionals. As
their nature and quality vary according to profession or status, these sources present a
number of overlaps and variations. For doctors, these variations reach almost 10%
[10].
In the water referential [4], there tends to be convergence among administrative
references provided by INSEE, and the references of some geographical business
domains. These last references are provided domain by domain (hydro-geological,
littoral or superficial water), by different actors, and with different institutional links.
For instance, the under-sol and the superficial waters are referenced respectively by
the Under-Sol Data Bank of the Bureau de Recherche Géologique et Minière, BRGM
and the Carthage database. Moreover, if we ask the geographic Carthage database
about health risks on superficial waters, we obtain a list of 29 documents, where 19
are related to administrative regions, 7 to geographic objects (including easily flooded
zones) and 3 are only documentary. When facing similar situations, users aim at automatically linking documents related to the territories bearing some correspondences,
depending on their application contexts.

2.4 Transversal contexts and operational metadata
A fortiori, in transversal contexts, resulting from several domain contexts, it is still
very difficult to identify, explore and utilise a consolidated whole of directories and
metadata, in accordance with the ISO/IEC 11197 norm.
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For instance, in HL7 Clinical Document Architecture (CDA), localization aspects are
represented explicitly, through addresses. On the other hand, ISO 19115 provides
geographical references and very large topic categories. For instance, the health category covers several sub-domains (health, health services, human ecology, and safety).
It represents diseases and illness as well as factors affecting health or health services
[11].
We employ the term "operational metadata" to refer to well-described metadata
which enable users to understand data meaning and usability, before retrieving and
using it. These metadata provide geographically referenced health services, and allow
for automatic and efficient responses to multiple questions. We can take the example
of "simple" questions, such as: "how many people can be concerned by inundations in
region X (or by pollution on littoral Y, and so on)? How many elderly and very young
people live there? Which health care centres are equipped to provide care for these
populations and this specific problem, and where are these centres located? What is
the effective capability of these centres at the present time?". Nowadays, the information sources related to these (or similar) questions are quite heterogeneous, cannot be
automatically related.
The following sections describe the methodological approach and the conceptual
model on which the query tool is based.

3 Methodological Background
Interoperability between two or more systems is defined as the ability of these systems to exchange information and to share the information that has been exchanged,
through the use of a single set of rules. We will focus on the semantic interoperability,
related to shared use of knowledge and information exchanged from disparate systems. To represent the sharing of information as a managed process in the transversal
context, based on health and geography, we use a set of distribution rules, within the
framework of a goal-driven approach.

3.1 Semantic Interoperability
To tackle semantic interoperability between multiple domain specific metadata in a
global information system, we adapt the approach [12] for heterogeneous databases at
a more abstract level. This is based on the capture and representation of metadata,
contexts and ontologies.
On one hand, the conceptual context (c-contexts) are intentional descriptions representing the scope within which metadata have meaning. They represent knowledge
domains and build conceptual semantic views of the underlying metadata. These
views are based on domain-specific ontologies containing terms (concepts and roles).
On the other hand, the query contexts (q-contexts) correspond to risk situations. To
optimize the risk management operations, they must efficiently reflect the specificities
of the situations (in terms of types of risk, impact on the health, localization …).
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Therefore, interoperability needs two kinds of activities, to integrate the c- and qcontexts: comparison and composition [13]. The comparison is based on various relationships, such as specificity, overlap, coherence, and greatest lower bound. The composition depends on the capability to solve conflicts in a transversal context [14]. Each
q-context will drive the choice of the c-contexts having a higher priority in this process.
A completely computerized framework is still wishful thinking for e-government
applications, because such descriptions only exist in very limited and fragmented
cases. We will analyze them at the level of the requirements elicitation, validation and
representation.
This kind of complexity is also analyzed by [15] with respect to the "system
world". This holds the modelled entities, processes and events coming from the real
world domain ("subject world") and the activities of the agents ("usage world").

3.2 Distribution rules and goal driven approaches
In the healthcare domain, [16], distribution rules are defined as logical concepts intended to convey and govern distribution of data. At our metadata level, a distribution
rule contains rules for six dimensions, whose key words are: Why – What – Where –
Who – When – How. The 'Why' dimension represents the reason for use, 'What' represents the information sources, 'Where' the geography, 'Who' the actors involved,
'When' the time and the situations, 'How' the organization and methods. These rules
govern business interdependencies and interactions and vary with the step in the system lifecycle [17].
For the early design phases, goal driven approaches [18] emphasize the organizational objectives of the system, and allow for a set of operational questions. We also
generalize the methodological approach [19] used to design the global architecture of
the water domain IS of the French Ministry of Equipment. To optimize different aggregations involving multiple dimensions, we introduce some weights into the Why
dimension. These are similar to the functional weights used to design the French
Health Department datawarehouse (SNIIRAM, [20]).
In the next section, we will show that the model built with this approach highlights
semantic correspondences and conflicts that arise in real situations. By decomposing
complexity, this model facilitates their analysis and exhibits some solution axes.

4 Conceptual Model for Operational Metadata and Distribution
Rules
To model the distribution rules, we start by identifying the main classes and relations inside each dimension. Then the interactions and dimensions are analyzed. For
the sake of brevity, this presentation does not go into the How and When dimensions.
− Why represents the motivation for information sharing. We express it in terms of
the government’s and public organisms' activities, which we call Business Activi-
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ties. These could include, for instance, supervising, controlling, evaluating, hosting,
administering, diffusing, and bringing up information with the authorities as well as
informing citizens.
A business activity may concern a single business domain or several (health,
geography, economy, etc.). Inversely, a business domain may be concerned by one
or more business activities. This relation between business activities and business
domains has an attribute "weight". A weight measures how important it is for a
business domain to participate in the business activity, depending on the risk. For
example, the civil protection, health and environment domains are always involved.
In addition, other business domains may participate in risk management with different weights: industry for technological risks, agricultural for nitrates and pesticides, fisheries, alimentation and tourism for littoral pollution, and so on. To represent this, we introduce some weights. Assessed by several domain experts, through
cooperative work, these weights define "motivation clusters".
A business activity can require (and can be required by) other business activities. For instance, supervision requires data collection, validation and saving.
We call "Use" a data management activity, such as: data collection, assessment, back-up, processing or publication. A business activity justifies one or more
uses and a use is needed for one or more business activities.
− What represents an information resource. It is used to perform one or more functions with respect to certain data, such as finding, interpreting, evaluating, and accessing data. This class includes metadata, which contain some information (directory) and which can be accessed through a cartographic map (atlas).
An information resource concerns one or more business domains (hydrometric,
physicochemical quality, biological quality, rejections, protected zones, tariffs of
the services, etc.). Inversely, a business domain may be concerned by one or more
information resources.
− Where represents a territory with respect to the motivation.
A territory has one or many specializations, depending on business domains:
geographical territory, health territory, administrative territory …
A territory may be linked with one or more administrative regions by several
relationships: inclusion, overlapping, proximity…
− Who represents the actors.
An actor has several specializations, depending on business domains (environment, health, agriculture, etc.), institutional links (public services, agencies, public
institutions, collectivities, associations, industries, etc.) or data management activities (providers, users, administrators).
An actor is involved in one or more business domains, and a business domain
is concerned by many actors.
Many other relations should be identified, such as:
− Why - Who: A business activity is shared between several actors, involved with
different uses, and an actor may participate with different uses in one or more business activities.
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− Why - What: A business activity needs several information resources, and an information resource may be useful to one or more business activities, with different
uses.
− What – Who: One information resource is related to one or many actors, and an
actor is involved in one or more information resources.

5 Semantic Interoperability and Constraints
The model shown in Figure 1 represents the main classes and relations described
above.
This model allows one to analyze complexity factors for the operational metadata.
We illustrate this with some examples.

5.1 Semantic Interoperability
Firstly, semantic interoperability requires a greater synergy between different kinds
of territories. Territory specializations representing geographical and health basins
have fuzzy boundaries. For civil protection and economical motivations, these territories have to be correlated with administrative territories, characterized by fixed
boundaries. For each risk situation (corresponding to a query context), a risk territory
can be defined by comparing and composing all involved territories.
Secondly, granularity problems have to be solved in order to prevent data loss.
These problems occur when several dimensions in the distribution rules need to be
considered simultaneously. So, for each risk situation, business activities, information
resources, territories and actors (users and providers) must be correlated with pertinent
and coherent granularities. The greater the scope of the query tool (as for an egovernment decision system), the more steps are needed to minimize mismatching.
In addition, many data collection systems could also be grouped in metadata technical or thematic systems, as is the case for the Mediterranean Littoral Network
(Réseau Littoral Méditerranéen, RLM).
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Fig. 1. Conceptual Model for Operational Metadata Sharing

5.2 Constraints
As suggested by R. Lallement [21], semantic interoperability is not sufficient for
operational metadata. We argue that query and conceptual contexts should be compared quickly and efficiently. Therefore, information resources must be constrained by
motivations, in terms of business activities, business domains and their uses. However,
the multiplicity of all the relations involved in the global model makes it difficult to
specify these constraints.
The water referential [4] partially represents these relations. Some metadata attributes are defined within a given information resource perspective. This might include,
for instance, the validation procedure (What  Who, human expertise, automatic test)
or the administrative spatial scopes (local, departmental, regional, related to a basin,
national, European, international). Scope may be related to an information resource
(What  Where) or to a data collection system (Who  Where). For all relations,
and in particular, for Why  What constraints, this work would be systematized.
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6 Interoperability and Generalizations
This section introduces some generalizations in the model set up in §4, to highlight
requirements about the semantic heterogeneities and constraints described above.
With respect to the distribution dimensions, we introduce two kinds of specializations. We determine these specializations through the points of view of users and
providers, in accordance with the 'Who' specializations. So, the query and conceptual
contexts, associated with an information resource 'What', are obtained respectively
with a bottom-up and a top-down perspective of the information sharing process. A
query context is thus based on user-oriented specializations, while a conceptual context is based on provider-oriented specializations. By sustaining the convergence of
these perspectives, the model also sustains cooperation and negotiation between users
and providers, in a global approach compliant to the INSPIRE directive.
Figure 2 shows the composition of the metadata contexts through these specializations: Di represents a generic dimension ('Why', 'Where' and so on) while Di-user and
Di-provider represent Di specializations, obtained respectively with the user and provider perspectives. For instance, Where_user and Where_provider specializations may
represent different kinds of territories. Informally speaking, for a given query context,
to find a 'What' solution, semantic interoperability requires a conciliation among several Di_user and Di_provider specializations. Currently, we are validating some of
these specializations, in real world situations at the design level.
The constraints discussed in section 5.2 can optimize this process and make it
globally coherent. In fact, the whole set of 'What' information resources founded for a
query context must also be compatible for usability.

Fig. 2. Contexts generalization and distribution dimensions

Finally, the model described in Figure 1 may be expanded in both horizontal and
vertical directions, leading to the orchestration of global e-government information
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services. In fact, on one hand, the model's thematic perimeter can progressively increase, to take account of multiple business domains. In particular the legislation
framework is strongly heterogeneous with respect to territories and health problems.
On the other hand, distribution rules may be interpreted at each step of the life cycle
system.

7 Conclusion
In this paper, we discussed design elements for a query tool to serve as the basis of an
e-government query-answering system. This system can be used to manage environmental risks which could impact citizens' health. Despite the maturity level of the IS
involved, we have shown that requirements engineering for operational metadata is
complex when we link health and geography.
We have built a conceptual model to represent the sharing of information as a managed process, based on distribution rules. This model exhibits a set of semantic heterogeneity problems.
Semantic interoperability is not sufficient to specify the operational metadata required by users, and thus can not independently bring about an efficient decisional
system. Such a system should be expected to automatically compare different contexts
and query them quickly. However, as we have shown, the multiplicity of a very high
number of relations makes that unrealistic. This suggests that a set of constraints on
the query and conceptual contexts must be specified for different application profiles.
A refinement of this model through several specializations reveals the composition
of query and conceptual contexts, and makes their formalization easier.
Our future work will focus on the composition of various territorial specializations
(health, geographical, or administrative) so as to use several information sources on
them simultaneously.
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Abstract. Geo-data are typically derived from measurements and observations.
Due to various reasons they are uncertain. Hence, for an adequate representation, transformation, evaluation and interpretation it is indispensable to model
and to propagate uncertainty in a specific way. Similar aspects have been studied in the context of geodetic data analysis. Here, they are discussed in the
frame of generalization. Two main components of geo-data uncertainty are considered in detail: stochasticity reflecting the random variability of the data and
imprecision caused by the model-immanent reduction of complexity and dimensionality, respectively. Stochasticity is adequately treated by means of random variables whereas imprecision is modeled based on fuzzy sets and fuzzy
numbers. Different approaches for the joint modeling of stochasticity and imprecision are outlined as well as the consequent ways of uncertainty propagation. A particular focus is put on comparisons of geo-data and derived products,
respectively, which extend the classical hypothesis tests.

Keywords. Geo-data uncertainty, uncertainty propagation, imprecision, fuzziness, zonotopes, fuzzy data analysis

1 Introduction
Geo-data handling and analysis has to cope with different types of uncertainty which
are caused by various sources. Stochasticity and imprecision are certainly the most
prominent types of uncertainty; they are subject of this paper. Stochasticity describes
random deviations due to the laws of probability and can be seen in repeated data
samples. Imprecision as it is considered throughout this paper is a non-stochastic type
of uncertainty. It is due to immanent or procedural systematic deviations in the data
and has to be assessed in a sophisticated analysis. The complete uncertainty budget
may comprise additional types of uncertainty such as the fuzziness or vagueness of the
model, some ambiguities or deficiencies due to fragmentary or contradictory data,
uncertainty about the data sources and others.
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When the data are analyzed and interpreted in sufficiently complex scenarios there
is rarely a comprehensive knowledge about the data genesis regarding sampling, aggregation, pre-processing, etc. As a consequence, conclusions drawn from the data are
uncertain and biased up to a certain amount. Hence, there is a strong need to assess the
uncertainty of the data and derived results in quantitative terms; see [4] for the quality
context of geo-data. This holds in particular in case of generalized data. For a thorough discussion of mathematics and uncertainty emphasizing data, model and side
information see [1], [2].
The generalization of data as it is understood in this paper is based on a set of rules
or procedures such as simplification, aggregation, or classification. In its most parts
this can be seen as a mathematical procedure which maps a set of data into a less complex one. Hence it is assumed that for a particular generalization there is a clear algorithm in terms of a sequence of mathematical operations. If the generalization is supposed to reflect the original data, they have to be traceable from the generalized data.
Traceability is a notion from metrology in the context of standards and normals. Here
it means that the generalized data and specific measures of uncertainty can be used to
cover the original data in a guaranteed way. In the present perspective there are two
relevant aspects of traceability.
On the one hand, it is clear that the original data is simplified and modified through
the generalization procedure. The individual steps are completely deterministic and
not random. Hence, the arising type of uncertainty is not stochasticity but imprecision
which is modeled adequately by fuzzy numbers and fuzzy intervals [3]. Fuzzy theory
which is their mathematical background is an important tool when complexity is relevant and has to be reduced [13]. In the following, fuzziness and imprecision are used
as synonymous expressions. This imprecision may be overlaid by the stochasticity or
even additional imprecision of the original data. Nevertheless, the original data are
traceable from the generalized data taking the uncertainty into account.
On the other hand, starting with generalized data without precisely knowing the applied generalization procedure it is obvious that the impact of the generalization procedure has to be assessed, modeled and quantified in order to trace the original data.
Again, fuzzy numbers and intervals are very useful but in this second case their particular formulation is uncertain as well. As this can be considered by quantifying the
maximum impact in terms of a worst-case scenario there will be no further distinction.
In both cases we assume that the results of generalization are described adequately
using imprecise quantities with a random location parameter – typically a sample
mean representing the actual generalized value. The proper modeling of imprecision
then guarantees traceability.
The focus of the paper lies on uncertainty modeling and methodology. Thus, the
basic ideas and procedures paper are presented. For this purpose the paper is organized as follows. First, the fuzzy modeling of imprecise metric quantities is discussed
for scalar and vector data. A measure for the overall imprecision is given. The transformation of generalized data is discussed to some extent. Second, statistical comparisons based on hypothesis tests are presented.
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2 Uncertainty modeling for generalized quantities
As the modeling of stochastic quantities in terms of random variables and ectors is
assumed to be familiar to the reader, only the modeling of imprecise quantities in
terms of fuzzy numbers and vectors is presented in the following, both for the scalar
case and for the vector case. In addition, the amount of imprecision is assessed with
proper scalar measures.

2.1 Scalar case
Fuzzy theory was initiated by Zadeh [13]. The basic concept is the fuzzy set which
extends the classical set by describing gradually the degree of membership that a certain element belongs to the set. In classical set theory the membership degrees are
either 0 (is not element) or 1 (is element). In fuzzy set theory the range of membership
% is defined as
degrees is [0, 1]. Thus, a fuzzy set A
% := {(x, m % (x)) x ∈ X} , m % : X → [ 0,1]
A
(1)
A
A

with m A% (x) denoting the membership function and X a classical set like, e.g., the set

R of real numbers. The support of a fuzzy set is defined as the classical set of elements with positive degrees of membership, the height of a fuzzy set as the maximum
membership degree value
% = max ( m % ( x ) ) ∀ x ∈ X ,
height A
(2)

( )

A

its cardinality as the integral over the membership function
% = m % (x) ,
card A

( ) ∫X

A

(3)

its core as the classical set of elements with membership degree equal to 1, and its αcut as the classical of elements with membership degree greater equal to α ∈ [ 0,1] .

The basic operation for the analysis of fuzzy data is the intersection of fuzzy sets. It
is defined through the resulting membership function
m A% ∩ B% ( x ) = min ( m A% ( x ) , m B% ( x ) ) .
(4)
This definition is the mostly used one. Note that there are other consistent extensions with respect to classical set theory. This refers to the concept of t-norms where
the min-operator may be replaced by the product operator or others. See, e.g., [3] for
further reading.
% c of a fuzzy set A
% is defined as
The complement A
m A% c ( x ) = 1 − m A% ( x ) .

(5)

Fuzzy numbers are basic for fuzzy data analysis. They represent special fuzzy sets:
fuzzy numbers have a single element core, and their α-cuts are compact sets. The
mostly used fuzzy numbers are LR-fuzzy numbers. Their membership function is given
by monotonously decreasing (left and right) reference functions L and R for which
L ( 0 ) = R ( 0 ) = 1 and the range of values is [0,1]; see Fig. 1 for an example. Fuzzy
intervals share the same characteristics except their core is a classical interval.
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Fig. 1. LR-fuzzy number with different left and right reference functions L and R

% = ( x , x , x ) . The mean point (loLR-fuzzy numbers can be represented by X
m l r LR
cation parameter) is denoted by xm. The (left and right spreads) xl and xr serve as
measures of fuzziness or imprecision, respectively, as they are proportional to theoretically funded entropy measures; see, e.g., [3], [5]. LL-fuzzy numbers are given by
L=R. For totally symmetric fuzzy numbers both the reference functions and spreads
% = (x ,x ) .
are identical. They are represented by X
m s L
The extension principle according to Zadeh [3, 12, 13] allows to evaluate typical
real-valued functions g for fuzzy data according to
% ,K , A
%
% = g% A
B
:⇔
1
n

(

m B% ( y ) =

)

sup
( x1 ,K,x n )∈X1 ×K× X n
g ( x1 ,K,x n )

(

min m A% ( x1 ) ,K , m A% ( x n )
1

n

)

∀ y∈Y .

(6)

In case of L-fuzzy numbers and the fundamental rules of arithmetic, e.g., the results
for addition and real multiplication are
% +Y
% = (x + y ,x + y )
X
m
m
s
s L
(7)
% = (a x , a x )
aX
m
s L

Here, the type of the reference function is preserved and the operations are purely
based on the mean points and spreads. Actually, Eq. (7) indicates a linear propagation
of fuzziness in contrast to the quadratic propagation of standard deviations which has
to be considered when random variables are modeled. Obviously, spreads and standard deviations are not comparable on the basis of their respective propagation to
derived quantities even though this idea could come up at first glance.
The joint modeling of stochasticity and imprecision is possible. If stochasticity is
 α
described using confidence values such as z α ⋅ σ x with z α the 1 −  − quan1−
1−
 2
2
2

tile value of the standard normal distribution and σ x the standard deviation then
u x = z α ⋅ σx + xs
1−

(8)

2

comprises both the stochastic and the imprecise component of uncertainty. This measure refers to the extended confidence regions according to [5], [12].
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2.2 Vector case
There are various consistent definitions of a fuzzy vector. For example Eq. (6) implies
the so-called minimum rule [12] for the definition of a fuzzy vector x%

(

T

)

m x% ( x ) = min m x% 1 ( x1 ) ,K , m x% n ( x n ) , x = [ x1 , x 2 ,K , x n ] ∈ R n ;

(9)

See Fig. 2 (left) for a graphical representation of a two-dimensional fuzzy vector: the
x- and y-components are described in the horizontal plane, the membership degree is
given as up-component along the z-axis. As the min-operator represents the intersection of fuzzy sets, other t-norm operators could be used; see [5].

Fig. 2. Fuzzy vector by the minimum rule (left) and fuzzy vector of elliptic type (right)

The extension principle (Eq. (6)) can now be reformulated for vector quantities
m y% ( y ) =

sup
x∈R n , y =Fx

m x% ( x ) ∀ y ∈ R m .

(10)

Note that this mapping is not closed in case of fuzzy vectors by the minimum rule. It is
possible to give a rather simple but tight superset y% ⊇ of the correct solution set; for a
L-fuzzy vector x% = ( x m , xs )L it yields:

y% ⊇ = ( F x m , F xs ) .
L

(11)

Eq. (11) is a direct translation of the scalar case (Eq. (7)) to the vector case. Again
there is a linear propagation of fuzziness. The α-cuts of this fuzzy vector are hyperboxes. However, the correct solution set is more complex. Its α-cuts are convex,
symmetric polyhedra which are known as zonotopes; see [10], [14] for the theoretical
background and [11] for a description of the two-dimensional (2d) and threedimensional (3d) case as well as the references in the two publications. The product of
the spreads of the vector components can be used as measures of imprecision [5]; it
reflects the volume of the hyper-box. The volume of the zonotopes can be computed
according to [10] and the references therein.
Fig. 3 gives an idea about a 2d fuzzy vector which can be represented by a box.
The widths of the edges in the two coordinate directions equal twice the spreads. In
addition, the effect of a rotation according to y = Rx, R T R = I, R rotation matrix, in
terms of the difference between the resulting box and the zonotope is shown. Fig. 4
underlines these characteristics for a network of four points where two different orientations of the coordinate system were applied. For comparison the corresponding
zonotopes are also given (bold lines).
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Box obtained
as superset

α-cut of a
fuzzy vector

Rotated box
(zonotope)
Rotation

Original box

Fig. 3. Geometric relations between the original fuzzy vector by the minimum rule (2d case =
point in a horizontal plane) represented by a particular α-cut, the correct solution set (zonotope) after a rotation and the tight superset according to Eq. (11)

Fig. 4. Geometric relations between the boxes (α-cuts) for a network of four points obtained for
two different orientations (thin solid and dashed lines) of a coordinate system and the correct
solution set (zonotopes, bold lines)

The fuzzy vectors of elliptic type offer an alternative way of vector definition

m x% (x) = h((x - xm )T U -1
xx ( x - xm )) , h ( 0 ) = 1 ,

(12)

with the monotonously decreasing, non-negative function h and the positive definite
uncertainty matrix U xx ; see Fig. 2 (right) for a graphical representation. Actually, the
argument of the function h just needs to be a distance measure, i.e. a proper vector
norm. Geometrically, for a certain distance it can be interpreted as a hyper-ellipsoid.
Here, the propagation of fuzziness for a linear mapping
(13)
y = Fx
is closed and rather simple
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m y% (y ) = h((y - y m )T U −yy1 (y - y m )); U yy = FU xx F T .
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(14)

Note the formal analogy of the computation of the uncertainty matrix U yy with the
law of variance propagation. Hence, in this case the addition of spreads is not linear
but quadratic.
The result obtained in Fig. 5 after rotation is again a fuzzy vector of elliptic type.
Its uncertainty matrix is given as U yy = RU xx R T . As a scalar measure of uncertainty
the product of the eigenvalues of U yy or its square root, respectively, can be used. It is
proportional to the volume of the associated hyperellipsoid.
Rotated fuzzy vector

α-cut of a
fuzzy vector

Rotation

α-cut

Original fuzzy vector

Fig. 5. Geometric relations between the original fuzzy vector of elliptic type (2d case = point in
a horizontal plane) represented by a particular α-cut and the corresponding α-cut of the resulting fuzzy vector of elliptic type according to Eq. (14)

It is clear from this section that the stochasticity and imprecision associated with generalized data can be propagated and transferred, respectively, to the quantities of interest. Like in the previous section (scalar case) it is possible to define joint mesures
of uncertainty in terms of extended confidence regions. Without deriving ofr presenting the formulas it can be stated that these regions are obtained as the Minkowski sum
of the hyper-boxes / zonotopes / hyper-ellipsoids and the classical confidence regions
(hyper-ellipsoids); see [5], [6], [10].
2.3 Transformations of generalized data

Typical transformations of geo-data are planar or spatial similarity transformations
with known transformation parameters. In this case the transformation equations represent linear relations between the original and the transformed coordinates. A typical
example for a transformed point position is shown in Fig. 3 and Fig. 4 for fuzzy vectors by the minimum rule and in Fig. 5 for fuzzy vectors of elliptic type. Obviously,
the resulting imprecision can be computed and illustrated.
If the transformation parameters are unknown in advance, they have to be determined by means of parameter estimation as for the well-known Helmert transformation. In such a case the method of least-squares estimation is typically applied. The
estimated parameters are then consequently imprecise what additionally influences the
transformed parameters. For a detailed discussion of least-squares estimation in the
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context of imprecise data see [5] and the references therein. These results are also
valid for least-squares regressions.
Note that transformations between surface parameter systems like geodetic coordinates and UTM coordinates are not as easy to handle as they are based on polynomial
series expansions. In such a case the formulas which are obtained using Eq. (11) yield
supersets of the correct solution sets which significantly overestimate the correct solution (‘wrapping effect’); see Fig. 6 for an example. There are several approaches to
reduce this effect, see, e.g., [9], but (to our knowledge) they have not been applied to
the transformation of geo-data up to now.
Superset enlarged
due to wrapping effect
α-cut of a
fuzzy vector

Rotated box
(zonotope)
Rotation

Original box

Fig. 6. Geometric relations between the original fuzzy vector by the minimum rule (2d case =
point in a horizontal plane) represented by a particular α-cut, the correct solution set (zonotope) after a transformation and the enlarged superset due to the wrapping effect

3 Statistical comparisons of generalized data
Besides the transformation of and regression with geo-data it is often necessary to
assess the significance of parameters or more general to compare information derived
from geo-data. In Geodesy it is good practice to use statistical tests based on the general linear hypothesis for this purpose. In order to include imprecise geo-data the standard strategy needs to be extended. This covers three main aspects: the usability of
imprecise test statistics, the additional modeling of imprecise regions of acceptance
and rejection, and the probabilistic evaluation of the tests in terms of Type I and Type
II error probabilities. Imprecise regions of acceptance and rejection offer the possibility to reduce hard rejections or barely sufficient acceptances as it is the case in classical testing. This is possible and particularly meaningful in the context of fuzzy theory.
A proper test strategy should fulfill some requests. First, the value of the test statistic and the regions of acceptance and rejection have to be compared quantitatively.
Second, the test decision should be precise, i.e., clear and unique. Third, the results
have to interpretable in a probabilistic meaning. The strategy could read as follows:
% and R%
• Define the regions of acceptance and rejection as fuzzy intervals A
%
• Calculate the value of the imprecise test statistic T through fuzzy extension
according to Eq. (6)
• Evaluate the decision criterion based on set-theoretical comparisons
• Calculate the probabilities of a Type I error and of a Type II error
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As most of the formal parts of the procedure are given in [7] they are omitted here.
For a better understanding in general, they are illustrated in the following by means of
the figures 7 to 11. Here, the test statistic and the regions of acceptance and rejection
are represented with linear reference functions. Note that the presentation could easily
be generalized to L-fuzzy numbers.
The third item (decision criterion) is of special interest since the first two are clear
from the previous discussion in this paper. In [7] a decision criterion was proposed as
≤ 
 Do not reject H 0
ρ T%   ρcrit ∈ [ 0,1] ⇒ 
(15)
 > 
 Reject H 0

( )

with H0 denoting the null hypothesis. It can be used for all kinds of hypothesis tests
which are relevant for the processing of geo-data. Obviously, the decision is reduced
to the actual value of the precise function ρ T% which may be referred as degree of

( )

rejectability of T% .
A definition of ρ T% can be based on the degree of agreement of T% and R% as

( )

( )

(

γ R% T% = height T% ∩ R%

)

(16)

using the height of the fuzzy-theoretical intersection (height-criterion) or as
card T% ∩ R%
γ R% T% =
card T%

(

( )

)

(17)

( )

using the cardinality of the intersection related to the cardinality of T% (card% is defined as setcriterion). The corresponding degree of disagreement of T% and A
theoretical complement to its degree of agreement
δA% T% = 1 − γ A% T% .
(18)

( )

( )

Hence, the final decision criterion can be defined as
ρ T% = min γ R% T% , δA% T%

( )

( ( ) ( ))

(19)

what reflects a type of intersection as well. Other definitions are possible which allow
to formulate a compromise between the two contributors γ R% T% and δA% T% ; even

( )

( )

the max-operator could be used. The present formulation of Eq. (19) requires a strong
significance before rejecting the null hypothesis. In addition, the critical value ρcrit
allows control the actual decision; it has to be adapted to the particular application.
The fourth item follows directly from the third one and some basic probability theory. The probability α of a Type I error (which must not be confused with the membership degree α associated with a particular α-cut) is obtained as
α = P ρ T% > ρ
H .
(20)

(( )

crit

0

)

The operator P denotes the evaluation of the probability. The probability β of a Type
II error yields correspondingly:
β = P ρ T% > ρcrit H a
(21)

(( )

with Ha denoting a particular alternative hypothesis.

)
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In the following the test strategy for the mean value of a probability distribution is
presented (Figs. 7 to 11) and discussed. In the first and standard approach both the test
statistic T and the regions of acceptance A and rejection R are assumed to be precise.
This is depicted in Fig. 7. Hence, there is a clear distinction between rejection and
acceptance. If the value T of the test statistic is element of R, the null hypothesis has
to be rejected, otherwise not. The probabilities for a Type I and Type II error can be
derived accordingly.

mT ( T )
R

A

R

Case I

Case II
T
T

Fig. 7. Scenario of a two-sided statistical test of the mean value in terms of membership functions for the precise regions of acceptance (A) and rejection (R) as well as the precise test
statistics (T). Case I reflects the acceptance of the null hypothesis, Case II its rejection

However, in the scope of this paper the test statistic is imprecise. For this reason
the situation illustrated in Fig. 8 is valid. Obviously, there are three cases which have
to be distinguished: for Case I and Case II there is a clear test decision as T% is completely contained in A and R, respectively. Hence, the situation is identical with the
standard one in Fig. 7. In addition, there is a third case (Case III) which does not occur in the standard case but reflects a situation which is familiar to every analyst of
real data: the ambiguity between final acceptance and rejection. As T% is element both
of A and R it is impossible to decide without a further criterion. Such a criterion is the
one indicated in Eq. (19). The Figs. 10 and 11 allow a geometric interpretation of the
test prodecure; for details see below.

mT% ( T )

R
Case III

A

R

Case I

T%

Case II

T

Fig. 8. Scenario of a two-sided statistical test of the mean value in terms of membership functions for the precise regions of acceptance (A) and rejection (R) as well as the imprecise test
statistics ( T% ). Case I reflects the clear acceptance of the null hypothesis, Case II its clear rejection, and Case III an unclear, ambiguous state
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The next approach is sketched in Fig. 9. It extends the situation to imprecise regions
of acceptance and rejection. This tries to overcome a typical situation in practical data
analysis when the value of the test statistics is close to the quantile value which sepa% and rejection R% a smooth
rates A from R. Using imprecise regions of acceptance A
transition between the two regions can be modeled. As in the situation described before (Fig. 8) there are three cases to consider (acceptance, rejection, ambiguity) two of
which are shown in Fig. 9. Again the criterion according to Eq. (19) yields a precise
test decision.

mT% ( T )
%
A

R%

Case II

R%

Case I

T
Fig. 9. Scenario of a two-sided statistical test of the mean value in terms of membership func% , black line) and rejection ( R% , gray line) as
tions for the imprecise regions of acceptance ( A
well as the imprecise test statistics ( T% ). Case I reflects the clear acceptance of the null hypothesis and Case II its clear rejection

The following two figures illustrate the effect of the height criterion (Fig. 10) and of
the card-criterion (Fig. 11). In both cases the intersection of the test statistic with (in
% and R% is needed. Fig. 10 shows (for precise regions of acceptance and
general) A
rejection) the determination of γ R% ( T% ) = height ( T% ∩ R% ) = 1 for the case Tm ∈ R and

(

)

hence δA% ( T% ) = 1 − γ A% ( T% ) = min γ R% ( T% ) , δA% ( T% ) = ρ ( T% ) .

mT% ( T )

R

A

R

(

1 − height T% ∩ A

)

height ( T% ∩ A )
height ( T% ∩ R )
T
Fig. 10. Two-sided statistical test of the mean value in terms of membership functions for the
precise regions of acceptance (A) and rejection (R) as well as the imprecise test statistics ( T% ):
construction of the degree of rejectability based on the height criterion

The computation of the cardinality is illustrated in Fig. 11. In contrast to the height
of the set resulting from intersection which is rather simple to compute, the cardinality
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usually yields from numerical integration. Note that the indicated example can be
solved with direct formulas due to the linear reference functions.

mT% ( T )
R%

%
A

R%

%
card(T% ∩ A)

T
Fig. 11. Two-sided statistical test of the mean value in terms of membership functions for the
% ) and rejection ( R% ) as well as the imprecise test statistics
imprecise regions of acceptance ( A
( T% ): construction of the degree of rejectability based on the card criterion

From the viewpoint of representativity the card-criterion is the more natural one as
the height criterion uses just a local property of the resulting set. Actually, as the cardinality is derived from an area (evaluation of an integral) it reflects the imprecision of
a fuzzy set directly as indicated in Section 2. Thus, the card-criterion is obviously
more representative and more comprehensive than the height-criterion in cases with
increased imprecision – a situation which is rather typical for significantly generalized
geo-data.

4 Conclusions
Geo-data are uncertain due to various reasons. Accordingly, different types of uncertainty are relevant and have to be considered when geo-data are processed, analyzed
and interpreted. The most prominent types are stochasticity which reflects the random
variability of the data introduced, e.g., by random sampling, and imprecision which
comprises non-stochastic effects, e.g., due to various generalization procedures but
also due to data corrections and reductions. Hence, it is obvious that restricting to pure
random deviations or even neglecting uncertainty is incomplete and careless. As the
mathematical background for stochasticity and imprecision is available it is no longer
the question if and how uncertainty should be taken into account.
Stochasticity is adequately treated by stochastics, imprecision is subject of fuzzy
theory. The combined use of the two theories is very promising in order to handle geodata uncertainty on a strict and elaborated mathematical basis. The paper presents the
continuous way from modeling stochasticity and imprecision separately or jointly over
typical transformations and analysis procedures (regression) until the statistical assessment based on hypothesis tests. References are given for dedicated further reading. This shows that a joint treatment is already possible. Although the approach was
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developed in the context of geodetic metrology (see, e.g., [8]) the theory can be
adapted properly to the respective applications.
At present there are thorough studies on the optimal adaption of the test strategy to
particular geo-monitoring applications regarding the variety of tuning parameters
(e.g., degrees of agreement and disagreement, degree of rejectability, multidimensional test statistic, Type I and Type II errors). In future, there should be high
priority on the transformations of geo-data as indicated in Section 2.3. Looking at the
high degree of formalization it is possible to develop corresponding software tools and
to implement them to standard software.
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Abstract. Cartographic generalization is a special case of the generalization of
information subjected to specific requirements. The present goal is full automation, which is still a problem without a satisfactory solution, even for partial
tasks, like the generalization of line features. Different algorithms for the latter
can be found in the literature, probably all of them based on metric criteria. The
basic idea of the approach proposed in this study (MCLS - Maximum Correlation Line Simplification) is to measure the similarity of forms using the correlation coefficient and to reduce the number of defining points in such a way that
the simplified line remains as similar as possible to the original one. A solution
of the problems of self-intersections and collisions with other objects for MCLS
is presented as well. The advantages of the proposed new method are demonstrated by comparing it with the well-know Douglas-Peucker algorithm.

Keywords. cartographic generalization, generalization of line elements, line
simplification, maximum correlation, characteristic forms

1 Introduction
One of the greatest challenges in digital cartography is the automation of cartographic
generalization. This process is a special case of the generalization of information
having its specific principles and is bound by specific conditions. It is not just a simple
photographic reduction of scale, as illustrated in Fig. 1.
Cartographic generalization is both, a mental and graphical process in which, when
forming the map space, many objects are combined, simplified, symbolized, exaggerated, moved or left out, cf. [9]. This process can be defined as a process of reduction
of quantity of details in such a way that the character of the original is retained in a
smaller scale, cf. [21].
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Fig. 1. Coastline of the island Rab taken from a topographic map in a scale
1:200 000 and photographically reduced to the scale 1:500 000 (left) and
the same coastline manually generalized for the scale 1:500 000 (right)

It is intuitively clear what is “defined” in the preceding paragraph. Especially a cartographer can well imagine what is really meant. However, this feeling for the problem is not based on the clarity and precision of the definitions of cartographic generalization, but on experience collected through looking at, using and producing maps of
various scales. In order to perform manual generalization successfully this experience
is much more important than a precise definition.
Trying to automate the cartographic generalization, the situation changes completely. It is possible to automate experience only after splitting it into elementary
steps which can be described precisely.
There are different classifications of both the elements to be generalized and the
procedures which can be applied to do it [6]. In the course of introducing automation
these classifications were continuously refined. Regarding the kind of elements to be
generalized, it is usual to distinguish between point feature generalization, line feature
generalization, area feature generalization, and holistic feature generalization [16].
However, these classifications are still far away from the stage needed for a completely automatic cartographic generalization.
In the cartographic generalization important roles are played by the purpose of the
map, characteristics of the landscape and the nature of a particular object. A cartographer would generalize the same contour line differently for a topographic and a thematic map of the same scale.
Results of a generalization of the same map or a part of it for the same purpose obtained by different cartographers would differ, however, inside rather narrow limits.
Inside of these limits the freedom of expression and subjectivity rule. The results produced by computer programs designed by different cartographers and based on different algorithms would differ more than the results of a manual generalization.
A considerable part of the researchers in this field deals with the problem of the
automation of the generalization of line elements of a map. This is rather logical, since
about 80% of the cartographic elements are line elements (cf. e.g. [23], [17]).
A line in a geometrical sense has only a length and no width. It consists of infinitely
many points. Speaking generally about the fact that a mathematical description of a
curve could be very complicated (e.g. [2]), it is usually forgotten that in digital cartography a line in a geometrical sense is never available, but a finite set of points coming
out of some digitalization of a map or from some data base and representing the con-
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sidered line. Hence, it does not make much sense to speak about a mathematical description of a cartographic line, but in the best case about its approximation using
mathematical formulas.
In this study a line is considered in a vector form. This means that an ordered set
containing finitely many points and having arbitrary distances between consecutive
points represents a line.

2 Line Simplification
One of the procedures for line generalization is line simplification – reducing the
number of points defining the original line in such a way that the essential character of
the line is retained. The present study concentrates on this special case.
A multitude of algorithms for automated line simplification can be found in the existing literature (e.g. [10], [20], [4], [3], [27], [30], [7]). Which of them should be
considered as best in general or for a certain kind of lines, is a question which has no
final answer as yet.
The most significant and popular algorithm for line simplification in digital cartography, which is a basic constituent of many commercial software packages like
ArcInfo (cf. [14], [8], [26]), AutoCAD Map (cf. [28]), or MGE (Modular GIS Environment) Map Generalizer (cf. [13], [12]) is the Douglas-Peucker algorithm [4] which
has numerous modifications, like [1] or [5].
Algorithms for line generalization which are based on reduction of the quantity of
points have both nice features and shortcomings. However, all shortcomings do not
necessarily follow from the fact that the number of the defining points is reduced, but
to a considerable extent from the fact that the reduction of the number of points is
based on the deviations of the points from the basic trend of the line. In doing so,
these deviations are measured by Euclidean distances, areas, or some other metric
characteristics.
There have also been some efforts to develop algorithms aimed at retaining essential characteristics and hence the similarity of forms. However, the idea was always to
describe characteristic forms using metrical quantities. For instance, in [30], the similarity of two bends is defined as equality of their areas multiplied by certain weight
factors. Hence, the principle is again an elimination based on deviations from some
basic line, a deviation which is in this case measured by an area.
The method for line simplification presented in this study combines the existing
approaches in the sense that the number of points is reduced and this reduction is
based on the similarity of forms between the original and the simplified line. However,
this similarity is not measured using tolerances for distances or areas, but by the magnitude of the linear correlation coefficient between the original and the simplified line.
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3 Maximum Correlation and the Similarity of Forms
The fundamental idea is to use the correlation as a measure for the similarity of forms
and to base the generalization of line elements on it. In the present study such an approach is demonstrated on line simplification. In order to do this some notions regarding linear correlation have to be defined first.

3.1 Basic Ideas of Maximum Correlation
In statistical literature the coefficient of linear correlation is usually assigned to two
stochastic variables. The empirical coefficient (squared) of linear correlation between
two samples Y = ( y1 , y2 ,..., yn ) and Z = ( z1 , z2 ,..., zn ) is then defined as
2

 n
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Taking for Y and Z two one-dimensional geometrical configurations in place of
two samples (realizations) of stochastic variables, the correlation coefficient squared
r 2 (Y, Z) can be interpreted as a measure of similarity of forms of Y and Z , cf. [18].
If the objects of one geometrical configuration, for instance zi of Z , are modified in
some way, the similarity between the two configurations changes and accordingly also
the squared coefficient of linear correlation r 2 (Y, Z) . If the modification of the components of Z is subject to some constraints, it is possible to choose the one among the
permissible modifications which is associated with the largest value of r 2 (Y, Z) . This
leads to the concept of Maximum Correlation Adjustment, which was elaborated in
detail in [18] and [19].
In order to apply the idea of maximum correlation to line simplification it is necessary to generalize the usual definition (1) of the linear correlation coefficient to the
case of two-dimensional configurations.
Let the first planar configuration P be defined by an ordered set of n points
Pi ( xi , yi ) and the second one T by another set containing also n points Ti ( wi , zi ) ,
i = 1,..., n . The position vectors of the points belonging to P resp. T are
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and the squared correlation coefficient between P and T can be defined by
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cf. [29].
Equation (4) has the same form as (1), with the only difference that the multiplications of scalars were replaced by scalar products of vectors. Note that both configurations P and T must contain the same number of points n and that there must exist a
one-to-one correspondence associating every point Ti to its pair Pi . It can be shown
that the correlation coefficient r 2 (P, T) defined in (4) measures the similarity of forms
of two-dimensional geometrical configurations in the same sense as r 2 (Y, Z) from (1)
does it for one-dimensional configurations [29].

3.2 Line Simplification Based on Maximum Correlation
The geometrical configurations P and T introduced in Section 3.1 represent two
ordered sets in a plane of n points each, i.e. they can be interpreted as two lines in the
sense defined at the end of the introduction. Hence, the equations (4) and (5) make it
possible to compute correlation coefficients between two lines.
The basic idea of the proposed algorithm is to eliminate points sequentially. In the
first step it is checked the elimination of which single point would diminish the correlation coefficient (4) least and the respective point is eliminated. In other words, taking into account that (for an open line) both end points have to remain, there are n − 2
possibilities to eliminate one point and among them that is chosen, for which the correlation coefficient between the original and the simplified line obtains a maximum
value. In the second step one more point is eliminated from the original line based on
the same criterion, and so on.
It is important to note that for the computation of the correlation coefficient according to (4) with (5) both lines have to be represented by the same number of points. For
this purpose, the point of the original line which is a candidate for elimination (or has
already been eliminated in a previous step) is associated to its orthogonal projection
onto the simplified line, i.e. onto the segment connecting the two remaining neighbor-
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ing points (Fig. 2). This projection is used only for the computation of the correlation
coefficient and does not need to be included into the final output of the simplified line,
although it would not change the form of the simplified line. In a practical implementation it should not be forgotten that omitting a point in some step changes the projections of the neighboring points omitted in previous steps (Fig. 3).

Fig. 2. A point Pi=(xi,yi) of the original line and the associated point Ti= (wi,zi)
of the simplified line. Pb and Pl are remaining points neighboring the point
Pi=(xi,yi) which is a candidate for elimination in the current step

Fig. 3. Position change of the projections of the points eliminated
in previous steps due to the elimination of point Pc in current step

The procedure is iterated until the required quantity of points is eliminated. A very
simple synthetic example illustrates the individual steps of the simplification (Fig. 4).
The result can be interpreted also as 13 different simplifications (e.g. for different
target scales) of the same original line, consisting of 18, 17, ..., 6 points chosen out of
originally 19. Having to choose the same number of characteristic points out of the
original line most cartographers would make very similar decisions as the proposed
algorithm.
In the following text the algorithm just described is denoted by MCLS (Maximum
Correlation Line Simplification).
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Fig. 4. Successive elimination of the points of the original line based on maximum correlation. Number of eliminated points (left to each line); squared correlation coefficient between the original and the respective simplified line (right)

3.3 Self-Intersections and Collisions with Other Objects
It is well known that the elimination of points might lead to self-intersections of the
simplified line or collisions with other objects of the map. This holds for all algorithms for line simplification, based on metric criteria (like Douglas-Peucker algorithm), similarity of forms (like MCLS presented in this study) or on something else.
For the example in Fig. 5 it is obvious that the elimination of any single point apart
from P6 could not cause a self-intersection. However, eliminating P6 would lead just
to that. For the moment it is irrelevant why some algorithm would like to eliminate
P6 . The configuration in Fig. 5 can be adapted easily in such a way that the considered line simplification algorithm (Douglas-Peucker, MCLS or some other) picks just
this point.
For some of the algorithms for line simplification considered in the literature solutions for the problem of avoiding self-intersections can be found for instance in [30],
[22], [15], [7] and [31].
Since the problem of self-intersection does not originate from a particular algorithm
but from the line simplification itself, the implementation of the algorithm MCLS
proposed in this study, which would be based on the description in Section 3.2 alone,
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might in some cases lead to a simplified line intersecting itself. In order to eliminate
this danger, the algorithm has to be extended appropriately. Since the points are eliminated sequentially, there is a very simple solution: after finding a point which is a
candidate for elimination, it is examined whether this would lead to a self-intersection.
If this is a case, the point is retained for the moment and the next-best candidate is
searched for and eliminated instead. This does not mean that the point for which the
elimination in some step was forbidden will remain in the final simplified line, but
only that it is retained for the moment. In the example from Fig. 5 this means that the
point P6 can be eliminated without problem after the elimination of the point P3 .

Fig. 5. Self-intersection as a consequence of elimination of P6

Fig. 6. Omission of point P2 would cause the simplified line to touch itself

Checking whether the elimination of some point would lead to self-intersection of
the simplified line is based on testing whether some other point of the line lies inside
the triangle spanned by the considered and the two neighboring points. This check can
be done efficiently using vector algebra [29]. In the example from Fig. 5 this check
would find that P3 lies inside the triangle spanned by P5 , P6 and P7 .
A generalization of this procedure in order to prevent a simplified line to touch itself (as illustrated in Fig. 6 and 7) or other objects or to keep it at some prescribed
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minimum distance from itself (Fig. 8) or from other objects has been elaborated in
[29]. It was shown there that all these cases can be transformed into the case of selfintersection.

Fig. 7. Omission of point P2 does not cause the simplified line to touch itself. In the
implementation this case has to be distinguished from the case presented in Fig. 6

Fig. 8. Omission of point P2 would cause the simplified line to come
too close to itself. The circle around point Pc has a radius equal to
the prescribed minimum distance and represents “forbidden region”

3.4 Comparison of Main Characteristics of Douglas-Peucker Algorithm and
Line Simplification Based on Maximum Correlation
All algorithms for automatic line generalization depend on some parameter controlling
the number of points which will remain in a simplified line. For instance, in the Douglas-Peucker algorithm it is a chosen tolerance and in the algorithm proposed in this
study (MCLS) directly the number of points. The choice of a reasonable value for this
parameter is the most critical issue and a full automation of it has not been achieved
by anybody as yet.
Taking again a look at Fig. 1, it is possible to consider critically the generalization
of the coastline performed manually (right). Note that this was not just a line simplifi-
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cation, but other usual operators have been applied as well (for instance, exaggeration
of some features is clearly visible). The result is probably too generalized and possibly
too exaggerated on some places. However, it is acceptable. This might be the main
feature of manually generalized lines: the result is never ideal, but almost always acceptable (assuming that the generalization was performed by an experienced cartographer). In contrast to this, choosing a wrong value for the parameter (e.g. tolerance in
the Douglas-Peucker algorithm) can result in a completely unacceptable simplified
line.
It is in principle plausible that there is a functional relationship between the ratio of
two map scales and the ratio of the respective quantities of information which can be
represented legibly on both maps. Such considerations led to the well know "law of
Töpfer", cf. [25], [24]. In order to verify such laws using existing maps of the same
region in different scales, the quantity of information has to be represented by a quantity of objects, features or points (in case of line simplification). The checks performed
by the above mentioned authors using various cartographic material completely confirmed their theoretical considerations. However, the main prerequisite of the success
was the interference of an experienced cartographer in the process of decision how
many and which of the infinitely many points representing a line (and accordingly for
other kinds of objects) on a map should be considered as points which carry the information (all other points are regarded as superfluous and do not count). It is no
surprise that the ratio of the numbers of points (determined in such a way, i.e. by some
sort of manual generalization) representing the original and the simplified line shows a
strong relationship with the ratio of the map scales. Hence, having at disposal only the
points of the original line which contribute essentially to the information contents and
knowing the scale ratio, it would be no problem to compute how many points should
remain in the simplified line. Since a human intervention in choosing the points of the
original line (which would serve as input for automatic simplification) would mean an
effort comparable to a manual generalization, the choice of parameters for an automatic simplification cannot be based on laws which operate with ratios of scales.
Accepting the fact that the quantity of starting data for the original line depends on
the scanning resolution or sampling rate and has nothing to do with the information
contents or the scale of the original map (the input data can also be "scaleless", coming out of a database compiled from many different sources, cartographic and noncartographic, like results of any sort of remote sensing or some other observation
techniques), a more realistic idea would be to determine the scale-dependant required
number of points of the simplified line per unit length. Obviously, such an approach
can result only in a coarse estimate valid for a line having some average characteristics (a straight line has the same information contents as two points, a line with a lot of
bends much more).
Taking graphical resolution as the tolerance in the Douglas-Peucker algorithm usually results in too weak a simplification. It is very difficult to choose a realistic value
for the tolerance. Analogously, prescribing some estimate for the number of points of
the simplified line in the MCLS algorithm proposed in this study usually does not
yield a result which can be regarded as optimal. Similar conclusions hold for all other
known line simplification algorithms. Hence, the initial guess for the parameter which
controls the degree of simplification is usually not the final. This is one of the reasons,
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why even a relatively simple case of cartographic generalization, line simplification,
cannot be fully automated at the present level of knowledge. For a more detailed review of the problems concerning the automation of cartographic generalization cf. e.g.
[11].
Accepting the fact that the parameter governing the degree of simplification has to
be varied in order to obtain the required degree of simplification, some essential differences between the proposed MCLS algorithm and the Douglas-Peucker algorithm
(which is the most popular among the line simplification algorithms based on metric
criteria; however, most of the conclusions which follow hold in general) can be
pointed out.
Figure 9 shows a very simple artificial, but also very illustrative example. The
original line (a) is represented by 10 points which are all essential information carriers. Asked to select the points for a two times smaller scale, an experienced cartographer decided to retain 6 points (b). This is not the only solution; however, other imaginable solutions are very similar. The MCLS algorithm can reduce the given original
line to any number of points between 2 and 9. In a practical test, starting from the
initial guess that about half of the points should be eliminated, the solutions for 4, 5
and 6 retained points were plotted and the solution for 6 points chosen (c). In contrast
to this, the Douglas-Peucker algorithm can, depending on the chosen tolerance, produce only two solutions: to retain all points (d) or to simplify the line to two points (e).
Applying the Douglas-Peucker algorithm to an arbitrary line, this shortcoming manifests itself usually in a less extreme form; however, very small changes in the value of
the tolerance parameter result sometimes in huge jumps in the number of eliminated
points and considerable changes in this parameter bring sometimes no significant
changes in the number of eliminated points. Hence, it is sometimes impossible or at
least very difficult to achieve the required degree of simplification.

Fig. 9. a) original line; b) manual simplification; c) the line simplified using MCLS;
d) the line simplified using the Douglas-Peucker algorithm with tolerance < w;
e) the line simplified using the Douglas-Peucker algorithm with tolerance > w

Looking for the moment at the Douglas-Peucker algorithm optimistically and assuming that there exists an appropriate choice of the tolerance value which leads to an
acceptable degree of simplification, it is clear that several runs are needed starting
from some initial guess for the tolerance. After each such experiment it is necessary to
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adjust the value of the tolerance; however, it is not possible to estimate how much the
value must be changed. Consequently, a number of experiments is required, each of
them requiring a separate run of the software, and the experiments have to be performed sequentially, since the parameter for the next experiment depends on the result
of the previous one.
The proposed MCLS algorithm in contrast produces solutions for all imaginable
degrees of simplification in a single run. Plotting on a screen all or a selected set of
simplified solutions (e.g. with a step of 10 or 100 eliminated points) can be fully
automated and it is only necessary to pick out the desired one or to give a command to
plot those lying between the two selected solutions (which does not require a new run,
but merely a new representation on the screen).
The computer resources needed for a single run of MCLS are considerably larger
than for a single run of the Douglas-Peucker algorithm. Since in the first case a single
run suffices and in the second the number of runs cannot be predicted in advance, the
total computer resources needed for a simplification of a line cannot be compared.
However, the importance of this consideration is steadily decreasing. The more important issue, the required manpower in a half-automatic interactive application of both
algorithms is much higher using the Douglas-Peucker algorithm and a similar conclusion probably holds for most algorithms based on metric criteria.

4 An Application to Real Data
Figure 10 illustrates the application of the MCLS algorithm to real data. The coastline
of Istria was digitized from a map of territorial units of the Republic of Croatia in
scale 1:1 000 000, which was produced at the Institute of Cartography of the Faculty
of Geodesy in Zagreb in 1979. Part (a) of Fig. 10 presents a photographic reduction to
the scale of 1:2 000 000, which obviously contains too much detail to be fully legible.
Part (b) of Fig. 10 contains a manual generalization of the original line for the scale
1:2 000 000. This is obviously much more acceptable than a photographic reduction.
It should be noted that in the course of manual generalization all means of cartographic generalization have been used, not just the line simplification. A detailed
analysis, which must be omitted here, shows the usual characteristics of manual cartographic generalization: favorable consequences of exaggerations on some places and
unnecessary distortions on others, too weak generalization on some places and too
strong on others. However, the overall result lies in the frame of acceptability.
The remaining two plots in Fig. 10 represent automatically simplified coastline, (c)
using the Douglas-Peucker algorithm and (d) using the proposed MCLS algorithm.
The parameters of both algorithms have been chosen in such a way that the simplified
lines contain the same number of points. The chosen number of points is probably not
ideal and the degree of simplification is possibly a little bit too low. This is partly a
consequence of the fact that it is neither easy nor always possible to achieve a desired
number of remaining points using the Douglas-Peucker algorithm, cf. Sect. 3.4. However, both results can be regarded as acceptable and they are both comparable with the
result of the manual generalization (b).

Proceedings, ISGI 2005, International Symposium on Generalization of Information

a)

b)

c)

d)

69

Fig. 10. a) Coastline of Istria taken from a map in scale 1:1 000 000 and reduced
photographically to 1:2 000 000; b) manual generalization; c) simplification by Douglas-Peucker algorithm; d) simplification based on maximum correlation (MCLS)

A detailed analysis, which has to be omitted here, shows that the MCLS algorithm
better reproduces the original forms of the line, especially after a fine tuning of the
number of retained points, which is very difficult to achieve when applying the Douglas-Peucker algorithm.
Besides the obvious advantages of the MCLS algorithm presented in Sect. 3.4, tests
performed using further examples of cartographic line elements have shown that the
results of the line simplification are always at least as acceptable as the results obtained using the Douglas-Peucker algorithm.

5 Conclusions
Cartographic generalization is a special case of generalization of information having
its specific principles and being constrained by specific requirements. In its traditional
form it is not just a graphical, but also a mental process. The main goal is to reduce
the quantity of information in order to make a representation in a smaller scale legible,
keeping at the same time the main characteristics of the represented objects intact.
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Nowadays the goal is to achieve a full automation of the cartographic generalization. In order to attain this, it is necessary to decompose it into well-defined smaller
steps. The largest part of the cartographic generalization consists of the generalization
of line features of a map and the simplest procedure to accomplish this is line simplification. Neither the problem of the fully automatic cartographic generalization, nor
partial problems like the complete automation of the generalization of line elements
have been solved as yet in a satisfactory manner.
A variety of algorithms for an automatic generalization of line elements can be
found in the literature, probably all of them employing metric criteria and most of
them based on the reduction of the number of points. The present study is restricted to
line simplification. However, most conclusions regarding line simplification with
metric constraints hold to a great extent for other procedures based on metrics as well.
As a typical, very popular and widely spread representative of algorithms for line
simplification, the algorithm of Douglas-Peucker was considered. It was shown that if
the form of the line is unfavorable, the results might be rather strange in the sense that
the characteristic forms might be lost although the metric constraints are satisfied.
Another shortcoming of this algorithm is that it is not always possible to achieve a
desired degree of simplification. Even in the cases where this is possible, it is sometimes very difficult to make an appropriate choice of the metric parameter which governs how many points are to be eliminated.
In this study a new approach to line simplification is proposed, which uses the coefficient of linear correlation as a measure of the similarity of forms. This measure corresponds well to visual similarity and to preservation of characteristic forms. The
basic idea is that the simplified line should be as similar as possible to the original
one. The new procedure called MCLS (Maximum Correlation Line Simplification) is
performed sequentially and any desired degree of simplification can be achieved.
Taking into account the fact that no present method for line simplification can be
performed fully automatically and that the initial guess of the parameter controlling
the degree of simplification is never final, the above feature of MCLS makes the necessary interactive interventions easier and less manpower consuming. The final results
obtained by MCLS are at least as acceptable as the results obtained by the DouglasPeucker algorithm, which can be shown in applications to real data and is a logical
consequence of the fact that MCLS is based on preservation of characteristic forms,
which is the governing principle in cartographic generalization.
The solution of problems of self-intersections or collisions with other objects,
which are typical for any line simplification without additional constraints, can be
solved for MCLS in a simple manner, as outlined in the present study. An application
of the principle of maximum correlation to other procedures of cartographic generalization is possible as well; however, the details would go beyond the scope of the present study. The same holds for the possibility of introducing additional metric constraints into MCLS in order to guarantee a desired graphical accuracy of the representation.
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Abstract. Nowadays, every application area (like biomedical visualization or
soil science) have to deal with large amount of data which needs to be managed
by a data management system. In the application area of urban planning, several
specialized systems exist. These commonly used systems are only suitable for
explaining and illustrating the planning process. There is a lack of goal oriented
tools for interpretation and visual presentation of the mostly unstructured data.
In this paper we present a clustering method based on a generalized voronoi
diagram for the simplification, structuring and the planning process for the conversion of land formerly utilized by the military. Based on the tessellation, a
multidimensional visualization technique is included, which has to be simple
enough to allow interpretation for all users. The developed clustering and visualization methods are combined in the data management system DaMaViS, tailor-made to support town planning. The system is developed as a platform independent component based client-server architecture.

Keywords. Clustering, Generalized Voronoi Diagram, Urban Planning, Information Visualization, Data Management

1 Introduction
Today almost every application area has to deal with large amounts of data. These
masses of data need to be managed by a data management system in order to cope
with complexity. Several specialized geographic information systems like land, spatial
or branch information system exist in the area of urban development. These commonly
used systems are only suitable to illustrate and to explain the planning process, like a
direct 3D city-model. Appropriate analysing tools are still missing. The complex
crosslinking of data and factors with its resulting impacts are not provided by these
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systems. There is a lack of goal oriented tools used for the interpretation and visual
presentation of the mostly unstructured data sets. Therfore the aim of our research is
to present a decision-making tool (assisting different users i.e. planners, politicians,
etc.) combining an information clustering process with appropriate visualization techniques. Figure 1 shows the user interface of our developed decision making tool.

Fig. 1. DaMaViS-System with the Spike-Tree-Visualization.

In section 2 related work is presented and section 3 gives an introduction in the actual
visualization process in urban planning. Clustering the map in dependence of the key
aspects of the conversion area provides a powerful basis for decision making. Therefore we developed a clustering process which is described in section 4.1. In many
application areas the existing techniques for visualizing multivariate data are sufficient
and describe all information [2]. In urban planning there are additional requirements
for visualizing multivariate data. One aspect is superposed maps, for instance, several
maps need to be overlaid and combined with an appropriate visualization. Another
important aspect is the interpretability and the practicability of the visualization; especially non-skilled users have to work with it. Section 4.2 describes two suitable visualization approaches. Section 5 gives a short overwiev over the technical aspects of
our new data management system DaMaViS and in section 6 future works is presented.

2 Related Work
In urban planning mainly GIS-systems are used to support decisions. In these systems
static data of different data bases like statistics and maps are combined and presented
in a mostly two or three dimensional view. Normally they are not interpreted. The
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visualization is used to give a more optical overview for different users. Hopkins describes a structure of a planning support system based on geographic modeling and
elements of planning [5].
The current systems give a three dimensional overview of a situation like 3D-town
models and link it with two dimensional information like noise [14]. The paper of K.
Kanzler and N. de Lange [6] gives a brief description for the use of GIS-systems in
urban planning at the moment. The system allows collecting various parameters. They
are analyzed afterwards and visualized in 2D combined with the map. The study on
the re-use of former military land gives an overview of the general structure of a planning process in the context of urban planning [1]. An interesting attempt combining
GIS-systems and cluster analysis in the application area soil science is realized by M.
Fecht [4].
In the last couple of years several techniques were developed in the field of multidimensional and multivariate visualization [8]. We examined several methods with
respect of the applicability in urban planning. The so called stick figures of Pickett
and Grinstein [13] can easily be fit to a map. They can represent spatial data very well,
but they are limited by the number of dimensions. Expansion of these techniques will
be a good attempt for visualization in urban planning. The approach from Kleiberg,
van de Wetering and van Wijk [9] gives a good basis to avoid visual overlap of the
visualization with the two dimensional map.
Recent work that used the geometry of voronoi diagrams for clustering in information
visualization was the InfoSky system by Keith Andrews [7]. InfoSky enabling users to
explore large hierachically structured document collections. The hierachical stucture is
represented by recursive Voronoi subdivision of the available space.

3 Visualization in Urban Planning
Nowadays using a data management system is absolutely necessary to handle the large
amount of unstructured data in the area of environmental planning and urban development. Existing systems are relatively static, they show specialized items. Unfortunately appropriate analysing tools are still missing. The results of planning processes
are normally shown in two and three dimensional CAD-models and drawings. This
leads to our conclusion that visualization has to be simple enough to allow interpretation for non-skilled users, e.g. in Germany, the decision makers are politicians which
are in general not familiar with the interpretation of different visualization techniques.
Therefore we develop goal oriented tools for the interpretation and visual presentation
of the mostly unstructured data sets. Normally the data sets are spread over a lot of
single data bases that have to be combined and analyzed. One major disadvantage of
current methods is the handling of mainly statistical data and the non-generalized
visualization. Based on this fact it is no surprise that only few methods of information
visualization are used in the domain of urban development and environmental planning.
The special application area we are working is the field of re-use of former military
land. The last 20 years have brought the closure of several military bases throughout
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Germany. The actual situation and the forthcoming years will bring about more land
which will be available for civilian use because of troop reduction, and these sites
have to be redeveloped. Base redevelopment initializes a complex planning process
that needs a high structural effort. The need of re-planning the area for different utilizations is expected. A large number of actors are involved in the process of redevelopment and re-use. The main actors are the county, the investor and the vendor.
The planning process itself is divided into several steps during the redevelopment. Our
work is focused on the profiles of different sites and their analysis based on the need
of the decision makers. A deciding aspect is that a lot of restrictions during the change
of use are given by multiple parameters in the sense of soft and hard location factors.
Soft location factors are all subjective indicators which are influenced by a personal
view on one aspect (e.g. quality of life). Various subjective parameters affect the planning process. Hard location factors are all objective parameters like fixed factors (e.g.
geographic position, law …) which can’t be influenced. We identify and describe all
the determining indicators. Afterwards we arrange the multiple parameters according
to the different views fixed by the actors. We define the different views by an individual weighting of hard and soft location factors. Our great conclusion is the absolutely
required independence of the defining parameters.

4 Information Clustering

4.1 Basics
Starting point for the information clustering process is a conversion area. We define
this area accurately by its independent parameters [see section 3], which provide the
basic assumption for our clustering process. Re-partitioning the conversion area in
dependence of these parameters yields to an extended approach for interpretation. For
this purpose a clustering method based on generalized voronoi diagrams [3] is our key
idea. The benefit using this general structure is the possibility to integrate user dependant weightings (as defined by county, investor or vendor, see section 3) of the
parameters.
The central part of our algorithm is a special topology preserving distance function,
based on the contour line of the voronoi diagram. We are using distance functions
instead of “classical” Minkowski metrics because of their increased flexibility. For
instance distance functions don’t need to be symmetric [12], so we are very flexible
defining the contour line. In order to keep in mind the independent parameters characterizing the conversion area, these parameters can also be integrated in the distance
function.
A very important issue in the context of urban planning is the connectivity of the calculated tesselation. Holes within an area are special artefacts. In dependence of the
future use of the conversion area, holes are undesireable or maybe tolerated. We can
control this special requirement by varying the kind of integration of the weightings.
After analysing the impact of the weightings, we decided to integrate additively and
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multiplicatively weighted distance functions. Additively weighted distance functions
preserve the connectivity of areas, multiplicatively weighted distance functions can
lead to holes between the tiles [15]. It is up to the user to make the choice between
these variants. Figure 2 shows an example of the resulting voronoi diagramm.

Fig. 2. additively and multiplicatively weighted voronoi diagram.

We are using the benefit of a fast growing algorithm for the clustering process. The
contour-lines of the chosen distance function are starting to grow up around the voronoi points with zero distance. They intersect after a finite number of steps and define this way the voronoi diagram. We have the possibility to vary the “growing parameter” (e.g. starting time and rate of growing) in order to generate the important
weights of the distance function automatically [10].

Fig. 3. growing algorithm in 2D.

Finishing the clustering process leads to a partitioning of the conversion area in dependance of the parameters and their weightings. Figure 3 shows the growing algorithm in 2D. Due to the number of parameters (mostly more than 5) a direct interpretation of the resulting tesselation is a difficult task, so there is a need of a multidimensional visualization to solve the problem. Section 4.2. gives an approach to the developed visualization techniques.
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4.2 Visualization approach
Combining the clustering-process with a selective visualization technique provides a
powerful tool for interpretation. In this section two exemplary visualization techniques
were chosen, because of their advantages, in picturing the parameters, are presented.
Our resulting decision was to superpose the clustering and visualization process with
the conversion area in dependence of the geographic position. The new visual effect is
a re-structured conversion area combined with a visual presentation of the important
subdivision factors. We implemented two information visualization techniques to
visualize the multidimensional clustered data. Icon based and hierarchical techniques
were the best choice for this application area. The most profitable advantages are their
flexibility and simplicity.
4.2.1 Picklock Icon
The icon based method offers the gain that the results are graphically represented in
areas. We can easily combine it with the described clustering method. The standard
icon based information visualization methods can not be used to visualize the desired
information. It is impossible to combine the wide range of parameters by these techniques because they are limited up to six parameters and our requirement is much
higher. We developed a more flexible and meaningful icon to cope with the large
amount of unstructured data, therefore, we enhanced a standard technique. The resulting method is a combination of the stick figure and the velcro icon which includes all
the advantages of these icons. Figure 4 shows an example of our developed Picklock
Icon.

Fig. 5. Picklock Icon.

4.2.2 Spike Tree
We decided to use the hierarchical visualization technique with the intention to avoid
the visual overlap of the visualization with the two dimensional map. It is rather easy
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to recognize and understand the visual output supported by an underlying map. This
specification is fulfilled due to the fact that the botanical visualization is point-located.
Our developed technique Spike Tree is an extension of the approach of Kleiberg, van
de Wetering and van Wijk to better fit the requirements in urban planning. Our basic
demands are the flexibility and simplicity of the interpretation. The tree handles nine
parameters at the moment. Due to the generated voronoi diagram each trunk is located
at the centre point of the voronoi region. The top end of the trunk is split into several
branches depending on the parameters. Our combination of an additive weighted voronoi-diagram and the developed point-located Spike Tree gives an optimal decisionsupport for evaluating the conversion areas. The user can recognize the information
which is given by all parameters.
The layered structure of the implementation is shown in Figure 6. The map is the
background for the presentation of the results. On this map the result of the voroni
clustering is layered. The top level is the result of the information visualization technique.

Fig. 6. visual interpretation with botanical visualization.

5 Implementation
We developed a data management and visualization system called DaMaViS (Data
Management and Visualization System). Important aspects are the component based
client-server-architecture and the flexibility and reusability that is guaranteed by applying generic data structures for storing and representing data as well as using
CORBA (Common Object Request Broker Architecture) for the communication between server and clients. With DaMaViS we handle almost every kind of data. It pro-
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vides all required data by different sorts of data bases. The analysis of multivariate
data is done by several components like virtual walkthrough, GIS- reports, Excelsheets and a decision making tool in the context of conversion of former military land.
The decision making tool is still in development progress.

6 Future Work
As a basis for the information visualization techniques an additive or multiplicative
weighted voronoi diagram is generated and combined with the visualization. This
leads to a powerful tool for interpreting urban planning data. At least three technical
aspects deserve further attention. First, it needs to be investigated how the choice of
parameters can adjust the system to work for alternative application areas. Second, the
expansion of information visualization techniques for presenting information in higher
dimensions looks promising. And third, we can easily integrate a whole variety of
different distance functions.
The next step is to evaluate the whole system which means to evaluate the results of
the clustering and to optimize the used information visualization techniques.
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Abstract. The idea in this paper is based on the application of the system-based approach to generalise the poverty reduction process which implies poverty problem solving.
Taking the process to be a multi-aspect system, the various approaches are contained inside
this system as subsystems, with each subsystem having distinguishing elements (poverty indicators) contained in them. These subsystems stand for the different ways poverty is perceived in terms of the mono-disciplinary approaches taken to alleviate poverty. With the
different approaches making up the system able to interact at an interdisciplinary level, poverty reduction is better achieved. Coming up with poverty reduction strategies derivable
from an interdisciplinary approach could prove really helpful. This is because our ability to develop approaches for poverty reduction that are integrative in nature and substantially generic for application anywhere, is going to determine to a large extent the success
achievable in combating poverty globally.
Keywords. Poverty reduction, System-based approach, Multi-discipline,
terdiscipline, Indicators

In-

1 Introduction
A cursory examination of the literature on poverty reveals substantial differences in
the way poverty is defined. The approaches to poverty ranges from the monetary and
utilitarian, basic (essential) needs, social exclusion to that of information (knowledge)
poverty. These varying approaches to poverty reflect the different perspectives or
philosophical beliefs underpinning the understanding and handling of the poverty
problem. As no single approach to poverty enjoys general consensus, serious analytical and methodological problems ensue.
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The task at hand in this paper would be to reason on how to model poverty with the
aim of generalising the poverty reduction process (PRP). The methodological
questions raised relate to how the required picture of poverty as a whole, taking into
account its multi-dimensionality, can be derived. That is to ask, ‘how best do we deal
with poverty in all its dimensions in order to alleviate it’? ‘Do we use separate models
representing mono-disciplinary views to capture important aspects of poverty, which
are then reassembled’? or ‘is it through the use of an all-encompassing model that
captures poverty in all its facets’? [1] Furthermore, which poverty indicators are
appropriate to consider in poverty reduction programmes? These questions are
fundamental in our quest to appropriately generalise the PRP.

2 Theoretical framework
To make a contribution to knowledge, most epistemologies (communities of practice) argue that research results need more than having been gathered under some explicit methodology. These epistemologies require that significant
(K)nowledge
claims must have some generic properties such as being applicable to more than one
situation. [2] In experimental research based science, the pursuit of general truths
which are true across time and space, demands repeatability to allow for generalisation. [3] That is, such knowledge claims justified from one experiment need to be
repeatable, to justify that they are universally true, being supported by physical measurements or theories. Achieving this requirement of repeatability for generalisation
of solutions can be problematic in social based research. Checkland [4 and 5] using
the ‘Soft System Methodology’ concept, recognised that this requirement could be
more of a problem than a solution, especially in a complex ill-structured problem
domain as the interpretation given to a problem situation will be different according to
the world-view of those involved.

Poverty as an ill-structured social problem, is differently measured and the strategies
implemented for its alleviation are perspective specific. There are different perspectives about the nature of poverty and the policy responses which follow these perspectives are central in deciding how best to study, measure, analyze and handle the phenomenon. For example, we could look at the conventional economic laissez-faire
perspective or the structural poverty perspective. The former attributes poverty to
the personal failings of the individual whereas the latter views poverty as the inevitable outcome of an unfairly structured political and economic system which discriminates against disadvantaged groups. [6 and 7] Each perspective invariably leads to
an alternative set of policy prescriptions and would demand different kinds of methodology and data.
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Poverty reduction practitioners have a range of philosophical beliefs associated with
professional disciplines or institutional characteristics, that influence their choice of
methodology or approach. For example, economists generally prefer consumption/income measures based on econometric analysis. Sociologists and anthropologists prefer case studies, rapid rural appraisals and participatory approaches as they
are generally suspicious of poverty characterizations generated by quantitative survey
data. NGOs tend to prefer the latter techniques, which are more suited to the work and
interventions they carry out. National statistical institutes have traditionally relied on
statistical measures, such as principal- component and factor analysis, which are often
used to create different types of indices. [8]
In the poverty problem-solving context, generalisation of solutions are yet to be realised, especially when looked at from the methodological angle. It has been suggested that social research should result in a knowledge claim that is a simple decision rule for future action, which should not be so specific as to have no regard for
differing contexts. [see 9 and 10] If we interpret the ‘differing contexts’ to mean the
different approaches to poverty, the issue of whether the analysis or findings from one
approach are also true for other approaches have to be addressed. This would lead us
to apply the system-based approach to generalise the PRP, which would help us view
poverty in accordance with compartmentalised knowledge each approach stands for.

3 The Poverty Reduction System
A look at the description of a system and the multifaceted (multi-dimensional) nature
of poverty, would help us realise that poverty reduction has the characteristics of a
system. A system can be understood to be a whole, which is composed of elements
that are related to each other, that is, the elements are linked together by their relations. Briefly defined, one might say that a system is a collection of elements in their
entirety and the relations between them. The elements in a system are characterised by
certain features which may be physical, socio-psychological and economic in nature.
The study on the ‘Voices of the Poor’ [11] shows clearly the characteristic features of
elements to be included in each subsystem of the poverty reduction system. At least
six interlocked dimensions feature prominently in poor people’s definitions of poverty. First, hunger and lack of food remain core concerns of the poor. Second, poverty
has important psychological dimensions also. In explaining poverty, the poor often
express a sense of hopelessness, powerlessness, voicelessness, dependency, shame
and humiliation. Third, poor people often lack access to basic infrastructure such as
roads, transport, clean water, electricity and marketplaces. Fourth, literacy is clearly
valued…Fifth, the poor dread serious illness within the family as poor health can lead
to job loss and entail large health-care expenses, pushing the family into further poverty. Finally, is the mention of income. [12]
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3.1 The Nature of the System
Applying the system-based approach to poverty reduction would enable us view the
process as a whole, with the different approaches and relations linking them
together. Taking poverty reduction as a multi-aspect system, the various approaches are
contained inside this system as subsystems, with each subsystem having distinguishing elements (poverty indicators) contained in them. These subsystems stand for
the different ways poverty is perceived in terms of the mono-disciplinary approaches
taken to alleviate poverty. As a result poverty reduction is looked at as the overall
system, with the different approaches making up the system, able to interact at either a
multi-disciplinary or an interdisciplinary level.
The nature of poverty reduction, especially when accounting for the multi- dimensionality of poverty is better illustrated (see fig. 1). The figure shows the Hexad
model for poverty reduction with the approaches taken to reduce poverty. These approaches utilise sets of poverty indicators as would obtain under a mono-disciplinary
view with no apparent relationship existing between them. This model as well makes
it possible to explain the poverty circumstance of the actor (who) to which can be applied an individual timeline of when and why they move in and out of poverty, what
kinds of poverty they face and how local and national authorities can establish antipoverty programmes. [13] Utilising an actor-based (or agent) framework enables us
to geographically locate poor entities (where) to aid the interpretation of the reasons,
results of behaviours and actions of actors in a GIS environment and institutions. [14] Poverty reduction initiatives (irrespective of the approach taken) are increasingly utilising the GIS environment as spatial determinants
are considered essential in understanding and tackling poverty. For example, the poor
tend to live with other poor people, and concentrate in communi- ties in which most
of the other households are also poor.
In practice, alleviating hunger/food-insecurity, ill-health/diseases, illiteracy, unemployment, gender-based problems and other poverty related problems are separately
done as most projects are focused to handle only segments of the overall poverty
problem. Different policy instruments are designed to advance different goals, such
as increasing school enrolment or lowering child morbidity, rather than the same general goal of alleviating poverty. As a result, the education department of the country or
the World Bank, for example, prepares a plan for constructing a new school in the
community, taking into account only the availability and proximity of existing
schools. Very little consideration is given in that plan to other needs of the village and
other possible projects, such as improving the access road or health care services for
children, that could be more important for improving the standard of living. Likewise,
when an administrative department prepares a plan to improve the local road infrastructure, it takes into account the current state of access roads, but not the other needs
of the village… Program designers often pay little attention to the standard of living in
the village, the availability of other public services, and the potential of other projects
to reduce poverty. [15]
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Fig. 1. Hexad model for poverty reduction (adapted from [13])

These examples buttress the fact that mono-disciplinary based approaches to poverty
reduction are inadequate. There is the need to introduce relations into the PRP system
at this stage.
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3.2 Relations in the System
Each poverty reduction subsystem possesses some distinguishing characteristics and
relations may exist within and between them as some indicators overlap or influence
one another. In real world settings, the presence of one form of poverty appreciably
increases the probability of occurrence of all others. [16] According to Haaf et al.,
[17], “... if a relationship exists between one or more elements of a system, then that
means that if the characteristics of those elements change then the elements of that
other element (or those other elements) will similarly change”. Very relevant to tackling poverty therefore, is the idea that relationships do exist between subsystems (see
fig. 2).
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Fig.2. Relations in the system

The inner part of the model is omitted for simplification as the questions of ‘who’,
‘where’, ‘why’, ‘what’, ‘how’, ‘when’ of poverty are all relevant irrespective of the
approach taken. Introducing relations between the subsystems may prove helpful to
ease the problem of lack of coordination or interaction between poverty alleviation
agencies holding unto their own narrow view (mono-disciplinary) of poverty. Having
introduced relations into the system, we would like to explore further the nature of
existing relationships by examining when they are most beneficial, whether at a multidisciplinary or an interdisciplinary level.
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4 Multi-disciplinary versus Interdisciplinary Appproach
We examine the degree of overlap existing between different approaches as many
studies have found that the percentages of poor people obtained vary when different
approaches are used. An example is the study by Razafindrakoto and Roubaud [16],
in which different approaches to poverty were utilised to see whether the individuals
regarded as poor, who still account for the same portion of the population, are the
same under one approach as under another. Table 1 shows the percentage of poor
people when different approaches are applied on the same dataset (for description of
each form of poverty, we recommend consulting their paper).
Table 1. Percentage of poor people using different approaches

Source: [16]

Seven per cent of the population are poor when the monetary and the three objective
non-monetary poverty are combined and 9% are poor when only the three objective
non-monetary forms are combined. Conversely, 78% of the population show at least
one form of poverty, whereas only 2.4% are poor when all seven approaches are combined. Their results indicate a low degree of overlap between the different forms of
poverty. This can be interpreted to mean that each disciplinary approach to poverty
alleviation is valid in its own right, as a result, the various forms of poverty may not
be reducible one against the other.

With the simple assumption that all mono-disciplinary approach to poverty reduction
are valid, we compare the suitability of a multi-disciplinary context to an interdisciplinary one (this section draws significantly from the ideas developed on the subject in
[17]. They defined a multi-disciplinary problem-approach as the
approach of
highly specialised mono-disciplines, each of which identifies with its own specialist
(mother) discipline when accomplishing both a (partial) problem- analysis and a (partial) solution. The application of a multi-disciplinary approach to problem solving is
illustrated in a context where technical, human and social science disciplines are crucial (see fig. 3). Applying a multi-disciplinary approach in the poverty problem solv-
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ing context, would result in our having as many partial problem analyses as there are
disciplnes or approaches involved, yet without linking up with each other.

Fig. 3. An example of a multi-disciplinary approach to a multi-aspect problem (source: [17])

Translated to a real world setting, this is a context where agencies involved in alleviating poverty analyse the same problem, each from a mono-disciplinary angle. As often
is the case, their results fail to cover the same poor segment of a particular population
of interest. This can be largely attributed to the fact that each analysis is based on
different indicators.
This is an issue yet unresolved in the poverty alleviation literature where for example, poverty maps produced and used for varied purposes, especially for geographic
targeting, reflect the underlying philosophy by which poverty is perceived. As a
result, the spatial distribution of the poor shown on a map will vary considerably depending on the definition of poverty chosen. Therefore, poverty maps cannot be
looked at as absolute truth, but in the context of the approach applied. The seriousness of the matter is well portrayed below: [8]
“Most researchers and policy makers interested in using
poverty maps, and even those developing povertymapping methodology, are unaware of the bewildering array of methods. Such a wealth of options, however, invites the question: Does it matter which method is chosen? The choice of method, levels of disaggregation and
drawing geographic boundaries, and the choice of indicator matter. All these elements can lead to a re-ranking of
regions, communities or households, or lead to quite different policy conclusions. The fundamental problem is
that little information exists on how much the choice of
method matters, despite the fact that governments are
spending billions of dollars a year, and millions of poor
people either receive or are excluded from benefits as a
result of these different poverty-mapping methods”.
Since all approaches involved can not use the same indicators (to have them subsumed
into one another), the best that can be done in such multi-disciplinary context would
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be to view each of the partial problem analyses as a sub-aspect system. Then it
would still be difficult to put all partial problem analyses together to form one integrated problem analysis to derive a solution. This is not to say that the multidisciplinary approach can not be successfully used but it would require integration of approaches, both in the problem definition phase and in the design phase.
An interdisciplinary problem-approach on the other hand, is understood to be an
approach adopted for problem solving with at least a basic knowledge of some relevant mono-disciplines and a tendency to identify with the problem rather than with
any particular specialist mono-discipline [17], (see fig. 4).
Identifying with the poverty problem would imply that the approach to use for
analysis would take into account the multi-dimensionality of poverty. A way to do
this could be that each approach would include in its analysis, other different elements from the other subsystems. In other words, indicators are also to be drawn from
the other approaches. Some attempts made in this direction are composite indices
utilising a wide range of indicators. Examples are Indicators of urban poverty [18];
Community Well-Being Index (CWB) in use for measuring ‘First Nations Community’ well-being in Canada [19]; Household Quality of Life Index (QHL) proposed for
use in measuring urban poverty in Nigeria. [20] The choice of weightings to assign to
each indicator comprising an index and the suitability of such indices in other settings
other than those in which they were developed are two major issues limiting their usefulness.
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Fig. 4. An example of an interdisciplinary approach to a multi-aspect problem (source: [17])

4 Conclusion
The application of the system-based approach to poverty reduction allowed us to view
poverty differently from the angle of the approaches taken to alleviate poverty. This
proved essential in better understanding the problem as it is in real world situations
rather than as seen from a mono-disciplinary stand. Coming up with poverty reduction strategies derivable from an interdisciplinary approach could prove really helpful.
This is because our ability to develop approaches for poverty reduction that are integrative in nature and substantially generic for application anywhere, is going to determine to a large extent the success achievable in combating poverty globally.

The discourse so far reveals that the quest for means with which to generalise the poverty reduction process at the local level is an ongoing one. This quest is also visible
at the global scale as evident from changing development strategies adopted over the
last 50 years. Series of different approaches driven by the single paradigm of quick economic growth were used to address the poverty problem. In the1950s and 1960s, for ex-
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ample, large investment in physical capital and infrastructure was the favoured instrument for fast economic growth and the alleviation of poverty. Whereas, in the
1970s, development specialists realized that physical capital itself was not sufficient
and that human capital was equally important. With limited success achieved, emphasis shifted from state-dominated planning models to decentralized decisionmaking with the markets as the efficient invisible hand in the 1980s. Since the late
1990s, the concept of development as a transformation of society is being used. The
emphasis is on the development of stakeholders (private sector, public sector, community, family and the individual) in a manner that produces synergy among them
with the institutions linking them. [see 21]
Generalising poverty at any desirable
scale, undoubtedly, remains a challenge, it is however a growing concern to be able to
do this.
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Abstract. The objective of this contribution is the communication of geographic knowledge
based on the French approach of chorematic maps, emphasizing theoretical reflections on information and representation in informational networks. Scientific knowledge of cartographic
and chorematic abstraction and iconicity is applied theoretically to this general framework.
Models and methods of empirical cartography are provided to allow the evaluation and verification of highly generalized geoinformation and its use. The objective is to show the additional
possibilities of “chorématique” and to permit the study of the cognitive processing of geoinformation for determining new forms of representing and communicating geographic knowledge for cartographic and chorematic media.

Keywords. • cartography • abstraction • generalization • chorématique • cognitive information
processing • multiple representation • net based knowledge communication •
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Introduction

The notion of information processing in the framework of network-communication
from geographical information systems (GIS) is not used in the sense of automatic
data processing. The information is rather used by the human user to extend his
knowledge and prepare his actions in space to support his objectives and his specialized activities. The geographical information system is thus understood as a support
system for cognitive information control and processing and not as a computer program of GIS-type, e.g., for the analysis of data.

1.1 From the Map to a Cartographic Network
The novel and growing usage of geographical information systems and cartography in particular on the Internet - places cartography in an ever more important role as an
intermediary between geographical information and its diverse users. In this framework we study and discuss here the function of chorematics for the cognitive processing of information.

1.2 Chorematic Maps: Highly Generalized Geoinformation
The choremes, as combination of structural and iconic concepts, are more abstract
graphical means than traditional cartographic signs. The abstraction of choremes allows to orient the graphics of maps by simplifying their comprehension. We used the
abstraction and iconicity of chorematics to derive “cartographic-chorematic” information from topographical data (Fig. 1), applied in different domains [12].
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Fig. 1. Derivation of cartographic-chorematic information from topographical data

In the first line of the figure the map parts are constructed on the basis of Germany’s
topographical and cadastral database. In the second line we find instead explicit information for different applications, about:

Proceedings, ISGI 2005, International Symposium on Generalization of Information

A
B
C
D
E

99

the density of distribution of radio stations for telecommunications,
the outline of south-oriented ground-plans for the real-estate domain,
the map of road and railroad network importance for public transportation,
the topological quality of road connections such as higher level or underground
passage, or correspondence between crossing lines, for private transportations,
the central, central-peripheral, or peripheral usage quality for town and country
planning.

The traditional functions of chorematics are to represent spatial structures by simple
graphical elements, such as the elements or basic figures of the alphabet, in chemistry
or architecture [4], [7], [5], [14], [15]. Theses basis scenarios of application hence
show that a more abstract or iconic representation, but with an explicit application to
concrete domains, can improve the communication of geographical information by alternating a traditional cartographical representation and a “cartographic-chorematic”
representation. This alternation depends on the domains, the objectives, and the spatial actions of the application [12].

2

Cognitive Processing of Geographical Knowledge Based on
Chorematic Maps

In addition, chorematics can facilitate comparison, and consequently a better comprehension, of different real structures by a unified set of graphical structures. Beyond
this function, chorematics also allow for a more powerful communication of geographical knowledge: in fact, it can directly deepen the cognitive processing of geographical knowledge by representing spatial, linguistic, and mental structures (Fig. 2).

Fig. 2. Processing of geographical knowledge aided by chorematic maps (see Bollmann, 2002)
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To examine the cognitive processing of geographical knowledge from chorematic
maps we based ourselves on the German and American work from previous years to
develop cognitive and semiotic models for the processing of cartographic information
[9]. The goal of these models was the empirical exploration and evaluation of different cartographical abstraction levels, and their supportive value in the usage of maps.
In the first model we can begin by distinguishing cognitive operations in cartographic
perception space (Fig. 3). These are:
•
•
•

•

in goal space: the cognitive transfer of communication goals and interpretation
into the optical and informational structure of the map,
in search space: preparing the intake of information by a priori visual orientation
and cognitive structuring of the map,
in problem space: the cognitive intake of specific and relational information
about objects in the map as well as their classifications,
in result space: the evaluation of derived information and its interpretation in the
context of individual knowledge.

Fig. 3. Cognitive model of cartographic information processing (see Heidmann, 1999; Bollmann, 2002)

The information being “cognitively” processed in these different spaces of cartographic perception are subject to “Bottom-up” and “Top-down” processes, which are
tied, on the one hand, to an active control of attention, and on the other hand, to a determined usage of individual knowledge. For instance, the “ground-plan of a building” will be recognized in two ways: 1. by the goal motivating the investigation of a
building, and 2. by the acquaintance to the shape of building ground-plans.
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- geometriques
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- geometriques/substantielles

- sur la terre
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- coordonnées
y
x

Informations
spécifiques
- geometriques
- substantielles
- geometriques/
- substantielles

4

2

3
1

Informations de quantité

Informations régionales
- délimitation
- distribution
- inventaire

- somme
- différence

Fig. 4. Simplified model of cartographical information (see Tainz, 1998)

In relation to the resulting knowledge and the existing one, the spatial, geometric and
substantial information about the state of objects represents on the one hand the
knowledge about geographical localization, and on the other hand, the spatial, geometric and substantial information about the relations between objects represents the
knowledge about geographical regions. The second model distinguishes in this view,
what types of concrete information can be deduced from the map (Fig. 4)? These are,
with examples:
•
•
•
•
•

positional information, such as “in the south-west part of the map”
relational information, describing “short distances” or “twice the productivity”
between industrial sites
specific information, describing “the classical layout and the public use of an old
bulding”
quantitative information, describing the “number of tourist sites compared to the
number on non-tourist ones”
regional information, describing the “concentrated distribution of production
sectors in an industrial region”

In order to examine the semiotic aspects concerning the abstraction and the iconicity
of chorematics we developed an iconicity model of cartographical signs for previous
empirical studies [3]. This third model (Fig. 5) distinguishes: 1. on the signification
abstraction axis: criteria graded from material to theoretical about the objects and
facts being represented, 2. on the mental representation axis: criteria about association
forming and analogies, and 3. on the iconicity degree axis itself: which defines the

102

Proceedings, ISGI 2005, International Symposium on Generalization of Information

proportions of analogy, which depend on, among others, indexing criteria and symbolic sign criteria.

Fig. 5. Model of cartographical iconicity (see Bollmann and Tainz, 2001)

3

Empirical Study of the Communicative Function of Cartgraphic-Chorematic Information

Our interest for the empirical study of cartographic-chorematic communication originates in the deficiencies that we consider significant in the treatment of geographical
knowledge. In general, the communication of geographical knowledge is performed
verbally, and not so much in a graphical fashion.
It follows thus, that for the communication process using a map and chorematics,
there is no permanent availability of geographical knowledge, nor any appropriate
representation of this knowledge, nor any adequate connection between the initial exterior knowledge (map) and the new knowledge (man). The problem formulation of
this empirical study is thus divided into four general questions:
A
B

Is there an analogy, as supposed by chorematics, between the geographical representation of man, and the map or the chorematics?
Which forms of chorematic information are best adapted for communication:
lexical information or constructive information?
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C
D

How could initial exterior knowledge and chorematic information optimize the
acquisition of geographical knowledge?
What influence do traditional cartographic sign systems have on the improvement of comunication?

To perfect the possibilities of cartographic-chorematic communication, the first two
questions are and should be dealt with according to specialized methods in the following frameworks. In this respect, the fields of cartography and geography dispose of
several psychological [9] and pedagogical [8] methods, for the empirical study of corresponding forms of cartographic and chorematic representation, which should be applied in combination.

4

Scenarios of Application Based on Empirical Studies

A Acquisition of geographical knowledge aided by choremes. In the first domain,
the goal is syntactic and semantic evaluation of the different levels of abstraction and
of distinction between choremes, and their structural delimitation, in order to determine the most important structures of geographical knowledge and their cartographicchorematic representation forms [14], [2].
In this framework, we study e.g. with group-psychological tests, the results, the performances, and the capacities of problem solving given a chorematic map. These tests
can be accompanied by laboratory experiments, where one observes the behaviour of
individual subjects in their cognitive processes provoked by stimuli. The tests can also
be performed in a simulation environment, where one analyses the behaviour of users
while work environment-specific actions are being simulated.
These test methods have already found their application at the University of Trier in
examining the functionality of choremes and their support in the process of cognitive
treatment of geographical information, notably in the regional analysis of an economical map. We evaluated and observed the use of either traditional graphics or
chorematic graphics [6].
To summarize, the results of this research significantly justify the advantages of
choremes over the traditional map, in the reproduction of regions of economical concentration, but under the condition that the semantics and graphics used are well
known and probably dependent on already existing geographical knowledge.
B Acquisition of geographical knowledge aided by discursive graphical forms. In
the second domain, the goal is the differentiation and evaluation of linguistic structures to be able to determine the most appropriate forms of chorematic information for
the cartographic-chorematic forms. Such linguistic structures are e.g. indexical forms
such as “signal”, “underline”, “activate”, “identify”, or “confirm”, interactions forms,
such as “reject”, “approve”, or “evaluate”, and forms of thought, such as “don’t understand”, “has to be discussed” etc., which have a growing importance for network
communication in general [1], [12], [2].
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The semantics of these structures together with a corresponding graphic can be studied
a)
b)

by the simultaneous recording of verbal cognitive reactions in problem solving
while using a map, and
by the interview and the questionnaire evaluating the attitude and the opinion of
a person or a group of persons, answering to open and closed questions in an
autonomous fashion.

The gathering of other test results is done by
a)
b)
c)

log file recording, which consists in conducting experimental work, while considering man-machine interaction, or
by the recording of eye movements with which one can determine the distribution of attention in the information selection process, and
the semantic differential, with which one can determine the connotations of notions using a bipolar grid of selective adjectives.

These test methods where applied at the University of Trier to examine the activation
of cognitive systems in the process of cartographic communication, by chorematic
media exterior to the map, and by completing the map on interactive demand [10].
To summarize, the results of these experiments indicate that choremes - in a complementary role to the traditional map - can help optimizing the processing of geographical knowledge; Apart from the tested chorematic notions there is a lack of differentiated linguistic structures for a discourse in geocraphical space and for a corresponding
graphical representation.

5

Conclusions

The importance of chorematics for the representation of the geographical space is
well known and well developed. The importance of cartography for the evaluation of
communication of geographical knowledge is less understood, but well developed.
But new technologies often make use of under-developed graphical means for the representation of spatial knowledge and disregard the ever more rapid and complex aspect of communication.
This article shows that it is worthwhile to improve the cartographic-chorematic functions by evaluating the current knowledge-bases to determine and develop novel geographical representations, and interactive and dynamic forms of graphical communication for the modern geographical information networks.
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Abstract. Within the framework of cognitive information processing, the cartographic
communication of geographic information for pedestrians in the mobile type of use is
demonstrated. Specific information regarding pedestrian behaviour is required when spatial
actions and cognitive processes during orientation and navigation are concerned. Landmarks
aside from path segments and changes of direction are important components of route
instructions and it is the contribution’s aim to integrate landmarks adapted to specific actions of
pedestrians. For this purpose a concept of semantic generalization for the modeling of usageoriented route maps is necessary. It will be carried out based on the examined criteria.
Keywords. pedestrian navigation ● cartographic communication ● landmarks ● context
information ● cognitive information processes ● generalization ● route information

1

Introduction

Pedestrians can be characterized by some typical actions of orientation and
navigation. While orientation exclusively describes the process of determining the
own position or the position of other objects or persons, navigation includes the
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complete process of moving through an environment [5]. These processes can be
subdivided into different actions: traveling actions and wayfinding actions. While
traveling is the actual motion from the current location to a new location wayfinding
describes the cognitive decision-making process by which a movement is planned.
For the successful following of a route, wayfinding actions are more important.

2

Specific Actions of Pedestrians and Route Information
Requirements

After Downs and Stea [9] the essential fact according to wayfinding is the recursive
act of measuring all decisions taken against constant cognition of the environment.
They defined wayfinding as comprising four stages:
•
•
•
•

orientation,
route choice,
monitoring progress,
recognize target.

Orientation as the first stage includes the determination of self-location and target
location in the environment. Route choice as the second stage means the selection of a
route from the starting location to the target location by the artefact, for example the
cartographic navigation system. Monitoring progress as the third stage stands for the
constant checking of the route taken. Furthermore, the pedestrian estimates selflocation and target location and confirms the route choice. Recognition of the target is
the fourth stage and can be realized from a wider distance or nearby the target point or
the target object.
Within the wayfinding process stage four can occur in a repeated manner and the
whole process can run through several times (Fig. 1).
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1.Orientation

2.Route
Choice

Monitoring
Progress

3.Orientation
/ Route
Choice

3.Orientation
/ Route
Choice

3.Orientation
/ Route
Choice

Monitoring
Progress

3.Orientation
/ Route
Choice

4.Recognise
Target

Fig. 1. The process of wayfinding (after Downs and Stea 1973 in Golledge 1999, S. 26).

Wayfinding actions are purposeful and directed movement from an origin to a
specific distant destiantion. They involve interaction between the pedestrian, the
environment and the artefact. These interactions are for example following directions
or translating the displayed location on the map to the real environment.
The leading goal of mobile geoservices is to support specific actions of wayfinding
directed to a specific goal or subgoal within a wayfinding stage. The required
instruments are
•
•

automatical determination of location,
automatical determination of route,
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•
•

3

representation of location, starting location and target location,
representation of the qualified route.

Landmarks as Important Components of Route Information

According to pedestrians there are several components of route informations [16]
(Fig. 2) like
•
•
•
•

decision points,
potential decision points,
route segments,
landmarks.

Fig. 2. Example of a route map with decision points, potential decision points, route segments
and landmarks (Klippel et al. 2003, S. 24).

Decision points are locations on the route. At a decision point a change of direction is
necessary to continue following the route chosen. These points are for example
crossroads or forks. Potential decision points are locations on the route where a
change of direction is possible but not necessary to continue following the route
chosen. At these points the pedestrian has the possibility to choose for example a
longer but more attractive route or a shorter but more frequented route. Route
segements are parts of routes situated mostly between two decision points (Fig. 3). To
facilitate the wayfinding process more complex routes can be divided in severeal
route segments. Thus, pedestrians can work off successive route segments step by
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step. Landmarks are significant signs for actions or other geographic objects like
decision points oder starting location and target location. Research and studies in
spatial cognition have shown that people use landmarks during spatial reasoning and
communication of routes [15], [18]. They are selected for route directions probably at
decision points [12], [6]. Therefore, mapped routes enriched with landmarks at
decision points lead to better guidance and less wayfinding errors than routes without
landmarks [10].

Fig. 3. Route segments that are situated between decision points (Klippel et al. 2003, S. 25).

The attraction of features in geographic space determines their use as landmarks in
human spatial reasoning and communication.Generally a landmark is defined as an
object or structure that marks a locality and is used as a point of reference. The
qualitiy of a landmark depends on its singularity. There must be a distinction between
the individual attributes of the landmark – like for example a clear form, a contrast to
the background or a prominent location - and the attributes of close features. Sorrows
and Hirtle [19] categorized landmarks in dependance on their features in
•
•
•

visual landmarks,
structural landmarks,
cognitive landmarks.
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While visual landmarks show certain visual characteristics like sharp contrast with
their surroundings structural landmarks are located at a prominent location and
cognitive landmarks have a special use or meaning. Table 1 shows characteristics for
the three categories of landmarks.
Table 1. Characteristics of landmarks.

Functional
Characteristics

Visual Characteristics

Structural Characteristics

Contrast (Colour value)

Location
- at decision points
- at potential decision
points
- on the route
- in distance of the route

Historical importance

Visibility
- distance
- time

Spatial Location
- in relation to a group
of objects

Prominence

Texture
- material
- ornaments
- markings

Accessibility

Frequency of occurence
- prototypical
- implicit

Geometric
Characteristics
- height, width, depth
- shape

4

Cultural importance

Functional Differentiation of Landmark Types

The location of landmarks is bound to their function. Lovelace, Hegarty and Montello
[15] derived a spatial differentiation of landmarks
•
•
•
•

landmarks at decision points (for example at an intersection),
landmarks at potential decision points (for example at an alternative route),
route marks (on the route or nearby the route and between decision points),
distant landmarks (at a distance of the route).

This differenciation can be transferred to a spatial and functional differenciation of
landmarks in the context of wayfinding. Generally landmarks ca be divided into
global and local landmarks. Because they are located in distance of the route and
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visible across a broader area global landmarks correspond to distant landmarks and
are used for overall guidance. They provide information of travel direction according
to a wider reference frame. Therefore, they can act as orientation vectors in defining
concrete travel paths and make it possible for pedestrians to controll and to correct the
travel direction.
Local landmarks are located nearby the route – at decision points or between them.
They act as significant signs for actions or other geographic objects. In dependance on
their location local landmarks can be divided in landmarks at decision points,
landmarks at potential decision points and route landmarks.
Landmarks at decision points mark locations where a reorientation is needed to
follow the route chosen. Landmarks associate this change of direction. That’s why
they function as subgoals on complex routes. Figure 4 shows several landmarks at a
decision point which is at the same time a subgoal on a compex route.
Landmarks at potential decision points mark locations where a change of direction is
possible, but not needed to follow the current route. They associate a more attractiv or
a shorter path.
In opposite to landmarks at decision points or potential decision points route
landmarks are located on the route or nearby the route and are used for controlling
and confirming the route whilst traveling. They make ist possible for pedestrians to
confirm continuously to be on the right way.

Fig. 4. Example for the integration of landmarks at a decision point.
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5

Modeling of Usage-Oriented Route Maps

There are three leading goals for designing cartographic maps for pedestrians:
•
•
•

to provide survey maps and wayfinding maps,
to provide maps with reduced route information,
to integrate signs with different degree of iconicy.

5.1 Survey maps and wayfinding maps
Survey maps and wayfinding maps have to be differenciated [14]. Survey maps are
northed and show the whole extract of the environment and the route chosen.
Wayfinding maps can be retrieved from the survey map and serve to lead the user
directly to the next subgoal (Fig. 4). Compared to survey maps they are more detailed
and show the nearer surroundings of a location or a route segment and the relevant
information for route guidance. Therefore, wayfinding maps are adapted to the actual
direction of the movement and the subgoal of the actual route segment lies in the
northern area of the map. This way, the user has access to a number of specific
adapted extractions of geographical space which give him the possibility to work off
single route segments step by step. In dependance on their form all landmarks are
represented with the use of point, line and und area signs (Fig. 4).

5.2 Generalization of Route Information
Survey maps and wayfinding maps must be provided with reduced information.
Basics for the representation of landmarks are definded in the cartographic model of
signs [3], [7], [17], [20]. From it, signs with a high correspondance between the
specific represented object and the cartographic object can be derived. Graphical
variables for representing and highlighting objects onto the map have to be integrated.
To emphasize landmarks in comparison to other route information there can be used
graphical actions inside the map.
Signs with relevance during the actual stage of communication can be changed inside
the graphic. There is a number of measures for emphasizing the importance of
cartographic object (Table 2). The traditional graphic variables [2] were supplemented
by the dynamic varibales [8]. At the same time, the cartographic presentation can be
overlapped by additional signs. Simple and demonstrative arrows can be integrated to
focus the attention of the user to a specific object in the map. For that purpose a
parallel or an alternative presentation with regard to the map are possible.
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Table 2. Graphic actions for the emphasis of landmarks (after Heidmann 1999, S. 260, with
alterations).

Movement: representation of the
object in motion (flashing,
vibrating, moving)

Contrast: strengthening of the
contrast between the object and the
background

Border of the object: representation
of a broadened or coloured border of
the object

Height: expanded representation of
the object

Colour: representation of the object
in bright and saturated colours

Object details: representation of
indiviual details of the object

Place: Representation of the object
in front of other objects
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5.3 Degrees of Iconicy and Abstraction of Cartographic Route Information
For the cartographic presentation the foremost goal is to reach a high degree of
correspondence between objects in the real environment and represented objects in
the map. That requires the utilization of iconic and iconographic signs because they
show a high degree of iconicy. Because pedestrians perceive landmarks in the
environment in a specific perspective the integration of signs in front elevation is
preferred.
The integration of signs should take place in dependence on the salience of
landmarks. Therefore, signs with different degree of iconicy have to be differentiated.
While iconic signs should be preferred for separating frequently occuring landmarks
into classes iconographic signs should be used to emphasize important individual
landmarks.
Iconographic signs generate a semantic relation to visual features of an individual
object [3]. Containing selected perceivable characteristics of the resprective
individual object iconographic signs have a higher degree of iconocy than inconic
signs. Every route segment presented in a wayfinding map is assigned with a
representative landmark in the form of an iconographic sign in elevation. Thus, every
segment is presented by a landmark and can be associated by the user with regard to
the landmark.
Iconic signs refer to a specific class of signs and contain selected perceivable
characteristics of the respective object class. While they hold a reference between the
sign and the conceptual meaning of its class they point at the same time to their
function. Consequently, they are able to support the monitoring process of landmarks
in the environment and landmarks represented in the map. Because iconic signs
directly recall visual associations from the user with regard to strongly simplified
signs, the features integrated do not relate directly to the individual object. Each sign
contains selected and visual perceivable features of the specific object class. To
achieve a high degree of iconicy, local and global landmarks are represented by an
iconic sign that refers to the membership in a class and hints to its function.Thus,
users can derive a reference between the sign and the conceptual meaning of its class
from the correspondance between geographical objects and the representing signs in
the map [4]. And the action of aligning landmarks in the real environment and
represented in the map can be supported.
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Fig. 5. Wayfinding map showing a path segment, an iconographic and several iconic signs.

6

Conclusion

For the provision of cartographic route information actions and information needs of
pedestrians have to be identified. Based on this knowledge maps have to be generated
which present relevant and leave out irrelevant route information. To achieve high
analogy between objects in the map and objects in the real environment, signs with a
high degree of iconicy should be integrated into the map. Therefore typical actions of
identification and monitoring can be supported. In addition different degrees of
abstraction should be considered in dependence on the salience of objects. In
comparison to neighbouring objects the emphasis of landmarks should be
strengthened. Beside the path chosen between starting and target point the focus of
the user should be led directly on the landmarks. For that purpose, graphic actions
with regard to their contrast in comparison to neighbouring objects were
demonstrated.
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Abstract. As computerization of everyday life advances and many dynamic
real-time distributed applications are deployed, the importance of monitoring of
such systems grows. These systems usually contain many parameters contained
in many heterogeneous entities; they dynamically evolve in time, react and
adapt to surrounding environment etc. In our paper, we focus on methods of
real-time data acquisition from such systems for purposes of real-time monitoring and visualization. As a test bed we have chosen the A-Globe multi-agent
simulation platform with simulations targeted on meta-reasoning and commodities supply chain.

Keywords. real-time, data acquisition, visualization, multi-agent system, evolution

1 Introduction
Our research falls into visualization of behavior of dynamic systems, which is a research area largely crossing the borders of informatics. Due to the dynamic nature of
these systems, it is not sufficient either to visualize just the state of the system or just
the sequence of states (animation). Such an approach does not capture the dynamic
dependencies among single parameters of the system. It is highly beneficial to view
the history of evolution of the system to detect trends and temporal dependencies.
Currently, we concentrate on visualization of behavior of multi-agent systems
(MAS) in real-time. MAS are a good example of dynamic systems; they incorporate
many dynamic features including adaptation, machine learning, genetics, neural networks etc.
Visualization of behavior of MAS for purposes of analysis, monitoring and debugging is a promising area. As MAS are becoming more popular and penetrate into new
applications, they are getting more complex and the need for analysis tools increases.
The analysis is difficult due to lots of rapidly changing agents’ properties, large numbers of agents, many various types of actions employed by agents and complex and
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time varying environment. Not many researchers have dealt with this problem yet, a
few examples are [1], [2], [3], or [4]. From the point of view of visualization, our
research can be characterized as visualization of dynamic changes in MAS, including
detection of long term trends, hidden dependencies, mutual influence among various
entities etc.
This paper contains description of our new real-time data capture framework. Realtime monitoring is very important. It is targeted towards analysis and debugging of a
running MAS simulation. It also serves as decision support for the users – in real-time
it is necessary to monitor the running system and perform some intervention if necessary. Real-time monitoring brings interesting challenges like data acquisition – it is
not possible to perform data preprocessing; data are coming asynchronously in unpredictable amount. Therefore we designed a new data capture framework, which we
developed to support real-time monitoring of MAS simulations. The framework uses
several compression techniques to keep memory cost at reasonable level and it was
designed primarily with speed in mind. The paper is organized as follows: section 2
describes the problem in detail. Section 3 contains description of our framework including speed-up techniques and compression approaches. Section 4 contains summary of experiments and achieved results. Section 5 concludes this paper.

2 Problem Statement
Visualization can be of much help to efficiently monitor the dynamics of behavior of a
dynamic system or serve as decision support. When tackling with real-time monitoring, several interesting challenges arise.

2.1 Behavior of Dynamic Systems
Behavior of dynamic systems is largely determined by their surrounding environment.
System’s components evolve in time and so does the whole dynamic system as well.
Changes in behavior of entity’s neighborhood are reflected in changes of behavior of
the entity itself. When analyzing behavior of dynamic systems it is necessary to keep
in mind the key influencing factors: environment and important temporal dimension of
evolution of such system. Both factors should be reflected in visualization too.
Real-time monitoring brings even more interesting challenges:
• limitations of computational power and memory storage
• needs for fast animation and interactivity
• need to render large data sets and their history
• input data may not have fixed structure, which may even evolve in time
Dynamic systems inherently contain many dependencies. Some of them are known in
advance, some of them can be revealed by deep analysis and the rest may stay unrevealed. Understanding as many of these dependencies as possible gives a much deeper
insight in the behavior of the system.
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2.2 Our Specific Problem
Our particular problem contains both flavors – highly dynamic system, which contains
many multi-parametric entities, whose behavior evolves in time and their parameters
may be also something else than just a numeric value; and the need to monitor such
system in real-time along with some level of history of its evolution.
Multi-agent systems are collections of autonomous, heterogeneous agents with specialized functionalities. The agents are usually able to carry out collective decision
making, share resources, integrate services or just collaboratively seek for specific
information. The possible application domains of such MAS include production planning and scheduling, supply chain management, simulation of virtual enterprisers, or
coalition formation processes. A more detailed description can be found in [5] and is
beyond the scope of this paper.
As a test bed we have chosen a special case application scenario, which has been
motivated by real-life situations and was developed within InX (Inaccessibility in
MAS) project [5].
We were interested in an easy-to-understand complex visualization method, which
will facilitate the following challenges:
• How geographical proximity of various agents influences their states
• Visualize various agent properties to see important differences and similarities,
which have influence on their state and also the global state of the MAS.
• Preview history of evolution of agents' properties to see temporal dependencies of
consecutive events in the MAS. History of events is very important, because
MAS evolves in time. In this case the state of an agent is closely related to its 2D
position and its neighborhood (e.g. observer agents watch their neighborhood). So
to analyze recent events in the MAS, we need also information from history,
which can have direct consequences in the recent events.
• Real-time data capture with sufficient sampling resolution – i.e. capture real-time
data from a running MAS simulation (has no central clock) with appropriate sampling frequency.
Everything should run in real-time, so special care had to be taken for maximization of
speed of the components of the whole data capture and visualization system.

2.3 Visualization Pipeline
To visually understand the behavior of such system, we need animation to see what is
happening and we need to see visualized history to be able to compare the current
state of the system with other states. If we had only animation, we could see the evolution of the system, but we would have lacked the context of how it happened.
Presentation of such history through visualization faces many problems: some data
may be invalid or missing in particular time intervals (e.g. system components are
added and/or removed). We have developed a specialized real-time data capture
framework which serves as data management and data provider for real-time visualization.
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Following the common scheme of visualization, data are obtained first. Then, data
are filtered, mapped onto visual representation, rendered and presented to the user.
Every step may need some user interaction through some kind of user interface.

Data Source

Filtering

Mapping

Rendering

Viewing

User Interface
Fig. 1. Visualization pipeline

The process of data acquisition may get complicated when in real-time. Such case
can get complicated even more in case there is a need for keeping recorded history.

3 Our Approach
In our recent application, we have concentrated on rendering of large portions of history of the studied system in real-time. It was necessary to render history of several
thousands of time steps for several tens of agents in real-time to perform comparison
of evolution of many internal parameters of individual agents. Our data acquisition
(capture) and visualization framework follows the visualization pipeline scheme
(Fig. 1). The key important issue is the fact, that everything must run in real-time,
namely data capture and storage. Data capture framework stores everything that comes
on its input.
The rest of visualization pipeline results from our research on offline visualization
of behavior of ALife systems [6], which confirms the importance of visualization of
dynamic system evolution history as a general principle (in various forms). However,
in that case the data was available offline, pre-recorded.
Important information is selected – e.g. the user specifies a subset of agents and
their properties. Mapping of filtered data onto visual representation was predefined in
our particular case [7] and reflects the need to present relation between influence of
simulated environment on the agents; and the history of evolution of the system. Rendering as the final phase was designed with maximum speed in mind.
Data capture framework serves as a temporal database, which provides data for the
rest of the pipeline (Fig. 2). Its main task is to store incoming data and thus being able
to serve history of the system to the following parts of the visualization pipeline.
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Data Source
Data capture
framework

Monitored
system

Filtering

Mapping

Rendering

Viewing

User Interface

Fig. 2. Data capture framework in relation to visualization pipeline

3.1 Data Acquisition
Data acquisition is the first step in information visualization (see Fig. 2). One of the
main differences from the offline visualization is the fact that data are now coming in
real-time. It is necessary to store the data to be able to visualize history. The main
contribution of this paper is the description of our original data capture framework,
which supports fast storage and access to recorded data in real-time. It is capable of
handling of any data types and also changes in structure of incoming data. From the
point of information visualization, data can be of various types:
• numeric – usually floating point numbers but not limited to
• textual – strings or enumerations
• multi-media – images, videos, sounds etc.
In case of our test-bed MAS, data are coming asynchronously through network
communication. The structure of the data is given by a simple protocol, which was
implemented in the A-Globe system – so called intrusive monitoring of MAS. Nonintrusive monitoring techniques (e.g. based on monitoring of inter-agent communication) are another problem, which falls into AI research and will not be discussed here.
A-Globe protocol supports transfer of properties of agents, creation and deletion of
agents and containers etc. Agent’s properties are not strictly given, in fact, the number
of agent’s properties changes as the system evolves. The same applies for number of
agents and containers. Communication protocol A-Globe is translated in an input filter
into records in our data capture framework (see Fig. 3). The input filter is also the
only place, which is specialized for the particular application.

124 Proceedings, ISGI 2005, International Symposium on Generalization of Information

Data capture framework
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Visualization method 1
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Fig. 3. Scheme of data flow between simulated MAS and visualization methods

3.2 Data Capture Framework
Data capture framework is just a part of our monitoring system. It provides support for
visualization methods, which display history to reveal causes of events and allow
smoother observation of the running system. It is in fact a temporal database, which is
built at runtime to facilitate the changes in data and changes in structure of data, which
are occurring. The framework is implemented in C++, visualization modules use
OpenGL as rendering interface.
Through our capture framework, we can capture temporal coherency in data and
provide fast accessibility in order to perform real-time monitoring. Even more, our
capture framework is general enough to cope with changing structure of the data
(which is usually not necessary in offline monitoring, where data have preset structure,
data can be pre-processed and application is task specific). To be able to access the
structure of the incoming data values later, it needs to be stored along with the data
values.
3.2.1 Temporal Synchronization and Sampling
The data capture framework needs temporal synchronization, which can be either
internal (uses fixed time samples), or external (studied system emits synchronization
pulses). The relation between sample delta and quality of data corresponds with
Shanon theorem; loosing important events with too rough sampling. This problem is
also closely related to video capture and related research areas (compression methods,
key frames, indexing, coherence among neighbor frames etc.).
3.2.2 Storage Structures
The main part of the capture framework is a circular buffer, which holds temporal
slices. A temporal slice is an array, which holds recorded state of the monitored system at one particular time moment. The state includes specification of data structures
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and the data itself - stored in the slice at corresponding indices in indexing trees and
data containers respectively.
A data container holds reference to stored data value itself (e.g. amount of wheat
stored in a village).
We use special indexing trees to describe the structure of the stored data and allow
future access to it. An indexing tree represents naming of data containers. Indexing
trees can be hierarchically linked, which allows describing complex data structures
(like an XML document). Even more, there is no limitation to tree structures – hierarchy of indexing trees can describe any data structure which can be mapped onto an
oriented acyclic graph. This is especially useful for design of different “views” of
stored data.
From the point of implementation, an indexing tree is a translation table from a textual identifier to an index into the temporal slice. The reason to choose indices instead
of direct pointers was to keep local changes in an indexing tree only in the tree itself
and not to pollute the whole hierarchy.
Consider the following example. An agent has 3 properties: coalition, type and fuel
capacity. Input data are given in XML notation:
<Agent>
<Coalition> red </Coalition>
<Type> transporter </Type>
<Fuel> 1.5 </Fuel>
</Agent>
index

0

1

2

3

4

slice

I0

I1

C

T

F

Indexing tree 0
Agent - 1

Indexing tree 1
Coalition - 2
Type - 3
Fuel - 4

Fig. 4. Scheme of storage of a simple agent in one slice of the capture framework - there will be
two levels of indexing trees. Index tree I0 will be located on index 0 in the slice and it will only
contain one entry (node “Agent”). Index tree I1 will be on index 1 and it will contain three
entries (agent properties). Data values of agent’s properties themselves will be located on indices 2-4 in data containers

Both data containers and indexing trees stay on the same indices in temporal slices
as they were created on. Removal of unneeded data containers or indexing trees results in vacations in temporal slices – these vacations are filled with newly created
data containers or indexing trees.
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3.2.3 Iteration over History
From the previous description of the temporal slice and indexing trees is clearly visible, that access to some particular data requires going through several levels of indexing trees – i.e. the operation complexity is not constant. In some special cases, the
necessity to walk through the same indexing trees over and over can be completely
eliminated. For this purpose, history iterators and container identifiers (CIDs) have
been designed.
When a new data container or indexing tree is created, it is assigned a unique CID.
This CID stays the same for the lifetime of the container (as long as it stays in the
circular buffer). If there appears a change in stored value, the CID remains unchanged.
CID can be understood as a kind of hash value, which represents the path through
indexing trees to the particular data container on its index in temporal slices (the index
remains the same for the lifetime of the data container).
When rendering modules access the data capture framework, they usually start getting data for the most recent key-slice. At this time, necessary data are searched
through indexing trees. History iterator in fact is a key-slice, which keeps this data.
When iterating more into history, the indices of the data remain on the same indices
also in older temporal slices. So CID allows constant-complexity decision, whether
there is the same data container on a particular index (even if contains older recorded
value), or there is something else, which has to “found” through indexing trees separately. The latter case also implies that we have found the very first record of this
piece of data in the capture framework.

3.3 Compression Levels
We had to solve problems with computational speed and storage space. Even though
the amount of incoming data in one time step fits within several kilobytes, rendering
large portions of history requires storing all the data structures into memory and providing fast access to them through the indexing trees and so the amount of stored information grows rapidly. Therefore we have incorporated several specialized compression methods and data access methods into the data capture framework on various
levels. We have identified two main levels of compression, which are described in the
following sections.
3.3.1 Data Compression
When capturing longer time intervals we ran into problems with memory consumption. It turned out, that our capture framework is very closely related to video capture.
Thus we incorporated also several different kinds (levels) of compression; some of
them have been adopted from digital video capture.
Slice compression corresponds closely to MPEG1 I-frames (key-frames) and Pframes (predictive delta-frames) [8]. Our capture framework uses key-slices and deltaslices. Key-slices represent a full temporal status of all stored data containers. Deltaslices only contain differences from two adjacent slices, not the complete temporal
status. The delta-slices are "two directional", i.e. it is necessary to iterate both from
the beginning and from the end of the recorded time interval; unlike digital video
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playback (which is usually designed to be unidirectional). To iterate over a recorded
time interval, one has to start from a key-slice. Thus a key-slice is always kept as the
most recent simulation time slice. This solution has a big advantage – only delta-slices
may be stored in the circular buffer (key-slices not necessarily), because when rendering history from the most recent simulation time slice, it is only necessary to go back
through history and add encountered changes (delta-slices). There is also a drawback
– to have a history iterator (see section 3.2.3) while going through history.
Data value compression is another possibility of keeping memory cost down. It results from the most common understanding of the word “compression”. Data held in
data-containers may be compressed by using some of well known compression methods, like LZ77 [9]. This mainly applies for data types like text and multimedia.
3.3.2 Visual compression
The term visual compression in this case represents the fact, that it is usually not possible to display all the stored information, however the user needs to see important
relations. It corresponds a bit with visualization “mantra” preview, filter, detail.
In our case, visual compression is not related to the capture framework at all, but is
done in the render part of the visualization pipeline. The first level of visual compression may be called temporal compression. When rendering long time intervals (history), we soon reach the limits of the display, respectively underlying hardware in
general. We have adopted a well known visualization technique of interval lense. In
our case, we “compress” rendered time interval using logarithmic time (see Fig. 5).
With growing history, larger time intervals are rendered smaller. This incorporates
some averaging in the time interval, when more time slices are to be rendered as "one
step". This solution reflects the fact that users need to overview a large history to
understand the most recent state of the system, which is also rendered in maximum
detail. Even though logarithmic time interval method also brings some errors like
dispersion, it is perfect for fast overview of the system evolution.

3.4 Data Mapping and Visualization Modules
As the last stage of the visualization pipeline, there are rendering modules. In our
particular case study, mapping of data onto visualization methods was still done
manually in order to present history of evolution of the system with proximity context
of the simulated environment (Fig. 5 and Fig. 6). Detailed description can be found in
[10]. The most important fact is that rendering of history is supported by our data
capture framework. The visualization methods are facing similar challenges like the
dynamics of data structures.
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agent glyph
cutting plane

History tail with logarithmic
time steps.
Shading visualizes the different
states of the agent

Fig. 5. Scheme of visualization method – an agent is represented by a glyph according to its
type. Cutting plane represents the virtual environment and also the current time. Anything
below the plane is history. History is visualized in the form of a tail composed of colored segments

Fig. 6. Screenshot from visualization of a running MAS simulation. Agents are positioned in
the environment (schematic map) and their history of states is visualized by colored tails

4 Experiments
In our recent application, we have concentrated on rendering of large portions of history of the studied system in real-time. Real-time monitoring is very important. It is
targeted towards analysis and debugging of a running MAS simulation. It also serves
as decision support for the users – in real-time it is necessary to monitor the running
system and perform some intervention if necessary. It is something different to offline
analysis, where the simulation is already finished and analysts perform backward
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analysis of its run. Real-time monitoring brings interesting challenges like data acquisition – it is not possible to perform data preprocess; data are coming asynchronously
and in unpredictable amount.
This was where the power of our data capture framework came into play. It was
necessary to render history of several thousands of time steps for several tens of
agents in real-time to perform comparison of evolution of many internal parameters of
individual agents.
Even though the amount of incoming data in one time step fits within several kilobytes, rendering large portions of history requires storing all the data structures into
memory and providing fast access to them through the indexing trees. At first, the
memory consumption was too high; therefore we have incorporated several specialized compression methods. All the results presented here were measured on our particular application of monitoring a real-time MAS, which contained from 20 to 30
agents, each having 10 to 30 properties. Usual depth of history capture was 1000
steps, where one time step took usually 200-500ms.
By implementing data compression methods (namely delta-slices) we achieved
dramatic lowering of memory cost of approx. 50% and more according to original
state without compression. The second important fact is, that the speed of the data
capture framework did not change notably. Exact measurements are not easy to perform, however our capture framework requires approx. 40-50MB in our use-case.
Memory consumption is largely determined by the amount of incoming changes from
the monitored system – when it starts, there are usually up to 100 changes per second,
running simulation usually sends 1 to 20 changes per second.
In any case, the visualization (and underlying framework) can process the specified
use-case almost in real-time (keeps at least 15fps) with history depth of 500 steps. Our
tests have shown that more than 70% of computing power is spent only for rendering
on a standard 1.3GHz PC. We estimate that operations performed on the data capture
framework (reading and writing) spend another approx. 20% of computational power.
The tests have also shown that storing incoming changes is significantly slower than
walking over history using CIDs and history iterators. These results correspond with
theoretical expectations; any changes to indexing trees are quite an expensive operation.

5 Conclusion and Future Work
We have developed a specialized real-time data capture framework which serves as
data management and data provider for real-time visualization. Real-time monitoring
brings interesting challenges – limits of computational speed and memory storage,
input data do not have fixed structure and the structure of data may even evolve in
time. Through our capture framework, we can capture temporal coherency in data and
provide fast accessibility in order to perform real-time monitoring. Even more, our
capture framework is general enough to cope with changing structure of the data.
Currently, we are developing simple communication interfaces for connection with
another real-time MAS simulation. As a future work, we would like to concentrate on
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generic visualization of real-time dynamic systems. We believe, that based on our
generic data capture framework it will be possible to perform automated mapping of
data onto visualization methods and to visualize dynamics of such systems too.
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Abstract.. Languages for ontology textual representation must be understood as
an open problem. Most of the languages used, were not developed for this specific purpose. Melody language is unable to represent some aspects of complex
domain ontology faithfully. In this context, ontology data extraction using Embley’s approach is not going to represent the conceptualization in completely.
Melody needs improvements to, combined with Perl, be able to represent textually complex domain ontology. This paper presents problems and motivations
regarding textual representation of extraction ontology. It suggests improvements for Melody language functionalities used in ontology textual representation.
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1 Introduction
The new generation of the World Wide Web (Web), called Semantic Web, highlights
not only the benefits that come along, but also some drawbacks that appear in this new
scenario.
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Finding data in large and heterogeneous digital collections, especially on the
Web, is increasingly difficult. As a consequence of the Internet’s rapid growth, its
users are faced with many new problems. One of the most frequently encountered
problems is how to search for and retrieve needed information from the large number
of information sources available on the Internet. The information provided by the
sources is no longer just simple text, but now includes multimedia, forms, structured
data, and executable code - it has become much more complex than before. As a result, old methods for manipulating these sources are no longer appropriate or even
efficient. To keep pace with the complexity and growth of the Internet, it is necessary
not only suitable storage and retrieval mechanisms, but also efficient search tools that
can harvest the needed information from these sources. Data retrieval requires schemas, which are often unavailable, incomplete, or incomprehensible. Mechanisms are
needed that allow efficient querying from several information sources that support
structured as well as unstructured information.
In such complex environments, ontologies are best suited for information storage and retrieval. In a distributed and heterogeneous environment such as the Internet,
ontology-based manipulation of these diverse sources is the most desirable solution
for semantic integration. The development of ontologies is seen as central for these
efforts. They are considered key technologies through the whole Web. Ontologies are
metadata, providing a controlled vocabulary of terms, each with an explicitly defined
and machine processable semantics. By defining shared and common domain theories,
ontologies help both people and machines to communicate more effectively. They will
therefore have a crucial role in enabling content-based access, interoperability and
communication across the Web.
Ontologies can be used for many different purposes. Previous works presents
the use of ontology for data-interchange, data integration, data-querying, dataverification, data extraction, data-visualization, among so many others. In this research, we are concerned with the use of ontology for data extraction [4].
Extraction of information from documents, such as web pages, is a useful but
still complex task. Ontologies can achieve a high degree of accuracy in data extraction
while maintaining resiliency faced in document changes.
The paper is organized as follows. In Section 2 we present classification of data
extraction techniques. Section 3 explains what is an ontology. Ontology for semantic
data extraction is discussed in Section 4, followed by the drawbacks faced in ontology
design in Section 5. Section 6 proposes enhancements for Melody Language. Finally
the concluding remarks followed by the acknowledgements and bibliographical references used.

2 Classification of Data Extraction Technique
Research in Semi-structured Data Bases (SDBs) intends to define a more structuralized vision of these data, in a way that they can be more easily manipulated. Mechanisms that identify, retrieve and structuralize relevant semi-structured data are necessary. The process that carries out these tasks is called data extraction.
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The process of data extraction normally transforms given semi-structured data
of a source in adequate data to a data model, either it is semi-structured (as the Object
Exchange Model [17]) or structured (as the relational model [16]), or some format
more structured (as eXtensible Markup Language-XML) that can be understood by a
grammar of query processing language.
Data extraction addresses many of the problems associated with typical web
searches based on standard information retrieval techniques. Data extraction is the
activity of locating values of interest within electronic textual documents, and mapping those values to a target conceptual schema [12]. The conceptual schema may be
as simple as slots in a template (a wrapper) used to locate relevant data within a web
page, or it may be as complex as a large domain ontology that defines hierarchies of
concepts and intricate relationships between those concepts.
It’s still not possible affirm that there is a standard architecture for data extraction, given the diversity of existing techniques of extraction in literature. Analyzing
these techniques, [3] proposes a classification that identifies two types of extraction:
• Syntactic extraction, considering syntactic patterns in documents; and
• Semantic extraction, considering concepts of the knowledge domain, relevant
for a set of applications.
Much of the research in data extraction has aimed at developing more accurate
wrappers while requiring less human intervention in the process [12]. The primary
drawback of wrappers, whether they are generated manually or semi-automatically, is
that they depend on the particular syntax of the document markup to detect boundaries
between relevant and irrelevant data (a syntactic extraction). The main implication is
that when a site’s markup changes, the corresponding wrappers often break. Furthermore, since different sites in the same domain generally use distinct markup, customized wrappers are required for each site. Wrapper management can be quite complex
and problematic.
The semantic extraction is based on an abstract model of the reality that describes concepts that can be associated and present attributes that characterize it. This
model serves as input for the extractor, that identifies values of these attributes in the
semi-structured sources of data and generates instances of these concepts as result.
Two examples of this type of extraction are cited: extraction based on frames used in
the InfoExtractor tool, developed by the project Dyade Médiation at French Institute
INRIA [18] and extraction based on ontology used in ONTOS, a tool developed by
the Data Extraction Group [6].
Because ontology describes a subject domain rather than a document, ontologybased data-extraction systems are resilient to changes in how source documents are
formatted, and they can handle documents from various sources without impairing the
accuracy of the extraction. This contrasts with wrappers, which merely describe the
locations of data values in a particular set of similarly-formatted documents. Ontology-based extractors compare unfavorably to wrappers in one important way: considerably more human effort is required up front to construct a high-quality extraction
ontology, while wrappers can be constructed more easily, even to the point of automation of much of the process [19]. The ontological approach to writing wrappers directly addresses the hardest part of wrapper creation, which is to make a wrapper
robust so that it works for all sites, including sites not in existence at the time the
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wrapper is written and sites that change their layout and content after the wrapper is
written. Wrappers based on extraction ontologies are robust. Robust wrappers are
critical: without them, we have to create by hand, or at best semi-automatically, a
wrapper for every new web site encountered; with them, extracting information from
new or changed web pages can be fully automatic.
For this study, the need of using ontology for extracting semi-structured data of
biodiversity collection documents appears, taking into account the semantic aspects of
these data and its need of interoperability. We adopted in this research, Embley’s
approach in the development of ONTOS as our study object and utilized INPA’s scenario, through its biological collection, as the source of our biodiversity data.

3 What is an Ontology?
Ontology definition in Computer Science context it’s still not consolidated, however,
improvements have been made as it raises the interest of a growing number of researchers. Generally it refers to a specification of a conceptualization.
Nicola Guarino defines ontology as, “The explicit and partial representation of
a conceptualization”, where conceptualization means “a set of informal rules” [10].
Gruber, in a pioneer publication in artificial intelligence, defines an ontology as
[9],
“…a model of some portion of the world and is described by defining a set of
representational terms. In an ontology, definitions associate the names of entities in a
universe of discourse (e.g., classes, relations, functions, or other objects) with humanreadable text describing what the names mean, and formal axioms that constrain the
interpretation and well-formed use of these terms.”
From different points of view, ontologies can be seen as extensions of conceptual models. They can be represented in an easy-to-read graphical format by using any
desired conceptual model since the chosen model is robust enough to represent the
domain conceptualization. The choice of the model is ultimately in the hands of the
designer and the environment where these ontologies will be used. In addition, in a
distributed environment such as the Internet, ontologies can be used for knowledge
sharing. In such environment, if necessary, such options as merging or splitting ontologies can be used to manage large information sources that are prevalent [15].
The ontology emphasizes the extension of relationships definitions and concepts
and presents an explicit objective of sharing knowledge through the definition of a
common structure and vocabulary [9]. Ontology is developed not to define the structure of a SDB, but to define a work vocabulary for a user group.
According to Denny [2], ontologies may vary not only in their content, but also
in their structure and implementation. This variation concerns about:
Level of description. Building an ontology means different things to different
practitioners. How one goes about describing something reflects a progression in
ontologies from simple lexicons or controlled vocabularies, to categorically organized
thesauri, to taxonomies where terms are related hierarchically and can be given distinguishing properties, to full-blown ontologies where these properties can define new
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concepts and where concepts have named relationships with other concepts, like
"changes the effect of" or "buys from".
Conceptual scope. Ontologies also differ in respect to the scope and purpose of
their content. The most prominent distinction is between the domain ontologies describing specific fields of endeavor, like medicine, and upper level ontologies describing the basic concepts and relationships invoked when information about any domain
is expressed in natural language.
Instantiation. All ontologies have a part that historically has been called the
terminological component. This is analogous to what we define as the schema for a
relational database or XML document. It defines the terms and structure of the ontology's area of interest. The second part, the assertional component, populates the ontology further with instances or individuals that manifest that terminological definition. This extension can be separated in implementation from the ontology and maintained as a knowledge base. The dividing line, however, between treating a thing as a
concept and treating it as an individual is usually an ontology-specific decision.
Whether the 1965 Ford Mustang GT is an individual Ford automobile, or the vehicle
with license plate number AXL429 is an individual Ford (as an instance of the subclass 1965 Ford Mustang GT), may vary between two valid automotive ontologies.
Specification language. Ontologies are not all built the same way. A number of
possible languages can be used, including general logic programming languages like
Prolog. More common, however, are languages that have evolved specifically to support ontology construction. The Open Knowledge Base Connectivity (OKBC) model
and languages like KIF (and its emerging successor CL -- Common Logic) are examples that have become the bases of other ontology languages. When comparing ontology languages, what is given up for computability and simplicity is usually language
expressiveness, which isn't always a bad deal. A language need only be as rich and
expressive as is necessary to represent the nuance and intricacy of knowledge that the
ontology's purpose and its developers demand.

4 Ontology for Semantic Data Extraction
Extraction ontologies are formalized as ontological conceptualizations over data
frames.
An extraction ontology is an augmented conceptual-model instance that serves
as a wrapper for a narrow domain of interest such as biological collections documents.
The conceptual-model instance includes objects, relationships, constraints, and dataframe descriptions of strings for lexical objects. When an extraction ontology is applied to a document such as a web page, the ontology identifies objects and relationships and associates them with named object sets and relationship sets in the ontology’s conceptual-model instance and thus wraps the page so that it is understandable
in terms of the schema implicitly specified in the conceptual-model instance [4].
There are different ways of using extraction ontologies. Embley presents some
of these applications in [4]. They can be utilized in different useful forms to semantic
understanding and the semantic web as information extraction, semantic web page
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annotation, high-precision classification, free-form semantic web queries, task ontologies for free-form service requests, schema mapping for ontology alignment, record
linkage, ontology discovery, among others.
Basically, a visualization of the ontology process for semantic semi-structured
data extraction can be summarized by Figure 1. The ontology is used as an extractor
for specific data from electronic documents, found in the Web or elsewhere. The extracted data generates a database that follows the ontology structure.

Figure 1. Semantic data extraction utilizing ontology as approach. 1(a). Eletronical data
source. 1(b). Samples of biological collection documents. 1(c). Ontology for biodiversity collection domain (graphical representation using OSM). 1(d). Generated database by the extraction process.

Figure 1(a) represents data sources for the semantic data extraction approach.
Biological collections documents found in the Web, or any other digital document
used by researchers to register biological collection data can be adopted. Figure 1(b)
presents the model of a biological collection document used in INPA’s fish collection.
Each biological collection utilizes a specific model of document to represent its data.
Almost ever it depends on the collection, not in the institute. Figure 1(c) represents an
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ontology modeled for a biodiversity data domain, specifically scientific collection
data. Figure 1(d) is the generated database from the semantic data extraction approach
that uses ontology as technique

4.1 Embley’s Approach
The data-extraction system was developed in the Brigham Young University by the
data extraction group and it is called BYU-Ontos, or simply Ontos [7]. It is an ontology-based engine whose present version accepts multi-record HTML documents,
determines record boundaries within those documents, and extracts the data from each
record. It generates SQL DDL statements for the model structure and stores the extracted information as DML statements.
The data extraction approach used in ONTOS extracts information from unstructured documents based on an application ontology that describes a domain of
interest. Starting with an ontology, rules are formulated to extract constants and context keywords from unstructured documents. For each unstructured document of interest, constants and keywords are extracted and applied in a recognizer to organize
extracted constants as attribute values of tuples in a generated database schema. To
make the approach general, all the processes are fixed and only the ontological description is changed for a different application domain. Frameworks and design patterns constitute the heart of our approach.
The system is based on the Object-Oriented Systems Model (OSM) [5]. OSM is
a set-theoretic modeling approach founded upon first-order predicate logic, which
enables it to express modeled concepts and constraints in terms of sets and relations. It
was augmented to allow regular expressions as descriptors for constants and context
keywords. Constants are potential values in lexical object sets, while context keywords may be associated with any object set (lexical or nonlexical). An OSM instance
can serve as an ontology: concepts are represented by object sets, which group values
(objects) that have similar characteristics; and connections between concepts are expressed via relationship sets, which group object tuples (relationships) that share
common structure. Generalization-specialization is a special type of relation that expresses “is-a” relationships between object sets. In Ontos, OSM has both a graphical
and a textual representation, which are equivalent [14]. This equivalence allows the
presentation of an ontology graphically, as in Figure 2, but parse it textually, as in
Figure 3. OSM is expressed textually by Melody Language. A document input is presented in Figure 4 as a sequence of records separated by five pound signs.
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Figure 2. Ontology for a car-ads domain (graphical).

Figure 3. Textual representation of a car-ads Ontology (partial).
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Figure 4. A document input of a car-ad domain.

5 Drawbacks Faced in Ontology Design
Ontology construction is difficult and time consuming. Its high development cost is a
major barrier to a large scale definition of “well-designed” ontologies. Since many
conceptualizations are intended to be useful for a wide variety of tasks, some important means of removing this barrier can be considered: encoding ontologies in a reusable form so that large portions of an ontology for a given application can be assembled from an existing ontology into ontology repositories; using adequate tools for
developing the ontology; being aware of the need of a domain expertise and an ontology engineer, they play an extremely important role in the process of designing ontologies.
The quality of the modeled ontology influences the complexity of reasoning
tasks that can be performed with the semantic descriptions. This requires that the ontology should be generic enough to provide the needed concepts by an application in a
certain domain of interest. The richness of the available knowledge is crucial for performing complex reasoning. Therefore, the domain ontology should be rich in semantics. And for that, a domain expertise must be totally involved in the process.
The development stage of ontology consists of creating its schema and providing a textual equivalent representation of it. At this stage a detailed visualization of the
concepts and their relationships is needed in order to enable a full understanding of
the particularities of the ontology. As the ontology grows, understanding and maintaining it becomes more difficult. A graphical representation is very important to visualize the conceptualization, although, it is not sufficient. The textual representation
provides a detailing degree that the graphical does not, as can be seen in Figures 2 and
3.
The academic community have been worried to develop and disseminate effective easy-to-use tools for creating, evaluating, accessing, using, and maintaining reusable ontologies [8]. A set of tools and services were projected to support not only the
development of ontologies by individuals, but also the process of achieving consensus
on common ontologies by distributed groups. These tools make use of the Web to
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enable wide access and provide users with the ability to publish, browse, create, and
edit ontologies. These tools and services provide many of the facilities that are crucial
for promoting the use of ontologies and knowledge-level agent interaction.
Once ontologies are developed with different tools and languages, reusing an
ontology usually requires transforming it from its original format to a target format.
However, many problems usually arise in these transformations, related to the compatibility among tools/languages. Nowadays, several tools exist for developing ontologies: OILEd, OntoEdit, Ontolingua, OntoSaurus, Protégé 2000, WebODE, WebOnto, etc. Each tool has their own knowledge model, and usually allows exporting/importing ontologies in their own textual representation [2].
Several languages are also used for the implementation of ontologies, such as
Ontolingua, LOOM, OCML, FLogic, XOL, SHOE, RDF(S), OIL, DAML+OIL, etc.
Apart from their lexical and syntactical differences, there are also more significant
ones due to the knowledge representation formalism in which they are based (frames,
semantic nets, description logic, etc.) and the semantics of their representation primitives and constructs, which fully determine both their expressiveness and reasoning
capabilities.
The ontology translation problem appears when decides to reuse an ontology (or
part of an ontology) using a tool or language that is different from those ones in which
the ontology is available.
Ontology languages primarily use structure to specify semantics. For example,
while subclass inheritance in object-oriented languages is a mechanism of convenience that enables code reuse, subclass inheritance in an ontology language enables
semantic interpretation of the data through classification, entailment, and restriction.
This statement addresses to a crucial difficulty at Embley’s approach: the language
used for ontology textual representation, Melody Language, was not developed with
the purpose of representing an ontology. Melody is a model equivalent programming
language, developed for OSM. Combined with Perl, it is used to textually represent
the ontology. Serious implications come from this situation. Among them can be told:
complex domains may not be able to be represented totally in the ontology; ontology
particular features may not be able to be represented either, all justified by its textual
representation limitations.
An ontology building process may span problem specification, domain knowledge acquisition and analysis, conceptual design and commitment to community ontologies, iterative construction and testing, publishing the ontology as a terminology,
and possibly populating a conforming knowledge base with ontology individuals.
While the process may be strictly a manual exercise, there are tools available that can
automate portions of it.
The building process usually relies on the manual composition of the ontology
using an ontology editor for the chosen ontology languages(s). Embley presented
OntologyEditor, a predominantly What You See Is What You Get tool for editing
OSM-based data extraction ontologies [13].
Michael Denny presented a survey that summarizes the manual editing tools
currently available to practitioners interested in building structured ontologies suitable
for information management and other applications. These tools may also have capabilities for automatically extracting information from domain documents. It summa-
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rizes 94 ontology editors currently available to the ontology building community. He
also investigated, as a field research, which where the advancement in existing tools
necessary to improve the ability of building useful ontologies. Table 1 indicates, according to the field research, the features pointed to enhance ontology editing [2].
Table 1. Top Tool Features to Enhance Ontology Editing

Feature

Percent

Abstraction for knowledge modeling

18%

Visual/intuitive navigation of ontology

13%

Reasoning and problem solving facilities

12%

Ontology alignment and data resource integration

12%

Support of standard industry domain and core vocabularies

9%

Natural language processing

7%

Versioning control

7%

Ontology language standardization

6%

Built-ins (wizards) for best practice methods

6%

Information extraction facilities

4%

Features to learn user's editing style and needs

3%

Collaborative development support

1%

Ontology support for contexts

1%

6 Proposing Enhancements to the Equivalent Programming
Language
Ontos is successful for data extraction research, although, limited. The chosen ontology language (OSML now, Melody in the beginning) is one of the major limiting
factors of this approach. Enhance Melody and make it as close as possible to a language conform to the World Wide Web Consortium (W3C) standards would be the
ideal procedure.
According to Heflin a web ontology language must obey some design goals
[11]. Design goals describe high-level objectives and guidelines for the development
of the language, general motivations for the language that do not necessarily result
from any single use case. The designed goals pointed by Heflin are:
(1) Shared ontology. Ontology should be publicly available and different data
sources should be able to commit to the same ontology for shared meaning. Also,
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ontology should be able to extend other ontology in order to provide additional definitions;
(2) Ontology evolution. An ontology may change during its lifetime. A data
source should specify the version of an ontology to which it commits;
(3) Ontology interoperability. Different ontology may model the same concepts
in different ways. The language should provide primitives for relating different representations, thus allowing data to be converted to different ontology;
(4) Inconsistency detection. Different ontology or data sources may be contradictory. It should be possible to detect these inconsistencies;
(5) Balance of expressivity and scalability. The language should find a balance
that supports the ability to express the most important kinds of knowledge;
(6) Easy of use, the language should provide a low learning barrier and have
clear concepts and meaning. The concepts should be independent from syntax;
(7) Compatibility with other standards, the language should be compatible with
other commonly used Web and industry standards. In particular, this includes XML
and related standards (such as XML Schema and RDF), and possibly other modeling
standards such as UML;
(8) Internationalization, the language should support the development of multilingual ontology, and potentially provide different views of ontology that are appropriate for different cultures.
The ontology language demands some requirements. A set of features that
should be in the language [11]. Most of them are motivated by shared ontology and
interoperability :
Ontologies as distinct objects. Ontologies must be objects that have their own
unique identifiers, such as a Uniform Resource Identifier (URI) reference;
Unambiguous term referencing with URIs. Two terms in different ontologies
must have distinct absolute identifiers (although they may have identical relative identifiers). It must be possible to uniquely identify a term in an ontology using a URI
reference;
Explicit ontology extension. Ontologies must be able to explicitly extend other
ontologies in order to reuse terms while adding new classes and properties;
Commitment to ontologies. Resources must be able to explicitly commit to specific ontologies, indicating precisely which set of definitions and assumptions are
made;
Ontology metadata. It must be possible to provide meta-data for each ontology,
such as author, publish-date, etc. The language should provide a standard set of common metadata properties;
Versioning information. The language must provide features for comparing and
relating different versions of the same ontology;
Class definition primitives. The language must be able to express complex definitions of classes;
Property definition primitives. The language must be able to express the definitions of properties. This includes, but is not limited to, sub properties, domain and
range constraints, transitivity, and inverse properties;
Data types. The language must provide a set of standard data types. These data
types may be based on XML Schema data types;
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Class and property equivalence. The language must include features for stating
that two classes or properties are equivalent;
Individual equivalence. The language must include features for stating that
pairs of identifiers represent the same individual. Due to the distributed nature of the
Web, it is likely that different identifiers will be assigned to the same individual. The
use of a standard URL does not solve this problem, because some individuals may
have multiple URLs, such as a person who has home and work web pages or e-mail
addresses;
Local unique names assumptions. In general, the language will not make a
unique names assumption. That is, distinct identifiers are not assumed to refer to different objects (see the previous requirement). However, there are many applications
where the unique names assumption would be useful. Users should have the option of
specifying that all of the names in a particular namespace or document refer to distinct
objects;
Attaching information to statements. The language must provide a way to allow statements to be "tagged" with additional information such as source, timestamp,
confidence level, etc. ;
Classes as instances. The language must support the ability to treat classes as
instances. This is because the same concept can often be seen as a class or an individual, depending on the perspective of the user. For example, in a biological ontology,
the class Orangutan may have individual animals as its instances. However, the class
Orangutan may itself be an instance of the Species. Note, that Orangutan is not a subclass of Species, because then that would say that each instance of Orangutan (an
animal) is an instance of Species;
Complex data types. The language must support the definition and use of complex/ structured data types. These may be used to specify dates, coordinate pairs, addresses, etc;
Cardinality constraints. The language must support the specification of cardinality restrictions on properties. These restrictions set minimum and maximum numbers of object that any single object can be related to via the specified property;
User-displayable labels.The language should support the specification of multiple alternative user-displayable labels for the objects within an ontology. This can be
used, for example, to view the ontology in different natural languages;
Supporting a character model. The language should support the use of multilingual character sets.
Supporting a uniqueness of Unicode strings. In some character encodings, e.g.
Unicode based encodings, there are some cases where two different character sequences look the same and are expected, by most users, to compare equal. An example is one using a pre-composed form (just one c-cedilla character) and another using
a decomposed form (a 'c' character followed by a cedilla accent character). Given that
the W3C I18N WG has decided that early uniform normalization (to Unicode Normal
Form C) as the usual approach to solving this problem, any other solution needs to be
justified.
Some structures could be incorporated in Melody to enhance the language functionalities providing specific characteristics of an ontology language and facilitating
the process of building extraction ontology: Creation of new types of data, for exam-
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ple, a fragment of a RegEx “popular” to the context is labeled avoiding redundancy
and repetition; Tables for searching keywords; Primitives to help creating constraint
rules for the extraction area in the document; Search for synonyms providing internationalization of the ontology; Specification of values to measure the quality of the
extraction according to priority rules of extraction; Approach of auto-maintaining the
dictionaries used in ontology (auto-feeding), among others.

7 Concluding Remarks
The process of building ontologies involves the specification of concepts and relations
that exist in the application domain, besides their definitions, properties and constraints. It is not a simple task. Therefore, all kind of support for ontology development is welcome.
The use of a graphical language for expressing ontology is essential for capture
ontology concepts. It is very difficult to communicate with domain experts without
graphical language. Languages for ontology textual representation must be understood
as a serious problem. Most of the languages used, were not developed for this specific
purpose, especially in the context of ontologies for semantic data extraction.
Melody language is still unable to represent some aspects of complex domain
ontology faithfully. It was not developed as an ontology language, it is a language to
provide an equivalent textual representation of OSM schemas. In this context, biodiversity data ontology extraction using Embley’s approach is not going to represent the
conceptualization in completely. Melody needs improvements to, combined with Perl,
be able to represent textually complex domain ontology. And these enhancements
must conform to W3C standards
Although the data-extraction-ontology approach is successful for many applications [8], one critical difficulty remains: a user must create the extraction ontology
manually, which is both time-consuming and error-prone. Furthermore, dataextraction-ontology requires a high degree of knowledge in both database theory and
Perl regular expressions.
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Abstract. The automation of cartographic map production has become more
important in the recent years, with the increasing demand on up-to-dateness,
cost savings and purpose orientation. So far only isolated components performing separate generalisation tasks have been available, especially at larger scales
e.g. for the derivation of city maps or topographic maps. The focus of this applied research is therefore the integration of several approaches to a joint solution and their implementation in a cartographic map production system. The
paper covers several aspects of the automated generalisation process. It starts
with cartographic pattern detection of building alignments as part of data analysis. Then building simplification and geometry type change are presented as
two important generalisation operators for the derivation of city maps from land
register data. Finally the storage of generalisation relevant meta information
with the help of a generalisation relation class is explained to support incremental update. The paper concludes with a proposal of an adaptation of the web
service concept to generalisation.

Keywords. Automated generalisation, incremental update, alignment detection,
building simplification, geometry type change, collapse, generalisation service

1 Introduction
The focus of the current work is the creation of a generalisation engine as an extension of the commercial cartographic GIS axpand (Axes Systems, 2005). Our aim is
to automate the generalisation process as much as possible and support interactive
post processing by the cartographers where necessary. The challenge is to combine,
harmonise and extend various existing approaches for the generalisation of topographic and other kinds of maps. Required generalisation operators include the elimination of unimportant objects, change of geometry type (collapse), aggregation of area
objects and generalisation of buildings. To support the implemented methods a com-
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mon data structure has to be used. For indexing and handling large amounts of data in
an efficient way we use the R-Tree (Guttman, 1984) as a geometric data structure.
Additionally the data are enriched with a node-edge-face topology through the usage
of combinatorical topology and graph theory (Worboys, 2004). Other challenges were
the development of a concept for incremental updates and its realisation. For this
purpose, generalisation relevant information such as applied operators, parameters and
involved objects are stored explicitly in meta information.
meta information
(vertical relations)

evaluation
conflict resolution
choice of operators
conflict detection
data analysis
(horizontal relations)

Fig. 1. Steps of the iterative generalisation process.
The structure of the paper reflects the steps of the generalisation process (Fig. 1).
First the selected objects have to be analysed to identify the so called horizontal relationships between objects which have to be preserved during generalisation (Neun et
al., 2004; Neun and Steiniger, 2005). Examples of horizontal relationships are alignment and neighbourhood relationships. Therefore explicit topology and auxiliary data
structures such as graph structures, Delaunay triangulation and R-Tree are exploited to
store this information in an efficient way (see section 2). With support of these data
structures objects that are in conflict can be detected. These comprise objects that are
too small to be readable or that are overlapping each other after symbolisation at the
target scale. This information can be delivered to the cartographer who can resolve the
conflicts either interactively or with the help of the generalisation operators provided
(see section 3). In axpand generalisation operators can be combined to batch jobs that
are running fully automatically. After generalisation an automated evaluation will be
realised that creates information about success and failures of the automated generalisation operators. Unsolved cartographic problems can be corrected manually in an
efficient way, supported by automated conflict and selection highlighting (mark-up).
In the end links between source and target objects are established, so called vertical
relationships, which hold meta information about the generalisation carried out interactively or automatically. This supports future update processes (see section 4).
The paper concludes with the proposal for development and usage of “Generalisation Services” for on-demand map production. The advantages are discussed and a
first, simple service hierarchy is presented.
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2 Data analysis and cartographic pattern detection
Before generalisation can be started spatial and semantic relationships have to be
extracted which are relevant for the target scale yet only implicitly contained in cartographic data bases. These kinds of information are described by the term horizontal
relationships (Neun et al., 2004; Neun and Steiniger, 2005). These relationships exist
between objects of one map scale. Examples of horizontal relationships are alignments, patterns, topological neighbourhood and space partitioning. The horizontal
relationships can be used to build or identify cartographic phenomena, semantic concepts, and groups of map objects relevant on smaller scales – so called meso objects
(Ruas, 1999). Examples for such phenomena and concepts include building blocks,
city centres, settlement areas, river deltas etc. For the automated derivation and storage of this enriched data different kinds of auxiliary data structures can be exploited,
for example graph structures, Delaunay triangulations, Voronoi diagrams and hierarchical tree structures like quadtrees, dendrograms or matrices. There are several approaches to identify such relationships. Heinzle et al. (2005) for example describe the
recognition of typical patterns in road networks, other research focuses on the detection of alignments for building generalisation (Ruas and Holzapfel, 2003, Li et al.,
2004), or data enrichment of thematic data (Neun and Steiniger, 2005).
In the context of cartographic generalisation of large scale maps the generalisation
of buildings can require significant manual effort. For an automated generalisation of
buildings alignment patterns have to be detected in advance. Our approach starts with
the restrictive but reasonable assumption that most building alignments are situated in
the neighbourhood of linear objects such as roads or rivers. Based on topology and
geometry of building objects the reference lines for possible alignments can be derived from line segments. Alignment candidates are selected from buildings within a
given distance from the reference lines. Then, the base line of the alignment can be
derived from the reference line through parallel translations whereby the sum of distances between the centre of gravity of the alignment candidates and the base line are
minimal. After this preselection of alignment candidate buildings the quality of these
alignments has to be evaluated. Several criteria were proposed in the literature (Li et
al., 2004; Ruas and Holzapfel, 2003; Christophe and Ruas, 2002). We choose appropriate measures from four categories – size (3 measures), shape (5), orientation (3)
and group characteristics (4) (Burghardt and Steiniger, 2005).
These measures are used to calculate homogeneity constraints of building alignments. The homogeneity constraints are defined by minimal variation of the measure
values between buildings of one alignment. Groups are more homogeneous if the
values are similar for all buildings belonging to the alignment. The process of calculating the group homogeneity consists of the following steps:
1) Calculation of measure values (Burghardt and Steiniger, 2005) for every
building (group measures are based on alignments).
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2) Analysis of variations for every measure value related to one group e.g. calculate a maximum deviation from mean values
σmax(A) = max(Amax – Amean, Amean – Amin).
3) Comparison of variations between several groups.

Fig. 2. Homogeneity of building alignments. More homogeneous alignments
have darker colours.
For a better comparison of variation between groups a percentage value is calculated from the deviations, which is additionally standardised on a [0,1]-interval. The
percentage values are related to mean values for every group (e.g. dAmax/Amean) or
fixed values (e.g. dO/π for orientation O of an [0,π]-interval). The standardisation is
different for each measure since either the percentage values of deviations can be
higher than 100% (e.g. for size deviation) or below 100% (e.g. for orientation deviation). Finally for every group the average of the standardised deviation of all measures
is calculated and visualised. In Fig. 2 more homogeneous building alignments are
shown in darker colours. The information on maximum deviation of measure values
for every group and individual building could be used to improve the quality of the
alignments. Buildings which have maximum deviations could be excluded. The homogeneity value then has to be re-calculated for the remainder of the group.
The basis for the generalisation operations presented later in this paper is a data
model which contains explicit topological information. Fig. 3 shows a simplified
UML overview diagram of the data structure reduced to the relationships between
semantics, topology and geometry. The realised topology model in our application
axpand is based on the concept of the full combinatorial topology model (Worboys,
2004). It covers full topology incorporating nodes, edges and faces.
In the cartographic system axpand the data is stored in a relational SQL-database,
e.g. Ingres or Oracle. Import from shape- and GML-files is supported as well. The
generalisation module as well as the topology module are programmed in Java on a
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basis of an object oriented data structure. For faster access the objects are stored in an
R-Tree (Guttman, 1984) at run-time.
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Fig. 3. Overview of the data model and the relation between semantics, topology and geometry (Bobzien et al., 2005).

3 Generalisation operators in axpand
The company Axes Systems, supplier of spatial data technologies and provider of a
cartographic GIS, develops systems to administer, visualise, utilise and distribute
spatial data. These technologies are developed and put on the market under the name
axpand (Axes Systems 2005). The users are mainly municipalities, state/land and
national survey authorities, as well as map (cartography) publishing companies. For
the derivation of cartographic presentations from digital landscape models several
generalisation operators are available, as listed in Table 1.
Table 1. Available line and area generalisation operators in axpand.
Line generalisation operators
− line displacement
− line simplification
(point reduction)
− line smoothing

Area generalisation operators
area displacement
area aggregation
scaling (proportional, minimum size)
elimination of insignificant objects
building simplification
building typification (weighted mesh
simplification)
− collapse from area to line (geometry
type change based on straight skeleton)
−
−
−
−
−
−
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Two algorithms for the generalisation operators geometry type change (collapse)
and building simplification will be explained in more detail. These algorithms form
the core for the derivation of city maps from cadastral data.
In large scale datasets most features are modelled as area objects, even roads and
rivers, for instance. A city map visualises these features with less details, therefore
modelling as line objects is appropriate at the target scale. The implemented collapse
from areas to lines is based on a straight skeleton algorithm (Petzold et al., 2005).
Initially, the topology of the area objects is calculated and stored in the so called PolygonConnectivityGraph which represents an adjacency graph between area features
that have to be collapsed (see Fig. 4). In a second step area objects with a small surface or a long common border have to be merged with their neighbours (see Fig. 5 b).
Therefore geometric calculations as well as the PolygonConnectivityGraph are used.
For each area object a skeleton is calculated (see Fig. 5 c). This skeleton is a polyline
with possible branches. Each skeleton is represented as a graph (SkeletonGraph, see
Fig. 4). The SkeletonGraph in combination with the PolygonConnectivityGraph allows the detection and integration of straight connections (see Fig. 5 d) and crossings
(see Fig. 5 e). A straight connection is a concatenation of two area objects at their
“ends”. “Ends” of an area object or polygon can be determined by the previously
generated SkeletonGraph. Crossings are reduced to T-crossings. The result of the
integration of both, SkeletonGraph and PolygonConnectivityGraph, is a NetworkGraph, holding all information of the original area objects and the resulting line objects (see Fig. 5 f). Obviously, the Network Graph could also be exploited for noncartographic applications such as route planning.
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Fig. 4. Graph structures used for collapse of area objects to line objects.
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a)

b)

c)

d)

e)

f)

Fig. 5. Collapse algorithm for area objects. a) Origin area objects; b) Aggregated/merged area objects; c) Aggregated area objects with skeleton (Skeleton
Graph); d) Straight connecting in blue; e) T-crossing in green; f) Derived line
objects and origin are objects.
Building simplification is another core functionality of automated generalisation.
The algorithm starts with a data preparation step to remove very short edges (smaller
than 1/10 of the minimum size for the target scale). In the next step several geometric
operations are carried out on short edges depending on the angle between previous
and following edges. Several edge configurations are shown in Fig. 6. The geometric
calculations are partially based on approaches of Staufenbiel (1973).

s-configuration
(angle ≤ 45°)

right-angled configuration
(45° < angle ≤ 135°)

u-configuration
(135° < angle)

Fig. 6: Edge configurations for building simplification
If there is a sequence of two or more short edges the same operations are applied as
on single short edges, whereby the operations start by removing the shortest ones first.
After the removal process internal conflicts are resolved, either through parallel displacement or by shortening of opposite perpendicular edges. Finally a quality control
step checks whether the resulting building has maintained a shape that is similar to the
original object. This is accomplished by a calculation of overlapping areas. Additionally the minimum size constraints of edge lengths and internal distances are checked to
determine whether the operation worked successfully. An overview for the algorithm
for building simplification is given in Fig. 7.
The combination of building simplification, aggregation, scaling and collapse of
area objects is shown in the example of Fig. 8.
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Edges shorter than 1/10 of minimum length
have to be removed
data preparation
points with transverse distance of connection between
predecessor and successor shorter than
1/10 of minimum length will be removed
angle <= 45°
short isolated
edges will be
removed

75° < angle <= 105°
45° < angle <= 75° and
105° < angle <= 135°
135° < angle

area compensation
90 degrees forcement
calculation of intersection point
solve u-configuration
emphasise

case distinction
for short edges

remove

calculation of intersection point with
an edge connected
to u-configuration

sequences of short edges
will be treated identically as isolated edges,
starting with the shortest edge

connecting
predecessor and
successor
segment

points with transverse distance shorter than 1/10
of minimum distance will be removed (see above)
shorten the opposite edge,
if this has an angle near 90°

resolving internal conflicts

parallel displacement of one
of the edges

internal conflicts

removing internal peaks
(angle smaller 90° with opening to extern)
removing indentations and courtyards
through expansion and shrinking
intersection between area before and after simplification
has to be more than double the size of the non-intersecting area
quality
control

check whether there are still edges shorter than the minimum length
check whether shortest internal distance is greater than minimum length

Fig. 7. Building simplification with removal of short edges and widening to resolve internal conflicts.
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Fig. 8. Section of a land register data (above), the same area from a city map
by Falk Verlag (below left), and the city map derived with axpand (below right).

4 Storage of generalisation meta information in MRDB
The need for multiple representation databases (MRDB) has nowadays become
widely accepted when dealing with cartographic data of different scales, especially in
the context of generalisation. In our case the dataset of lower resolution is derived
from the dataset of higher resolution by automatic and/or interactive generalisation.
However, future incremental updates, performed on the dataset of the higher resolution, will need to be propagated automatically to the dataset of lower resolution. A
challenge in cartographic generalisation here is the consideration of the neighbourhood of the updated features. The neighbourhood of a feature comprises all nearby
features that are affected by the initial generalisation, especially by displacement operators. A simple, yet quite inefficient approach, would be a complete new generalisation of the whole dataset. This is unnecessary time-consuming notably when parts of
the initial generalisation were performed interactively.
Therefore we introduce a special generalisation relation class that connects the
features of the source and the target dataset. This class indicates, first, which features
were generalised from which features, enabling the modelling of m:n-relationships,
and second, how the features were generalised, containing all information that can be
derived from the initial generalisation process (Fig. 9). This meta information consists
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of a list of consecutive generalisation operators, performed either automatically or
interactively. For automated operators the parameters are stored, for interactive operators the entire transaction-chain is stored with comments, if needed. Links to
neighbourhood features that influenced the execution of the generalisation operators
are also stored.

GR GR GR GR GR GR GR

(a)

(b)

.

Fig. 9: MRDB on object level where five (ungeneralised) buildings are related
to three (generalised) buildings, realising an m:n-relation. (a) direct relationships; (b) insertion of instances of the generalisation relation class (GR) into each
relation, realising exactly the same relationships as in (a).

5 Generalisation Services
Much progress has been made in the field of web based cartography through standards developed by the Open Geospatial Consortium (OGC). While automated access
and presentation of cartographic data are defined, services for automated generalisation are not yet standardised. Nevertheless it seems there is a promising range of applications through the adaptation of the service concept to generalisation (Edwards et
al., 2003, Burghardt et al., 2005). There are several advantages to using Generalisation Services for on-demand map production. First of all, the platform independence
makes the development independent from the operating system and the hardware used.
Second, the service can be integrated in any software platforms, such as web browsers,
GIS or map production software. The advantage is that customers can keep their own
production line, while using Generalisation Service functionality from one or more
service providers. New business models can be applied on the basis of application
service providing.
The complexity of Generalisation Services can be seen at different levels of abstraction going from simple services on independent features up to highly context
dependent services with control over the whole workflow. Generalisation Services
could be used in different application scenarios, for instance as a middleware component between a Web Feature Service (WFS) and a Web Map Service (WMS), to allow
on-the-fly adaptive zooming, or as interactive Generalisation Services for the produc-
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tion of topographic maps by national mapping agencies (NMA). They may also allow
the development of a common research platform, where researchers would have access to a common generalisation framework. For more details on this upcoming technology, see Burghardt et al. (2005).
service consumer
(research, map production)

interactive interface

process service
(workflow control, evaluation)

service interface

interactive interface

generalisation
services

operator service
(simplification, smoothing, ...)

service interface

supporting service
mrdb

(buffer, topology, ...)

generalisation
support

(supporting information)

Fig. 10: Framework for the usage of supporting services, generalisation services and process services.

6

Conclusions

We have presented an overview of the generalisation process and functionality of
axpand, with a particular focus on large scale map generalisation, as it can be found in
the derivation of city maps from cadastral data. These generalisation techniques were
developed and implemented in the course of DRIVE, a joint R&D project between the
two partner organisations of the authors of this paper. The use of an architecture building on open standards had several advantages. First, it allows to extend the existing
axpand system by additional functionality very rapidly. Second, it makes the maintenance and further extensions of the system by Axes Systems or by third party developers easier. And third, as a path into the future, it allows to support novel business
models such as Generalisation Services.
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Interoperability in Map Generalisation Research
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Abstract. There is a pressing need within the map generalisation research
community to initiate processes for supporting cooperation and allowing techniques and results to be shared. On the one hand, increasing complexity of
methods and concepts in this domain has made the issue of open access to research evermore necessary to ensure that new investigations can be undertaken
at the research frontier with the minimum of ancillary effort. On the other, as
the basis for conducting ‘good science’, researchers must be able to gain access
to growing body of prior work, so that comparisons can be made and results
evaluated. Realising such desires involves addressing a complex set of interoperability challenges at a number of different levels; technical, syntactic and semantic. The paper describes the experiences of the authors in tackling such issues. It first details the implementation of a web services technology for exposing generalisation research through an open interface. Then it discusses the
need for formalized data structures to encode geographic representations and
generalization concepts. Finally it considers the issue of semantic interoperability and examines how ontologies might be used to overcome these difficulties.

Keywords. Automated generalisation, common research platform, standards,
semantics, ontology, urban generalisation, web services

1

Motivation: an open research platform for generalisation

The field of automated map generalisation has been a fertile area of research for
over thirty years. In the past, much of the research was focussed around questions that
could be explored largely independently of other researchers. However, as the field
has matured there has been an increasing need to operate more effectively as an integrated community. One reason for this is that as a better understanding of the generalisation processes develops the complexity of solutions increases. Hence, researchers
must spend more and more time gathering tools to reach the research frontier. In addition, this evolution results in body of core concepts developing as the most effective
methods for stratifying the domain are discovered (e.g. subdivisions of operators and
generalisation processes). It therefore becomes important to harmonise definitions for
these concepts so they can be effectively re-used as a basis for exchange amongst
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researchers. In the interests of ‘good science’, it is also important to be able demonstrate new methods are improvements over what has already been achieved. This requires access to comparable methods for performing appraisals. Being able to share
techniques and models is thus essential for the efficient working of the field.
Recently, there has been a growing movement towards the development of open
systems to achieve these goals. These efforts are described in detail elsewhere (Edwardes et al, 2003; Burghardt et al, 2005). The current focus has been to adopt the
mechanism of web services to support sharing and interoperation amongst researchers
in a platform independent way. A prototype has been developed to achieve this goal
technically and physically (Neun and Burghardt, 2005), however, what is lacking is
the formalisation and specification of domain concepts that would take this to a more
logical level.
This paper looks at how a web-services based open research platform might be extended in this way. It first, describes the state of the art for web services in generalisation research. Then, it discusses issues involved in enhancing interoperability by formalising generalisation concepts, considering which are the most important concepts
in the generalisation domain. Finally, it considers the semantic barriers to interoperability and how ontologies might help by modelling generalisation organisations for
specific types geographic phenomenon.

2

Web services to support map generalisation research

Web services are generic mechanisms for accessing computational objects and operations over the web. In the web services model (WSA, 2004) operations are presented through XML interfaces (SOAP, 2003) allowing them to be accessed in a platform independent way. Services are exposed using the “publish-find-bind” paradigm
(UDDI, 2004). Publishing involves the service provider creating an interface describing the parameters of the operations and declaring the URL of where the service can
be accessed, its endpoint. This is often done through an intermediary registry of web
services. The find step is performed by a service consumer. They selected the desired
service from those available in the registry. Using the interface description given there
the consumer can then bind to an operation. This establishes communication with the
service endpoint. In a generalisation service the service provider might be a researcher
publishing and algorithm and the consumer a researcher wishing to use that algorithm
in their work.
There are several advantages of using generalisation services in a collaborative and
distributed research environment additional to those mentioned previously. First of all,
the platform independence makes the development independent from the operating
system and hardware used and allows parties to share without needing to expose or
share their source code (particularly important for more commercial research institutions). Secondly, the service can be integrated in any software platforms, such as web
browsers, GIS or map production software. Thirdly, specific algorithms for special
computer architectures e.g. clusters, grids or other parallel processing systems can be
offered. Lastly, the service can be accessed over the internet or locally. Figure 1.
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Illustrates the registry based WebGen architecture (Neun and Burghardt, 2005) for
generalisation web services.

Figure 1 The WebGen architecture (Neun and Burghardt, 2005)
In Figure 1 the publish step is shown at a and b. 1, 2, 3 comprise the find step.
Binding is performed in 4.
The complexity of generalisation services can be separated (Figure 2) into three
different levels of abstraction (Burghardt et al., 2005):
1. Generalisation support service: The main goal of these services is to support generalisation operations by making spatial information explicit. This
might be by representing common structural properties such as neighbourhoods (e.g. with buffers, topology or voronoi diagrams) or proximity relations (e.g. with Delaunay triangulations) which can then be exploited by
other generalisation operations (Neun et al., 2004) and optionally stored in a
Multi-Resolution Database (MRDB).
2. Generalisation operator services: These deliver the functionality of standalone generalisation operators. Examples are services for simplification,
smoothing, aggregation, amalgamation, merging, collapse, refinement, exaggeration, enhancement and displacement. These generalisation operator services can be further subdivided for point, line and area objects and specialised depending on object classes.
3. Generalisation process services: These services offer functionality to support the control and orchestration of the generalisation process. Examples are
services for automated orchestration, services for evaluation of generalisation
results and agents (Lamy et al, 1999).
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Figure 2 Framework for generalisation services.
Both server and client web service components have been implemented. On the server
side a registry has been implemented using Java servlets. This offers a single accesspoint where all information can be found on which services are available, where they
are located and what algorithms they offer. Service providers can use this to publish
their operations. On the client side, components to realise two usage scenarios have
been implemented. In the first case access to the operations is through a web application. Here, users find the service they want through a web interface to the registry,
they then setup parameters using web forms related to the selected operations. Binding
is performed by posting data to be processed as Shapefiles to the service. The advantage of this approach is that it only requires a web browser for access. The second
scenario uses plug-ins for mapping software. Currently the only plug-in developed is
for the open-source JUMP platform (JUMP 2005) though support for other platforms
such as ESRI’s ArcView® is planned. The advantage of the plug-in approach is that it
allows close integration with mapping data and operations providing a transparent and
seamless user experience. Figure 3 shows the JUMP plug-in with different implemented generalisation operations.

164 Proceedings, ISGI 2005, International Symposium on Generalization of Information

Figure 3 JUMP plug-in

3

Conceptualisation of the generalisation domain

Interoperability of domain concepts occurs at two levels; the syntactic and the semantic (Vckovski, 1998). The syntactic level deals with the encoding of geographic
abstractions, for example as data types. The semantic level considers the inconsistencies (Shepard, 1991) amongst different users’ representations of the world for different purposes.

3.1

Syntactic interoperability

Syntactic interoperability involves harmonising heterogeneities amongst different
geographic data abstractions. In a web service this kind of interoperability is ensured
by adherence to commonly agreed standards for data abstractions and encodings at the
service interface. Table 1 shows how the WebGen service uses the standard data encoding GML in the interface definition of an operation.
<?xml version="1.0" encoding="UTF-8"?>
<webgen xmlns:gml="http://www.opengis.net/gml"
xmlns:SOAP-ENC="http://schemas.xmlsoap.org/soap/encoding/">
<name>building simplification</name>
<method>buildingSimplification</method>
<endpoint>http://www.geo.unizh.ch:8080/neun/servlet/GenHandlerXML
</endpoint>
<description>This algorithm simplifies all buildings in a layer and
returns a layer containing the resulting buildings!</description>
<config>
<layer>
<schema>

Proceedings, ISGI 2005, International Symposium on Generalization of Information 165
<attribute name="geom" type="GEOMETRY">
<allowed>gml:Polygon</allowed>
<allowed>gml:MultiPolygon</allowed>
</attribute>
</schema>
</layer>
<param name="min edge length” type="SOAP-ENC:double" >
<description>Minimum Edge Length</description>
</param>
</config>
</webgen>

Table 1 XML interface for a WebGen operation
The WebGen interface definition extends a standard WSDL (2001) interface for
web services to allow geometric data encoded in the GML format to be passed across
it. This extension is made by importing the GML namespace, shown in bold in Table
1.
Using a common abstraction for data at the geometric level provides the most basic
level of integration required by generalisation operator services. It allows simple generalisation operators processing single features to be offered e.g. line and building
simplification. In addition it allows generalisation operators to be integrated with the
same abstractions used for more general GIS software, providing a link between technologies. However, more complex generalisation requires new formalisation of data
types to be defined. This needs to be done both within the map generalisation community and between the community and other related fields, for example map production,
computational geometry and spatial analysis. We can consider the different requirements for formalisation by looking at the different types of generalisation web service
in turn.
3.1.1

Generalisation Support Services

These types of services realise representations that abstract aspects of the spatial or
topological relations inherent within the data. Amongst the most important data types
here are those that describe planar graphs, since these can be used as generic concepts
to describe a variety of different data structures. GML3 (GML 2004) provides a standard set of primitive classes to encode these in GML as topological nodes, edges and
faces. Regnauld (2005) presents a more comprehensive model respecting the specific
requirements of graphs for generalisation. He shows how the model can be used as the
basis for representing structures including Delaunay triangulations, Voronoi diagrams,
transport graphs and minimum spanning trees. The class decomposition is shown in
Figure 4.
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Figure 4 Classes for graphs (Regnauld, 2005)
3.1.2

Generalisation Operator Services

Various authors have suggested typologies for generalisation operators (Hake et al,
2001; McMaster and Shea, 1992; Bader et al, 1999). Whilst these have many similarities their discrepancies can cause difficulties in making comparisons or studying sequencing operations. A more standardised taxonomy would help resolve this. Table 2
describes the operators organised in the typology of Bader et al (1999) and used in the
AGENT project (Lamy et al, 1999) that might be used in this regard.
Classification
Simplification
Collapse
Enhancement

Thematic Selection
Thematic Aggregation
Weeding
Unrestricted Simplification
Geometric Enhancement
Semantic Enhancement

Selection / Elimination
Displacement
Aggregation

Enlargement
Exaggeration (caricature)
Smoothing
Fractalization
Rectification/ Squaring

Selection
Elimination
Amalgamation

Fusion
Merge

Combine

Table 2 Typology of generalization operators (Bader et al, 1999)
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3.1.3

Generalisation process services

These services provide access to complex and fully-automated generalisation procedures. Here, interaction with the service is declarative, allowing the user to state their
intentions for a generalised map rather than simply prescribe operations that should be
performed in a procedural manner. Allowing declarative statements requires a set of
concepts that allow the user to describe their aims. Considerable success has been
achieved using the constraint-based approach to accomplish this (Beard, 1991). Here
the user asserts the constraints the final solution should satisfy and allows some form
of automated procedure to search for a solution that best satisfies these. Constraints
might include; the minimum width of a feature, the minimum separation distance between two features or the minimum size of a feature. Examples of automated constraint-satisfaction procedures are multi-agent systems (Ruas, 1999), least-squares
adjustment (Harrie, 1999; Sester, 2000) and simulated annealing (Ware et al., 2003).
The model of constraints of Ruas and Plazanet, (1996) is illustrated in Table 3.
Legibility Constraints

Shape Constraints
Spatial Constraints

Semantic Constraints

Minimum separation
Granularity
Minimum edge length
Minimum width
Single object
Set of objects
Absolute position
Relative displacement
Topological relations
Proximity relations
Quantity
Inter-classes quantity
Function

Table 3 Typology of Constraints by Ruas and Plazanet, (1996)
Constraints are defined in unison with measures and algorithms. Measures are analysis tools that evaluate the degree to which a constraint is satisfied. Algorithms are
generalisation operators that improve the status of a constraint. Formalised data types
for each of these concepts are needed together with mechanisms to prioritise amongst
them. One solution for this is the XMLSchema model suggested in Hardy et al (2003).

3.2

Semantic interoperability

The ultimate goal of generalisation is to allow map users to reason about geography
at multiple levels of abstraction. Complex generalisation operations therefore seek to
derive from source data new abstract geographic forms and correspondences amongst
them in order to provide new views of the world at diverse scales. There are infinitely
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many different ways of abstracting such models, so the particular set of concepts derived needs to relate to a particular map purpose. In this sense, map generalisation can
be viewed as facilitating an exchange of knowledge between the map producer and the
map user by constructing a particular view of the world (Mustière et al, 1999). To
achieve this, ontologies (Fonseca et al, 2002) can provide a mechanism by which the
concepts inherent in this knowledge can be explicitly represented. Guarino (1998)
describes four types of ontologies: top level, domain, task, and user. For map generalisation;
• Top-level ontologies could include; general concepts of space and spatial relations, gestalt principles for perceptual grouping (DeLucia and Black, 1987) or
the Micro/Meso/Macro agent decomposition (Ruas, 1999).
• Domain-level ontologies might include; network structures (Heinzle et al,
2005), urban forms (Lynch 1960, Boffet, 2000),
• Task-level ontologies might describe the goals of different users groups in relation to particular tasks such as recreation or navigation (Kulik, 2005)
• Application ontologies would draw on domain and task ontologies to create
models for particular applications. For example, a small scale road map for
drivers or a ‘point-of-interest’ map for tourists.
The main reason for using an ontology is to define the abstract geographic entities
that will be present in the generalised map and their inter-relationships and logical
entailments. This allows generalisation operations to be performed and constraints
described using a single logical model. Users access this model by matching data in
their own local schemas to entities in the application ontology. Figure 5 shows a simplified model of an ontology to illustrate how concepts for generalised urban topography might be organised. Two separate domain ontologies are used; one for roads
(shown in blue) and one for buildings (shown in red). New concepts are created from
the integration of these (shown in green).
In order to be useful the classes in Figure 5 needs to be instantiated with real world
objects having geographic footprints. This allows more complex relationships to be
defined amongst classes allowing more expressive semantic constraints. For example,
“arterial roads connecting city centre should be preserved” or “buildings in the city
centre should be represented as blocks”. Creating entities is part of the matching
process between a user’s own data schema and the application ontology.
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Road Network

Min Cycle

Road

City

urban block

Building

City centre

Junction
Roundabout

Urban network

Building group

Arterial road

Is a
Part of

Stroke

Figure 5 Simplified model of an ontology for urban generalisation
Commonly some objects will need to be derived from aggregations of other objects
during this process. In the example given in Figure 5 it is possible to geometrically
create every other the spatial representations starting only with road and buildings
objects. Table 4 illustrates how this has been achieved by different researchers.
Abstract Class
Road Network
Min Cycles
Strokes
Junctions
Roundabout
City
Building group

Urban Network
Urban Block
City centre
Arterial Roads

Operation
Union roads at end points
(i.e build topology)
Union cycles of roads (e.g.
create partitions)
Union visually continuous
roads segments
Analysis of node configurations
Subset min cycles by area
and compactness
Buffer and union buildings
Analyse and subset buildings
(e.g. according to function or
alignment)
Intersect road network and
cities
Intersect min cycles in cities
with buildings
Analyse and subset urban
blocks
Intersect strokes with urban
network

Table 4 Instantiation of entities

References
Mackaness, 1995
Ruas, 1999
Thompson and Richardson, 1999
Mackaness and Mackechnie, 1999

Boffet, 2000
Christophe and Ruas, 2002
Ruas and Holzapfel, 2003
Burghardt and Steiniger, 2005
Edwardes and Mackaness, forthcoming
Ruas and Plazanet 1996
Edwardes and Mackaness, forthcoming
Heinzle et al, 2005
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Figure 6 illustrates some of these operations for a small city. Figure 7 illustrates the
definition of a city center based on statistics for minimum cycle sizes and shows how
this entity is preserved by differentially generalizing it.

a)

b)

c)

Figure 6 a) City and road network, b) urban network c) arterial roads (Edwardes and Mackaness, forthcoming)

a)

B

Figure 7 a) Min cycles and city center b) Generalised urban network using the
city centre to balance density contrasts (Edwardes and Mackaness, forthcoming)
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4

Conclusions

There is a clear motivation within the map generalisation research for systems that can
allow the sharing of work. Significant progress has been made in achieving this goal
physically by using the web services model. The main barriers to interoperability are
now in defining generalisation at the service interface. Progress has been made by
integrating standards for encoding geographic representation such as GML within the
web services framework. However formalisation of specialised data types also needs
to be performed within the generalisation community. A number of researchers have
suggested models to meet these needs so the next development will be to harmonise
these to a common model, through a consensus standardisation process. Semantic
interoperability is harder to accomplish, the construction of domain ontologies is a
possible method for achieving this. Formalisation at this level will likely only be fully
achievable as the platform develops and researchers interact, discovering the areas in
which they need to focus.
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Abstract. It is a strategic goal of many national mapping agencies and other
geographic data producers to build a master Digital Landscape Model (DLM)
using a GIS, from which are derived coarser landscape models and corresponding cartographic products at a variety of scales. At the heart of such a
production strategy lie the concepts of generalization (the abstraction of data to
a smaller scale), and of multiple representation databases. This paper overviews
a project underway at ESRI to implement multiple representations in the geodatabase, together with mechanisms for overriding and editing individual feature representations, for high-quality cartography. It then relates that to ongoing
development to support efficient generalization processes and a robust framework for data derivation and abstraction.

Keywords. Representation, Generalization, Database, Cartography, DLM

1 Introduction
1.1 Overview
Geographic information systems (GIS) are a powerful and proven way to collect
and store geographic features and attributes in a database, and to facilitate data management, spatial analysis, and location-based communication, especially visual map
presentation. Such communication requires abstraction and representation of the geographic world through the art and science of data transformation and cartography.
It is a strategic goal of many national mapping agencies and geographic data producers to build a high resolution, high accuracy, master Digital Landscape Model
(DLM), from which are derived coarser landscape models and corresponding cartographic products at a variety of scales. At the heart of such a strategy is generalization
– the abstraction of data to a smaller scale. To do this efficiently requires intelligent
generalization tools and robust mechanisms for handling the resultant Digital Cartographic Models (DCM), including multiple representations. It also requires a framework for controlling the flow of data from DLM to DCM, including updates.

176 Proceedings, ISGI 2005, International Symposium on Generalization of Information
Recent software technology advances have ensured that a commodity GIS such as
ESRI’s ArcGIS supports an efficient bulk data geoprocessing framework and a large
toolkit of algorithms, plus the necessary underlying data structures and associated
libraries for handling topological and neighbor relationships. The imminent introduction of new capabilities for multiple cartographic representations and overrides within
a GIS database, when combined with the rich GIS environment, will provide the necessary support elements for generalization and DLM/DCM workflow modeling.
1.2 Database, GIS and Cartography
The last few decades have seen a transition to using GIS tools to facilitate compiling and publishing maps, charts, plans, and other visual spatial products. Previous
papers have discussed the relationship of GIS to cartography:
“Traditional map-centered cartography is a highly complex and wonderful process
in which information is compiled from map sources and represented graphically to
communicate some meaning to the map user. … GIS-based cartography separates this
process into three parts: compilation of a geographic database according to database
schema, processing tools which allow geographic information to be translated from
one form to another, and rendering tools which translate objects in the geographic
database into symbols on the map.” [14. Morehouse 1995].
1.3 Industry Requirements
Most national and commercial mapping agencies have a strategic goal of using a
common database and common environment for all map publishing, and a ‘capture
once and use many times’ ethos [10. Lawrence 2004].This requires:
•
•
•
•

A single software environment from capture to finishing
Centered on database
Supporting multiple representations for multiple products
Handling generalization and incremental update as these facilities mature

1.4 Proposed Solution
This paper describes the multiple representation and generalization project underway at ESRI. It then relates that to ongoing development to support efficient generalization processes and a robust framework for data derivation and abstraction. The
project is to provide the framework and tools needed for database-centered map publishing using multiple representations with overrides, extending to cover generalization for automatic derivation of reduced-scale products. The early snapshot of this
project was outlined in [7. Hardy 2004] and [8. Hardy et al 2005], but has evolved and
progressed as described below.
The project adds new cartographic capabilities to ArcGIS. In particular it adds:
•

Storage of multiple representations, closely associated with feature classes in
the geodatabase
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•
•
•

Representation rules that define high quality cartographic visualizations of
the features
Override mechanisms that allow a cartographer to make exceptions to the
rules.
Intuitive editing tools for cartographic interaction, similar to those in desktop
graphics packages

The following sections of the paper outline these capabilities in turn, and relate
them to the overall framework for cartographic data derivation and generalization.

2 Multiple Representations with Overrides
2.1 Cartographic representation
The conceptual basis for cartographic representation has been the subject of extensive academic analysis [12. MacEachren 1995], [5. Fairbairn et al 2001], but there has
been continued difficulty in resolving the conflicting pressures of automation (ruledriven visualization) with those of cartographic clarity (freedom of expression). Giedre Beconyte in a recent paper on “Conceptual Models for Cartographic Representation” states “Other than in the simplest cases, it is impossible to limit cartographic
design to a single set of rules at all; hence thematic mapping can hardly be subject to
automated processing functions” [2. Beconyte 2004]. The Representations and Overrides system which is summarized in this paper, unifies automation and freedom capabilities, and hence contradicts aspects of the above analysis. Its fundamental advance
is to add minimal information to geographic feature classes in a GIS database to store
representation rules and graphical overrides to individual features.
2.2 Representation and override example
Figure 1 below shows five stages of symbolization for linear road or ‘track’ features from a vector topographic GIS dataset (data copyright swisstopo). Traditional
GIS-based mapping systems support only the first two stages.
In stage 1, default GIS symbology (a red line) is assigned to the linear features, and
in stage 2 a dashed line symbol is applied, as this is the typical line pattern used in
cartographic products for tracks. This GIS symbolization falls short of many cartographic requirements because the poorly symbolized line intersections and bends
(highlighted by the red circles), lead to ambiguity as to where the tracks start and end.
Stage 3 shows how the new representation capabilities can automatically produce
better symbology at line intersections by adjusting the line dash pattern to ensure
intentional (half-dash) connections at the ends of all such line features. Stage 4 shows
how using this improved representation as a starting point, the cartographer can further perfect it using a manual override of the sharp bend in the track in the northeast
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corner, manually marking the corner as needing to be in the center of a dash. This
modification is stored in the database as an override to the representation geometry.
Stage 5 shows the ultimate graphical freedom and escape from the rules, where the
cartographer has decided to change the color of some of the dashes, and to delete one
dash from the other track. However, this ‘Free Representation’ is still closely associated with the original feature.
Stage 1 Linear Features

Stage 2 GIS Dash symbol

(Tracks)

Bad joins
and bends

4 - Manual
Override

3 - Automatic
Representation

5 - Free
Representation

Fig 1. Five stages in symbolization

2.3 Representation Storage
Physically, a cartographic representation adds additional fields to a standard ArcGIS feature class table. As in any vector GIS, the feature class stores point, line, or
polygon geometries, as well as a set of additional attribute fields used for mapping,
analysis, and data management. The added representation fields store data that defines
the representation rule used to symbolize a feature. They also store cartographic overrides, which are exceptions to the representation rule for a given feature.
A basic representation system design premise was to avoid unnecessarily duplication of data. Therefore, the extra fields that hold cartographic representations and
overrides are minimal in size, and wherever possible the representation information is
derived dynamically from the existing GIS feature as it is needed. The data structure
used to hold overrides is highly flexible, and avoids the need for separate fields for
individual overrides.
2.4 Representation Rules
Each cartographic representation added to a feature class can refer to different rules
for subsets of features within the feature class. For example a roads feature class will
typically have different rules for streets, first, second and third class highways, and for
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freeways. It may also have variant rules for highways on bridges, in tunnels, or for
unique circumstances not normally part of the standard data model (such as a highway
temporarily interrupted by a fair).
Rules are made up of one or more visual layers, each of which start from the feature
shape geometry and have an optional chain of ‘geometric effects’ (applied ‘on-thefly’) before applying a basic symbol (marker, stroke, or fill).
Figure 2 shows a cartographic representation added to a GIS feature being symbolized. The shape field of the feature has a representation rule applied, which generates two visual layers, the first of which goes through two geometric effects (perhaps
an offset to one side, then a dash pattern) before having a basic symbol (stroke) applied. The second layer has one geometric effect applied (perhaps a marker placement
pattern) before the basic symbol (marker) is applied. Fig. 3 shows a typical visual
result of such a rule.
GIS
Feature

Representation
Rule ID

Overrides
(if any)

Shape

Rule

Geometric
Effect

Geometric
Effect

Geometric
Effect

Basic
Symbol

Basic
Symbol

Screen or
Print

Fig. 2 - Drawing pipeline for representations

Fig. 3 - Result of Rule.

2.5 Database attribute-driven representations
Rules can also be set up to use any existing field in the database as an ‘Explicit
Representation Field’ to control the feature representation appearance. Such field
values can be set by geoprocessing processes, which can use the full power of the GIS
toolkit to determine the need and calculate the required result. A typical and powerful
example is the use of the topology engine from within a geoprocessing tool to find all
the cul-de-sac roads, and set a database field which is then used to control their line
end style to be square rather than round ended (Fig. 4).

Fig. 4 - Before and after Cul-de-sac processing.
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2.6 Overrides and cartographic editing tools
Overrides allow the user to make exceptions to the rule while remaining within the
data model. In Figure 2, the override field can modify the input shape, the parameters
to the effects, or any of the graphic attributes of the symbols. A set of intuitive geometric and graphic attribute editing tools (Fig 5) are provided for defining and modifying overrides, based on tools and palettes familiar to a user of desktop graphics
packages such as Illustrator or Freehand. Furthermore, many of the newly introduced
tools are more efficient because they are designed with specific cartographic tasks in
mind. Editing of representations takes place within the same versioned editing environment currently supported by ArcGIS for editing vector feature classes.

Fig. 5 - Cartographic Editing Tools.

2.7 Free Representations
A further level of exception is provided by the ability to convert any representation
into a ‘Free Representation’. This makes an in-line copy of the rules affecting the
particular representation, so that the rules can be changed for this one feature. This
can include change of geometry type (area to point), adding new rules or symbol layers, or introduction of arbitrary new graphics. Being able to liberate a particular representation from the data model in this way gives freedom to successfully represent
features with appearance too rich to model otherwise, such as a railway siding area
where the representation should just show a typified subset of lines indicating ‘there
are lots of railway lines here’. It also allows repositioning or suppression of individual
graphic elements of the symbolization, such as individual dashes of a road tunnel to
avoid important features at ground level, as in Fig. 6 & 7.

Fig. 6 - Rule-based Representation of
Tunnel.

Fig. 7 - Free Representation of Tunnel, with
edited dashes.
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2.8 Scope of Representations
It is important to note that the representation and override mechanisms are intended
as only part of a solution to building and maintaining a multi-scale, multi-product
database. Multiple representations of the type described above, work well for deriving
and storing multiple products at similar scale from data at an appropriate resolution.
As each representation is stored alongside a specific feature in the feature class table,
it is not a solution for handling significant scale changes where aggregation of objects
is necessary for each product. This task is instead in the scope of generalization, and is
described later in the paper.

3 Workflows
The following sections lay out a series of data flows of increasing complexity, indicating the various ways that the representation mechanisms described in the previous
sections can fit into cartographic production workflows.
3.1 Simple case
In the simplest case, an organization has existing GIS data in a feature class, and
wants to use it to produce a high-quality cartographic product. In this case, they add a
cartographic representation to the feature class to support the product (see Fig 8).
3.2 Multi-product Case
In the next case, an organization has existing GIS data in a feature class, and wants
to use it to produce more than one high-quality cartographic product at similar scales.
In this case, they add a cartographic representation for each product to the same feature class (see Fig 9).

Feature
Class
(Roads)

Cartographic
Representation
(Clearer roads)

Feature
Class
(Roads)

Cartographic
Representation
(Clearer roads)

Another
Representation
(Special roads)

Leisure map

Town Plan Map

Fig 8. Simple case – Existing Feature
Class

Town Plan map

Fig 9. Multiple Cartographic Representations

3.3 DLM/DCM Case
In the third case, an organization has a master landscape model data (DLM), and
wants to use it to produce more than one high-quality cartographic product at different
scales, as well as non-cartographic products (such as navigation routes for an in-car
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voice guidance system). In this case, they require the extraction of requisite data from
the DLM by selection and generalization into a Digital Cartographic Model (DCM),
which can then be enhanced with multiple representation capabilities as before (see
Fig 10).
Cartographic Database

Feature
Class
(Roads)

Cartographic
Representation
(Better roads)

Another
Representation
(Special roads)

Extract via Geoprocessing:
•Copy
•Select Subset
•Generalize

Leisure map
Town Plan map

DLM
Feature Class
(Detailed Roads)

Landscape Database

Fig. 10 - DLM/DCM. case

3.4 Enterprise Case
Figure 11 extends the enterprise DLM/DCM case to where multiple products at different scales are to be produced. Here, the data flow encompasses both ‘model generalization’ (deriving landscape model features at coarser resolution by selection, aggregation and simplification), and ‘cartographic generalization’ (deriving visually appropriate features by applying displacement, exaggeration and typification).
Data
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Fig. 11 - Multi-scale DLM/DCM Data Flows.
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The concepts of DLM-DLM model generalization and of DLM-DCM cartographic
generalization were laid out in [3. Brassel & Weibel 1988] (using the term statistical
generalization) and conceptual models for generalization are discussed further in [13.
McMaster & Shea 1992 pp21-26]. Normally, model generalization is applied first, in
order to derive a set of reduced-resolution landscape models. Starting from each
DLM, cartographic generalization is applied, to produce a digital cartographic model
for a particular ‘scale band’.
Once cartographic data appropriate to the scale band has been derived, the multiple
representation and override capabilities can then be applied to handle the geometric
differences and to satisfy the symbolization and cartographic clarity requirements for
various products.
3.5 Update Data Flows
Once the DLM/DCM work flow has been established, and the various products
generated in their initial editions, then the data flows for update should follow the
same paths, starting with capture into the master DLM, flowing through the reduced
resolution DLMs, and through the cartographic model and the representations to the
products.
For maximum efficiency, just the delta changes should be propagated through the
framework, which requires incremental generalization – a concept which cannot be
fully implemented until a second stage of development, learning from experience of
initial generalization. A prerequisite for incremental generalization is the creation and
maintenance of ‘parentage’ attribution for all derived features.
In the interim, the practical workflows will assess the accumulated amount of
change, and determine for each product whether it is better to reapply generalization
starting from the current state of the DLM, or to apply minor edits at the DCM stage.
In either case, the versioning capabilities of the geodatabase will be used to control the
time dependencies often required for cartographic publishing.
Note that rule-based representations (other than the very small minority where
overrides have been made) automatically apply any changes made to the source feature. This minimizes the effort in propagating change through to products.

4 Generalization
4.1 Specifying Generalization
The success of automated generalization relies on translation of human knowledge
of manual generalization techniques into explicit rules and logic, so that they can be
coded in computer language. Very few manual generalization guidelines exist in
textbooks, and they are usually vague and incomplete. For example, one set of instructions for building simplification state: “The measured area of the simplified out-
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line should remain roughly the same as the area of the original”, and “General form
should be maintained” [15. Swiss SoC 1987].
Geographic generalization is not just important to paper map production, but will
have an increasing role in the clear presentation of location information on future
generations of mobile information devise such as tablets, PDAs, and mobile phones
[6. Hardy 2000]. How to specify the degree of generalization to be applied in cases
like these will be even harder.
4.2 Geoprocessing
ArcGIS [4. ESRI 2004] has a versatile and powerful framework and toolbox for
‘Geoprocessing’ – applying bulk processes to geographic data. Geoprocessing tools
(Fig 12.) are grouped for availability into toolboxes and Toolsets, and can be simply
combined into sequences, either by scripting languages such as Python, or using a
visual ModelBuilder. The system is extensible, and user-written tools can easily be
added as scripts or executables. Tools (whether core or user-written) can be invoked
via dialogs, scripts, models, or by command lines.
Command Line
Core tools (with dialogs)

ArcToolbox
Models (including other tools)

Scripts (in Python or AML)

Any executable

Fig 12. Geoprocessing framework, models and tools

The substantial investment in development of the geoprocessing framework which
became available in ArcGIS 9.0 provided the primary infrastructure on which an efficient and flexible generalization environment could be based. In the same recent timescale, the underlying ArcObjects components acquired the necessary level of functionality and richness of data structure to underpin practical generalization algorithms.
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4.3 Generalization algorithms
Within the geoprocessing framework, there are a growing set of generalization
tools, and more are being researched and developed for subsequent releases of the
software. Figure 13 shows results from a variety of these algorithms.
Simplify buildings

Aggregate buildings avoiding streets

Data Copyright
OSGB

Collapse double-line
roads to centerlines

Aggregate polygons

Displace buildings
from roads

Data
Copyright
OSGB

Displace linear features

Fig 13. Generalization Algorithms

Recent engineering work has concentrated on providing geoprocessing tools that
correspond to improved versions of the generalization commands available in Workstation ArcInfo - Simplify Polygon, Simplify Building, Aggregate Polygon, and Collapse to Centerline. These will join the existing tools in the Generalization toolset
(under Data Management Tools), which include Dissolve, Eliminate, Simplify Line,
and Smooth Line.
In all cases, the new tools will be more generic than the old coverage tools, as they
make use of the better data structures and libraries available in ArcGIS, such as TINs
and topology. Many other tools can be useful for generalization when used in process
sequences. Examples include tools in the Analysis toolbox for data extraction, overlay, and proximity computations, tools in Spatial Statistics toolbox for analyzing patterns, clusters, and distributions, and tools in Features toolbox and Feature Class toolbox for converting, merging, and managing features.
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4.4 Contextual Generalization
Good generalization is not an easy task, whether done by a computer or a human,
or by a combination as described as “Amplified Intelligence” in [16. Weibel 1991]. It
requires understanding and characterizing the geography of the mapped area, and
involves finding patterns in the data, and abstracting them. In particular:
•
•
•
•
•

One can’t do it a feature at a time – It involves relationships with neighbors
One can’t do it a layer at a time - Relationships are across many classes
One can’t do uniformly - Features of one class have different surroundings
One can’t do it across whole map at once - Must localize or partition
One can’t do it just on geometry – It needs topology and of attributes

An earlier paper [11. Lee 2004] analyzed and illustrated in detail what geographic
and cartographic contexts should be considered in generalization. The multiple representation and generalization project is moving on to extend the framework to include
contextual generalization. The project team will gain from the knowledge of other
ESRI development team members who participated in the European AGENT project
[9. Lamy et al 1999], and in other leading cartographic functionality, such as the Maplex text placement system.
The resultant design and architecture will exercise the concepts of partitioning
mapped areas into geographic zones, recognizing patterns and distributions, setting
rules and priorities that guide the generalization analysis and decisions, controlling
and assessing the generalization status and quality, and supporting post processes and
representation refinement.
The design will learn where appropriate from the AGENT experience. However,
the concept of individual features becoming self-aware software agents with a rigid
lifecycle is unlikely to be applied, as experience by the primary author during and
after the AGENT project indicates that this introduces unnecessary complexity and
computational overheads for the achieved returns. Instead, the resultant system will
make extensive use of the geoprocessing framework, and will flow data through an
adaptive series of steps, such as those outlined in figure 14.
Data
Structure
Enrichment

Partitioning

Context
Analysis

Dispatch to
Appropriate
Algorithm

Sub-division
Classification

Pattern &
Group
Detection

If worse, undo
Reclassify, Aggregate
Exaggerate, Simplify,
Displace, Typify, …

Check

Loop until
Done

Fig 14. Possible sequencing for contextual generalization
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•

Data structure enrichment involves making explicit many of the spatial relationships that are present implicitly in the data. Generalization is a computationally intensive task, and benefits from rapid access to nearest neighbor,
topological connectivity and other such spatial relationships.

•

Partitioning involves identifying homogenous geographic regions of the map,
such as separating urban from rural areas, and flat areas from hilly areas.

•

Sub-divisions are relatively enclosed areas that can be generalized in isolation, such as urban blocks (keep turning right round the street network).

•

Patterns are important to generalization – this stage can identify alignments
of trees, clover-leaf road intersections, or configuration of structures, such as
L, H, T or C-shaped sets of farm buildings.

•

Context analysis looks at what is within each spatial division, and dispatches
the individual features or groups of features to the appropriate algorithm.

•

Algorithms modify features or create features based on feature combinations.

•

Check, loop and undo stages act as sanity checks, and allow the exploration
of alternative approaches.

The above stages are example of the type of steps that can be implemented within a
generalization geoprocessing model – future papers will provide more detail as the
design and development continues.
4.5 Model Generalization and Cartographic Generalization
Although model generalization emphasizes data integrity and geographic information, and cartographic generalization focuses on symbolization and legibility in map
space, they share similar analysis and management, and will be built in a common
environment. The system will apply specifications and alternatives according to the
needs of the model generalization or cartographic generalization being performed.
For example, during model generalization, the operations of reclassification, simplification, and aggregation are often needed, and the one-to-one or many-to-one
relationships and feature attribution must be maintained. In contrast, during cartographic generalization, the operations of exaggeration, displacement, and refinement
considering full symbolization are essential to the final products. The database cartography framework incorporates both model and cartographic generalization processing.
4.6 Constraints and Rules
Early aspects of the architecture include designing a generic system for defining
and applying, where appropriate, the common rules and tolerances which control
generalization behavior. This includes rules for things like:
•
•
•

minimum sizes for classes of feature
minimum spacing between different types of feature
whether one class of feature can overlap another
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•

Priorities for aggregation and displacement

It is not intended to create a single repository for all the constraints on generalization, as many of them are better handled as parameters to the individual generalization
processes, within the overall models that will control the process sequencing. The
design of the rules mechanism will learn from the prior experience of the Maplex text
placement engine, which has similar requirements for controlling contention for white
space on the map. Other inputs into the design covering constraints and rules will
include the experience from the AGENT project, plus appropriate academic studies,
such as [1. Beard 1991].

5 Conclusions
•

•

•

New capabilities for multiple representations and overrides within a commodity
GIS and relational database are nearing completion and will provide a powerful
and flexible environment for cartographic publishing.
This visualization environment forms part of a larger system of data models and
data flows, to cope with the concepts of DLM and DCM, and the generalization
processing that links them.
Generalization functionality is increasing, and design and development is under
way on a framework and tools for contextual generalization.

Notes
1.

The sample data used in Figures 1, 4, 6, & 7 is swisstopo VECTOR25, copyright
Swiss Federal Office of Topography, and urban data for Figure 13 is courtesy
Ordnance Survey GB, Crown Copyright.

2.

Much contextual matter in this paper is revised and updated from other documents jointly authored by members of the ESRI team working on representations
and DLM/DCM data flows. In particular Cory Eicher, Marc-Olivier Briat,
Thierry Kressmann and Edie Punt are thanked for their contributions.

3.

This paper is a forward-looking research document, and the capabilities it describes are still under development. As such, it is intended to describe likely future direction and should not be interpreted as a commitment by ESRI to provide
precise capabilities in specific releases.
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Generalization Principles in Applied Semiotics
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Abstract. Syntax, semantics and pragmatics are the basic structures of applied
semiotics. Generalization applies to the corresponding fact sets and structures.
There is need of a better methodological understanding in possible application
areas together with algebraic properties of the generalization transform as well
as the potential of practical application of such results in decision and actionoriented domain, especially in complex scenarios as in disaster management
and early warning.

Keywords. Semiotics, Transforms, Algebraic Properties, Invariants, Decision
Support, Complex Situations

1 Introduction
Semiotics is becoming again a focal point of scientific investigation because it became clear in the last years that by practical reasons the properties of complete semiotic structure (syntax, semantics, pragmatics) had growing application [4, 8, 11, 20,
23, 24]. There have been a lot of activities especially in the field of metadata specification and implementation of appropriate services in the fields of environmental,
geoinformation and biological data [1]. The developments sofar concentrated on the
object/attribute level as key to practical demand in traditional information systems.
The development was driven by the growing possibilities of system integration and
interoperability of components [30,32].
In this paper, the relevance of the pragmatics domain to system specification and
development is highlighted and attention is drawn to structures that go beyond the
object/attribute level of traditional information modeling concepts. Among those further logical structures are relations, function and action-oriented details [22, 25, 27,
36, 45].
The foreseeable practical implications of such development can be anticipated in
the growing demand of handling very complex information situations as they appear in
the application of situation-valuation-decision-action (SitVaDecA) concepts needed in
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circumstances like disaster management, early warning and other applications [2] that
include the information concern of very different, inhomogeneous actor groups.
While traditional concepts of metainformation refer to object/attribute detail, there
is – together with the above-mentioned rapidly growing complexity of information
models in practical applications – a strong demand of consistent complexity reduction.
Thus, the concept of generalization directly has to follow the detailed specifications.
While there is a lot of investigation in general complexity reduction of more or less
homogenous fact sets (e.g. time-series, same type geometrical objects) these concepts
have to be taken further into all fact types and inhomogeneous compositions of these.
It is clear that variations in time and space of all these constructs at the same time are
of practical relevance because reality only in first approximation can be considered to
be static.
Investigations in the adequacy of modeling can just be mentioned. Certainly, the
practical use of generalization concepts in real situations will also depict on the appropriateness of the way that details and complexes are used in building models.

2 Facts, Fact Sets and Complexes
The scope of investigations in generalization concepts of applied semiotics is obvious when listing all the different types of fact sets that have to be considered under the
syntax, semantics and pragmatics domains.
Here, special attention will be given to the pragmatics domain, because the formalization of action-oriented constructs and their generalization is a field of scientific investigation not yet covered adequately.

2.1 Fact Sets
Table 1 gives a list of primary level fact set structure and exemplified substructure
to indicate on the practical necessity of complete consideration of all the structural
elements of information system design, implementation and analysis.
While a variety of formal specifications - Metadata – is discussed, formalized, and
adopted on the object level, there seem some demands not yet met or postponed in
practical implementation that would be needed essentially taken an event oriented
pragmatics concept into consideration.

2.1.1 Existence
Of all elements of the facts sets discussed in this chapter, together with the current
development of metadata description, formal attributes defining the facts existence
and life cycle have to be considered [39] together with the according conditions of
existence.
F exist from timestamp Ti to timestamp Tj
F exists on condition C
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It becomes clear that such conditions may be rather complex themselves.

Table 1. Fact Sets of Information Systems.

2.1.3 Source Description / Pre-Information
Information source description generally is included in several fields of metadata
discussion, especially in the fields of environmental and geoinformation metadata.
Here, some of the relevant elements of source description are mentioned:
observed reality (who, where, technical equipment, observing methodology or
standard, schema, etc.)
pre-evaluated information sources (book, map, database etc.)
reliability measure and quality
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Pre-information also should contain all available details of the pragmatics domain:
who used these facts before
what is the expected application and its limitations
what is the expected dynamics of change of the fact set

2.2 Fact Set Structure
Another structural level of generalization on fact sets is the distinction of fact types
according to (technical) representation types:
In the geometry/geoinformation a typical application is in the domain of scalar –
vector – raster data in several dimensions with appropriate transformation from one
representation into the other. Investigations of transformation properties have been
carried out extensively because of early recognition of the practical implications of
map making, analysis and distribution.
Of special importance is the algebraic property of invariance of the generalization
transform with respect to the resulting fact set structure e.g. in [16]. Nevertheless,
although the resulting fact set may be of equivalent structure like the original fact set
(e.g. vector graphics of a cadastre map), generalization may not change the type of
data but may change other logical relations (e.g. neighboring relations, existence of
objects). There is a huge demand in doing the equivalent logical analysis on fact sets
in more complex situations that include a higher multitude of fact diversity and structure with a not-obvious result of the generalization transform.

2.3 Complexes
For complex constructs of fact sets, the semantic composability is taken for granted
by the details of specifications of interoperability [26]. The same level of consistency
also has to apply on the pragmatics level, that is, granting pragmatic composability of
the action-oriented information contents [38].
Group decision and action support (not only the decision-making actors are analyzed but also the consequences of decision are specified in terms of goal-reaching
observation [35, 40]. Action paths of all decision-dependant actors have to be analyzed, anticipated and monitored, including possible, suggested and alternative actionpaths together with action-relevant weighting factors that may arise from psychological or other human science induced boundary conditions [6, 7, 10].
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3 Transforms and their Characteristics

3.1 Dynamics of Reality
The change of reality in time typically is discretized at timestamps (snapshots) Ti
or given in terms of time periods (intervals).

Change detection (in terms of what, how, where etc.) and interpretations (in terms
of cause, effect, development, prediction, forecast etc.) in many cases is left to the
human observer as a matter of natural cognition backed up by expert knowledge [18,
21].
In Information system the analysis of elements and their description (in the constructional sense elements and their synthesis) goes along with the corresponding
variation in time (in analysis or synthesis). The differentials resulting have to be analyzed in their structure and may very well help to find extremes or points of stability
(first and second derivatives). The application of such general principles would not
only allow to find critical or optimal points (or multidimensional regions) meeting prespecified criteria of robustness, quality and other characteristics vital to the valuationdecision-action paths that result from applying a certain strategy to the situational
detailed analysis. In the case of facts depending not just on time but on other facts or
constructs, the possibility of deriving higher order partial derivatives has to be investigated.
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3.2 Situation, System State and its Variation
The total set of information describing a certain situation is defined by the set of
facts together with the context that applies to this situation. Both, facts and context can
vary, which can easily be verified in simple situations of real life. Context may for
instance be different for specific actor groups [28] while the fact set of the situation is
constant [3].
The general definition (S for Situation, F for Fact set, V for context) reads:

This variation in time is to be considered not only in the change by amount of facts,
but also in a change of structural composition and validity conditions referred to timestamps or periods [5, 13, 44].
For practical applications, generalization concepts have to apply in such dynamic
structure and it is of vital importance to investigate or verify respectably the consistency of generalization transforms throughout time as well as under change of fact set
structures and context models.
The basic investigations start with finding the algebraic properties of generalization
transforms.

3.3 Algebraic and Structural Properties of Generalization Transforms
Algebraic and structural properties are basic for the way of interpreting the results
of Generalization Transforms. It gives possibilities and restrictions about the reasoning on the resulting fact space [17].
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3.3.1 Basic Algebraic Properties
The result of adding facts does not change the dimensions of the fact space.
F + ∆F

Є {F}

Although typical for the original space this may not be obvious for the resulting
space after the generalization transform.

3.3.2 Change in Fact Space vs. Change in Generalization Space
If the generalization transform exists so that
Fi

=>

Gk

then in general, but not necessarily, the change in the fact space F corresponds to a
change in the generalization space G
∆Fi

=>

∆Gk

Similar investigation of transformation properties is necessary in the case of cascaded generalization transforms.
One of the practical results is the answer to the question if an inverse of the generalization transform exists and / or what properties are lost in cascading generalization.
It is to be anticipated (and even in the geometric domain well known effect) that in
the generalization transform not only other fact types emerge, but the resulting semiotics space will be of different syntax, semantics and pragmatics possibilities (cf. object
type hierarchies used in scale-oriented generalization of cartography and Geoinformation Systems [15, 18, 34, 41]).
The infrastructure components needed in the complex application scenarios are just
in the early stages of elementary realization.

3.3.3 Higher-Order Structural Properties of Generalization Transforms
The interpretation of derivatives of first and higher order in the generalization
transform has been noted in chapter 3.1
In the continuous / real-time case a thorough analysis of transform properties will
be possible from comparison of asynchronous / timestamp vs. synchronous / real-time
generalization.

4 Management Applications
Today's developments in information infrastructure are centered on semantic interoperability of basic fact sets. Practical Applications need to be augmented by logically
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consistent methods and techniques of the Situation-Valuation-Decision-Action concept. Generalization in a multi-actor-group complex situation is in due need of concepts that include the actor/action domain (pragmatics) [2, 12, 19] and thus support
cognitive generalization [26] on a technical level to guarantee logical consistency on
each of the generalization transforms applied [31, 35].
Technical further development is needed in
•
Decision and Action anticipation (caching for potential information
demand)
•
Multiple generalization transforms for actor groups based on groupspecific context (in he same situation different actors
search/analyze/decide/act on different abstract levels (the expert, the
city major, the parliamentarian, the media editor, etc.)
Major situation types should be characterized and analyzed as far as they seem of
superior interest to Information Society [2, 19, 27, 29, 42]. Such situation types arise
from
•
Environmental pollution (e.g. oil spill in the sea)
•
Disease spread (Virus infections)
•
Earthquake
•
Weather anomalies
•
Early warning and preparedness on extreme (natural) phenomena (e.g.
flood, tsunami, earthquake, drought, accidents/attacks to vital objects
of infrastructure to society)
Treated together not just as (observed) facts but in all its potential SituationValuation-Decision-Action and behavior-oriented consequences.
In terms of behavior research it becomes obvious that beyond individual behavior,
group behavior [33, 40, 45] and the new concepts of analyzing swarm intelligence will
become practical application fields of generalization concepts.
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5

Information Model

5.1 Situations
The information model is used to tame the complexity of reality into structure and
content while considering its dynamics [37, 43, 46].
Of vital importance in management-oriented applications of multiple actor-group
related generalization is the term "situation". It comprises all available fact sets, actors
and actor-groups as well as appropriate context definitions on these constructs.
Management principles applied in situations are characterized by one or alternative
strategies that apply on a certain situation. In first-order concepts, such strategies can
be thought of as boundary conditions or weighting schemes with respect to goalreaching optimization. The application of a strategy to a situation then leads to one or
more action paths to be open for decision-making. It becomes clear that in such a
concept, resources as well as other criteria for goal-reaching alternatives, including
structural, quality and stability information can be derived.
Table 2. Situations, Strategies and Actions

Situation
Strategy

applied to

Situation

Boundary Values

results in

Action Paths

The boundary values / weighting schemas allow valuation by
•
risks
•
vulnerability
•
stability
•
time-to-success (goal-reaching measures)
•
resources
•
costs
Generalization typically smoothes information structure and detail, thus, reducing
its complexity for better understanding, better decision and more efficient action under
integrated logical consistency.
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Attention: this may become counterproductive with respect to finding and analyzing singular events or atypical behavior (e.g. monster waves of the sea).
Table 3 gives a comprehensive overview of the primary components of full information models. It should be noted that the total semantic conception especially results
in adding the pragmatics domain not just as an additional column in the table but also
with detailed consequences in the specification of all the other table entries.

Table 3. Primary Components of Full Information Models

Facts and
Contexts

Communication

Cooperation

Structure

Interaction

Behavior

Syntax

Semantics

Pragmatics

It should be explicitly mentioned with respect to the cartographic science field that
this broadens the concept of Jacques Bertin [9] into the pragmatics domain.

5.3 Use in Education and Training / Knowledge Generation
Post-action (post-event) analysis of the information model (including actors and the
grade of goal-reaching achieved) will allow a better cognition of the situations that
appeared and from successful action paths methods of "best experience" or areas of
necessary improvement can be analyzed, discussed and re-shaped for use of priorinformation in anticipated future situations [33].

6 The Future Demand of Applied Information Generalization
In the case of complex applications as experienced in hazard and emergency management, early warning and disaster mitigation, it is insufficient to just make information available (retrieve, transfer, visualize). Sofar, this information demand seems to
be provider-driven.

Proceedings, ISGI 2005, International Symposium on Generalization of Information 201
Information management for decision making and action in multiple actors environments are in substantial demand of action concepts that include
•
Formal concept of Anticipation of Information Demand
•
Actor oriented Generalization (to provide different actors on different
information demands – amount, level of detail, consequence of action
etc.)
•
Cross-Actor Consistency of Composition and Decomposition / Multiple Representation / Generalization
•
Formalizing action concepts with intermediate (group-)decisions
(situation – valuation – decision – action -- SitVaDecA- concepts)
•
Providing means of traceability of generalization-supported dynamic
situation transforms (what happened?)
Thus, the concepts of Situation, Context and Strategy show to be central to active
information systems and gain special importance when a networked mode of multiple
representation is introduced, that not only on the syntactical and semantical level, but
in the pragmatics level, too, allows for generalization.
These concepts have to be transparent to the actors and actor-groups. Expectations
of Information Society is not just the technical high capacity and excellence in information providing but also the adequate and to all actors consistent (avoiding contradictions on different management-/actor levels)
It is shown that Semiotics gives the structural tools to proof the level of completeness of information system models.
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Abstract. The outstanding or unique quality of geographers or topographers is their
experience and professionalism in handling scales; scales including proportions and
consequences connected to the issues between "commons" like: sectors, cultures,
languages, and fields.
Generalization has to do with agreements on subjects and intentions, on scales, frames
and legends, how information will not only be reduced, but brought to a higher level of
organization in a repeatable and understandable way, keeping in mind the logical flow
of data between scales. The discussion of the Potentials and Challenges connected to
generalization form the main part of the paper. A Cognitive Panorama making up a
model an embodied generalization is presented.
One special concern of often requested "orienting generalizations" is how to not only
bridge entities in physical or natural environments, but how this could be applied while
using the "toolbox" of mapmakers, model-builders, and librarians also to repositories
holding terminological and language information, including the exchange and
translation between scales, natural, cultural, and sign information (according to C.S.
Peirce: symbols, icons, and indexes).
Keywords. Generalization, reductionism, orientation, meta-data, inder-disciplinarity,
coherence, knowledge organization, culture-navigation, pragmatism, holism,
harmonization, general system theory, general model theory, sign theory, education,
information society, knowledge.

"Somewhere between the specific that has no meaning and the general that has no content
there must be for each purpose and at each level of abstraction, an optimum degree of
generality”.
K. Boulding
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1 Introduction
Geo-sciences - in particular surveying and map- and model making - have a lot in
store for not just aggregation and generalization of data, but to look into and bridge
information along and across scales and combining various modes of representations
(schemas1 and sign systems). Let us just think about "truthing" and geo-statistics
(kridging) which allows the calibration of data with a set of samples and then
applying findings to other "areas", so not just the combination of different formats, of
vector- and raster graphics with alphanumeric thematic information, but coded and
non-coded data. [1].
So what is special about this bridging and combining "incompatible" or widely distant
and seemingly "unrelated" information? The philosopher Günter Ropohl (1975) [2].
the concept and need for "T- Intelligence"2, an ability to bring together specialization
and generalization, or more widely understood: standardization and harmonization3,
an ability interaction along and across scales, outlining and lumping issues.
The challenge is seen in including other ways of representation, not just lists and trees
(hierarchical structures) but multi-hierarchical spacial4 orders, using the fullness,
rightness and potential emptiness of space as potential and realm from shared broader
orientation. Discussing challenges of Order and Orientation, the traditional Earth
Sciences and Life Sciences have much to offer for keeping our "Stores of
Knowledge" in order and maintain good communication between other stores or
repositories, nowadays portals5, and helping us creating and maintaining a feeling of
place and topic, of context and coherence, and antidote to the ubiquitous postmodern
apathy and loss of orientation and purpose.
The International Encyclopedia of Systems and Cybernetics (IESC) [5] will be
consulted to check definitions and secure a stable basis in the new areas covered by
paper. So for example in the IESC, in (3006) Semantics (pathological) Heinz von
Foerster points out what makes Information: "only understanding and ordering data
in interrelations clustered in reference frames makes information".
We will in this paper focus on this understanding and shared, participatory aspects
which are involved when negotiating and relating issues and give examples of such
1

A metaphor or map for example can be defined as an image schema, maybe even as a
supersign [12].
2
R.E. Machol (1965) and Hans-Peter Dürr (1987) have beside Ropohl 1975 proposed
independently such a concept of a "T-Intelligence", an ability humans should develop and
cultivate. For Ropohl see http://benking.de/zetetic.html, and Ropohl 1975
http://www.inst.at/kulturen/2003/08paedagogik/sektion_benking_benking.htm, and Günter
Ropohl (Hrsg.): Systemtechnik - Grundlagen und Anwendung. München: Hanser 1975.
3
see again ICSU-CODAA 1992, Beijing [1], where the author and later Gerhard Budin
explored this further in the field of multi-lingual meta-data and international terminology
research.
4
see the definition of spacial (3D) versus spatial (2D) in Access and Assimilation Kluwers
Academic Publishers, Benking [1991) [3]. and Spatial versus Spacial in the KnowMap
Magazine, Benking 2001 [4].
5
Many „magnetic“ portals, but no common house“, see: http://benking.de/culture/inst2002/sld006.htm
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proposed alternative ordering in common frames6, or maybe a "Global Covenant" [7].
It makes sense to structure and stratify in agreed-upon frames in order to distinguish
and share various contexts, granularities, sectors and topics, and cultivate a dialog and
decision culture [9] in order to listen to and explore details and differences. The IESC
is a good example to see differences in definitions and be aware of the context of the
terms..
This leads us to Generalization (IESC 1414) which states that it is "the derivation of
a more embracing law, principle, or method from a number of specific cases of
some phenomena or situation", and that it "involves the discovery of some common
characteristics, forms, or patterns present in the different situations considered. It
consists of looking for homomorphisms, and if possible of isomorphic models, and
constructing useful heuristics. However, as generalization is antinomic to more
precise distinctions between the compared elements, it should be used carefully".
The IESC in (Over-Generalization (1416) even alerts us that "excessive enthusiasm
seems to breed short-sightedness, semantic muddles, wrong appreciation of situations
and even twisted or intolerant behavior"7.
Caution is needed when we are not alerting ourselves whether we want to reduce
detail or complexity. It seems obvious that we can like panning and zooming,
"replace" elements on a quantitative scale and find signatures for topological features,
when we define an appropriate legend for it, but we are leaving out or misrepresenting complex situations and interactions, and there is also the surprise of
emergence, something showing up we can not draw from the "given"8 (Schwarzkopf
1995) - directly observable and experienced in the meso-scale. In this way
simplification or generalization can be counterproductive and dangerous, making us
believe we know and can map, when we can not.
To outline complex sytemic processes and phenomena we can consult in the IESC
also something close to Generalization to help us show differences. Under
Reductionism (2771) we find the we need pluralistic descriptions with both causal
and synchronistic aspects in order to not to fall into the traps of Reductionism, and the
author would like to add: the traps of Generalization. So any focus just on the detail,
or just on any single level is misleading. A systemic, organismic approach would be
trandisciplinary and multi-modal, inviting transfer and translation between the scales,
sectors, levels and schemas9.
6

Alternative "Common frames of references" are a central research focus of the author since
1988. See Benking 1994, Brown 1994 [6] in outlining objectives and scopes of the Rio Earth
Summit 1992, and were later described as a "Global Embodied Covenant" (Benking 2004),
Urbino) [7].
7
See Overclaims and Oversimplifications, Culture of Peace, InterSymp etc, Baden Baden [8]
where the author asked if Orientation and Overview might be able to help us to address the
muddle or confusions, right in the sense of the here outlined "Orienting Generalizations" [8].
8
Schwarzkopf, F. (1995) The Metamorphosis of the Given : Toward an Ecology of
Consciousness, Peter Lang Series: Revisioning Philosophy 20, ISBN 0-8204-2585-0
9
Jay Kline (1996) [10] for the social, political, cultural and systems sciences and policy arena
has approached such structuring and exchanges in his work on the Powers and Limitations of
Reductionism and Synoptism. Also recommended is the Emergence Series of the KonradLorenz-Institute, and here the presentation "Worldview Compositions - (Weltbild-
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So, Generalization needs to be a sensibly applied, non-reversable process requiring
careful observation of the signs and scales involved and how they are understood and
ordered - we add here negotiated in the sense of jointly visiting elements, objects or
issues at various levels, from different perspectives and in different modes, using
different senses and sign systems.10
To address the challenges of "over" and "mis"-use of Generalization, this papers is
therefore intended to base approaches and proposals for possible wider use on the
longstanding experience in the geo- and natural sciences, using generalizations in
conventional map- and model making to take a closer, pragmatic look at what is done
when "generalizing" and how such pragmatical expertise might be helpful for
checking and sharing "truth" or "fidelity", even taking a step further towards
exploring and negotiating proportions and consequences, even to quote Mario Bunge
in "it is not the function of geographers to only map the world, but to change it"11.
Scale is more than size;
it is size with proportions and consequences.
When proportions are no longer in harmony,
or consequences are unanticipated,
we have problems of scale.
J.A. Buzacott et.al (1982) [14]

2

So what is Generalization ? - Are Maps and Models
Generalizations ? - and is there a purpose and pragmatic
concept behind maps and models?

We should start with asking whether the tradition of geo-cartographic generalization,
and our human capabilities, our being "model-making animals" [15] can help us
tackling new applications and needs.
As a start let us remember, that one intention of generalization is to work towards
"bigger pictures" in order to not get lost in details, but instead find on another level
what is common and what connects. It is simply "seeing the woods, not just the trees",
taking a high stand or assuming a "birds-eye" trying to see the commons, or use the
broad brush to make a first rough architectural design, instead of starting with the
engineering blueprint first.
Definitely, as it is clear to the "geo-science people", this is an irreversible process,
when you delete details in order to see "bigger schemes of things" it is impossible to
go back to the original or "natural" detail, as details are lost - but on the other hand Kompositionen), where the author [11] covers approaches in system sciences, like
Bertalanffy, Gerard, Paul Weiss, ... in order to see how common grids and spheres can help
to point at what we mean, and where and when processes take place, see [5].
10
see also the forthcoming ICSU CODATA MIST 2005 Berlin conference [12] which focuses
on the future of media, and how different signs, also super-signs ! (Wood 1992) [13] might
help bridging representations and link the different representations or formats.
11
Dennis Wood (1992/3), p. 185-189
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through the synthesis and integration common laws and patterns can be found which
might be able to construct with the newly formed model other "to-scale" designs with
probably great variety and alternative practical uses.
What we are aiming at here is not to put emphasis on one scale or one process only like scaling up or down, but instead to see the merit and benefit of alternative, coexistent representations at various scale levels -and help the conception of coexistence and translations and transpositions across scales. See for example here the
scale-problem of political sciences which treat each scale as far as possible separately
and only aggregate data, but scaling up-and down only became common place only in
the last 20 years with the advent of Geographic Information Systems (GIS), reaching
such interactive online functionalities at the desktop only recently with new features
and scrolling or panning and zooming across scales like Google™, Google Maps,
and Google Earth or Microsoft Virtual Earth, or Hyperhistory12, where a
Synchronoptical Atlas of 5000 years World History from Arno Peters (1964) [16] can
be now (in-part) online explored. In the original atlas from 1954 annotations followed
even with the finger (index) in parallel layers or cultural bands of each 100 years on
the double-page, layers for the Australien, Asian, Arabian, European, African,
American cultures and civilizations. In a new reduced only-version Hyperhistory we
have virtual user-space scale. This is similar to what we know from anatomic atlases
where we can explore bodies in 3D, different is just the move from meso-scale to a
2D synchronoptic macro-scale. There is no depth to navigate, only links you can
follow to an index or reference section, see gazetters13.
We could explore this further in the field of library projects [17] , but at this point we
need to manage the treshold to 3-D model space. Geographic Maps are still 2 D, but
maps can also be seen as sections of a 3 D terrain, or the 3D physical world. What we
will discuss here is opening the door not just to triadic thinking [18], but embodied
triadic thinking !, where we have to consult and revisit the General Model Theory and
Systematic Neo-Pragmatism14 (Herbert Stachowiak (1964-85) [46].
The concepts behind the General Model Theory are very central and pragmatic. You
are not creating beside Nature's reality other realities with the same quality, but you
generalize by creating another window of reality. Maybe an artificial one combining
"levels of reality"15. You make alternative models of reality with a certain, clearly
described fit, match or fidelity, AND with pragmatic intention, where you know what
you can leave out at the model-picture level. We could say with Alfred Korzybski
(IESC) in General Semantics (3005) and Gregory Bateson [19] in mind: "the map not
12

An interesting new atlas done in cooperation with the Encyclopedia Britannica, and the
Canadian Cultural Heritage Foundation, http://www.hyperhistory.org, see also:
http://www.cafeweltgeist.org/ewoc_slideshows/benking/sld027.htm
13
http://www.alexandria.ucsb.edu/gazetteer/
14
http://www.muellerscience.com/ENGLISH/Theconceptofmodel.definitions.htm,
http://h2hobel.phl.univie.ac.at/~yellow/Stachowiak/ncm.rtf see also mental models:
http://tip.psychology.org/models.html
15

Levels of reality http://benking.de/covenant-add-on/covenant-c/sld004.htm, see also to be
aware of the challenges involved: Lippe, zur R.: (1997) Neue Betrachtung der Wirklichkeit Wahnsystem Realität, Europäishe Verlagsanstalt, Hamburg
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the territory", but even more so, "a model is not the world".
Problem in modern society is that maps and models are used as abstract concepts,
without referent and in good modern post-modern way without any possible
concretion, without the purpose of sharing ways or orientations16.

3 A nine-dimensional (9-D) Model for generalized knowledgeorganization and orientation? -- Can a combination of
embodied model of reference frames (scaffoldings) called
"Cognitive Panorama" (3 x 3D) or (3Space/Time) help to
share "Commons" or "Commonwealth", or a "Global
Covenant"?
We are speaking here about tangible, embodied models, models from a "high stand"
and for a certain purpose. It is impossible to consider such constructions ultimate and
the only possible construction or design. The purpose of our proposed Cognitive
Panorama17 [20]. The potential of creating small-scale constructs lies not only in
making miniature models of physical objects or landscapes, but to use them, make
them accessible, and ease communication about how "reality" is or might be in
mindscapes. Here we can build, merge, morph, and augment realities, and use it for
defining plateaus for "culture navigation" and combination of levels of reality
(footnote 15)18.
Such potentials and new application dimensions have been outlined, presented and
combined in the design of the Cognitive Panorama since 1995 [20] and the Rubik's
Cube for the Topogramm [21] design in 1987, and the Global Change19 exhibition
[22] in 1990. We have in this paper place for explaining the design again and would
like to invite to study the literature and the entries in the IESC Encyclopedia as below.
Please see for further description the following entries in the Encyclopedia of
Systems and Cybernetics (IESC) [5]: 1) stands for general information, 2)
methodology or model, 3) epistemology, ontology and semantics, 4) human sciences,
and 5) for discipline oriented.

16

see: zurechtfinden und zuvorkommen. This are very deep German words, which go much
with their meaning far beyond "knowing" and "tolerance".
17
(see also recent research on cognitive "structuring" and communication of issues in
local/regional development and "new labor" in Gemany) using the Cognitive Panorama
“construction” [20] to secure overview and concreteness: Schumacher, U., Schön, S., IN:
Bonas, J., et.al. (2005), Gemeinschaftsnutzungsstrategien für eine nachhaltige lokale
Entwicklung, oekom, München, August 2005. Munich. http://benking.de/newwork/Kognitives-panorama-benking-schumacher.htm
18
See Veltman, Benking (1998) about culture navigation or Advances Visual Interfaces (AVI)
[17]
19
along with [21] and [3], all looking into "GEO - ECO - DYNAMICS", see the Journal and
articel in GEOÖKODYNAMIK (1988) http://benking.de/Global-Change/Geoecodynamics1988.html
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0479 COGNITIVE PANORAMA 1) - 2) 0484 COGNITIVE SPACES 1) 0999 ECOCUBE/KNOW MAP 1) - 2) - 3) 2001 MAP (Mental) 2) - 3) 2002 MAP TERRITORY
RELATION 2) - 3) 2003 MAPPING 2) 2104 METAPHORIC FRAMEWORK 1) - 2) - 4)
2105 METAPHORS (Classes of) 2) 2228 MULTI-PERSPECTIVISM 1) - 2) - 4) 2463
PANORAMA OF UNDERSTANDING 1) - 2) 2464 PANORAMA THINKING 1) - 2)

Figure 1: The Cognitive Panorama, an example for embodied, tangible
generalization for concrete [23], explorations and negotiation from “a distance”.
The Human as Communicator and Bridge-builder overlooks from a high stand
the connection of spaces. The picture was drawn bay the late architect Otto
Schärli, a contemporary and friend of Jean Gebser [23] and Hugo Kückelhaus20

Further description and the selection of dimensional can be also found in the first
presentation with the Council of Europe 1995 [20] which invited new ideas and new
spaces. With such constructions, it is possible to point at exchanges between fields,
sectors, subjects, scales, any extension which was before designed or "mapped" in
order to follow "flows" or exchanges with an orienting generalization in mind.
We propose the definition of such structures and superstructures, see proposal for
CODATA-MIST 2005 [12] (Benking, Judge, Uhlir [24] to make clear what is
20

Hugo Kückelhaus stands for the integration of the senses, early childhood education, and
aesthetics and has often presented his work by linking to J.W. Goethe. The figure of the
Human is also used by the Kückelhaus Society. http://www.hugo-kuekelhaus.de/
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generalized and how levels relate in the broader context.
Concepts, definitions, measurements
in dynamical systems such as ecosystems,
only make sense if they are independent
of a particular choice of co-ordinates
J. Mc Glade [2]

3

Knowledge Organization, Meta-Data, Multi-Linguality
and Generalization

Keeping our stores of knowledge in order requires that we go beyond the post-modern
stance of Cyberculture [25]. Where all is in a post-modern “fashion” without
perspective, irreversible!!, chaotic and in vain, and we just think we need to try to
"muddle-through". Beside the Global Embodied Covenant [7], some books and
articles about a World-House21 are recommended, something concrete and concise,
where (especially young people) have worked on agreeing on various basics, like
what is the fundament, the roof, the rooms, and levels. Such proposals and definitions
also need to be done for the Grid or Matrix of terms in a multi-lingual, multi-cultural
world with lots of specialized terminologies and specialized verbiage.
One way in this specific and critical application is beside the fashionable semantic
nets application to generalize knowledge (of broader terms) in Switching Systems, see
Ingetraut Dahlberg and her ICC22. This concept of Switching Systems [32] was
conceived for broader terms which should help to relate to other terms from other
fields from detailed, specialized repositories23. The moment we accept not only
listings of terms or semantic webs showing relations between terms, but put "words
into space" (Wolf [33] we can position meaning, placing a certain "topic" at a certain
"topos" - in an agreed-upon context - even at an extra level or layer the same
meaning as used in different languages, jargon, or terminologies, and bridge
representations [32],[34].
Very much en vogue over the last 10 years is the development of meta-data standards
and repositories, but basing on the above the question is not only needed to only
collect, store and retrieve "data-about-data", which can be relatively simple as in the
case of using controlled vocabularies, with typically just one terminology and
language. The real challenge yet is "information-about-information" [35] [ UNEP HEM G7 EEES ] which was laid out as one of the first international meta-data
harmonization session (Benking 1990) and has later been followed by a to the
specialized meta-data hype we have experienced in the 90ies - see summary as
proposes for IEEE [36].
The challenges lie in the different approaches and concepts of different disciplines
21

WORLD HOUSE [26], [27] HfG Mind Architecture, [28] Baldus, Denkmodelle
ICC Dahlberg, [29], [30]
23
see Concept and Contex Mapping, [31] Benking 1996), see also [1],[3] and the combination
of a “chain of spaces” or “artrium house” of three 3D spaces in Fig 1, or the Worldhouse
[26].
22
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using the same terms, create their normative settings, but are not "compatible",
typically do not even observe or relate to "other" fields. As an example might serve
that Science and Technology Studies and Law and Society Studies often deal with the
same subjects like "society", but from quite different angles, with different tangible
and concrete positions and focus. Stepping back and defining common frames of
references leads us back to the beginning of this article. At this point we can only
propose to study the above mentioned international harmonization efforts, which were
intended to identify compatible terms and concepts, and relate, possibly "roughly"
translate or point at "other" incomparable terms and concepts. The work of the author
starting in the late 80ies was and is concerned with such bridge-building. and defining
conceptual "masterplans" [1] or superstructures24.
The important thing about any word is how you understand it
Bublilius Syrus Serventiae, 43 BC

5 Summary and Outlook
As stated in the opening paragraph, we need agreed-upon order schemas. This has
little to do with right or wrong, but how such agreements or covenants help to
participate and negotiate meaning and come to an ethical dimension including a
systematic neo-pragmatism. (Herbert Stachowiak 1965-84) Footnote 14. See also
Hans Jonas’ Ethics with his new urge for responsibility with time- and space-horizon
[37] and Panetics - an art of governance or science of reductions of the infliction of
suffering [38].
The moment we accept that humans can be seen as "model making animals" we can
share our models and positions and perspectives not just in the meso-scale
environment around us, but anywhere where agree on "order" for the sake of sharing
spaces and places, locations and overlaps intensities/qualities of fields. Assuming
various "positions" in such virtual, or conceptual or artificial "realms" allows us to go
beyond the dualistic right or wrong to the co-existence of perspectives, which is one
instance of what we can see in Helmuth Plessner's (1928, 1980) [39] ex-"c"entric
positionality25, his concept of taking our viewpoint and moving it in order to see with
other eyes, or including other strata or levels.
Like integration and segregation, reductionism or synoptism26 (Kline 1996) [10],
24

the following article available in the internet might provide some first impressions: Bridges
and a Masterplan, Benking, Kampffmeyer, Conceptual Superstructure, Benking, Uhlir, Judge
[25], IEEE meta-data synopsis proposal [36]
25
Such a "outside of the center", extra position, see also (IPA 2005 [43]) has nothing to do
with being eccentric as it is understood in human psychology. It means in this context being
out of the box, or middle, cultivation mental mobility and view-point transportation, leaving
the position of just the "me" (ego), or the "we", and assume various positions, and see "with
other eyes" from other clearly defined "logical" or situational places. See again Cognitive
Panorama and me, we you, they and "others" models presented at UNESCO (Benking) 1997
[44].

26

Kline, S. J. (1996) The powers and limitations of reductionism and synoptism:
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Holism by Jan C. Smuts (1926, 1938) [40] where we can with the concept of
Specialization and Generalization go beyond dualistic concepts and arrive at a
pragmatic, but also systemic, organic and responsible level of translation and truth
and in order to augment the human intellect by bridging old and new [41] - BUT not
just to, like in a citation Doppler, " to please not only the thinker, but support mankind
at the same time", or with a citation from the architect Adolf Loos,m seeing palning
and building as a social task and mission [42). A recent seminar at the UNIFYING
ASPECTS OF CULTURE Conference 2004, focussed on the old and new capabilities
needed to see a more coherent learning, communicating, storing, finding, sharing,
understanding, and augmenting (Benking et. al. 2004), TUAC [41].
Generalization is needed to come to new and old forms of Synthesis, a quality much
in demand, just like thinking "out-of-the-box" (IPA 2005) [43]. But it also alienates
and is liable to be misused through over-claims and over-simplification, conclusions
we draw erroneously. The danger is thinking that we know and can control when we
do not, making us establish something what we think is "common". But these false
"commons" make us avoid celebrating differences! and learn to live with them, with
checks and balances, finding solutions, settling disputes or disagreement by taking in
time, space, or other perspectives and invest in listening, dialogue27 [CODATA
ISGS in this proceedings and finding alternative solutions with some more depth,
background, and multi-modal flexibility [45].
"The organismic view is at the same time perspective -- that is, aware of its
limitations,
not a nothing but philosophy believing to know and to have told everything, but
tolerant of other philosophies and other experiences -- in arts, morals, religion -which may mirror other facets of an unfathomable reality."
Ludwig von Bertalanffy

Programme in Science, Technology and Society Report CF1, Stanford University
27

see beside the TUAC links above Benking 2004 [41] please see also World Futures on
Dialogue and Decision Culture for a new Agora (Benking, Lenser, Stalinski 2004 [45] at the
ISGI in this volume: Alternatives for Marrying Lectures, Sessions, and Tracks with an Open
Format Dialogue Culture - Proposing additional Time-Credit-Based Dialogues (Open-Forum
Magic Round-Tables) for intensive conversations at scientific, social, or political gatherings,
see: http://benking.de/systems/codata/
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Knowledge in Time and Space
The ultimate aim of science is to obtain knowledge,
description, and explanation of the whole,
in all the complex interrelations, in all the differences
from time to time and place to place.
Hartshorne
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Abstract. Information spreads rapidly across Web sites, Web logs ("blogs") and
online discussion forums. This paper describes an international collaboration to
track this process and compare it to direct communication through electronic
mail and instant messaging. Other media monitoring projects often focus on a
particular medium, or neglect important aspects of the human language. We aim
to address these gaps and reveal fundamental mechanisms of content propagation in electronic environments with distinct interactive characteristics. Knowledge about these mechanisms will help retrieve, analyse and distribute information effectively: Organisations will be able to multiply the impact of their marketing and public awareness campaigns, and to accurately measure this impact.
Policy makers will gain a detailed understanding of how information replicates
in interactive environments, and how this process influences public opinion.
Individuals will benefit from improved collaboration tools with intuitive visual
interfaces to access complex data and share expertise.

Keywords. Media Monitoring, Content Propagation, Knowledge Discovery

Introduction
Understanding electronic content at the macro level is crucial in a time of mainstream
Internet adoption. Society has to find new ways to cope with the explosive growth and
dwindling lifespan of electronic content. The size and increasing complexity of information networks, however, often conceal important trends and correlations. Tracking
and modelling such hidden regularities helps understand the nature and dynamics of
electronic content.
Media richness theory [4], Web site usability [17], competitive intelligence [3] and
service quality [23] are common theoretical frameworks to investigate content production. Traditional investigations often rely on individual judgments using lists of
weighted attributes [16]. Expert evaluations approximate these attributes and thereby
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introduce varying degrees of subjectivity, while user questionnaires suffer from respondent inaccuracy due to differences between reported and actual behaviour. Web
crawlers, by contrast, provide scalability, speed, consistency and abundant longitudinal data. They alleviate methodological limitations of subjective impressions and
anecdotal evidence [1; 18].

Propagation of Electronic Content
Judged against human evaluation, automated approaches handle dynamic data more
efficiently and avoid inter- and intra-personal variances. This research will use an
extended version of the webLyzard Web crawler (www.webLyzard.com) to track
information propagation within and across different interactive environments: (i) Web
sites of news media, commercial organisations and advocacy groups; (ii) news distribution networks based on the RDF Site Summary (RSS) format; (iii) multilingual
online encyclopaedias and other Wiki applications; (iv) low-overhead forms of personal publishing such as Web logs or online discussion forums; (v) inter-individual
communication via electronic mail and instant messaging. Since analysing interindividual communication raises privacy concerns, we will use publicly available
archives and customise the Generic Remote Usage Monitoring Production System [7]
to generate transcripts of user interactions via dedicated experiments. By investigating
the production, propagation and consumption of content in environments with distinct
interactive characteristics, we will address four research questions:
• How widespread is content redundancy in information networks, and what influences content replication within and across these networks?
• Does the medium’s degree of interactivity influence content propagation? Can
existing models such as hub-and-spoke, syndication and peer-to-peer explain this
influence?
• Do macroscopic information flows shape public opinion? What are appropriate
methods to measure and model the extent, dynamics and latency of this process?
• Which content placement strategies increase the impact on the target audience and
support self-reinforcing content propagation in a particular medium?
Answering these questions requires advances in measuring, analysing and predicting
spatial and temporal flows of information. The complexity of the human language, for
example, calls for disambiguation [21] and software components able to understand
content [15]. This is the fundamental idea behind Berner-Lee’s vision of the Semantic
Web [2]. In-depth semantic analysis will complement approaches based on latent semantic analysis [5] or graph theory [6], representing information networks as “bag of
words” or sets of interconnected nodes, respectively.
We will distinguish spikes (externally induced sharp rises in activity) from chatter
(internally driven, sustained discussions), since the frequency and shape of spikes is a
powerful indicator of content propagation [11]. Occasionally, spikes result from chatter through a process of resonance, where insignificant exogenous events trigger massive reactions. Such sensitive dependence on initial conditions occurs when large sets
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of individual interactions generate large-scale, collective behaviour. Social network
analysis investigates such interactions between people, groups and organisations [12;
22]. By disseminating information via their social networks, individuals create strong
peer influence that often surpasses exogenous influences.

Online Marketing
Viral marketing leverages this peer influence to trigger self-reinforcing content
propagation among individuals [8; 9]. Weak and strong ties [10] between those individuals determine the distinct paths of information dissemination. It is along these
paths that inter-individual communication multiplies the impact of spikes and creates
widespread attention. Knowledge about the structure and determinants of these paths
can guide organisations in their efforts to raise awareness and distribute electronic
content.
Virtual opinion platforms demonstrate that the Internet not only provides information, but facilitates communication between customers who want to share their experiences with a particular product or service. A number of Web sites provide virtual
opinion platforms, where consumers can browse opinions and comments on products
and services of particular companies [13]. The platform www.ciao.com, for instance,
integrates consumer ratings for over 2 million products from 7 million customers
worldwide. Each month, more than 10 million shoppers search for information
through this platform. Among the motives for participating in such consumer platforms are risk aversion, reduction of search time, learning how a product is to be consumed, identifying new products in the marketplace, dissonance reduction in case
inferior products, and finally belonging to a virtual community of customers who
share the same consummation passions [20].

Catalysing Virtual Communities
While traditional methods of gathering and aggregating information are time consuming and expensive, automated tools promise significant economic advantages.
Such tools can be used to aggregate and annotate electronic content, thereby creating
complex information spaces spanning both virtual and real dimensions (space, time,
semantics, etc.). Provided that effective and intuitive interfaces are available, collaboration platforms built on top of these information spaces can serve as an effective
catalyst for virtual communities by matching people with similar interests, browsing
behavior, or geographic location.
Geo-browsers such as NASA World Wind (worldwind.arc.nasa.gov) and Google
Earth (earth.google.com) exemplify this new generation of interface technologies by
mapping content elements onto geo-referenced displays. Google Earth offers a range
of location-based serviceds such as lodging and dining options in the vicinity of the
user’s virtual position. NASA World Wind incorporates data from the Moderate Reso-
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lution Imaging Spectroradiometer (MODIS), providing daily updates on natural
events such as fires, floods, storms, and volcanic activity.
Besides stimulating user interaction and community building, geo-referenced interfaces can also help investigate and understand propagation patterns in electronic environments. Most content fragments contain explicit or implicit geographic references.
By analyzing these references and querying a gazetteer [14] for matching entries,
these fragments can be assigned a precise location. Geographically referenced news
aggregators based on the annotated content fragments would be an effective tool to
monitor the extent and propagation of media coverage [19], e.g. in the case of natural
disasters or major political events.

Future Research
Integrated projects capturing both spatial and temporal content propagation are rare.
At the same time, research that neglects the semantic orientation of electronic content
fails to reflect an important aspect of the human language. When analysing political
campaigns, for example, the frequency and shape of spikes related to a candidate
might prove less significant than the attitude conveyed in these spikes (negative ↔
positive, weak ↔ strong, passive ↔ active).
Capturing the diversity of the human language through grammatical parsing will
help classify electronic content correctly. Integrating the resulting classifications with
external taxonomies will yield seed ontologies for specific domains. Semi-automated
methods will continuously validate, refine and extend these ontologies.
The dynamically updated ontological structures can then be used to contrast conceptual similarity on the document level with textual similarity on the paragraph and
sentence level – distinguishing identical copies, reworded segments, and independent
articles on the same topic. This distinction reveals content redundancy at a very granular level, and allows tracking the spatial reach and temporal gradient of spikes in electronic content.
Identifying patterns of content propagation across millions of network nodes is
complex and computationally expensive. A lightweight Grid architecture will address
this issue, ensuring effective resource utilisation and allowing significant increases in
sample size and measurement frequency.
The results’ dynamic and multi-dimensional character makes them difficult to analyse and interpret. The project outlined in this paper will overcome this limitation by
using advanced visualisation techniques, both semantically and geographically referenced, to increase the transparency of complex information flows. This will take advantage of the human ability to recognise visual patterns, and to track movements in
two or three dimensions.
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Abstract. Early detection of employee resistance is a key factor in IT change
management projects. Resistance can be either caused by aspect-driven negative
projections or by an unspecified scepticism towards change in general. We present a procedural model based on a conversational framework for the systematic
measurement of unspecified change resistance of employees. Following this
procedural model, we first dissect the characteristic of change resistance into
constituting personality traits. In order to find approaches suitable for measuring these traits, we identify concepts generally suitable for elicitation. These are
compared against requirements imposed for usage in IT change settings. Concepts of quantitative content analysis and context observation allow for inference from documents and statistics onto characteristics of personality while fulfilling the requirements. We deduce specific approaches in these realms for
measurement of each of the identified constituting traits and use the results to
approximate the level of unspecified change resistance.

Keywords. Change Management, Information Analysis, Personality Assessment, Generalization of Verbal Characteristics, Interdisciplinary Research

1 Introduction
Implementing large scale software systems has proven to be a risky endeavor in the
past. As software has become an integral part of business, implementation of such
systems not only impacts the internal performance of data management but also the
definition of business processes. [59, 75] Business processes are directed sets of activities, which are executed by humans. Business process reengineering on any level
therefore requires the involvement of those associated with coordinating, supervising
and performing these activities. [37, 75] Studies have shown that one of the major key
factors for successful large-scale software implementations is the ability to raise acceptance early on among those designed to employ and use the system. [73, 74] Raising acceptance by imparting change concepts to a heterogeneous, hierarchically di-
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verse audience using 1:n communication strategies has proven difficult in the past.
Individuals have different experiences, backgrounds and value conceptions resulting
in cognitive structures and motives, which are not alike. [19, 43] Thus, any information is evaluated differently. [12, 24]
Detection and efficient management of change resistance is of specific importance
in IT projects. [4] Change is a concept describing a transition from one state to another. [13] The upcoming state might have projected consequences for an employee
which he does or does not approve of. This aspect-driven resistance based on defined
differences to the current status quo is a result of the anticipated change project and
therefore needs to be addressed directly. [70] Besides, motives, past experiences,
personal motivations and social interdependencies define an unspecified part to the
willingness to change. This unspecified part describes a generic positive or negative
stance towards change without being able to give a sound explanation for the preference. [26] Unspecified user resistance therefore is not directed against projected
consequences of the change project but against the idea of change itself. As such, this
form of resistance is unrelated to quality and implications of the planned change concept. Early detection of this mindset in employees is crucial on all levels: regarding
decision making processes, public perception of the project or motivational aspects.
Foa and Kozak suggest intense usage of projective techniques in order to reduce
the level of emotional response of identified individuals. [26] Antonovsky emphasizes
the need to make coherences transparent in order to raise subjective notions of understanding. [7]
This contribution analyzes how unspecified change resistance can be approximated
by IT change management teams and consultants in real-life projects using approaches
from a variety of disciplines. For this purpose we define in the next chapter a procedural model based on a communicational framework and apply it to approximate the
level of employee’s change resistance in companies.

2

The Elicitation Process

The collection and analysis of information expressing a client’s perspective is necessary for client-centered communication. Elicitation describes the process of learning
about an individual through upfront analysis towards a defined subject. [25] It is a
preparatory step for any communication process. Activities within the elicitation phase
are applied in order to better relate to an individual’s perspective. This is fundamentally different from application of widely popular communicational techniques such as
from the field of client-centered therapy [81] or neurolinguistic programming [20]
during real time interactions outside of therapeutic settings for rather pretended client
focus.
IT-supported elicitation of human motives in business settings has most recently received considerable attention in literature. [40, 77, 83] It extends traditional organizational diagnosis [50] by moving the focus from the company as a whole down to analysis on an interpersonal level.
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2.1 Framework for Dissection of Characteristics towards Binary Parameter
Equivalents
To overcome the common problem of methodological arbitrariness in personality
assessment, we construct a hierarchical communicational framework based on the
state vs. trait differentiation [5, 52] for describing human personality. The framework
is consistent with the implicitly underlying personality models of current interdisciplinary research projects. [61, 84] Behavior is based on conscious decisions as well as
underlying motives individuals are not necessarily aware of. [36, 71] Approximation
of these motives therefore has to be inferred from experiences [27], behavior [35] or
communication [29]. We follow the assessment of perceiving situational factors not as
primary dimension in measuring personality [21, 76] and utilize the in literature predominant trait approach [52] for measurement and description purposes.
State is a term we use to describe the inner situation of an individual. States are
subject to constant change. This change is caused by switched perception of contextrelevant traits. A trait is a unit that can be measured adequately on self-defined standards using indicators. We call traits characteristics if the measurement using relevant
indicators is semantically distorted. Semantic distortion refers to using indicators
which also allow measurement of at least one semantically separate defined constituting trait. Characteristics as such are not directly measured on exact binary value
scales. Instead approximations based on the measurement of constituting traits are
carried out. Characteristics can be expressed through single traits or sets of traits.
Constituting traits describe the characteristic from a semantically diverse perspective.
A trait can describe more than one characteristic. If a trait needs to be further dissected for measurement, it constitutes a characteristic itself towards those traits that
are used for describing it on a lower level. As such, characteristics can be described
using both characteristics and traits.
Each dissection process leads to the need for approximation towards the characteristic that was meant to be described. The accuracy of approximation is based on how
precise the identified traits describe the characteristic and how precise these traits can
be measured. Each dissection leads to loss of information. The decision on whether
traits have to be dissected in greater detail therefore needs to be decided on a case-bycase basis comparing anticipated additional measurement benefits with the expected
amount of information loss at approximation.
Traits can either use single indicators or sets of indicators depending on both the
level of detail the trait is identified at and its complexity. Indicators are the smallest
unit in the measurement process within the framework. Their appearance is used for
inferring towards the trait so that they have to be predefined either on type or instance
level. In order to do so, the concept of indication for each trait to be measured has to
be identified first in relation to media to be used for analysis. In analogy to traits approximating characteristics on a conceptual level, indicators are used for generalization upon the traits they are assigned to measure.
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2.2

Inferring Traits based on Indicator Definitions

Following the framework, traits can be measured using one or multiple indicators.
They can be defined on type level or on instance level. Table 1 displays the four possible options of inference from indicators to traits:
Table 1. Possibilities on how to express a trait using indicator definitions
Type level
Instance level
Single indica- Measurement of frequency of Comparison between analysis
tor
appearance of analysis units unit and indicator instances in
which belong to the defined pre-defined cluster. Meaning
indicator type. Meaning of fre- is assigned due to mapping of
quency value is assigned due to instances to cluster. [38]
selection as indicator type. [51]
Multiple indi- Measurement of frequency of Comparison between analysis
cators
appearance of analysis units that unit and indicator instances in
belong to one of several defined several pre-defined clusters.
indicator types. Ex-post cluster- Meaning is assigned due to
ing of frequency values used for mapping of instances to clusassigning meaning. [83]
ters. [30]
Semantic values of indicators result from comparison with reference data either in the
form of scoring manuals or data of other individuals manually analyzed. In the latter
case, the selection and the selection size of individuals to be used as references is of
obvious importance.

2.3

Procedural Model of Dissection and Approximation

Based on the communicational framework, we deduce the following high-level procedural model. Two phases are defined: build phase to describe activities needed for
construction and set-up of reusable models, execution phase to describe activities
related to applying these model in real-life settings.
Build Phase:
1. One or several traits or characteristics that drive individuals’ perception towards the state to be analyzed need to be identified.
2. Identified characteristics need to be dissected into describing traits.
3. The measurability of traits or alternatively the need for further dissection
needs to be decided on.
4. Indicators or approaches predefining indicators need to be selected for traits
Execution Phase:
5. Traits need to be measured using defined indicators.
6. Any characteristics need to be approximated based on constituting trait measurement results.
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2.4 Dissection of the Characteristic “Unspecified Change Resistance” into
Constituting Traits
As laid out in chapter 1, the approximation of unspecified change resistance is of high
relevance in the IT change management context. The state of resistance is routed in
both conscious aspect-driven resistance and resistance based on an unspecified negative stance towards the idea of change. Being context independent, this undirected
form of change resistance is a suitable characteristic for approximation. For step 2 of
the procedural model, potentially measurable constituting traits on possibly various
hierarchy levels need to be identified. In order to select traits, we revert to literature.
In literature, the motivation to change is approached from different perspectives.
Foa and Kozak point to the notion of emotional fear in general as major obstacle
for internal change. As fear would relate to future events, the notion of insecurity
about the upcoming state would need to be demystified if possible. Fear could either
be related to something defined, in which case it is addressable, or be unspecific. [26]
Gottschalk and Gleser specify diffuse fear as a type of emotional fear, which is not
focused on anything specific but rather on upcoming future states in general. [30]
Brubaker considers diffuse fear to be anxiety about one's well-being in the future. [15]
Walters sees a correlation between diffuse fear and fear of change. [79] Kindler et al.
use the term “fear of the unknown” to describe in analogy the lack of knowledge about
what might happen in the future. [45]
Sheth calls the strength of habit the single most powerful determinant in generating
resistance in change situations. He equates the strength of habit with the amount of
resistance to be expected. [70] Adams emphasizes the need for repetitions of new
behavior patterns to overcome internalized patterns in the long term in order to avoid
falling back into old routines. [1]
Altemeyer uses the term dogmatism to specify unjustified certitude of correctness
of the own opinion based on habitual behavior. He defines unjustified in regards to
cases in which there is no obvious evidence supporting the individual’s opinion. No
attempt would be made though to reevaluate the situation by changing attitudes and
opinions. [6] Riggio and Taylor refer to dogmatism as cognitive inflexibility. [65]
Perloff refers to it as closing off the mind to new ideas, hence change of any kind. [63]
Jasperson points out that social influence can determine actions, decisions and
judgments of employees during IT implementation projects. Opinions of fellow employees would be adapted due to uncertainty about an upcoming situation. [39] Xia
and Lee refer to persuasive behavior when the action of influence is performed intentionally. This can be both sided: fellow employees can execute persuasion as well as
the change management group through training and communication programs. [82]
Social influence however does not define per se in which direction the individual is
influenced and whether this influence strengthens or weakens the level of skepticism
or resistance. As such, suggestibility does not impose a trait causing resistance by
itself; its outcome is rather determined by employee interaction schemes. For the
scope of this contribution, it is therefore not included in further review.
As a result of step 2 of the procedural model, table 2 summarizes the perspectives
on traits potentially expressing unspecified change resistance.
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Table 2. Personality traits potentially expressing the characteristic of
change resistance
Personality
Description
Trait
Diffuse Fear
Anxiety considered being unspecified towards what
the fear is related to
Dogmatism
Closed set of personal beliefs whose validity is not
questioned but assumed to be true.
Habitual
Drive to maintain consistency and status quo
Behavior

unspecified
Description in:
[30]
[6]
[70]

Considering the three traits identified in table 2, there is a set of options how to advance regarding the approximation of change resistance as laid out in table 3.
Table 3. Selection of one vs. several traits for one characteristic
Possibility
Requirements
Advantages
Disadvantages
Selection of Approach for meas- Lower complexity; Characteristic might
one trait
uring the trait needs result is not a black- not be adequately
to fulfill defined box solution but described using indirequirements.
intuitively under- cators for fewer traits
standable;
more as there are poteneasily applicable in tially relevant.
real-life situations
Selection of Additionally,
ex- Approximation
Approaches need to
several traits post classification based on several be defined for measapproach is needed perspectives (traits) urement of each trait;
to compare results on one characteris- large amounts of
based on different tic; lesser degree of training data required
approaches; inter- dependence
on for ex-post classificadependencies be- single trait measure tion
tween traits need to
be identified
In analogy to step 3 of the procedural model, it has to be decided on the amount of
traits for analysis. [83] As both possibilities laid out in table 3 offer their share of
advantages and disadvantages, context-based manual evaluation is needed to pick the
most suitable option in real-life situations given boundaries in time and resources. For
the purpose of demonstration, all identified traits of the characteristic of change resistance will be developed in this contribution.
In order to evaluate the measurability of traits in context of possible further trait
dissection as laid out in step 3 of the procedural model, elicitation concepts and approaches to be potentially used in IT change settings need to be compiled.
We therefore in the following classify elicitation concepts that can be used to
measure traits for various types of media. These concepts are evaluated against requirements we impose for application in IT change projects. Specific approaches are
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then deduced from potentially suitable concepts for determination of the traits identified in table 1.

2.5 Compilation of Potential Elicitation Concepts
In scientific literature, a variety of concepts for gaining access to individuals have
been proposed [2, 68] and controversially discussed for use outside of therapeutic
settings in business or social contexts (see table 4 for a classification).
Table 4. Potential concepts for elicitation
Concept/ Analyzes
Approach
Applied:
Analysis of birth
AstrolDemodata and -place
ogy
graphic
following defined
[17, 57]
data
procedures
BehavBehavior
Analysis of unioral
conscious behavObservaior and body lantion
guage in a fixed
[9, 62]
context.
Context
Behavior
Analysis of public
Observabehavior towards
tion
an upfront speci[35, 64]
fied goal
Explicit
Testing
[14, 16]

Behavior,
Documents,
Language

Graphology
[33, 69]

Handwriting

Hermeneutic
Analysis
[44]

Behavior,
Documents,
Language

Concept/
Applied

Analyzes

Assumption
for reasoning
Position
of
stars
determines personality
Personality
expressed in
behavior

Personality
expressed in
behavior

Analysis of communication
and
behavior in defined
settings
following defined
procedures.
Analysis of handwriting following
defined sets of
attribute
meanings.

Personality
expressed in
communication

Interpretation of
communication
and
behavior
using contextual
measures.
Approach

Perspective
being
adequate for interpretation.

Personality
expressed in
handwriting

Assumption
for reasoning

Difficulties
Frequently considered para science, empirically
controversial
Dependant
on
culture,
empirically controversial

Inference
from
performance
to
personality possibly context dependant.
Motivation
of
individuals
needed to actively
participate.

Empirically controversial; interpretation
of
handwriting
attributes requires
experience.
Lack of standardization; different
analysts get different results.
Difficulties
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in:
Interviewing
and Surveying
[18], [64]

Behavior,
Documents,
Language

Evaluation
and
consistency validation of explicit
information

Information
received is not
distorted

Quantitative Content
Analysis
[29, 83]

Behavior,
Documents,
Language

Personality
expressed in
communication

Qualitative Content
Analysis
[54, 55]

Behavior,
Documents,
Language

Analysis of quantitative measures
in communication
and
behavior
following defined
procedures
Analysis of meaning in communication and behavior
following
defined
procedures

Motivation
of
individuals
to
participate, suitability of inference
regarding
unconscious characteristics.
Success depends
on quality of
applied
approaches.

Personality
expressed in
communication

Success depends
on quality of
applied
approaches.

3 Structural Requirements in IT-Change Management Settings
Certain structural requirements need to be fulfilled for elicitation concepts to be applied. These are deduced from an analyst’s point of view in a project setting.
Requirement 1: Source of Information has to be the research target. Information
about the research target gathered from other sources needs to be evaluated regarding
notions and motives of the supplying sources. As the concept of measuring informational value based on trustworthiness [34] is not applicable to external consultants due
to lack of experience with employees, the informational source has to be the research
target himself in order to avoid distortions.
Requirement 2: Concept cannot require active participation or considerable cooperation of any kind from the research target. Elicitation is a more structured complement to human intuition for the purpose of preparation for communicational settings.
As such, elicitation is not part of externally communicated change management strategies. Behavior observation requires extensive observational periods with cooperation
by the researched individual. Interviews, surveys and explicit tests require up-front
conversations or active participation in test settings. The mentioned methods are therefore excluded from further review.
Requirement 3: Concept has to be empirically validated. Inferences from behavior
or communication to underlying personality traits need to be well founded and empiri-
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cally supported. The concept of astrology has been repeatedly promoted for analysis
in business contexts by authors from the field of business management. Single empirical studies show correlations between astrological data and personality traits. [53, 58]
Von Eye et al. reviewed empirical studies that showed positive correlations and found
significant flaws in methodology and reasoning. They conclude that so far there neither has been any scientific basis to astrology nor any valid interconnection between
human personality and astrology. Kelly calls the majority of empirical studies unsuccessful. [42] Analogue, graphology has been repeatedly called unreliable such as in
the often cited studies by Ben-Shakhar et al. and King/Koehler showing interdependencies between the determination of personality traits and semantic content of the
analyzed handwritten unit. [11, 46] Ben-Shakhar et al. are therefore arguing that graphology is rather an hermeneutic approach. As a result, both astrology and graphology are excluded from further review.
Requirement 4: Concept has to be analyst independent, transferable and reusable.
Optimally, out-of-the-box approaches can be applied in order to secure comparability
between analyst runs and to minimize the amount of adaptation needed for consultants
and analysts. Hermeneutic interpretation is analyst specific and as such in any case
already part of the elicitation process. It does not impose an independent point of view
which is required for transfer of the method to other contexts and analysts. In the scope of this contribution, hermeneutic interpretation is not further regarded.
Requirement 5: Concept needs to have the potential of being IT-supported. To be of
practical relevance, time consuming analysis activities of the concept need to have the
potential of being carried out using IT-support. Qualitative content analysis is a generic term used for systematic application of syntactically and semantically oriented
procedures. Software explicitly developed for qualitative content analysis supports the
analyst in the manual analysis procedure by mainly annotating and structuring. In
order to understand the semantics of a content unit, quantitative measures from the
field of quantitative content analysis can be applied as tools in this context. However,
the analysis process and therefore the text dissection, evaluation and most important
the reasoning process remain on the human side. Therefore, qualitative content analysis is excluded from further review.
Requirement 6: Elicitation approaches needs to be applicable to source data from
IT systems. As a result of requirements 1, 2 and 5, analyzable source data has to come
first hand from the research target, has to be accessible without explicit time consuming cooperation of the research target and should be analyzable using IT-support. In
business settings, this is true for electronic document archives and the concept of
knowledge management in general as well as for process-oriented software systems
allowing detailed usage statistics. Knowledge Management has been identified as a
key factor for organizational success. [10] The term refers to creating knowledge
repositories and distributing this knowledge via shared access concepts, groupware or
expert systems. [56] Developed specifically for the handling of explicit organizational
knowledge [31], document and text management systems store organizational information in a structured way for archive and retrieval purposes. Modern document man-
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agement systems allow for direct integration and data transfer with common e-mail
software products. Meta tags describe the information using keywords to be entered
manually as well as using structural data to be inserted by the system without manual
intervention. Automatically inserted meta-tags for describing information units include
author, date and document type. Information can therefore be filtered regarding its
source. In order for methods for analyzing content to be applied, the process of selecting documents has to be defined. [60] Process-oriented software tools such as workflow management systems monitor IT-based user activities and can therefore be a
potential information source depending on the system’s architecture and legal boundaries in regards of data privacy. [8]

4 Evaluation of Potentially Suitable Approaches
As deducted in chapter 3, only approaches from the field of quantitative content analysis and context observation meet the imposed requirements for use in change management projects and remain potentially suited for application in IT change projects.
According to step 3 of the procedural model, the measurability of the traits specified
in table 2 using concepts identified in chapter 3 has to be examined.

4.1 Quantitative Content Analysis
Quantitative content analysis is based on the assumption that the way how people
choose to express themselves contains information about their underlying psychological traits. [66, 78] In order to extract traits through analysis of communication in its
broadest sense, a broad variety of approaches has been proposed. All approaches
revert to some form of generalization to infer from an observation to an underlying
characteristic. Possible media types for analysis include audio messages, moving images, multimedia files, static images and text. [60]
Quantitative content analysis is not limited to the detection of psychological states.
As this paper deals with motive elicitation in IT projects, we limit our focus to approaches that are potentially suitable for this purpose. Approaches to be considered
therefore share the concept of author specific inference from content in contrast to
inference towards the recipient or a situation. [48] They are furthermore applicable to
documents.
Following step 4 of the procedural model, indicators and approaches need to be
identified after the selection for one or several traits has been made. The range of
personality-oriented content analysis approaches is large. Smith lists more than 30
personality-oriented characteristics and traits that content analysis approaches have
been developed for. [72] Gottschalk lists over 50 developments for personalityoriented characteristics and traits just in the decade from 1985 to 1995. [29] For measurement of diffuse fear, dogmatism and habitual behavior, we therefore analyze literature regarding content analysis approaches that
-

have undergone extensive empirical testing
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-

fulfill the requirements defined in chapter 3
are significantly recognized in literature.

For this purpose, we identified all available English-language content analysis
monographs published within the last decade explicitly on the topic of methodological
content analysis from the University of Alabama’s Publication Dictionary on Content
Analysis [3].
Fear can be generally measured linguistically. [49] For the trait “diffuse fear” the
most prominent and most often referred to content analysis approach is the anxiety
scale in conjunction with Gottschalk/Gleser’s motive analysis approach. [30] The
approach uses various indicators classified into pre-defined clusters. At first, the frequency of appearances of indicators is measured. In a second step, these key terms are
related to the person these terms refer to. The calculation of the raw scores is based on
this reference.
The trait “dogmatism” has also received considerable attention in literature.
Rokeach’s dogmatism scale as most prominent approach has to be excluded due to the
need for standard induction for data collection [67]; however other approaches are
applicable towards personal documents with undefined structures. Ertel’s Dogmatism
scale [23] was originally designed for German language and has caused major discussions in literature. [41] It has received considerable attention as an approach consisting of a pre-defined cluster containing terms considered to be hinting towards dogmatism and rigidity. The concept has been also used for English language adaptations.
[22]
Searches for habitual behavior did not reveal any hits within the realm of quantitative content analysis approaches that would suffice the defined requirements.

4.3 Context Observation
Context observation refers to observing externally visible behavior in real life situations or via protocols. These protocols can be extracted from IT-systems and usually
detail system usage statistics. [47] Access to these log files can be restricted due to
privacy laws, data security concerns depending on law regulations or ethical reflections. [8]
In case of the trait “habitual behavior” following the definition of Sheth [70], the
strength of resistance correlates with the strength of habit. The quantitative measure
for the strength of habit is the amount of repetitions over time. [1] Measurement of
repetitions over time can be extracted using statistical indicators from workflowmanagement-systems, document archives or process key data unless no protection of
privacy laws bars from accessing this data. The indicator for the personality trait is
therefore based in this case on the measure of externally visible behavior.
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4.4 Approximation of Unspecified Change Resistance in Real Life Situations
Having identified approaches on how to measure each of the traits constituting unspecified change resistance as described in literature, we have set a framework for
practical application in IT change projects. However, as laid out in table 3, it needs to
be decided on whether one or all traits are used for approximation. If approaches to
measure several traits as laid out in table 3 are applied, there is the need for defining
inference procedures to generate meaning from separate numerical values and assure
comparability to other analysis runs. Zhou et al. identify for this purpose neural networks, discriminant analysis, logistic regression and decision trees as suitable approaches for inferring from indicators to traits. They use 24 indicators for linguistic
expression of deception as inputs for classification. [83] After having applied training
data for adjustment, they find satisfactory performances of all tested approaches. Due
to the same structure of indicators in numerical format, these results are also applicable in this context.
Previous analysis using the anxiety scale of Gottschalk/Gleser for measuring diffuse fear as sole trait for approximating unspecified change resistance in a real-life
case study confirmed expected correlations. [32] E-Mail communication of individuals participating in a failed IT change project related to the implementation of a supply
chain management system was analyzed. The data was extracted using defined parameters from the document management system of the company following content
analytical methodological guidelines. [48] Only e-mails dated one to thirty days prior
to project begin were selected in order to strictly separate undirected change resistance
from any project specifics. After project end, external consultants within the change
team were asked to rate the analyzed individuals regarding the perceived unspecified
change resistance based on their experience on a scale from 1 to 5. Their judgment
correlated strongly with the diffuse fear scores using an IT-based implementation of
the anxiety scale.

5 Summary
In this contribution we have explained the relevance of motive elicitation in IT change
projects and have proposed approaches on how to measure unspecified resistance to
change of employees as a key-factor. For this, we have created a procedural model
using a conversational framework based on state vs. trait differentiation. This allowed
us to systematically evaluate the characteristic of unspecified change resistance and
dissect it into constituting traits. In order to find approaches suitable for measuring
these traits, we first identified high level concepts generally suitable for elicitation.
These were then compared against specific requirements imposed for usage in IT
change projects. Content analysis and context observation approaches allow for inference from documents and statistics onto characteristics of personality when applied to
knowledge or workflow management systems in companies. Following the procedural
model, we then identified specific approaches in these fields to measure each of the
three previously identified relevant traits diffuse fear, dogmatism and habitual behav-
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ior. Finally, options on how to approximate the level of undirected change resistance
based on trait measurement results were laid out.

6 Future Outlook
Interdisciplinary research integrating psychologically-oriented approaches within the
field of information systems management is still sparse. Empirically, the determinants
of informal business documents in comparison to private documents or fantasy stories
analyzed within communication science or psychotherapy need to be identified more
clearly. While the standard anxiety scale for Gottschalk/Gleser’s motive analysis detects “diffuse fear” adequately without any modification to its standard cluster as previous research indicates [32], the scores derived there are based on repetitions of a
limited range of indicators. As the language in business settings can be expected to be
more formal than private communication, this had to be anticipated. Additionally,
empirical research carried out in the field of big-five personality models [28, 80] will
contribute to the construction of hierarchical trait structures.
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