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Foreword

This book 
ontains the abstra
ts from the EuroConferen
e on

Ontology and Epistemology for Spatial Data Standards in La
Londe-les-Maures (Fran
e), 22-27 September 2000.

The 
onferen
e fo
used on bridging the gap between resear
h
in ontology and epistemology of spatially extended obje
ts on
one hand, and resear
h in representational models of spatial
phenomena on the other hand. This interrelation between what
exists, knowledge and formalisms is still an open question for
resear
h, espe
ially in 
ase of un
ertainty and vagueness. In the
absen
e of a formal theory, we are in a situation where system
designers may de
ide how to treat un
ertainty. Standardisation
is ne
essary, but premature. Ontology of spatially extended ob-
je
ts 
an provide a basis for the development of formal models
of spatial un
ertainty. Thus the 
onferen
e dealt with ontol-
ogy of spa
e, spatial 
ognition, spatial approximation, spatial
hierar
hies, generalization, and related topi
s.

EuroConferen
es 
onsist typi
ally of talks from invited speak-
ers, and presentations from (mostly young) resear
hers who were
sele
ted by peer review on their submitted abstra
ts. This vol-
ume 
ontains the revised abstra
ts, and additionally some ab-
stra
ts from the invited speakers.

The �nal program and a
tual abstra
ts are available online1.

1http://www.geoinfo.tuwien.a
.at/events/Eures
o2000/gdgis.htm
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Seraphim Alvanides�

Modelling 
ontiguity in a zone
design 
ontext

Despite the wide availability and use of zonal data in geographi-

al appli
ations, problems still o

ur in representing and analysing
su
h datasets in a GIS environment. One of the most frequently
en
ountered problems with zonal data is the de�nition of spa-
tial 
ontiguity based on topologi
al relationships between areal
units. Contiguity is expressed in the form of a matrix and plays
an instrumental role both in representing zonal data and in mod-
elling spatial pro
esses using areal units. For example, when
smaller areal units are aggregated into larger zones a 
ontiguity
matrix is �rst 
onstru
ted and then used throughout the aggre-
gation pro
ess in order to se
ure that the zones are spatially

ontiguous.

A number of alternative methods have been suggested for
des
ribing topologi
al relations and topologi
al representations
between areal units. Su
h methods fo
us on the spatial 
on�g-
uration of the areal units in question and usually pro
eed by
providing a 
ontiguity matrix that des
ribes these relations in a
mathemati
al form. Two 
ontiguity representation methods are
reviewed and their relevan
e to zone design is examined. Zone
design is simply de�ned here as the aggregation of smaller areal
units into larger zones, subje
t to 
ontiguity 
onstraints. First,
the swit
hing point method suggested by Ma
millan and Pier
e
(1994) is examined as a 
ontiguity 
onstraint. The swit
hing

�Department of Geography, Daysh Building, University of New
astle, New
astle upon
Tyne, NE1 7RU, U.K., s.alvanides�n
l.a
.uk, http://www.sta�.n
l.a
.uk/s.alvanides/.
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2 Alvanides

point method 
on
entrates on the boundaries of the areal units
that are to be aggregated. The method is proved to be highly
eÆ
ient with simple topologi
al stru
tures that fully exhaust
spa
e. However, the method is shown to be ineÆ
ient with
more 
ompli
ated stru
tures where areal units form islands or
gaps in their 
ontiguity matrix.

Subsequently, a generi
 approa
h to the 
ontiguity problem
is presented based on the traditional 
ontiguity 
on
ept. A 
on-
tiguity matrix is �rst 
reated based on the spatial 
ontiguity
of areal units. The matrix is then transformed into a network
that 
onsists of straight lines 
onne
ting the 
ontiguous areal
units. The 
ontiguity network 
an then be easily extended to

ater for the more 
ompli
ated stru
tures mentioned above. It
is shown that the network is a very robust method for modelling
and 
he
king 
ontiguity in a zone design 
ontext. In addidion,
it presents a more realisti
 way for measuring straight-line dis-
tan
es between areal units in the absen
e of a real netwrork. The
method is demonstrated using administrative boundaries su
h
as Lo
al Authority Distri
ts and Ele
toral Wards in the United
Kingdom. Finally, the method 
an then be extended to handle

ow or intera
tion data where the 
ontiguity 
onstraint plays a
di�erent role in zone design as demonstrated in Alvanides et al.
(2000).

Bibliography

Alvanides, S., Openshaw, S., Duke-Williams, O., 2000. Design-
ing zoning systems for 
ow data. In: Atkinson, P., Martin, D.
(Eds.), Geo
omputation. Vol. 7 of Innovations in GIS. Taylor
& Fran
is, London.

Ma
millan, W. D., Pier
e, T., 1994. Optimisation modelling in
a GIS framework: the problem of politi
al redistri
ting. In:
Fotheringham, S., Rogerson, P. (Eds.), Spatial Analysis and
GIS. Taylor & Fran
is, London.



Dimitris Ballas�

GIS and spatial
mi
rosimulation for urban
systems modelling: a new

on
eptual framework for the
representation and analysis of
lo
al labour markets

This paper explores the potential of GIS and obje
t-oriented
spatial mi
rosimulation frameworks for the representation of ur-
ban systems and in parti
ular for modelling lo
al labour mar-
ket obje
ts, su
h as e
onomi
ally a
tive households and �rms.
First, it gives an overview of fundamental topi
s related to 
om-
puter simulation, GIS, spatial mi
rosimulation, epistemology
and methodology. Various modelling approa
hes to urban sys-
tem representation are dis
ussed and their advantages and draw-
ba
ks are outlined. Further, the paper puts the 
ase for an
obje
t-oriented spatial mi
rosimulation approa
h to urban sys-
tems modelling. Examples of applied spatial mi
rosimulation of
households in a lo
al labour market 
ontext are presented and
the merits and disadvantages of the methodology are brie
y dis-

ussed. It is shown how problems su
h as the e
ologi
al falla
y

an be ta
kled in spatial mi
rosimulation 
ontexts and outputs
from a spatial mi
rosimulation model for the Leeds urban sys-
tem are presented. In addition, it is argued that spatial mi-

�S
hool of Geography, University of Leeds, LS2 9JT, UK.
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rosimulation frameworks 
an enhan
e our understanding of the
behaviour of di�erent agents (obje
ts) in the labour market (e.g.
households and �rms) and that it 
an provide new insights into
the workings of urban and regional e
onomi
 systems and help
in the formulation of new labour market theories. The ontolog-
i
al 
hara
teristi
s of the mi
rosimulated urban obje
ts are also
dis
ussed. The paper dis
usses and evaluates the suitability and
appli
ability of spatial mi
rosimulation frameworks as a means
of representing urban system entities. It is also shown how
GIS and spatial mi
rosimulation te
hniques 
an be used to per-
form so
ial and e
onomi
 poli
y analysis at di�erent geographi-

al s
ales and the epistemologi
al properties of this analysis are
dis
ussed. Further, the paper dis
usses the role of geographi
al
boundaries in labour market analysis and how spatial mi
rosim-
ulation 
an be 
ombined with remote sensed data to estimate
the pre
ise residential lo
ation of household obje
ts. Finally,
the potential of mi
rosimulation for spatio-temporal modelling
of urban systems is addressed and a resear
h agenda for dynami

spatial mi
rosimulation modelling is outlined.



J. A. Ba~nares, F. J. Zarazaga, J. Nogueras, J.

Guti�errez and P. R. Muro-Medrano�

Constru
tion and use of

on
ept hierar
hies from word
taxonomies for sear
hing
geospatial data

The OpenGIS Consortium1 uses the term Catalog to des
ribe
the set of servi
e interfa
es whi
h support organization, dis
ov-
ery, and a

ess of geospatial information. Catalog servi
es help
users or appli
ation software to �nd information that exists any-
where in a distributed 
omputing environment. A Catalog 
an
be thought of as a spe
ialized database of information about
geospatial resour
es available to a group or 
ommunity of users.
We are developing a Catalog in 
omplian
e with OpenGIS Cat-
alog Servi
es using Java as programming language.

The Catalog 
ontains metadata that des
ribe the 
apabili-
ties and 
ontents of the geospatial data. The use of standard
representations of the metadata, su
h as the Ameri
an Federal
Geographi
 Data Committee (FGDC) standard or the ISO TC
211 standard (
urrently in draft version), makes the interoper-
ability labours easier. The re
ommendations on metadata pro-
posed by the Center for Earth Observation Programme (CEO
programme) of the European Commission are being used in or-

�Department of Computer S
ien
e and System Engineering, Centro Polit�e
ni
o Su-
perior, University of Zaragoza, Mar��a de Luna 3, 50015 Zaragoza (Spain), Phone:
34 976 761928, Fax: 34 976 761914, fbanares, javy , prmurog�posta.unizar.es,
http://iaaa.
ps.unizar.es.

1http://www.opengis.org
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6 Ba~nares et al.

der to manage the 
ontrolled keywords. These lists of 
ontrolled
keywords are been extended to support di�erent kinds of the-
mati
 su
h as the Spanish politi
al organization.

In order to 
omplete the 
atalog 
apa
ity for sear
hing infor-
mation, some utilities able to derive new knowledge from meta-
data stored in the database are being built out of the OpenGIS
Consortium Catalog spe
i�
ation. These utilities are based on
arti�
ial intelligen
e and information retrieval (IR) te
hniques
and allow us to work with semanti
 relations among geograph-
i
al 
oordinates and 
ontrolled keywords, and 
ontrolled key-
words among themselves. This kind of te
hniques fa
ilitates not
only horizontal integration (same type of data for di�erent ar-
eas) but also verti
al integration (di�erent types of data for the
same area), whi
h is a strong need in a distributed geolibrary.

Con
ept queries are inherently hierar
hi
al in nature. We
may expand a 
on
ept or keyword in the query to a large num-
ber of synonyms and narrower and general 
on
epts related by
part-whole and is-a relationships. For example, in order to �nd
spatial referen
es of a politi
al unit, su
h as a village, the query
may be expanded with the knowledge of politi
al subdivisions
su
h as the subdivision of a 
ountry in regions, a region in vil-
lages, et
. Data at the level of village may be not available, but
data of superior levels whi
h in
lude the village may be suÆ
ient
to answer the question.

Con
ept extra
tion depends heavily on a good quality lexi-

al knowledge base. Ontologies or lexi
al knowledge bases su
h
as WordNet2 and EuroWordNet3, have in 
ommon that they
are large-s
ale lexi
al databases and they were developed from
a global point of view. WordNets are stru
tured in terms of
synsets (sets of synonymous words) with basi
 semanti
 rela-
tions between them (meronyms, hyponymy, ...). The semanti


ontent and the large 
overage of WordNet allows to use it to

on
eptual retrieval as opposed to mat
h exa
t keywords.

The problem of the use of Anglo-Saxon 
on
epts whi
h are

2Prin
eton WordNet, Miller et al. 1990
3http://www.hum.uva.nl/ ewn/
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hies for sear
hing geospatial data 7

diÆ
ult to translate to users from di�erent 
ultural or linguisti

ba
kground must be 
onsidered. This problem has been 
on-
sidered in EuroWordNet, where di�erent language WordNets of
lexi
alized 
on
epts are interlinked with a separate ontology of
formalized semanti
 distin
tions. This will allows relating 
on-

epts in di�erent languages.

Our approa
h proposes to import, as Ora
le Thesauruses, dif-
ferent geospatial keywords from Thesaurus, di
tionaries and in
spe
ial from the English and Spanish WordNets and some lists of

ontrolled Spanish keywords using di�erent sour
es as the 
odi-
�
ation of the Spanish Institute of Statisti
4. These thesauruses
would be 
ompleted with spe
i�
 software to 
onne
t low levels
with instan
es stored into relational tables as instan
es of the

on
epts represented by those nodes. Looking for the generi

development of this software we are using the re
e
tive 
apabil-
ities of programming languages as CLOS or Java.

Medata 
ontains keywords, and textual des
riptions whi
h
allows retrieval by 
on
epts. The best results in using WordNet
for information retrieval are obtained with short texts, while
standard IR te
hniques does not perform as well. With very
short do
uments the opportunity to �nd the original keywords
are lower than for average-sized do
uments.

We are developing a set of utilities for maintaining the 
on-
trolled keyword lists and adding new ones. In order to exploit
the hierar
hi
al nature of these sour
es of knowledge informa-
tion the InterMedia Text retrieval engine integrated with the
Ora
le8i database supports the use thesaurus operators in any
SQL query.

4INE: http://www.ine.es
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Lu
y Bastin and Peter Fisher�

Modelling vegetation as fuzzy
spatial entities: pat
hes, stands
and e
otones in Greek
semi-natural phrygana

Semi-natural lands
apes are those where natural vegetation su
-

ession pro
esses are modi�ed by management su
h as graz-
ing or burning. Su
h lands
apes 
an be of great 
onservation
value, and spatial variation within them varies along a 
on-
tinuum from abrupt boundaries (between distin
t land
overs,
easily modelled as polygons), to gentler transitions (usually rep-
resented by raster pixels). Furthermore, the apparent grain of
a lands
ape depends on the s
ale at whi
h it is sampled. In
the 
ontext of GIS, a surfa
e must often be interpolated from
point samples. It is therefore important to 
hara
terise the ob-
je
ts in the real lands
ape (dis
rete, homogeneous polygons or
�elds with blurred boundaries) and the land
overs whi
h 
on-
stitute those obje
ts (mutually ex
lusive 
lasses or overlapping

lusters). This paper dis
usses two approa
hes used to model
semi-natural vegetation in Northern Gree
e. Firstly, fuzzy 
lus-
tering is used to 
lassify vegetation samples, in an attempt to
re
ognise both spatial mixing (transitions and interdigitations
between vegetation types) and semanti
 mixing (overlap be-
tween de�ned plant spe
ies 
ommunities, su
h as 'heath' and
'wet heath'). Se
ondly, two interpolation te
hniques are evalu-

�University of Nottingham, Dept. of Geography, Nottingham NG7 2RD, UK,
lu
y.bastin�nottingham.a
.uk.
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10 Bastin and Fisher

ated: 
o-kriging (using raster satellite data to inform the inter-
polation) and the mixed model of spatial interpolation (whi
h
uses an
illary ve
tor segmentation). It is hoped that the se
ond
method in parti
ular 
an make best use of both the ve
tor model
of reality (land
overs as dis
rete polygons) and the raster model
of reality (land
overs as 
ontinuous �elds).



Alain Be
am, Maryvonne Miquel and Robert Laurini�

A distributed environment
using ontology for the
interoperability of urban data
and models

Urban models simulate spe
i�
 phenomena of the 
ity and are a
reliable de
ision-support for urban planners and de
ision mak-
ers. They are in general �nished software produ
ts and are not
designed in a way we 
an use some models together, using the
results of one for input of another. They are heterogeneous, by
the system they are running on, by their data formats, ... , and
are used by experts, with spe
ial obje
tives. It may be interest-
ing to inter
onne
t di�erent models, to pro�t their spe
i�
ities.
For instan
e for estimating traÆ
 noise, we need to 
onne
t sev-
eral urban models su
h as a home-to-work and home-to-servi
e
travel model, a traÆ
 model and a model for generating noise
levels.

In our proje
t, we propose to en
apsulate the models to trans-
form them into standard models allowing their inter
onne
tion
into a distributed environment. An en
apsulation 
an be de-
�ned as a meta-model, a des
ription of the model, spe
ifying
the method to use it, the data at inputs, outputs, parameters
and �nally the "semanti
 position" of this model. This meta-
model is built using a standard language, following the XML

�INSA of Lyon { LISI, 20, avenue Albert Einstein, F-69621 Villeurbanne Cedex, Fax
: +33 4 72 43 87 13, abe
am�lisi.insa-lyon.fr, miquel�if.insa-lyon.fr, laurini�if.insa-
lyon.fr.
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syntax and must be "ontology 
ompliant". This 
omplian
e is
ensured by the pro
edure of des
ription, whi
h uses the elements
of several ontology bases. A meta-model may in
lude (1) a real
model, (2) a spe
i�
 model, whi
h has a utility role into our sys-
tem, (3) a virtual model, 
onstituted only by this des
ription,
or �nally (4) a super-model, a s
hema of inter
onne
tion viewed
like a simple model.

Our system uses a Core Ontology, whi
h 
overed a top-level
ontology, from entity to top-level 
ategories, and at least two
distin
t domain ontologies, for the semanti
 elements, su
h as
roads, rivers, towns and for the typologi
al elements, su
h as
integers, 
hara
ters, ... This distin
tion allows the user to adapt
the data independently of the semanti
s impli
ations. Indeed,
we think one expert may have a better view of the domain
than our system. Also, some spe
i�
 domain ontologies may be
added, relevant or not to an upper ontology. So, a very spe
i�

ontology may be added, whi
h is independent from another on-
tologies, assuming we do not need any referen
e to the top-level
ontology to use the models 
overed by this spe
i�
 ontology. Of

ourse, this possibility is pra
ti
al to easily des
ribe some mod-
els, taking into a

ount only the a
tual elements of these models,
but this ontology is absolutely not shareable. Thus, we must of-
fer an easy way to des
ribe a model using existing ontologies
and to properly extend existing ontologies.

Furthermore, the system distinguishes the Core Ontology,
Extension Ontologies, User Ontologies and the Session Ontology.
The Core Ontology is the 
onsistent base, immutable and suf-
�
ient for simple typologi
al adaptation and semanti
 des
rip-
tions. The Extension Ontologies are domain spe
i�
, referen
ing
the Core Ontology, adding strong spe
i�
ations relevant to one
domain. The User Ontologies are relevant or not to the Core On-
tology and/or to one or more Extension Ontology, adding some
missing elements for the user. Finally, the Session Ontology is a
temporary ontology, linked or not with any other upper ontol-
ogy, designed by the des
ription of the meta-models. This last
one allows a proper extension of the domain knowledge, adding
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no permanent weak information. If the user �nally has 
on�-
den
e in his Session Ontology, he may pro
ess this Ontology to
turn it into an User Ontology.

These ontologies may be written or graphi
ally 
onstru
ted.
For the integration of one standard, su
h as SDTS or FGDC,
we supply two distin
t possibilities: (1) to des
ribe the way the
system may use one foreign des
ription of this standard and (2)
to 
onstru
t a tool to translate this des
ription into one ontol-
ogy for our system. Allowing the adding of some new ontologies
is ne
essary, be
ause of the impossibility to des
ribe all the uni-
verse, but dangerous. The hybrid ontology 
omposed with the
linked ontologies may in
lude redundan
y of de�nitions, use-
less informations and semanti
 
on
i
ts. So, some tools must
sear
h for possible problems and try to resolve them. Further-
more, ea
h extension of the 
ore ontology may exist in di�erent
versions, 
onsidered at parallel extensions and bene�ts of one
degree of 
on�den
e. This information about 
on�den
e is used
to restri
t the extensions a

ording to the level. One extension

onstru
ted on the base of another extension inherits of this last

on�den
e.

Spe
i�ed in this way, the meta-models 
an be used in our
environment of inter
onne
tion, whi
h uses a three tiered ar
hi-
te
ture to inter
onne
t standardised models. The upper layer,
the s
hema for our user, exploits the medium layer, whi
h inter-

onne
ts the meta-models, to respe
t this s
hema and, �nally,
the medium layer uses the bottom layer to exe
ute the models

overed by the meta-models involved in the 
urrent session.

In the bottom layer, the models are heterogeneous, a

om-
panied by their des
riptions, on a 
omputer allowing the use of
Java RMI. The en
apsulation is the mapping from this physi
al
layer to the se
ond layer, the medium layer. Using the des
rip-
tion of one model, the system is able to raise an appropriate
instan
e of en
apsulation (Fig. 5.1), using the model just like a
spe
i�
 devi
e.

The medium layer is a powerful environment of inter
onne
-
tion, using an obje
t approa
h and an "all model" view. At
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Raw
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Raw
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Description

Ontology
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Data
Bus
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Figure 5.1: One model, from its raw form (1) to its en
apsulated form (3).
Using the Ontology Database and a language of des
ription, the des
ription
of the model is added, the model with its des
ription being a meta-model
(2). With this des
ription, the model server 
an register the model into a

atalogue of models and the supervisor 
an query an en
apsulation (3).

this level, we also have fa
ility models, for adaptation of data,
human-ma
hine interfa
e, ... The di�erent elements of this level
are all used in the same way like standard models. Some servers
allow the exe
ution of a session, at least one global server, whi
h
registers the models and prepares the inter
onne
tion; one model
server on ea
h 
omputer with a model, whi
h manages its lo
al
models, and one supervisor for one session. This last one may
request some instan
es of en
apsulation to follow a s
hema of in-
ter
onne
tion, the third layer, the logi
al layer. Also, the super-
visor is the link between the user and the system, and, following
the user 
hoi
e, it may try typologi
al adaptation of data and
semanti
 adaptation and veri�
ation. The supervisor a

esses
the ontologi
al bases and, knowing its session's models, 
he
ks
data typology and semanti
s. It invokes instan
e of spe
ial mod-
els for adaptation of data, if needed, in the form of mediators
and wrappers, and, if possible, exe
utes the simulation, using
the medium layer to follow the logi
al s
hema.
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Figure 5.2: The three layers of our environment. The �nal user only intera
ts
with the top level. The en
apsulation pro
ess transforms the set of hetero-
geneous models into standard models. Some fa
ility models may be added,
su
h as database a

ess models. These models are inter
onne
ted and man-
aged by some servers, whi
h 
an be lo
ated on remote 
omputers through
Internet. Finally, the supervisor utilises these models to follow the logi
al
s
hema 
onstru
ted by the �nal user.
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Stefania Bertazzon�

(Re)-de�ning the 
on
ept of
spatial 
ontiguity: the
metaspa
e of applied analysis

The need for analyzing the 
on
ept of spatial 
ontiguity emerges
from applied work in spatial regression analysis. Unlike standard
regression, spatial regression applies to spatial units, whi
h are
irregular in shape and distribution. A 
ontiguity matrix is the
stru
ture used to assign weights to ea
h unit, in order to 
ali-
brate su
h spatial irregularities. Indeed, the entire model esti-
mation relies on the de�nition of a 
ontiguity matrix. Two or
more regions are de�ned 
ontiguous if they share a border. Su
h

on
ept of 
ontiguity is often inappropriate for spatial intera
-
tion, and parti
ularly spatial regression models: shared borders

an hardly represent nearness; borders may not be de�ned; and

ontiguity often has to be established a
ross sets of di�erent re-
gions. In spatial regression analysis the dependent variable and
the set of explanatory variables often are measured at di�er-
ent lo
ations, as they are attributes of di�erent spatial features.
In so
io-e
onomi
 appli
ations (e.g. shopping patterns, re
re-
ation de
isions) population data (origin) are measured on spa-
tial units su
h as 
ensus subdivisions, while destinations (shops,
tourist attra
tions) are points or other features, however distin
t
from 
ensus subdivisions. The same problem may o

ur in envi-
ronmental appli
ations (e.g. bioa

umulation model of marine
organisms): in this instan
e, the lo
ations at whi
h organisms

�University of Veni
e, Ca' Fos
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are sampled do not 
oin
ide with those of sediment samples.
Moreover, samples are taken at points, whi
h are assumed to be
representative of an area, or region, but no borders are de�ned
for su
h regions.

In an attempt to over
ome these problems, 
ontiguity is often
re-de�ned based on alternative measures of distan
e, su
h as
travel time in so
io-e
onomi
 appli
ations (whi
h still requires
requires an ad ho
 spe
i�
ation for ea
h model). An alternative
approa
h is the de�nition of 
ontiguity, or nearness, derived from
spatial auto
orrelation (or semivarian
e) analysis. In both 
ases,
nearness is no longer a relationship among entities in spa
e,
but an attribute of them, depending on other attributes and on
(impli
it) measurements of distan
e. It might be de�ned by the
resear
her (who de
ides weather 
ontiguous regions lie within 1
or 10 hour traveling time) or it is an expli
it fun
tion of attribute
values and distan
e, as in spatial auto
orrelation.

A re-de�nition of spatial 
ontiguity 
an be provided based on
an ontologi
al view of the model spa
e. The sampling pro
ess
(in environmental models), or the identi�
ation of origins and
destinations (in so
ioe
onomi
 models), produ
e an ontologi
al
transformation of spa
e. The spa
e thus obtained exists only
be
ause and only where attributes and relationships (e. g. or-
ganism and sediment samples, origins and destinations) exist.
It is a metaspa
e de�ned by attributes of entities in the "real"
spa
e. The metaspa
e is dis
rete, as it is formed by the ob-
je
ts (attributes and relationships); attributes of spa
e be
ome
properties of the metaspa
e. Thus new distan
es, metri
s, and
topologies 
an and must be de�ned on the dis
rete metaspa
e
of obje
ts. Contiguity 
an thus be re-de�ned on new 
on
eptual
bases: appli
ation-spe
i�
 parameters may still be required, but
having de�ned 
onsistently a metaspa
e, standard 
riteria 
an
be esuggested for an operational de�nition of 
ontiguity within
the ontologi
al framework of metaspa
e.



Ste�en Bittner�

Levels of reality in a 
adaster

All over the world great e�ort is invested in the maintenan
e
of 
adastral systems. There is a major demand to 
onstru
t
eÆ
ient 
adastral systems (Dale and M
Laughlin, 1989). The

onstru
tion of eÆ
ient 
adastral systems is founded in a deep
understanding of the reality, whi
h the system should 
orre
tly
represent. In the �eld of 
adaster institutional 
on
epts, e.g.
property and ownership, play a major role. They determine the
stru
ture of reality in a 
adaster. A theory of the institutional
stru
ture is fundamental to represent the relevant aspe
ts of
reality in a 
adaster.

In the past formal models where not very su

essful at mod-
elling institutional reality. The goal of the work of the author is
to 
reate a formal and exe
utable model of reality in a 
adaster.
Searle's theory of institutional reality (Searle, 1995) introdu
es
an approa
h, whi
h is very promising for this proje
t.

This abstra
t applies Searle's theory to the �eld of 
adaster.
It introdu
es the distin
tion between the physi
al and institu-
tional level of reality in the analysis of 
adaster and argues that
both are essential for a model of a 
adaster.

For the formalization on the foundation of Searle's theory it
is a 
ru
ial point to represent human intentions and behaviour.
Agent theory (Ferber, 1999; Wooldridge and Jennings, 1995)
gives the ne
essary tools for this task. The author hopes that
Searle's theory applied in an agent- based model is the founda-
tion to su

essfully represent the relevant elements of reality in

�Department of Geoinformation, TU Vienna, Austria, stebi�geoinfo.tuwien.a
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a 
adaster so that it helps to deepen our understanding of the
issues involved in the domain of 
adaster. The work presented
here is a step on the way to rea
h this goal, it is the ne
essary
pre
ondition for the formalization.

In his book The Constru
tion of So
ial Reality Searle dis-
tinguishes physi
al from institutional reality and within these
parts brute physi
al fa
ts from institutional fa
ts (1995). Brute
physi
al fa
ts exist in external reality independent of human ob-
servers and human intentions. In opposition institutional fa
ts
exist only by human agreement, they are 
reated by the assign-
ment of status fun
tions to physi
al fa
ts. For instan
e 
olle
tive
intentionality assigns the status fun
tion 'money' to a re
tangu-
lar pie
e of paper. A physi
al fa
t is always the foundation for
an institutional fa
t.

A

ording to Searle's theory the institutional and physi
al

level of reality must be distinguished in the analysis of a 
adaster.
Why is it important? The example of an ownership transfer of
a par
el between two persons will be used in the following to ex-
plain the ideas: On the institutional level, one legal person, the
owner of a par
el, transfers ownership of the par
el to another
legal person and they sign a deed as proof for this transa
tion.
On the physi
al level there are two human beings writing on
a pie
e of paper. But only in a spe
ial 
ontext the event 'two
people writing on a pie
e of paper' 
ounts as signing a 
ontra
t,
whi
h 
auses the transfer of ownership. What happens if people
make mistakes, for instan
e, if they mean di�erent par
els? On
the physi
al level the situation is the same: two persons writing
on a pie
e of paper. But on the institutional level the pre
ondi-
tions for the transfer of ownership are not satis�ed and therefore
no transfer happens. A
tivities on the physi
al level are di�er-
ent to a
tivities on the institutional level. A model of reality in

adaster has to deal with both aspe
ts.

A 
ru
ial aspe
t in Searle's theory is that the rules 
reat-
ing the possibility of institutional reality, the 
onstitutive rules

(Searle, 1995, p. 80), 
an be 
odi�ed (Searle, 1995, p. 87) in
laws. Cadastral systems are highly determined by laws, espe-
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ially by the 
adastral law. By the analysis of the 
adastral
law it is possible to extra
t the rules 
onstituting institutional
reality. For example it is possible to extra
t the rules for the

reation of ownership. A

ording to Searle the rules for 
reat-
ing ownership (the 
onstitutive rule) must be distinguished from
the fa
t ownership itself. This distin
tion of fa
ts and rules on
the institutional level does hold on the physi
al level as well.
For instan
e the rules de�ning the 
apability of a human being
to write on a paper is di�erent from the event of writing itself.
Rules that 
reate the possibility of a
tivities are 
alled powers

(e.g. the power to write on a pie
e of paper) on the physi
al
level and rights (e.g. the right to transfer ownership of a par
el)
on the institutional level (Zaibert, 1998).

For an analysis of reality in a 
adaster it is ne
essary to dis-
tinguish fa
ts and rules on the institutional level and on the
physi
al level. Status fun
tions 
an be assigned to di�erent on-
tologi
al 
ategories of phenomena: subje
ts, obje
ts and events
(Searle, 1995, p. 97). Within these 
ategories there exist fa
ts
on both levels of reality.

The following overview shows the ideas a

ording to the ex-
ample of an ownership transfer.

� The physi
al level

{ Fa
ts:

� Subje
ts: human beings

� Obje
ts: paper

� Events: writing on a pie
e of paper

{ Rules:

� Powers: the physi
al 
apability of a person to write
on a pie
e of paper.

� The institutional level

{ Fa
ts:

� Subje
ts: owner, legal person

� Obje
ts: deed
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� Events: transfer of ownership

{ Rules:

� Constitutive rules: Signing a 
ontra
t 
ounts as
transfer of ownership.

� Rights: The owner of a par
el has the right to trans-
fer ownership.

The example shows the stru
ture of the issues involved in the
analysis of a 
adaster founded on the basi
 distin
tion of institu-
tional and physi
al reality based on the example of an ownership
transfer. Di�erent 
ountries have distin
t 
adastral systems but
they are di�erent solutions to a similar problem (Frank, 1996).
The stru
ture of reality in a 
adaster determining the system is

omparable. Therefore the analysis is not limited to this exam-
ple or a spe
i�
 
adastral system in a spe
i�
 
ountry and 
an
be generalized.
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Thomas Blas
hke�

Operationalisation of the
pat
h-
on
ept in lands
ape
e
ology

Lands
ape mosai
s are des
ribed by the lands
ape 
omponents
of pat
hes, 
orridors, and the surrounding matrix. Pat
hes, 
or-
ridors and matrix dire
tly in
uen
e the spatial patterning and

ows in a lands
ape. Spatial s
ale also greatly a�e
ts lands
ape
stru
ture, heterogeneity, and 
onne
tivity. Lands
ape stru
ture
is determined by the 
ow of materials, animals, energy, and
water through the lands
ape elements of pat
hes, 
orridors, and
matrix. Fa
tors su
h as pat
h size and shape, 
orridor 
hara
ter-
isti
s, and 
onne
tivity work together to determine the pattern
and pro
ess of the lands
ape. The 
orrelation between pattern
and pro
ess results in an interdependen
y between lands
ape
stru
ture and fun
tion. Lands
ape patterns in
uen
e pro
ess,
whi
h in turn a�e
t the patterns. The feedba
k between stru
-
ture and fun
tion is evident in the lands
ape in the world around
us.

The basi
 element for many spatial dis
iplines is a pat
h or
a lands
ape element. In lands
ape e
ology, pat
hes are spa-
tial units at the lands
ape s
ale. Pat
hes are areas surrounded
by matrix, and may be 
onne
ted by 
orridors. The geomor-
phology of the land intera
ting with 
limate fa
tors, along with
the other fa
tors su
h as the establishment of 
ora and fauna,
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soil development, natural disturban
es, and human in
uen
es
work to determine pat
h size, shape, lo
ation, and orientation.
The size, shape, and nature of the edge are parti
ularly impor-
tant pat
h 
hara
teristi
s. Pat
h size 
an a�e
t spe
ies habitat,
resour
e availability, 
ompetition, and re
olonization. Spatial
s
ale is espe
ially important when dealing with pat
hes be
ause
an area large enough to be a pat
h to one spe
ies, may be a
barrier or insigni�
ant to another spe
ies.

Pat
hes and 
orridors are imbedded in the matrix, whi
h is
usually the most extensive and 
onne
ted lands
ape element
present. However, the matrix may play a dominant role in
the fun
tioning of the lands
ape without being the most ex-
tensive lands
ape element. Determining what is the matrix in a
lands
ape depends on either 
onne
tivity, dominan
e, or fun
-
tion. Lands
apes vary greatly in their degree of heterogeneity.
Fa
tors whi
h in
uen
e heterogeneity are aggregation, 
ontrast
and porosity. Aggregation is the degree to whi
h pat
hes are

lumped together. Contrast refers to the diversity of pat
hes,
pat
h ri
hness, number of pat
hes, evenness (la
k of dominan
e
of one pat
h type). Measures of heterogeneity must in
lude the
verti
al and horizontal stru
ture of lands
apes. The degree of
heterogeneity in a lands
ape plays a 
ru
ial role in determining
the distribution and the habitat use by organism, as well as the
abioti
 fun
tioning of the lands
ape.

As Bittner and Winter (1999) point out, for a better under-
standing of the relationship between obje
ts of the real world
and their representations, a better understanding of the under-
lying ontologi
al and epistomologi
al foundations is ne
essary.
As des
ribed above, the author has approa
hed this resear
h
�eld from an appli
ation's point of view and is still sear
hing
for answers. Current resear
h tries to extra
t 'meaningful' ob-
je
ts from remotely sensed data through multiresolution image
segmentation and obje
t-oriented 
lassi�
ation (Blas
hke et al.,
(in press). So far, image segmentation seems to be the only op-
erational solution to provide 
ontext-information to pixels aim-
ing to over
ome limitations of the 'pixel-paradigm'. The de�ni-
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tion is usually 
risp generating hard boundaries, although Cheng
(1999) presented an ambitioned 'fuzzy spatial obje
ts' approa
h.
In 
urrent resear
h, a group at the University of Salzburg is
aiming for the de�nition and des
ription of lands
ape elements
in
orporating internal heterogeneity. Heterogeneity or the dif-
feren
es and diversity within a lands
ape is a basi
 
on
ept in
lands
ape e
ology. In fa
t, there are at least two levels of hetero-
geneity: The degree of 
omplexity of lands
ape pattern (
om-
position) and diversity within lands
apes elements or stands.
A natural forest lands
ape, for example, normally in
ludes a
variety of spe
ies of trees, shrubs, herbs, animals, and mi
roor-
ganisms, as well as a diversity of e
ologi
al stand types, varying
a

ording to moisture, slope, elevation, aspe
t, soil, and so forth.
This kind of natural diversity is important to ensure that all the
parts are available for forests to fun
tion. But sin
e vegetation
s
ientists have elaborated methods to 
al
ulate spe
ies diversity,
there are no standard te
hniques to estimate a lands
ape e
o-
logi
al within-pat
h diversity. The 
on
ept of diversity 
an work
on many di�erent s
ales. Ea
h spe
ies, for example, operates on
its own s
ale. What appears to be a uniform pat
h of habitat to
a large spe
ies, su
h as bear or Douglas �r, may 
omprise a very
diverse, pat
hy environment to a small spe
ies, su
h as a bark
beetle or a mushroom. Hen
e, a multis
alar, multi-hierar
hi
al
approa
h is developed to des
ribe a lands
ape through its pat
h-
matrix and the texture of the pat
hes as well as the texture of
the lands
ape.
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her�

Users a

ess to geographi

information resour
es: a model
of tasks and roles to spe
ify
intentional uses regarding
available resour
es

The exploitation of geographi
 information relies on the inter-
operation of several 
omponents: human (like 
artographers,
GIS experts, end users), or implemented 
omponents (data and
pro
esses). Numerous resear
hes in the �eld of geographi
 infor-
mation a
tually aim at enhan
ing the exploitation of geographi

information by improving interfa
es between those 
omponents
that are to work together (Abel et al., 1999; Buehler and M
-
Kee, 1998). End users are 
ru
ial. They indeed 
an express
needs for intentional use of geographi
 information that should
lead to the development of new appli
ations. But their abil-
ity to do so, their a

ess to geographi
 information resour
es,
i.e. data and pro
esses, and to their utility, is still problem-
ati
. To improve this, we think that a ne
essary step is to help
the users understand what they 
an do with these available re-
sour
es. We aim at fa
ilitating the following pro
ess: a end user
s expressing a need for geographi
 information, and spe
ifying
it by 
onfronting it to the domain of geographi
 information,
i.e. available data and pro
esses, 
orresponding handling ex-
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pertness. It is not intended to build a system that pro
esses
geographi
 data to produ
e knowledge on demand, but rather a
knowledge-based system that identi�es the ne
essary resour
es,
i.e. data and pro
esses, whi
h are inputs, i.e. useful knowl-
edge, to build an appli
ation that would produ
e the knowledge
required by an end user.

An analysis of what supports the transfer of knowledge from
a 
omponent to another, more spe
i�
ally from information re-
sour
es to users, and more spe
i�
ally in the geographi
 
ase,
has led us to formalise two main spe
i�
ities of our intended
system.

1. It is fun
tionally determined as to help users, di�erent in
their domain and in their expertness, a

ess di�erent in-
formation resour
es. This has been formalised as follows.
The system should have a language to des
ribe available
heterogeneous geographi
 information resour
es as bri
ks
of pro
edural reasoning. And it should hold terms for a
user to perform a formal reasoning, 
o-operatively with the
system, 
ombining those bri
ks to 
on
eive an appli
ation
that should rea
h his working obje
tive.

2. The body of knowledge about the existen
e of geographi

information resour
es, their handling and their possible uses,
is huge. We do not put the fo
us on enumerating it but
rather on building a 
exible system to further integrate this
relevant knowledge. At the moment, our resear
h obje
tive
is to evaluate the feasibility of su
h an approa
h by �nal-
ising a prototype of this system. The key element of the
prototype is the underlying knowledge model that should
ful�ll both above requirements.

Our issue 
an be put ba
k into the 
ontext of knowledge sharing
and reuse whi
h is 
urrently seen as a major 
hallenge in Arti-
�
ial Intelligen
e (AI) resear
hes (Chandrasekaran et al., 1998;
Gomez and Benjamins, 1999). We apply lessons learned in AI
to design our system. Those lessons are to integrate ontologies
and problem-solving knowledge (Gomez and Benjamins, 1999).
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Building ontologies about geographi
 information is a 
omplex
undergoing pro
ess (Egenhofer and Mark, 1995; Frank, 1997).
We thus fo
us on : representing problem-solving knowledge in
our system, and further integrating existing ontologies. We use
an adequate modelling te
hnique, that settled by the ESPRIT
proje
t CommonKADS whi
h en
ompasses the notions of task,
inferen
e, and role (S
hreiber et al., 1999).

Geographi
 tasks are obje
tives that 
an be rea
hed through
the exploitation of geographi
 information. As re
alled in Cau
hard
(1999), three levels of abstra
tion are usually identi�ed in tasks
:

� Intentional tasks answering what-to-do- questions, e.g. to
draw a map, to dete
t entities 
lose to a given entity.

� Fun
tional tasks answering how-to-do-questions, e.g. to de-
termine a lo
ation, to measure a proximity.

� Operational tasks answering with-what-questions, e.g. to

hange 
o-ordinate systems, to overlay representations.

Depending on his expertness in GIS and geographi
 databases,
a user may express his working obje
tive by spe
ifying an inten-
tional, fun
tional or operational task. Geographi
 inferen
es are
what produ
e geographi
 knowledge: produ
tion rules and GIS
pro
esses. The stati
 information resour
es, data, are des
ribed
thanks to the language of the domain and to that of roles, whi
h
are the fun
tional spe
i�
ation of inputs and outputs of the in-
feren
es. Eventually, the answer of the system to a user, who has
spe
i�ed a task, is the des
ription of a method to rea
h the goal
of the task and the 
orresponding information resour
es: GIS
pro
esses to drive the inferen
es, and data to ful�l the roles.

Bibliography

Abel, D., Gaede, V., Taylor, K., Zhou, X., 1999. SMART: To-
wards spatial internet marketpla
es. Geoinformati
a.



32 Bu
her

Buehler, K., M
Kee, L., 1998. The OpenGIS (r) guide: Introdu
-
tion to interoperable geopro
essing and the OpenGIS spe
i�-

ation. Te
h. rep., Open GIS Consortium Te
hni
al Commit-
tee.

Cau
hard, V. F., 1999. Realisation d un systeme d aide a la 
on-

eption d appli
ations de traitements d images : une appro
he
basee sur le raisonnement a partir de 
as. these en informa-
tique, Universite de Caen.

Chandrasekaran, B., Josephson, J. R., Benjamins, V. R., 1998.
The ontology of tasks and methods. In: KAW 98.

Egenhofer, M. J., Mark, D. M., 1995. Naive geography. In:
Frank, A. U., Kuhn, W. (Eds.), Spatial Information The-
ory. Vol. 988 of Le
ture Notes in Computer S
ien
e. Springer,
Berlin, pp. 1{15.

Frank, A. U., 1997. Spatial ontology: a geographi
al informa-
tion point of view. In: Sto
k, O. (Ed.), Spatial and Temporal
Reasoning. Kluwer A
ademi
 Publishers, pp. 135{153.

Gomez, A., Benjamins, R., 1999. Overview of knwoledge shar-
ing and reuse 
omponents: Ontologies and problem-solving
methods. In: International Joint Conferen
es on Arti�
ial In-
telligen
e.

S
hreiber, A. T., Akkermans, J. M., Anjewierden, A. A.,
de Hoog, R., Shadbolt, N. R., van de Velde, W., Wielinga,
B. J., 1999. Knowledge Engineering and Management, The
CommonkADS Methodology. MIT Press.



Carola Es
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Ontology, predi
ates, and
identity

The ontology of a theory or of a formal model is tightly 
on-
ne
ted to the use of predi
ates (
on
epts, attributes, features,
relations) applying to the entities or relating the entities, and
to 
riteria of identity and distin
tion that allow to re
ognize an
entity.

In the study of spatial ontology in geographi
 domains several
levels of entities 
an be 
onsidered. There is a purely spatial,
geometri
 level of entities that are identi�ed on the basis of
geographi
 
oordinates. Con
rete, material spatial entities, su
h
as ro
ks or portions of water o

upy spa
e and 
an 
hange pla
e,
i.e. they 
an move. Natural spatial units su
h as mountains,
lakes or woods are formed by material entities based on spatial
properties. Furthermore, politi
al and so
ial units (
ities) have a
lo
ation or territory, they are also tightly 
onne
ted to material
entities (streets, houses).

Given that a geometri
 model of spa
e is provided by a Geo-
graphi
al Information System, the modeling of the spatial pred-
i
ates and the other ontologi
al levels is 
riti
al. In addition,
there is a strong interdependen
e between spatial predi
ates and
spatial entities. For example, the information about wooded ar-
eas 
an be represented with di�erent ontologi
al ba
kgrounds.
A spatial predi
ate wooded-area 
an be attributed to entities
(r) of the geometri
al level as in (10.1). A more 
omplex rep-

�University of Hamburg and Institute for Advan
ed Study Berlin,
es
henba
h�informatik.uni-hamburg.de.
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resentation is provided in (10.2). Woods are taken as natural
spatial units that are represented in addition to the regions they
o

upy. The expression wood(u) expresses that the natural unit
u is a wood, and r = lo
(u) expresses that u o

upies the spatial
region r.

wooded-area(r) (10.1)

wood(u) & r = lo
(u) (10.2)

If the se
ond representation is 
hosen as the basi
 form, the
predi
ate wooded-area 
ould be de�ned as in (10.3): A region
is a wooded area, i� it is part of the lo
ation of a natural spatial
unit that is a wood.

wooded-area(r) �

exists u [wood(u) & part-of(r; lo
(u))℄ (10.3)

On the other hand, if the predi
ate wooded-area is 
hosen as the
basi
 attribute, an attribute that applies to maximal 
onne
ted
wooded areas 
an be de�ned based on the topologi
al stru
ture
of regions as in (10.4) (it says that a maximal 
onne
ted wooded
area r is a wooded area, self-
onne
ted and maximal in the sense
that every wooded self-
onne
ted area that is 
onne
ted to r is
also part of r). However, maximal 
onne
ted wooded areas as
de�ned in (10.4) and the natural spatial units in the sense of
(10.2) need to be distinguished. The �rst ones are wooded areas,
the se
ond ones o

upy wooded areas.

max-
on-wooded-area(r) �

wooded-area(r) & self-
onne
ted(r) &

forall r0 [wooded-area(r0) & self-
onne
ted(r0) &


onne
ted(r0; r) ! part-of(r0; r)℄ (10.4)

The representation of woods in addition to spatial regions (as in
10.2) is ontologi
ally more 
omplex than the simple form (10.1).
Reasons to use the 
omplex version 
an derive from two sour
es.
If the temporal dimension has to be modeled in addition to the
spatial dimensions, then the representation of natural spatial
units is essential for assuming their development to be inde-
pendent of the development of the region they o

upy at some
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moment. To represent woods as natural units that move, grow,
or shrink, makes it possible to assume that the 
onditions of
dia
hroni
 identity of woods are not purely geometri
al. (Ob-
viously, in this 
ontext the representations of (10.1)-(10.4) have
to be elaborated regarding the temporal dimension.)

Further reasons to represent individual woods derive if two
woods 
an exist at the same time that 
annot be distinguished
or delimited by only geometri
 features. Thus, the ontologi
ally
more 
omplex form of representation is mainly justi�ed if 
riteria
of identity and distin
tion are substantial for further reasons.

This talk will dis
uss the formal ba
kground of the two ways
of representing spatial information and their intera
tion. It is
meant to inspire the dis
ussion of the following topi
s from for-
mal and appli
ational points of view.

� The role of identity for the ontology of a theory, formal
model or GIS

� The intera
tion between identity and predi
ates for onto-
logi
al de
isions

� Di�erent levels of spatial entities based on di�erent 
riteria
of identity

� Options to express (dia
hroni
) identity and (syn
hroni
)
distin
tion of spatial obje
ts based on geometry and spatial
predi
ates

� Independen
e of identity of spatial entities from geometry
and spatial predi
ates

� Ontologies of vague spatial obje
ts and the role of vague
spatial predi
ates

� Dependen
ies between syn
hroni
 and dia
hroni
 aspe
ts
of identity

� Natural language ontology, predi
ation and identity

� Cognitive ontology, predi
ation and identity
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� Geographi
 / s
ienti�
 ontology, predi
ation and identity

� Do natural language, 
ognition and s
ien
e 
on
i
t or sup-
plement ea
h other regarding identity?

� The role of identity for Geographi
al Information Systems

� Consequen
es of 
on
i
ting 
riteria of identity



Sara Irina Fabrikant�

The ontology of semanti

information spa
es

Information visualization has emerged as a sub�eld within the
human-
omputer intera
tion (HCI) 
ommunity to fa
ilitate a
-

ess to large, 
omplex databases. Graphi
 depi
tions of large
non-spatial databases are not only in
reasingly based on the spa-
tial metaphor, but many examples are also expli
itly geographi
.
These representations are known as graphi
 spatializations, or
information spa
es. Abundant spatialized depi
tions exist in the
literature that do
ument the rapid developments within this rel-
atively young resear
h area (see for example Card et al., 1999).
However, a stru
tured approa
h to formalize the employed spa-
tial and graphi
 transformations seems to be la
king.

Two major 
on
erns 
an be identi�ed: the use of spa
e as
a data generalization strategy, and the use of spatial represen-
tations or maps to depi
t these data abstra
tions. First, the
majority of the spatialization examples are only 
on
erned with
the use of formal properties of spa
e, su
h as lo
ation and dis-
tan
e between items in the information spa
e, spe
i�
ally of the
metri
, Eu
lidean kind. This is parti
ular problemati
 when in-
formation spa
es resemble geographi
 spa
e. Geographi
 spa
e
is more than just Eu
lidean geometry. Entities and their re-
lationships in spa
e 
arry experiential and so
ially 
onstru
ted
meanings. As argued in this paper, usable information spa
es
need also to be based on a sound semanti
 abstra
tion frame-

�Department of Geography, University of California Santa Barbara, Santa Barbara,
CA 93106-4060, USA, sara�geog.u
sb.edu, www.geog.u
sb.edu/~sara.
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work, in
luding 
ognitive aspe
ts of spa
e. Se
ond, information
spa
e depi
tions 
ome in an in�nite variety of ways. Often these
depi
tions are 
alled maps, but la
k a 
oherent representational
framework as provided for example by 
artographi
 design prin-

iples. Unfortunately, spatialization resear
h seems mostly tak-
ing pla
e without the parti
ipation of GIS
ientists, who, with
their geospatial domain and mapping knowledge would be per-
fe
tly suited for the task. A few ex
eptions within the GI-
S
ien
es are the works of Cou
lelis (1998); Fabrikant (2000);
Fabrikant and Butten�eld (1997, (submitted); Kuhn and Blu-
menthal (1996); Skupin and Butten�eld (1996, 1997); Tilton and
Andrews (1994).

This paper aims at 
reating an ontology of semanti
 informa-
tion spa
es, using empiri
al eviden
e on its usability as a starting
point. Results of usability evaluations not only allow deriving
expli
it design guidelines, but also enable to 
onstru
t of a solid
theoreti
al and representational framework. A theory of seman-
ti
 information spa
es, as argued in this paper, should be based
on ontologi
al, semioti
 and semanti
 
onsiderations. An onto-
logi
al approa
h helps to 
on
eptualize the entities populating
an information spa
e (e.g. do
uments in an ar
hive). Expli
it
formal knowledge of entities and their relationships must be de-
termined prior to applying the metaphori
al mapping. The se-
manti
 strategy deals with identifying sound metaphori
al map-
pings to en
apsulate the meaning that needs to be preserved
within the information spa
e. Finally, semioti
 
onsiderations
assure that information spa
es are depi
ted following a sound
representational strategy.

Two resear
h areas 
an bene�t from this approa
h. First, se-
manti
 information spa
e design is the basis for e�e
tive and un-
ambiguous 
ommuni
ation between information providers and
information seekers. Generalization through semanti
 abstra
-
tion of data ar
hive 
ontent will in
rease in importan
e if data
ar
hives are expe
ted to grow exponentially. A sound theo-
reti
al spatialization framework enables information designers
to 
onstru
t 
on
eptually robust and usable information spa
es
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and allows information seekers to more eÆ
iently extra
t knowl-
edge buried in large digital data ar
hives. On the other hand,
a representational framework of spa
e grounded on ontologi
al
and semanti
 prin
iples 
an be transferred to the expli
it geo-
graphi
 domain as a basis to redu
e 
urrent limitations of how
geographi
 spa
e is represented within GISystems.
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S�ebastien Gadal and Georges Ni
olas�

Lo
us: fourth geographi
al
dimension of the geomap

Abstra
t. In the �eld of geography, we have been
examining the 
ontribution of the morpho-geneti
 rep-
resentation to the 
omprehension of the 
y
le: reality,
representation, model, reality. A distin
tion is made
between map and geomap based on the notion of lo
us-
obje
t.

1. Foundations and limits of 
artographi
 rep-

resentations

1.1. The limits of the interfa
e "man / information" in

artography

The maps allow to reprodu
e, take de
isions or a
t on the surfa
e
of the Earth. The user has "to re
ognise" represented informa-
tion and give a geographi
al "
on
rete" sense to the signs used.
On an
ient maps these (the signs) were dire
tly inspired by the
obje
ts. These signs have be
ome abstra
t and by the use, are
fossilised. Furthermore, a symboli
 sense is superposed to the
semiologi
 meaning of forms, generated by the use of signs. The
symboli
 of signs employed and their permanen
e have there-
fore a 
onstraining role in the per
eption of results. Maps have

�CAMS/LATES (UMR 8557), EHESS, 54, Bd Raspail F-75270 Paris 
edex 06,
gadal�ehess.
nrs-mrs.fr. Georges Ni
olas, University of Lausanne, Switzerland, 15, rue
Alfred de Musset, CH-25300 Pontarlier, ni
orad�f
-net.fr.
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be
ome "maps-images".

1.2. Supplementary 
onstraints imposed by the numer-
i
al

The " digital map images" are submitted to all 
onstraints of the
"
lassi
 map images" (on paper or other materials). However,
the passage of the analogi
al information on the "
lassi
" map
to the digital information on the "digital" map has displa
ed

onstraints. The immediate symboli
 sense is nearly absent but

an remerge at any given time. The multipli
ation of pla
ement
form possibilities, of relations and representation in real time,
allows to highlight some geographi
al obje
ts' properties not
immediately visible. The "digital map image" generates new

omputing and mathemati
s problems that are linked with the

hara
teristi
s of geographi
al obje
ts.

1.3. The rappport obje
t / form / stru
ture in digital

artography

The image of remote sensing requires the fabri
ation of very
elaborate intermediate layers between the information re
eived
and its utilisation. It requires digital information whi
h has no
dire
t report with the usual form of obje
ts. Consequently, we
are brought to examine the sense of the dis
ontinuities that ap-
pear in their numeri
al imagery restoration. Does it 
on
ern
di�erentiation in an obje
t or di�erentiation between di�erent
obje
ts? Therefore, it is ne
essary to understand their geograph-
i
al meaning of limit or observable frontiers. And at this point
appear the epistemologi
al, or even, ontologi
al problems.
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2. Lo
ation and map, lo
us and geomap

2.1. The lo
us-obje
t in geographies

All obje
ts represented on a digital or 
lassi
 map have a lo
us
be
ause on Earth there 
annot exist obje
t without lo
us. We

an however 
on
eive a lo
us without any obje
t: the empty

lo
us or empty obje
t lo
ations.

Four 
ases 
an appear for the 
ouple: lo
us = �, obje
t = o:

1. �1 6= �2 and o1 6= o2: strong di�erentiation between the
lo
us and the obje
t,

2. �1 6= �2 and o1 = o2: weak di�erentiation between the
lo
us,

3. �1 = �2 and o1 6= o2: weak di�erentiation between the
obje
t,

4. �1 = �2 and o1 = o2: la
k of di�erentiation (undi�erentiat-
ing).

A same lo
ation 
an 
ontain several obje
ts, and even several
obje
ts in a same obje
t. The lo
ation of an obje
t is therefore
the lo
ation of its lo
us : the information given in ea
h lo
ation
has to be therefore semanti
ally and spatially di�erentiate.

2.2. The map and the geomap

The "lo
us-obje
t" and the lo
ation are therefore distin
t but

an be employed simultaneously in geographi
al representations.
If the lo
us is di�erentiate, but not the obje
t, we say that the

ouple is weakly di�erentiate by the lo
us. The information
generates an analyti
 map as a morpho-geneti
 initial map. If
the obje
t is only di�erentiate, we say that the 
ouple is weakly
di�erentiate by the obje
t. We make a syntheti
 map with mul-
tiple information on the obje
t in ea
h lo
ation like the morpho-

geneti
 intermediary map. Finally, if lo
us and obje
ts are both
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di�erentiate, we say that the 
ouple is strongly di�erentiate by
lo
us and obje
ts, as morpho-geneti
 �nal maps. These are the
geomaps. If lo
us and obje
ts are undi�erentiate, we say that
the 
ouple is undi�erentiate. Representations that do not di�er-
entiate neither the pla
e nor the obje
t, generate images of the
undi�erentiation: for example the axis tra
ed on a white leaf.

3. The morpho-geneti
 method of geographi-


al representation

3.1. What is represented?

A 
urrent problem in 
lassi
 
artography 
onsists in trying to
represent in the same lo
ation several di�erent obje
ts whi
h
have ea
h a lo
us. The inverse problem is fa
ed when somebody
uses only ele
tromagneti
 impulses as in the 
ase of morpho-
geneti
 representations: How 
an we identify the pla
es of 
on-

rete obje
ts from the variations of a single type of information
about a "lo
us-obje
t" having multiple lo
ations? The dete
tion
of spatial dis
ontinuities in the information about this "lo
us-
obje
t" 
alls for the following method of 
al
ulation : Karhunen-
Loeve's transformed aims on the one hand at 
on
entrating the
maximum of statisti
al information in terms of varian
e of the
same axis, and on the other transforming morphologi
ally the
de
rypted image.

The use of this transformed allows the re
ognition, origin of
spatial dis
ontinuities and their indexation by means of a digi-
tal attribute. Every dis
ontinuity be
omes then a spatial entity
whi
h expresses the 
ouple "lo
us-obje
t" in ea
h part of the
dis
ontinuity segment, with a measure and a geometry. Finally,
the lo
ations of intrinsi
 spatial dis
ontinuities 
onfer on every
obje
t a morphology and a di�erentiation in 
omparison to the
other obje
ts. Then, the di�erentiated obje
t sends ba
k (dis-
misses) to the lo
ation of lo
us. The morpho-geneti
 method of
geographi
 representation generates so maps of spatial dis
onti-
nuities whi
h are representations of stru
tures of the geographi
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spa
e. The �nal result of the exploitation of these maps is a
morpho-geneti
 geomap of "lo
us-obje
ts".

3.2. The geographi
al 
ir
uit: reality, information, rep-
resentation, reality

The "image maps" 
reated by the morpho-geneti
 method of
geographi
al representation give a geomap per
eption of the
spa
e by the introdu
tion of "lo
us-obje
t" di�erentiation 
rite-
ria. They 
an be either 
onsidered as the basis for 
omputing re-
ality or as an a
tion instrument. However, this re
onstru
tion of
the reality is 
onditioned by the physi
al and geometri
al 
har-
a
teristi
 measures of the sensor. It derives fundamentally from
the "spatial statisti
al unit / geographi
al represented informa-
tion diale
ti
 ("lo
ation / lo
us-obje
t" diale
ti
). The data
used in
uen
es 
onsiderably the representation of the spa
e and
its reality and gives as many representations of the observable
realities as possible.

4. Con
lusion

"Classi
" or "digital" geographi
al graphi
 representations are
of the same type. However, the "image maps" 
reated by the
morpho-geneti
 method of geographi
al spa
e representation al-
low to integrate a su

ession of maps and geomaps in a unique
operative 
ir
uit. What is habitually separated in 
lassi
 rep-
resentation 
an be realised by the same user. The notion of
"lo
us-obje
t" allows understanding the established 
ir
uit be-
tween all geographi
al representation types (maps and geomaps)
with the employ of the morpho-geneti
 representation method.
Consequently, the lo
us is present at all the stages of the 
y
le

ontrolled by the observer: reality, information, representation,
reality and 
an therefore be 
onsidered as the fourth impli
it

dimension of the map and the fourth expli
it dimension of the
geomaps.
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Myke Glu
k�

Ontologies for geographi

knowledge dis
overy:
augmented seriation and
dynami
 interfa
es

There 
urrently is a poor 
ognitive �t between tool fun
tional-
ity for sear
h and exploration in geographi
 multimedia datasets
and the user's eÆ
ient and e�e
tive 
ompletion of geographi
ally-
oriented tasks. These issues were examined at a re
ent US Na-
tional S
ien
e Foundation Varenius Proje
t spe
ialist meeting
entitled 'Dis
overing geographi
 knowledge in data-ri
h environ-
ments' held in Seattle, USA in April 19991 in whi
h the author
was a parti
ipant. The meeting was the �rst to address issues
of design for the emerging �eld of geographi
 data mining and
knowledge dis
overy. Understanding spa
e and geographi
 ob-
je
ts' various epistemologi
al and ontologi
al meanings for real
users unders
ores users' ability to analyze spatial information.
In this work we assume spa
e is a 
reative developmental 
og-
nitive pro
ess and not merely an obje
t for extrinsi
 dis
overy.
Standards will be useful only as long as they are aligned with
users' spatial information needs.

The need for embedding more user-
entered meta-ontologies
as well as ontologies implemented in tool fun
tionality is appro-
priate to address the meaningfulness of geographi
 data mining

�S
hool of Information Studies and Department of Geography, Florida State University,
Tallahassee, FL, USA, mglu
k�lis.fsu.edu.

1http://www.n
gia.u
sb.edu/varenius/
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and knowledge dis
overy a
tivities. That is, although algorithms
and methods are important what is the best way to use them and
under what s
enarios are they most useful? In some sense meth-
ods su
h as 
lustering or asso
iation data mining te
hniques are
answers in sear
h of questions. Using these systems requires
the ability to set thresholds and establish useful ben
hmarks
for data mining/knowledge dis
overy. Computer s
ientists and
statisti
ians have left the parameterisation or threshold settings
to the user to de
lare but few users know a priori what signif-
i
ant thresholds to set. Thus, the 
omputer s
ientists reframe
the data mining/knowledge dis
overy problem from �nding a
method to establishing a threshold or set of weights. Su
h re-
framing unfortunately does little for the user of the methods
with expertise in the data but not in the methods or for those
who have expertise in the methods but little experien
e in the

ontent domain. The epistemologi
al and 
ertainly the ontolog-
i
al basis for su
h shift of burden to users is understandable,
but improved ontologi
ally embedded tools may better assist
users to �nd geographi
 resolutions for their spatial information
needs.

Hen
e, the traditional view of users needing to adapt to sys-
tems through training or extensive hands-on experien
e is made
problemati
 by viewing user goals as pro
esses that 
an and
should be embedded within system designs, espe
ially in the de-
sign of user interfa
es. Most geographi
 data mining systems
are developed without strong methodologies to 
olle
t informa-
tion on user pro
esses during the 
ompletion of tasks aimed at
a
hieving the user goal of geographi
 knowledge dis
overy. That
is, traditional systems present users with 
ategori
al menus that
are merely toolkits of system fun
tionality and la
k guidan
e for
users' sequential use in geographi
 sear
h or data exploration
(Raper and Bundo
k, 1993). Current resear
h in geographi

data mining and exploration has fo
ussed on algorithms for ef-
�
ient pattern re
ognition without support for interpretation of
the results nor the 
on
ern for the wider pro
ess requiring a
range of geographi
 tools (Han, 1999). However, in the geo-
graphi
 domain the two, three and four dimensional nature of
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typi
al datasets makes sear
h and dis
overy 
riti
ally dependent
on the 
ognitive �t between the user and the system.

Resear
h in the �elds of geographi
 information retrieval (Glu
k
and Fraser, 1997), geographi
 knowledge dis
overy with multi-
media (Raper and Livingstone, 1995) and geographi
 data visu-
alisation by Wood et al. (1999) has suggested that enri
hing the
ontology of the pro
ess is the key to improving the eÆ
ien
y
of data mining and the e�e
tiveness of knowledge dis
overy.
We have found that without the means to de
lare/un
over the

ognitive model of the user with its asso
iated ontologies, data
mining a
tivities are unprodu
tive at a user level. This means
that the system should be 
apable of learning user 
hara
teris-
ti
s, the interfa
e should adapt to learning and the results must
be 
ontextualised for ea
h user. In the domain of geographi

data and knowledge the two, three and four dimensional na-
ture of multimedia datasets adds 
onsiderable 
omplexity to the
pro
ess. Fo
ussing on the hard problems posed by su
h multi-
dimensional datasets is expe
ted to yield general solutions not
just dis
iplinary ones.

We have built a system whose initial interfa
e and tools allow
for user-sensitive and adaptive me
hanisms. The tool enables
users to perform exploratory data analysis using augmented se-
riation (Glu
k and et al., 1999) for spatial data using visualiza-
tion, soni�
ation (sound), 
artographi
 display, and multidimen-
sional spreadsheets to explore and build hypotheses for spatio-
temporal datasets. As su
h the resear
h fo
uses on the deep on-
tologi
al and epistemologi
al aspe
ts of dis
overing geographi

knowledge. We believe that dis
overing geographi
 knowledge
is a pro
ess and although it may vary among individuals there
are general epistemologi
al, ontologi
al, and 
ognitive sets of
stru
tures that 
an and must be embedded in systems to assist
users. Re
ent work on 'naive geography' (Egenhofer and Mark,
1995) implores resear
hers to utilise geographi
 ontologies for
the representation of user 
on
epts of spa
e in 
ognitive models.

We hope in the future to modify the interfa
es based upon
spatial intelligent agent-monitored user pro�les whi
h are then
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augmented by user based experien
es of use (Rodrigues and
Raper, 1999). For example, menu items that are a
tivated in
various sequen
es will repla
e those initially derived through the
task and information eli
itation and the user pro�les. We ex-
pe
t to support users mental models and provide su
h adaptive
stru
turing with ontologi
al supportive tools to guide tasks and
redu
e 
ognitive overhead through the development of dynami

interfa
e redesign.

In summary, epistemologi
al and ontologi
al 
on
epts of ge-
ographi
 obje
ts are themselves embedded in human analyti

pro
esses. This work illustrates a user-based approa
h to un-
derstanding the spatial information needs of spatial analysts
and 
on
urrently adds to the developing body of knowledge on
the ontologi
al and epistemologi
al aspe
ts of geographi
 obje
ts
and their meanings for people performing real work.
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David Gross�

Approximate geometry and
topology

Geographi
al information systems handle spatial entities by mul-
tiple representations. These representations in
lude geometry
and topology, that respe
tively des
ribe the spatial lo
ation of
obje
ts and their spatial relationships.

Computing the geometry and topology of a query 
an be
expensive, espe
ially for high-dimensional data (e.g. spatio-
temporal data). One way to over
ome this problem is to 
onsider
their approximation.

We propose a model of approximation for spatial obje
ts,
with the notion of approximation s
hemes for spatial queries. As
an example, we approximate a query on impli
itly represented
data, using random point membership tests.

The approximation quality in
reases with the number of points,

onverging to the exa
t expe
ted result. If this quality is very
high, the �nal user 
an not distinguish the approximate result
and the exa
t one.
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Stephen C. Hirtle�

The ontology of neighborhoods

Way�nding is often dire
ted by the use of neighborhoods and
landmarks. For example, a restaurant in Chi
ago may be de-
s
ribed as being near the Sear Towers (a landmark) in the Loop
(a neighborhood), or an individual may be told drive along a
road until you rea
h a small village, then turn left at 
lo
k
tower. There is an interesting relationship between neighbor-
hoods and landmarks, whi
h in turn has strong impli
ations for
the usability of geographi
 information systems. Landmarks,
whi
h refer to points in spa
e, are in many ways 
omplementary
to neighborhoods, whi
h 
onsist of small regions in a spa
e. A
neighborhood 
an be de�ned as the region surrounding one or
more landmarks and a landmark 
an be de�ned as the most
prominent building in a neighborhood. There are even geomet-
ri
 tools, su
h as Delaunay triangulation, whi
h allows one to
establish equivalen
ies between points and regions.

That said, there are several important distin
tions between
landmarks and neighborhoods. The fuzziness of a landmark
tends to be tied to the 
on
eptual notion of "landmarkedness."
That is, there are some buildings or lo
ations that are more
likely to a
t as a landmark for most individuals, while are oth-
ers are more personal landmarks or 
ontain fewer of the 
hara
-
teristi
s typi
ally asso
iated with landmarks (Sorrows & Hirtle,
1999). In 
ontrast, the fuzziness of a neighborhood is often tied
to the extent or size of the region, so that the boundaries of a
neighborhood are often vague or indeterminate. Furthermore, a
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landmark is often identi�ed by name, whereas a neighborhood
is de�ned by type. Thus, a landmark may be part of the "what"
system, as des
ribed by Landau and Ja
kendo� (1993), whereas
a neighborhood may be part of the "where" system.

Two interesting 
on
lusions result from the analysis. First,
given that neighborhoods are more often des
ribed by type, they
are more likely to open to bias in the media. A village, town,

ity, and suburb, while referring to a basi
 muni
ipal distri
t,
indu
e very di�erent 
onnotations and 
an be used strategi
ally
to bias readers. Se
ond, while neither the use of landmarks nor
regions is 
ommon in automated way�nding systems, landmarks
are easier to in
orporate into 
urrent systems. Finally, it is ar-
gued that way�nding systems will be la
king in usability, unless
both landmarks and neighborhoods are systemati
ally in
luded
as part of route des
riptions.



Alexander Klippel�

Representing qualitative spatial
knowledge in s
hemati
 maps

This 
ontribution aims at de�ning a theory of representing qual-
itative spatial knowledge in maps and, espe
ially, in maps for
way�nding. The need for su
h a theory arises as maps, and
espe
ially s
hemati
 maps, are regarded as eÆ
ient | in the
sense of fast and sound | means for reasoning on environmen-
tal knowledge. Yet, a theory that integrates resear
h on quali-
tative spatial reasoning and maps is still missing, even though
un
ertain spatial knowledge has to be represented by graphi
al
means. The foundation of this theory 
onsists of two building
blo
ks: First, the distin
tion of di�erent kinds of spatial knowl-
edge into three main 
ategories, i.e. topologi
al, ordering, and
metri
al knowledge, used in di�erent dis
iplines (
f. Egenhofer
et al., 1991; S
hlieder, 1995; Vieu, 1997). Se
ond, the notion
of a representation theory �rst des
ribed by Palmer (1978) and
extended for representation theoreti
 problems in AI by Freksa
and his 
oworkers (Freksa et al., 1985).

The above mentioned distin
tion of three kinds of spatial
knowledge enables the analysis of representing qualitative spa-
tial information in s
hemati
 maps with respe
t to the geometri

ri
hness, possible inferen
es, and the degree of spatial abstra
-
tion that is applied to the map. It turns out, that within this
triple ordering information plays the essential role (
f. Es
hen-
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ba
h et al., 1999, 1998). It sets stronger 
onstraints for the

hara
terization of spatial relations than topology but weaker

onstraints than metri
s. For a more detailed analysis di�erent
kinds of ordering information have to be distinguished that are
not ne
essarily maintained in a map all at the same time. Basi

kinds of ordering relations exist between point-like and linear
obje
ts that are related through in
iden
e relations, i.e. that
points 'lie' on a line. Subway stations on subway lines are a
good example. Here, ordering relations, for example, the pre
e-
den
e of one station to another within a single line is always
preserved. The same holds for ordering information based on
the notion of di�erent sides with respe
t to outstanding land-
marks and linear obje
ts. The fa
t that an obje
t is to the left
of another obje
t is maintained if the se
ond obje
t is important
for spatial orientation or for spatial inferen
es in general. For
example, if 
ities that are, originally, on the right side of the
Rhine were depi
ted on the left side of the Rhine, we would get
a great disorientation. In 
omparison to these 
ases, ordering in-
formation between points is not as essential. The 
ir
ular order,
i.e. a panorama in the sense of S
hlieder (1995), is not preserved
for every single point-like obje
t, but, perhaps for outstanding
ones, e.g., in the 
ase of panorama maps.

It follows from this approa
h that basi
 entities have to be de-
�ned for whi
h the des
ribed inferen
es are valid. Prior to de�ni-
tion these entities have to be isolated by di�erent segmentation
pro
esses. Some of them are des
ribed within this work. The

ombination of basi
 entities and the 
ommitment to valid in-
feren
es is summarized as 
on
eptualized spatial stru
ture that,
following the approa
h of a toolkit by Tversky and Lee (1999),

onstitute the basi
 building blo
ks for the design of s
hemati

maps. As an alternative to map generalization approa
hes it
is suggested to start the design of s
hemati
 maps with these
underdetermined spatial stru
tures. Default assumptions, like
the toolkit, for representing underdetermined spatial stru
tures
are ne
essary as the representational medium sets 
onstraints,
too. Whereas, in propositional representation formats dis
ount-
ing possibilities is one main 
hara
teristi
 graphi
 representa-
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tions require the de
ision for exa
tly one alternative.

The 
hara
terization of di�erent kinds of spatial knowledge in
addition to ideas on segmentation and 
on
eptualization builds
the �rst basis for a representation theory that aims at bridg-
ing the gap between qualitative spatial reasoning and s
hemati

maps. The se
ond step is to theoreti
ally substantiate the de-
s
riptively re
orded aspe
ts of the topi
s mentioned above by in-
tegrating them into a representation theoreti
 framework based
on Palmer (1978).
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Margarita Kokla and Marinos Kavouras�

Con
ept latti
es as a formal
method for the integration of
geospatial ontologies

E�e
tive 
ommuni
ation and smooth intera
tion between dif-
ferent sour
es of geodata requires a method for sharing and
integrating di�erent ontologies. Latti
es of Spatial Con
epts

onstitute a new tool for information organization and semanti

integration, in order to provide reuse of data between heteroge-
neous geographi
 information systems.

The methodology is founded on Formal Con
ept Analysis, a
theory of 
on
ept formation and 
on
eptual 
lassi�
ation. The
integration of multiple geospatial 
lassi�
ations, whi
h exhibit
di�eren
es in spatial and themati
 resolution, allows the 
re-
ation of an ontology for the geospatial domain. Spatial Con
ept
Latti
es 
an be used as a formal method to 
ompare geospatial

lassi�
ations 
reated for di�erent levels of detail and from dif-
ferent 
ontexts. Latti
es, in 
ontrast to trees, support multiple
inheritan
e and thus, are powerful stru
tures for the represen-
tation of multidimensional, overlapping geographi
 
ategories.

As far as original 
lassi�
ations are fully des
ribed, the method
identi�es similarities and di�eren
es, and reveals interrelations
between them. Therefore, it leads to the 
reation of a single,
integrated, unambiguous s
hema from di�erent themati
 
lassi-
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�
ations, whi
h in
ludes all 
on
epts and relationships identi�ed
by the original 
lassi�
ations. The resulting geospatial ontology
with its generalisation hierar
hy represents information at dif-
ferent resolution levels. The above 
on
epts are illustrated using
a 
lear, real-
ase example.



Werner Kuhn�

How to produ
e ontologies: an
approa
h grounded in texts

Abstra
t. A method is proposed to derive formal
domain ontologies from natural language texts des
rib-
ing the domain. Apart from its textual grounding, the
key 
hara
teristi
s of the proposal are an emphasis on
the behaviors a�orded by obje
ts, and on a layering
of these behaviors. Using the example of the Ger-
man traÆ
 
ode, the presentation shows the steps to
derive formal spe
i�
ations for the domain 
on
epts
o

urring in a text. The need and means to make
these spe
i�
ations exe
utable are addressed, opening
the perspe
tive of exe
utable ontologies in the sense of
layered, agent-based models of domain behaviors.

Motivation

Ontologies have be
ome the subje
t of engineering pro
esses.
They are spe
i�
ations of 
on
epts that o

ur in a domain. Like
any other spe
i�
ation, they require methods to produ
e and
validate them. I will present a �rst 
ut at su
h a method by
way of an extensive example. I will also argue for a pragmati

view of the role of formalisms in ontologi
al design.

My method di�ers from other approa
hes by attempting to

lose what might be 
alled the "formality gap", i.e. the diÆ-

�Institute for Geoinformati
s, University of Muenster, kuhn�ifgi.uni-muenster.de.
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ulty to go from informal ideas about a domain in the heads
of knowledge engineers to formal expressions in logi
 or other
formalisms. I 
laim that this gap is generally too wide and that
important appli
ation semanti
s tends to get lost in it.

There are two main reasons for this problem: First, knowl-
edge engineers have to use their own understanding of a domain
as a basis for formalization, gathered from interviews, brain-
stormings, requirements do
uments, existing databases, et
. The

ommuni
ation of appli
ation semanti
s to them is not sup-
ported by appropriate languages or te
hniques. Se
ond, the
produ
t of the knowledge engineer's work is often too abstra
t
and diÆ
ult for domain experts to verify. Whether it 
ontains
expressions in �rst order logi
 or diagrams in something like the
Uni�ed Modeling Language (UML), it is unlikely that enough
misunderstandings or omissions will be un
overed through in-
spe
tion by typi
al domain representatives. Tea
hing these peo-
ple logi
 or UML, on the other hand, is neither pra
ti
al nor
useful, as these languages are per se not very good for as
ertain-
ing 
onsisten
y and 
ompleteness.

Thus, more suitable languages for the 
ommuni
ation be-
tween domain experts and knowledge engineers are needed. Pra
-
ti
al experien
es in several ontologi
al design proje
ts have taught
me that

� domain experts should already be familiar with su
h a lan-
guage,

� some domain knowledge should already be expressed in the
language,

� translating from the language to a formal ontology should
be supported by tools.

These are tough requirements to ful�ll. Indeed, if they are all to
be met, the 
hoi
e redu
es to just one 
andidate. It is the lan-
guage with whi
h all domain experts are familiar to the greatest
extent; it is the language in whi
h most domain knowledge is
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already expressed; and it is the language for whi
h the broadest
range of pro
essing tools exists: natural language.

Consequently, I will present a method that takes natural lan-
guage domain des
riptions and produ
es formal ontologies from
them. It is simply 
alled Ontologies from Texts1.

Method

The presentation will demonstrate the �rst results of develop-
ing and experimenting with the method, using an example from
the 
ar navigation domain. While one might not expe
t this
domain to be easily amenable to a method starting from natu-
ral language des
riptions of a
tivities, there are a
tually several
su
h des
riptions available or easily obtainable:

� traÆ
 
odes des
ribe all obje
ts and a
tivities relevant to
driving,

� driving instru
tions 
ontain information for su

essful nav-
igation,

� travel narratives provide an a

ount of observations and
de
isions during navigation.

I have 
hosen the German traÆ
 
ode2 as the text to apply the
method to and develop it. One reason was that su
h a 
ode de-
�nes by de�nition all a
tivities and 
onstraints that are relevant
to driving behavior (at least from the legal point of view). Note,
however, that su
h 
odi�ed des
riptions are frequently available
for domains where spatial information is being used, due to the
legal or administrative regulations 
oming with many spatial a
-
tivities. In fa
t, any agen
y using spatial information is bound
to have detailed des
riptions about the operations implementing
its mandate.

1see also the abstra
t with this title at http://www.gis
ien
e.org/GIS
ien
e2000/-
program.html

2http://www.fen.baynet.de/ na1723/law/stvo.html
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The presentation will show how the 
ontents of the traÆ


ode 
an be translated step-by-step into a formal ontology of
driving legally on roads. Without loss of generality for the
method, the 
ode has �rst been redu
ed to the rules 
on
ern-
ing 
ars alone (eliminating pedestrians and bikers, for example).
Further simpli�
ations in
luded the elimination of some spe
ial
behaviors and traÆ
 
onditions.

Roughly, the method involves the following pro
edure:

1. Extra
t behaviors and a�ordan
es from the text

(a) Verbs and verbal expressions, e.g., "drive" or "keep
distan
e"

(b) Gerunds and other nouns, e.g. "driving" or "speed
redu
tion"

(
) A�ordan
es and behavior restri
tions, e.g., "right of
way", "speed limit"

2. De�ne 
lasses of behaviors by

(a) merging di�erent grammati
al forms, e.g. "redu
e speed"
and "speed redu
tion"

(b) merging synonyms, e.g. "redu
e speed" and "break"

3. Identify obje
t 
lasses parti
ipating in these behaviors

(a) Subje
ts of 
lauses, e.g., "the 
ar turns"

(b) Dire
t obje
ts, e.g., "
hange the lane"

(
) Indire
t obje
ts, e.g., "yield to driver"

4. Relate these obje
t 
lasses to behaviors

(a) As arguments of operations, e.g., drive on a lane

(b) As inheritors of (multiple) behaviors, e.g., a 
ar is a
physi
al body that moves

5. Assign attributes

(a) to obje
t 
lasses, e.g., road width
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(b) to behaviors, e.g., driving speed

6. Identify and rank layers of behavior

(a) Identify the prototypi
al behavior(s) involved (e.g., driv-
ing)

(b) Build a layered model of in
reasingly 
omplex behavior
(e.g., standing still, driving at 
onstant speed, 
hanging
speed, turning, passing et
.).

Contributions

The proposed method is still under development, and meant
to 
omplement rather than repla
e existing approa
hes. In or-
der to determine where su
h 
omplementing 
ould o

ur, it ap-
pears worthwhile to 
onsider some key 
hara
teristi
s by whi
h
the method di�ers from those proposed in the literature so far.
These are

� its grounding in texts

� its behavior-oriented approa
h

� the layering of the resulting ontologies

� the exe
utability of the ontologi
al spe
i�
ations.

Grounding an ontology in some tangible do
ument or artifa
t
outside the imagination of a knowledge engineer (or even out-
side that of a domain spe
ialist or of any kind of 
ommittee),
seems like a good idea. A re
ent survey of ontology design meth-
ods3 has shown that existing methods have at least one thing in

ommon: they use brainstorming or undis
losed te
hniques to
arrive at rather improvised 
olle
tions of 
on
epts in a domain.
This issue of grounding ontologies is where the Ontologies from

Texts approa
h may o�er its most signi�
ant 
ontribution.
3http://sunsite.informatik.rwth-aa
hen.de/Publi
ations/CEUR-WS/Vol-18/
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The approa
h is behavior-oriented in the sense that relevant
behaviors (as opposed to obje
ts) are identi�ed �rst. Obje
t

lasses (or 
on
epts in the narrow sense often used in the lit-
erature) are then identi�ed as parti
ipating elements in these
behaviors. For example, roads and 
ars are obje
ts required for
driving, and interse
tions o

ur in turning. Attributes are used
(in a more restri
ted role than usual) to further qualify both,
behaviors and obje
ts. For example, a lane obje
t and a driv-
ing behavior both have a dire
tion attribute (whi
h must have
mat
hing values for a parti
ular instantiation of driving).

The ontologies resulting from the method's appli
ation are
layered in the sense that in
reasingly 
omplex behaviors get de-
�ned on top of levels with simpler behaviors. For example, turn-
ing is de�ned in a layer above driving, whi
h is itself de�ned
above standing (and 
onsists of the simpler driving at 
onstant
speed and the more 
omplex driving at variable speeds). This
spe
i�
ation of ontologi
al 
on
epts at multiple layers of in
reas-
ing 
omplexity satis�es a key requirement of ontologi
al design.
It also establishes a link to arti�
ial intelligen
e approa
hes for
modeling 
omplexity. More parti
ularly, it is postulated here
that the in
reasing 
omplexity of the environment results from
(responds to) behaviors, rather than the other way round.

In the 
ase of the traÆ
 
ode, an interesting and useful 
on-
straint and guideline for deriving layers of behavior was to keep
the ontology in
rementally 
onsistent: The spe
i�ed behavior
at ea
h level has to obey all the rules that are appli
able up
to this level. For example, if 
ars 
an only stand still, they are
not permitted on lanes. Note, by the way, that this still allows
for a

idents. For example, if 
ars 
an only drive at 
onstant
speed, a fast 
ar 
an 
rash into the one with the bumper sti
ker
"I'm slow, but ahead of you". Thus, driving is made safe(r) by
adding more 
omplex behaviors and 
orresponding rules.

Finally, the resulting formal ontology will 
onsist of an exe-

utable spe
i�
ation (in a fun
tional language) of behaviors and
obje
t 
lasses. The key advantage of su
h a ri
h and exe
utable
model is that an ontology 
an demonstrate itself to its designer
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as well as to a domain expert. Most in
onsisten
ies and omis-
sions are either avoided by 
onstru
tion during the design of the
ontology or lead to observable errors during exe
ution Frank and
Kuhn (1999).

Combining layering with exe
utability will eventually lead
beyond a typi
al formal ontology (in the sense of a 
olle
tion
of theorems and axioms). The goal of the implementation part
in the 
ase study is a
tually to produ
e an agent model of legal
driving behavior in Germany. However, the 
urrent presentation
will not go into details on this aspe
t.

Con
lusions

Apart from the 
laimed bene�ts of the method, at least three
important questions need to be addressed:

1. In what way is the legal 
ode used a spe
ial 
ase of a natural
language text?

2. What happens if no natural language texts are available for
a domain?

3. What about the notorious ambiguity of natural language
des
riptions?

Con
erning the spe
ial nature of a traÆ
 
ode as a natural lan-
guage text, there are 
learly some properties in a legal 
ode that
other texts (su
h as narratives) la
k. Among them are 
om-
pleteness, 
onsisten
y, and minimized ambiguity. We have yet
to 
olle
t experien
e on the suitability of other, less-stru
tured
texts. However, it seems that the possibility to obtain even an
in
omplete ontology from unstru
tured texts would represent a
signi�
ant step forward in a domain modeling pro
ess. Also,
domain des
riptions with regulatory purpose o

ur quite fre-
quently, though not always in the polished form of legal 
odes.

Questions two and three appear to have en
ouraging answers
as well. Again, for most appli
ation domains, some kinds of
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work regulations or work
ow des
riptions are available. In 
ases
where no texts 
an be found, the best pro
edure is to have su
h
texts written �rst by domain experts, explaining their a
tivi-
ties in simple terms, but exhaustively and in detail. Often, this
phase is part of a requirements analysis anyway and leads to
useful 
lari�
ations in the pro
ess of an information system de-
sign.

The ambiguity issue is non-trivial, but pertains to the general
problem of moving from informal, impre
ise statements to for-
mal models. Ambiguous des
riptions for whi
h domain experts
feel 
ompetent 
ould be preferable to (possibly!) unambiguous
models, whi
h 
oer
e them into a

epting something that they
might not fully understand or agree with. If there is ambiguity
in the texts (and there usually is), it is likely to be revealed in ex-
e
uting the spe
i�
ation. If there is ambiguity in non-exe
utable
ontologies, it will be revealed mu
h later (and at high 
osts) in
system implementations. On the other hand, if today's formal
ontologies are unambiguous, they are likely to have lost 
ru
ial
appli
ation semanti
s (for the reasons given above) and may
thus lead to systems that are of limited use.

In 
on
lusion, the presentation will emphasize the need for
a pra
ti
al pro
edure to derive exe
utable domain ontologies
from natural language des
riptions. As this pro
edure is work
in progress, the issues 
overed in this abstra
t as well as others
raised by the parti
ipants will be dis
ussed at the 
onferen
e,
hopefully leading to an improved method and a better under-
standing of its potentials and limitations.
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Lars Kulik�

Vague spatial reasoning based
on supervaluation

Abstra
t. This paper presents an a

ount, origi-
nally developed in linguisti
s and philosophy, to deal
with indeterminate geographi
al obje
ts, the theory of
supervaluation. In 
urrent geographi
al information
systems fuzzy set theory and fuzzy logi
 are typi
ally
employed to 
apture vague spatial information. An ex-
ample shows that there are spatial 
onstellations where
the inferen
es obtained by supervaluation are more ad-
equate than those obtained by fuzzy logi
. In 
ontrast
to fuzzy theories, the theory of supervaluation does
not rely on numbers to model vagueness. Therefore,
it is able to support spatial databases in qualitative
spatial inferen
es.

1. Introdu
tion

There is a 
ontroversial debate in the AI 
ommunity (
f. Elkan,
1994) whether fuzzy logi
 should be employed to model rea-
soning about vagueness. Despite this fa
t, the GIS 
ommunity
(
f. for instan
e Burrough, 1996) 
onsiders fuzzy methods as
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s, University of Hamburg, Vogt-Klln-Str. 30, D-22527
Hamburg, Germany, kulik�informatik.uni-hamburg.de. | The resear
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he Fors
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s of Spatial Con
epts' (Ha 1237-7). I am in parti
ular indebted to Carola Es-

henba
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omments.
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the primary tool to deal with vagueness. There are only few
alternative approa
hes that are not based on fuzzy set theory to
reason about entities with vague boundaries. These approa
hes,
for instan
e the a

ounts of Cohn and Gotts (1996) or Clemen-
tini and Di Feli
e (1996), mainly 
ome from the spatial rea-
soning 
ommunity. They are primarily 
on
erned with topo-
logi
al relations and are extensions of theories modeling sharply
bounded entities. Cohn and Gotts modify the RCC theory (Ran-
dell et al., 1992) whereas Clementini and di Feli
e take up the
9-interse
tion model of Egenhofer and Herring (1991). None of
these qualitative theories has been developed to 
ope with spe-

i�
 
hallenges of spatial vagueness like gradual 
hanges given
by a transition of a forest to a meadow. To 
apture su
h smooth
transitions I propose a theory of spatial vagueness that is based
on the theory of supervaluation. Sin
e the theory of supervalua-
tion does not rely on numbers, it seamlessly �ts into qualitative
approa
hes.

2. Spatial Supervaluation

Vagueness is 
onsidered in this paper | in 
orresponden
e with
most theories | as semanti
 vagueness. Therefore, it is not
ne
essary to assume that the geographi
 entities themselves are
vague but our language or 
on
epts about them. There are
di�erent theories about vagueness. The epistemi
 view assumes
that vagueness has to be regarded as ignoran
e about exa
t spa-
tial boundaries of a geographi
 entity like a forest whereas the
degree theory presumes that a predi
ate like forest has a 
er-
tain degree of appli
ability to a geographi
 obje
t. A

ording
to the theory of supervaluation (
f. Fine, 1975; Kamp, 1975)
vagueness results from a semanti
 inde
ision: A vague predi
ate
distinguishes entities to whi
h it de�nitely applies and entities
to whi
h it does not apply. Hen
e, a predi
ate like forest sin-
gles out spatial regions or lo
ations that are undeniably part
of the forest from regions whi
h are unquestionably not part of
the forest. There might be still some remaining regions that
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annot be 
learly assigned to one of these two groups. Theo-
ries of supervaluation model this fa
t by assuming that there
is not one single interpretation of a vague predi
ate but several
equally good ones. Some interpretations 
onsider these regions
as part of the forest and other ones do not take them as part of
the forest. All the regions whi
h de�nitely belong to the forest

onstitute the positive extension of the forest, all regions that
do not belong to the forest are the negative extension, and the
remaining ones represent the penumbra.

Every single interpretation whi
h assigns a meaning to a pred-
i
ate like forest is 
alled admissible if it makes the predi
ate true
in the positive extension, false in the negative extension, and
either true or false in the penumbra. Hen
e, in a single interpre-
tation every region of the penumbra either 
ount as belonging to
the forest or as being not part of the forest (see Figure 19.1b). It
follows that every admissible interpretation subdivides the un-
derlying spa
e into two regions: one region that represents the
spatial extension of the forest and another region that does not
belong to the forest. Every admissible interpretation is pre
ise
and a

ordingly 
alled a pre
isi�
ation.

Ea
h statement like `this region belongs to the forest' is ei-
ther true or false on a given interpretation. The 
orresponding
assignment of a truth value to the statement is 
alled a valua-

tion. There is no reason to prefer any pre
isi�
ation to another
one. Thus, all pre
isi�
ations are 
onsidered. The assignment
of truth values for all interpretations is 
alled a supervaluation.
A statement is supertrue (superfalse) if it is true (false) for all
admissible interpretations. It is a remarkable feature that the
te
hnique of supervaluation maintains the law of ex
luded mid-
dle and the law of non-
ontradi
tion: Given a statement `p'
the formula p _ :p is supertrue whereas the formula p ^ :p is
superfalse even if p is based on vague predi
ates. If there are
interpretations for whi
h the statement is true, and other ones
for whi
h the statement is false, then in the 
lassi
al theory of
supervaluation no truth value is assigned. Kamp (1975) shows
that the idea of degrees of truth 
an be 
aptured within the
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framework of supervaluation. The main idea is to measure the
set of admissible interpretations for a predi
ate. However, to
de�ne su
h a measure in the general 
ase of an arbitrary predi-

ate is very diÆ
ult if not impossible. But in the 
ase of spatial
regions it is possible to asso
iate su
h a measure by using spatial
knowledge like ordering information. The details are omitted be-

ause I want to emphasize the possibility to reason about spatial
vagueness without numeri
al 
on
epts.

3. Reasoning about Spatial Vagueness

This se
tion shows that the theory of supervaluation is able to
draw inferen
es without a numeri
al assignment of truth values.
Hen
e, it is not always ne
essary to assume a degree theory of
truth in order to reason about vagueness. In a simple s
enario
we investigate whether a 
ertain region is a possible habitat of
an animal A. We know that the animal A only settles in an area
if it �nds at least one of two di�erent plants Pl1 and Pl2. The
statement `the plant Pli is found at lo
ation P ' is abbreviated
by p(Pli; P ), and the fa
t that a position P is in a region R is
symbolized as P �R. If P is a point of the forest (meadow) this is
written as f(P ) (m(P )). A forest region is uniquely determined
by its points: F(R) ,def 8P [P �R ) f(P )℄. This holds in the
same way for a meadow region, abbreviated by M(R).

We assume two rules: �rst, the plant Pl1 is found everywhere
in the forest region F(R), se
ond, a meadow region denoted by
M(R) is 
overed everywhere with the plant Pl2 (see Figure 19.1a,
19.1
). These two rules 
an be summarized as f(P )) p(Pl1; P )
and m(P )) p(Pl2; P ). Moreover, for the sake of simpli
ity we
assume that every point that does not belong to the forest be-
longs to the meadow: :f(P )) m(P ). Hen
e, there is a uniquely
determined region R that 
ontains the points of the forest and
the points of the meadow: 8P [P �R , f(P )_m(P )℄. Sin
e nei-
ther the forest nor the meadow have sharply bounded regions,
the regions asso
iated with their positive extensions are 
alled
Core(F) and Core(M), respe
tively. The question is whether
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the animal A 
onsiders the boundary region of the forest and
the meadow �(F;M) := R n (Core(F) [ Core(M)) as a possi-
ble habitat. Therefore, we have to determine the truth value of
the disjun
tion p(Pl1; P ) _ p(Pl2; P ) if P ��(F;M). A

ording
to the 
onstru
tion of this s
enario we expe
t that the animal

learly 
onsiders the region �(F;M) as a possible habitat (see
Figure 19.1
). It turns out that the theory of supervaluation

orresponds to this intuition whereas fuzzy logi
 provides an
aÆrmative answer only to a 
ertain degree.

Figure 19.1: The left �gure shows a forest that is surrounded by a meadow.
Sin
e the forest has a vague spatial boundary the transition of the forest to
the meadow is a region. The 
ore of the forest is surrounded by a white dashed
line and the 
ore of the meadow is the area between the bla
k dashed line
and the re
tangle. The middle �gure depi
ts three di�erent pre
isi�
ations of
the vaguely bounded region of the forest. The darker the grey line, the more
interpretations 
ount the en
losed region as part of the forest. The right
�gure shows a distribution of two plants in the forest and in the meadow.
The plants are symbolized as 
ir
les and triangles.

If we employ the theory of supervaluation, we obtain that
for every pre
isi�
ation of the boundary �(F;M) the lo
ation P

in question either belongs to the forest or to the meadow (see
Figure 19.1b). If it belongs to the forest (f(P )), we know that
p(Pl1; P ) holds, otherwise it follows from m(P ) that p(Pl2; P )
holds. Therefore, in every pre
isi�
ation at least one of the
plants Pl1 or Pl2 
an be found at P . This means the statement
p(Pl1; P ) _ p(Pl2; P ) is true. Sin
e this holds for every pre
isi-
�
ation, the disjun
tion is supertrue. As a result it turns out
that the boundary of a forest is de�nitely a possible habitat for
the animal A.
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To formulate the same problem in terms of fuzzy logi
, I
brie
y 
ompile the required prerequisites typi
ally assumed in
fuzzy logi
. Given two statements p and q the truth value (de-
noted by j � j) of the disjun
tion is jp_ qj = maxfjpj; jqjg, and of
the negation is j:pj = 1 � jpj. To be able to reason with fuzzy
logi
, we use a system that ensures soundness and 
ompleteness
(
f. Novak, 1989). It is based on the proof-theoreti
 notion that
a formula p is provable to (at least) a degree of �: `� p. Cor-
respondingly, the modus ponens has the following form: if `� p

and `� (p) q) then `maxf0;�+��1g q. We use the soundness and

ompleteness result stating that p is provable to a degree of � if
and only if p is true in every model to a degree of �.

For the forest example this leads to the following interpre-
tation. A lo
ation P of the boundary �(F;M) belongs to the
forest to a degree of �P 2 ℄0; 1[ (see Figure 19.1a) that is to
say jf(P )j = �P and therefore j:(f(P ))j = 1 � �P . Sin
e
:(f(P )) ) m(P ) is de�nitely true (j:(f(P )) ) m(P )j = 1)
using `1��P :(f(P )) we obtain `1��P m(P ), and 
onsequently
jm(P )j = 1��P . Sin
e the rules f(P )) p(Pl1; P ) and m(P ))
p(Pl2; P ) are de�nitely true, we obtain jp(Pl1; P )j = �P and
jp(Pl2; P )j = 1��P . Hen
e, it follows for the truth value of the
disjun
tion jp(Pl1; P )_ p(Pl2; P )j = maxf�P ; 1��Pg 2 [0:5; 1[.
That means depending on the lo
ation P it is true only to a
degree between 0:5 and 1 to �nd at least one of the two plants
Pl1 and Pl2. Therefore, it is possible to a degree of at least 0:5
that the animal A settles in �(F;M), whereas the theory of su-
pervaluation states that it is de�nitely possible that the animal
A settles in the boundary.

4. Con
lusions

The above example shows that there are spatial 
onstellations
where the inferen
es obtained by supervaluation are more ade-
quate then the ones obtained by fuzzy logi
. The theory of spa-
tial supervaluation has at least two further advantages. First,
it enables us to employ the methods of 
lassi
al logi
 to reason
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about vagueness and se
ond, it 
hara
terizes vague boundaries
of spatial entities as sets of sharp boundaries. Therefore, it is
not ne
essary to design a spatial database from s
rat
h to inte-
grate reasoning about vaguely bounded entities as it is the 
ase
for fuzzy set theory. However, the 
omputational e�ort to do

al
ulations based on supervaluation still has to be evaluated.
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T~onu Oja, J�uri Roosaare, Raivo Aunap, J�uri

Jagom�agi�

Spatial data models in Estonia

The Estonian Land Board initiated the proje
t "Spatial Data
Models of Estonia". Creation of the reality model, determining
the feature 
lasses to be mapped, the data model determining
the modeling of mapped features in the 
omputer, and the pre-
sentation model determining the way a map looks like on s
reen
or on paper has been put on the Institute of Geography, Uni-
versity of Tartu. The goal put before the proje
t is both to
�nd universal agreement between the di�erent already existing
spatial databases (to minimize the needs for 
hanges) and, to
rea
h a reasonable set of models suitable for use at any s
ale.
Also, the national standards should be in agreement with inter-
national standards and, forseeing joining the EU, de�nitely in
agreement with the standards in EU. The situation in handling
of spatial data in Estonia is very diverse and far from stan-
dardized M~oisja (2000). Several areas of problems in 
reation
of the models formulated during the proje
t 
an be brought up.
Firstly, the boundaries of the model use - topographi
 maps, the-
mati
 maps, planning base, state prepared databases, national
registers, 
ommer
ial maps, navigation maps et
 
annot have
one set of models as it would be too 
ompli
ated. The possible
solution would be to in
lude �rst of all the databases needed
for state purposes on terrestrial areas (topographi
 maps, land

adaster and maps for planning purposes). The easiest though
not the wisest way is to set a limited list of maps to what the
models apply. Se
ondly, there is a need for a generalization rule

�Institute of Geography, University of Tartu, Estonia. Jagom�agi: Regio Ltd..
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for use of the reality model on di�erent s
ales, and resultantly,
also for data and presentation model. As a solution a seven
step approa
h to the reality has been o�ered where the 
lass is

hara
terized by the 'number of zeros' in the s
ale (i.e. 
lass 4
in
ludes �ve sub
lasses (4A - 1:7000 - 1:14000, 4B - 1:14000 -
1:28000 et
). Thirdly, there are di�erent approa
hes to 
lassi�-

ation of the reality. The width of the feature 
lass and 
orre-
sponding number of the feature 
lasses used in the model needs
to solved, also grouping of the feature 
lasses. A possible so-
lution is to have approximately 1000 feature 
lasses with a hi-
erar
hi
 grouping based on 'dis
overing' the world that brings
to 
lasses like point obje
ts, 
ommuni
ative lines, distinguishing
lines, land 
over areal obje
ts, anthropogeni
 areal obje
ts, nat-
ural 3D obje
ts, anthropogeni
 3D obje
ts and spe
i�
 obje
ts.
Alternative, more 
ommon 
lassi�
ation follows the se
torial ap-
proa
h - water, roads, buildings et
. Advantages and disadvan-
tages of di�erent approa
hes are under publi
 dis
ussion. The
data model depends on the reality model and its main 
omplex-
ity is asso
iated with the ability for generalization. The basi


on
ept for the data model would be starting from the basi

geometri
 primitives for 0D (points), 1D (lines), 2D (areas), 3D
(volumes), and 4D (spatial pro
esses). This leads us with from
one to �ve basi
 models for di�erent feature 
lasses depending
on the s
ale: point obje
ts need only point data model, areas
may need 2D, 1D (e.g., rivers in small s
ale), or 0D (lakelet
in small s
ale) data model et
. Theoreti
ally, the presentation
model should guarantee similar outlook of a map on the same
type of media independent on the software and hardware used.
However, realization of the presentation depends on pro
ess line
and is dependent on the media (soft- or hard
opy), hardware and
software used. Also, presentation depends mu
h on the purpose
of a 
ertain map layer (e.g., ba
kground data versus main in-
formation). Data model should in
lude attributes enabling for
spe
i�ed presentation. The �rst stage of the proje
t is presented
in internet for publi
 dis
ussion (http://www.geo.ut.ee/ruum/).
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Martin Raubal�

Ontology and epistemology for
agent-based way�nding
simulation

Way�nding and orientation are important parts of people's daily
lives. We have to �nd our ways through 
ities, through build-
ings, or along streets and highways. Many times people �nd it
diÆ
ult to perform su
h tasks be
ause they are not provided
with adequate "knowledge in the world". Environments la
k
suÆ
ient way�nding information or their ar
hite
tures are badly
designed, therefore they are too 
omplex to fa
ilitate way�nd-
ing. Agent-based simulation of human way�nding before a
tual

onstru
tion of a built environment helps to determine where
people fa
e way�nding diÆ
ulties, why they fa
e them, and how
way�nding information and design have to be 
hanged to avoid
su
h diÆ
ulties.

Ontology and epistemology of spa
e are basi
 
on
erns dur-
ing the development of an agent-based way�nding model. By
de�ning the ontology for a spe
i�
 way�nding domain or en-
vironment, we des
ribe what is in this domain in a general
way. Paying attention to epistemology allows us to fo
us on
the way�nding agent's knowledge and beliefs. In this work we
look at ontology and epistemology from the viewpoint of e
olog-
i
al s
ien
e, a multidis
iplinary advan
e to the study of living
systems, their environments, and the re
ipro
ity between the

�Department of Geoinformation, TU Vienna, Gusshausstr. 27-29, 1040 Vienna, Aus-
tria, raubal�geoinfo.tuwien.a
.at.
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two. In parti
ular, we 
onsider the sub �eld of e
ologi
al psy-

hology, whi
h proposes to study the information transa
tions
between living systems and their environments, espe
ially in re-
gard to the per
eived signi�
an
e of environmental situations
for the planning and exe
ution of purposeful behaviors.

Our main fo
us lies on way�nding in buildings and we use
way�nding in airports as a 
ase study. The ontology of this
way�nding environment is based on the ideas of J. J. Gibson, a
proponent of e
ologi
al psy
hology, who investigated how peo-
ple visually per
eive their environment. A

ordingly, we sub-
divide the way�nding environment into a medium, substan
es,
and surfa
es. We move in a medium (of light, sound, odor, et
.)
in whi
h there are points of observation and lines of lo
omotion.
The substan
es di�er in 
hemi
al and physi
al 
omposition, and
are stru
tured in a hierar
hy of nested units. The medium is sep-
arated from the substan
es of the environment by surfa
es. In
our 
ase, substan
es are 
ognizing agents, su
h as a passenger
or an employee of the airport, and non-
ognizing obje
ts, su
h
as a door, a sign, or a 
he
k-in 
ounter.

The epistemologi
al question of what the way�nding agent

an know about the environment and how it 
an a

umulate
su
h knowledge is modeled through a�ordan
es. Gibson de-
s
ribed the pro
ess of per
eption as the extra
tion of invariants
from the stimulus 
ux. Surfa
es absorb or re
e
t light and Gib-
son's radi
al hypothesis was that the 
omposition and layout
of surfa
es 
onstitute what they a�ord. A�ordan
es are there-
fore spe
i�
 
ombinations of the properties of substan
es and
surfa
es taken with referen
e to an observer. There are many
a�ordan
es in the environment but the way�nding agent per-

eives only the a�ordan
es relevant for the spe
i�
 way�nding
task, su
h as a door a�ords opening and moving through, or a
hallway a�ords moving along. In an airport where all the ne
-
essary way�nding information is on yellow signs, the way�nding
agent will only utilize the a�ordan
e of per
eiving a yellow sign
and will ignore signs in other 
olors.

Agents have to be 
oupled with the environment in whi
h
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they per
eive and a
t. The nature of this 
onne
tion is the
following: the environment provides per
epts (i.e., a�ordan
es)
to the agent, the agent de
ides upon and performs a
tions in
(and therefore on) the environment, whi
h in turn provides new
per
epts (i.e., a�ordan
es), et
. The 
omplexity of this pro
ess
is in
uen
ed by the properties of the environment.

Resear
h in spatial ontology and epistemology is an impor-
tant basis for the setup of an agent-based model for way�nding.
Per
eption and 
ognition of the agent 
an only be modeled in
a useful way if the ontologi
al and epistemologi
al foundations
are well established. In this work we try to 
onne
t ontology
of spa
e, epistemology of spa
e, and spatial 
ognition, in or-
der to 
ome up with a pra
ti
al agent-based simulation tool for
way�nding in buildings. Su
h a tool will help to design buildings
that fa
ilitate way�nding.
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Christoph R�uther�

Spe
i�
ation of terms to share
heterogeneous information

In order to provide servi
es from heterogeneous data sour
es,
it is ne
essary to build systems that know about the intended
meanings of the stored information. To enable information shar-
ing between di�erent GI 
ommunities today it is ne
essary to
study the whole do
umentation of all the databases involved.
This is the only way to understand whi
h information is stored
in the databases and what the used terms mean. The intended
meaning of terms used in the databases 
annot be found in the
databases themselves. Additionally, the terms stand in no de-
�ned relation to the terminology of other data models. Thus, a
name of a road may be an oÆ
ial name or a road number, whi
h

an make the information of two databases in
omparable.

The gap is that do
umentations of data models, feature- and
attribute 
atalogues are not implemented, so it is not possi-
ble to use them for ad ho
 servi
es that meet the users' inter-
ests. It is therefore ne
essary to give the data more information
about their meaning. As an example, we 
an think about two
databases storing road information. Both use the term width of

road. It is not 
lear if the data represent just the width of the
traÆ
 lanes or in
lude the width of sidewalk, parking lanes and
bi
y
le paths.

The �rst step to enable a

ess to this information is to spe
ify

�Institute for Geoinformati
s, University of M�unster, Robert-Ko
h-Str. 26-28, D-48149
M�unster, Germany, Fax + 49 (0) 251 83- 3 97 63, Tel. +49 (0) 251 83-3 300 13,
ruether�ifgi.uni-muenster.de.
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the intended meaning of the used terms in a 
omputationally a
-

essible way. The se
ond step is to 
ompare these spe
i�
ations
with spe
i�
ations of other data models and derive a 
ommon
ontology. By spe
ifying a 
ommon ontology, higher-level ontolo-
gies 
an be identi�ed (e.g. the 
on
ept of named obje
ts).

As example we may take a look at the german data model
ATKIS and the international GDF standard for road data. Both
models use three di�erent kinds of road names. In ATKIS they
are 
alled Geographis
her Name (geographi
 name), a Zweit-

name (se
ond name) and a Kurzbezei
hnung (short name), and
in GDF they are 
alled OÆ
ial Name, Alternate Name and
Route Number. Additionally these terms have a 
orresponding
semanti
. We may say that names in ATKIS and GDF provide
a 
ommon 
on
eptualisation:

data PrimaryName = PrimaryName Name

type Geographis
herName = PrimaryName

type Offi
ialName = PrimaryName

Both models provide the 
on
ept of named features. Names
are handled as strings. A 
ommon ontology of names may be
expressed as:

data Name = Name String


lass NamedObje
ts n where name :: n -> String

Finally, we 
an say that names of the same type are 
omparable.

instan
e Eq PrimaryName where

(PrimaryName(Name n1)) ==

(PrimaryName(Name n1)) = n1 == n2

Algebrai
 spe
i�
ations, written in the fun
tional language Has-
kell, meet the requirement of being 
omputationally a

essible.
They allow for unambiguous interpretation, are testable and the
ontologies may be written independently from the implementa-
tion but 
an also be related to them. In the presentation we will
show how to use Haskell to spe
ify the intended meaning of the
stored features and attributes.



Barry Smith�

t.b.d.

This talk o�ers a new approa
h to the entire range of interlinked
ways in whi
h we relate, 
ognitively, to obje
ts in the world
and it shows how this new approa
h 
an be applied not only
to per
eption and judgment but also to our veridi
al uses of
theories, 
lassi�
ation-s
hemes, databases and maps.

The theory is inspired by the supervaluationisti
 a

ount of
vagueness, whi
h asserts that when we use a term like Mont

Blan
 then there are many par
els of reality to whi
h our term
refers | par
els of reality whi
h di�er just a little from ea
h
other. Our use of su
h a term allows us to proje
t su

essfully
upon reality, even in spite of the fa
t that we do not proje
t
uniquely. It sets a 
ertain portion of reality into relief in a quite
spe
i�
 way, and it tra
es over those other portions of reality
whi
h fall outside our purview. Our per
eption, too, proje
ts
in similar fashion upon a 
orresponding portion of reality, and
so do many of our judgments and theories. We 
an think of
the use of a singular term as imposing a single-
elled partition
upon reality: it fo
uses upon and sets into relief a 
ertain uni�ed
portion of reality in the manner of a teles
ope. Judgments, the-
ories, 
lassi�
ation-s
hemes, databases and maps are asso
iated
with many-
elled partitions: they fo
us upon and set into relief
segments of reality whi
h may be widely s
attered through time
and spa
e.

The paper presents a general theory of single- and many-

�Department of Philosophy, 135 Park Hall, University at Bu�alo, NY 14260-4150,
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elled partitions. It shows how the theory of partitions 
an be

on
eived as a generalization of the theory of sets, and it shows
how the phenomena of granularity and s
aling apply most prop-
erly to partitions, rather than to the obje
ts whi
h are lo
ated in
their 
ells. Granularity is, it turns out, just the other side of the

oin from vagueness. At the same time we shall dis
over that
partitions are not in general additive. Thus, while there is at any
given time a single interlinked totality of all our veridi
al per-

eptions, judgments, theories, 
lassi�
ation-s
hemes, databases,
maps, and so forth | whi
h is 
alled knowledge | there is, and
there 
an be, no 
orresponding single total partition.



Zoran Stojanovi
�

Matrix-
al
ulus based method
for qualitative spatial reasoning

Qualitative spatial reasoning has gained in
reasing attention in
the s
ienti�
 
ommunity during the last de
ade in many appli-

ation domains, espe
ially in Geographi
 Information Systems
(GIS). It has been proposed as a 
omplementary me
hanism for
the automati
 derivation of spatial relations, whi
h are not ex-
pli
itly stored, using relatively simple inferen
e rules and meth-
ods. Spatial reasoning 
an also be used to answer queries given
partial spatial knowledge as well as for maintaining the 
onsis-
ten
y of the spatial database.

In its simplest form reasoning over spatial relations is based
on their 
omposition in order to answer questions of the type:
Given three spatial obje
ts A, B and C, and two spatial rela-
tions, R1 is a spatial relation between A and B, and R2 between
B and C, what is the relation R3 between A and C. If the

omplete set of mutually ex
lusive and pairwise disjoint spatial
relations are 
onsidered, then the full set of 
ompositions of rela-
tions 
an be represented in so-
alled 
omposition or transitivity
table. Mu
h resear
h work have been dedi
ated to the study of
the 
omputation of su
h tables (Allen, 1983; Egenhofer, 1994; El-
Geresy and Abdelmoty, 1997; Frank, 1996; Papadias and Sellis,
1994; Randell et al., 1992; Sharma, 1996). The 
ommon point of
all proposed methods is a strong requirement to 
al
ulate ea
h
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ulty of Information Te
hnology and Sys-
tems, Delft University of Te
hnology, Zuidplantsoen 4, 2628 BZ Delft, The Netherlands,
Z.Stojanovi
�its.tudelft.nl.
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entry of the table separately. They provide the derivation of the
table through more or less tedious and "diÆ
ult to se
ure" pro-

ess, using either exhaustive sear
h or theorem proving in ea
h
parti
ular 
ase. In su
h a way, the inferring of new spatial infor-
mation in the run-time is very time-
onsuming and non-eÆ
ient
pro
ess.

In this paper, a general method for automati
 derivation
of the 
omposition of two spatial relations is presented. The
method is originally applied and proved in homogenous (topologi
al-
topologi
al) and heterogenous (topologi
al-dire
tion) reasoning
in the 
ase of spatial regions in 2-D, but it 
an also be applied
to other types of spatial obje
ts. The standard 9-interse
tion
model for representing topologi
al relations between spatial ob-
je
ts in the spa
e is used (Egenhofer and Herring, 1991). Fur-
thermore we have introdu
ed a new model for representing dire
-
tion relations, 
alled 12-interse
tion. A

ording to 12-interse
tion
model, the dire
tion relation between two spatial obje
ts (pri-
mary and referen
e) is de�ned by the existen
e of twelve in-
terse
tions of four dire
tion se
tors de�ned by primary obje
t
a

ording to 
one-shaped dire
tion model (north, west, south
and east) with the boundary, interior and exterior of referen
e
obje
t, in the form of 4� 3 matrix.

Proposed reasoning method is based on the matrix multipli-

ation of previously adapted modeling matri
es (0 = empty set,
1 = non-empty set) for relations R1 and R2 (two 9-interse
tion
matri
es in the 
ase of homogenous reasoning, or 9-interse
tion
and 12-interse
tion matri
es in the 
ase of heterogeneous one).
The ne
essary information for the 
onstru
tion of 
orresponding
modeling matrix (9-interse
tion or 12-interse
tion) for the rela-
tion R3 is provided through the values of the resulting matrix
elements, using simple 4-step algorithm. The algorithm �rst re-
sults in, so 
alled, template matrix, whi
h de�nes �xed elements
and their values (; or :;) as a mat
hing 
riteria. The modeling
matri
es (one or many) mat
hing the template matrix represent
all the possible results of the given 
omposition. By using this
method, the transitivity table for the whole set of topologi
al
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and dire
tion relations 
an be eÆ
iently derived.

The method 
an be su

essfully applied to derive a result
by integrating multiple inferen
e dire
tions. For example, given
four obje
ts, A, B, C and D, and their topologi
al relations
R1(A;B),R2(B;D), R3(A;C) andR4(C;D), the relationR(A;D)

an be derived in two ways, as the 
omposition of R1 and R2,
or as the 
omposition of R3 and R4. The pro
edure is to 
on-
stru
t the matrix templates for both 
ases, and then 
onstru
t
the resulting matrix template as their union. Now, this template

onsists of all the 
onditions de�ned in both starting templates,
whi
h makes the sele
tion 
riteria stronger. It 
an result in a
less number of possible resulting spatial relations then in the

ase of single-dire
tion inferen
e.

One of the main advantages of presented method is that it

an be easily and eÆ
iently implemented inside the spatial query
pro
essor, as a query support and 
onsisten
y 
he
king me
ha-
nism. In that way it 
an serve as a base for the development of
an "intelligent" GIS query and analysis tool.
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Erik Stubkj�r�

Real estate and the ontology of
multidis
iplinary, e.g.

adastral, studies

Abstra
t. Among spatially extended obje
ts, units
of real estate 
onstitute a distin
t 
ategory. Their

omplex relationships with other phenomena are of
an e
onomi
, legal, politi
al, and spatial nature; the
related property rights 
ount among the basi
 institu-
tions of so
iety. A multidis
iplinary proje
t has been
proposed to establish a 
oherent knowledge base in
this �eld. The proje
t fo
uses on real property trans-
a
tions within European 
ountries and addresses the
ontology of real estate and its boundaries. The on-
tology of real estate must refer to 
on
eptualizations
provided by the s
ienti�
 dis
iplines of e
onomi
s, geo-
s
ien
es, law, and politi
al s
ien
e, and draw upon do-
main knowledge of multidis
iplinary studies that re-
gards real estate, e.g. 
adastral studies. The 
omplex
task of re
on
iling the ontologies of the diverse dis
i-
plines into one 
ommon 
ore ontology of real estate
is presented and dis
ussed. Development 
riteria in-

lude that the 
ore ontology is robust against 
hanges
in professional s
opes and te
hnology, and valid a
ross
di�erent 
ultures.
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1. Introdu
tion

Among spatially extended obje
ts, units of real estate 
onsti-
tute a distin
t 
ategory. An approa
h to the 
on
eptualization
of the spatial dimension of real estate is presented in se
tion 2.
The ontology of real estate 
annot be adequately des
ribed with-
out referen
e to the 
on
eptualizations provided by the s
ienti�

dis
iplines of law, e
onomi
s, and politi
al s
ien
e. Se
tion 3 of
the paper addresses this 
omplexity, drawing upon the notion
of information 
ommunities. The term ontology is used di�er-
ently by philosophers and in the �eld of information pro
essing,
respe
tively. In linguisti
s mention is made of ontologi
al 
ate-
gories. These diverse approa
hes to the eli
iting of ontology are
explored (se
tion 4).

The preparation of an ontology of real estate is a substan-
tial task, as it in
ludes a re
on
iling of some of the 
on
eptu-
alizations of the above mentioned dis
iplines. Multidis
iplinary
studies in the �eld of real estate may provide for relevant do-
main knowledge, and 
ontribute to the establishing of 
onsistent,

anoni
al formulations of the real estate universe of dis
ourse.
Cadastral studies are presented as an example of su
h multidis
i-
plinary endeavor (5). The 
losing se
tion proposes the eli
iting
of a 
adastral ontology. It raises the question whether su
h a
proje
t is feasible and relates this question to other proje
ts in
ontology.

2. Approa
hing the ontology of real estate:

The spatial dimension

The most visible boundary of real estate extends in the spatial
dimension: A unit of real estate has a lo
ation in spa
e and a
boundary that has a spatial dimension. (The term 'dimension'
is here used in a more general sense than the usual three dimen-
sions of physi
al spa
e.) Both lo
ation and boundary are of a
rather 
omplex nature. Be
ause a unit of real estate is an so
io-
e
onomi
 unit, its boundaries 
annot be exhaustively des
ribed
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in spatial terms, to be detailed in the following se
tion 3.

The spatial dimension of the boundary of real estate is appro-
priately des
ribed by the �at-bona �de di
hotomy introdu
ed in
Smith (1995). To give some examples: A bona �de boundary
like a stream may be used for the de�nition of a �at boundary,
e.g. the boundary of a jurisdi
tion. Fiat boundaries may be es-
tablished as mere abstra
t lines that are tra
ed on a plan for the
division of land, in order to stru
ture its settlement. However
as time passes, the owners o

upy and use the terrain, bring-
ing about that the initial �at lines be
ome visible in the terrain
as buildings, fen
es, roads and that like. The �at boundaries
thus be
ome bona �de. The �at-bona �de distin
tion 
an pro-
vide a basis for 
omparisons of the boundary setting pra
ti
es of
di�erent 
ountries, as well as for investigations into topologi
al
problems that extend beyond the geospatial realm in what is

alled mereotopology Smith and Varzi (2000).

Property boundaries are often lo
ated by means of a national,
geodeti
 referen
e system. However, a 
adastral lo
ational de-
s
ription needs more than a spe
i�
ation of position with refer-
en
e to a geodeti
 referen
e system. This is partly be
ause the
owners of the property typi
ally do not understand the language
of geodeti
 referen
ing, and it is also be
ause the neighbor re-
lations among the estate units 
annot be represented simply by

oordinates (Laurini and Thompson, 1992). To a

ommodate
for the needs of the owner and other 
itizens, the units need
to be des
ribed relative to pla
e names, espe
ially road names.
The neighbor relations must be made to appear within a 
adas-
tral map that depi
ts par
el identi�ers, or through alternative
information media. Using the s
ales of measurement of Stevens
(1946) in an adapted version, we arrive at a minimal list of spa-
tial referen
e frames (Table 25.1, Stubkj�r, 1992).

A �nal remark regarding the spatial extension of real es-
tate 
on
erns its relation to other spatial, so
io-e
onomi
 units.
Stubkj�r (in Frank et al., (to appear) suggests that the unit
of ownership be 
ategorized as a jurisdi
tion, whi
h is distin-
guished from other 
lasses of so
io-e
onomi
 units: pla
e names,
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Nominal (verbal) Pla
e names; Cadastral identi-
�ers; Address 
odes

Ordinal (graphi
al,
topologi
al)

Neighbor relations; House num-
bering sequen
es

Metri
 (numeri
al) Coordinates of boundaries, road

enter-lines, et
.; 'Metes and
bounds'

Table 25.1: Minimal list of spatial referen
e frames.

distri
ts, and regions, respe
tively.

Summing up, the 
on
eptualizations of the mentioned dis-

iplines and the spatial 
on
epts presented may be applied for
eli
iting the rational 
ore of an ontology of real estate that is in-
dependent of the rule sets and pra
ti
es of a spe
i�
 European

ountry.

3. Re
on
iling the 
on
eptualizations made by

established a
ademi
 dis
iplines

As mentioned above, the most visible boundary of real estate
extends in the spatial dimension. However, it is the 
ourts,
whi
h ultimately settle the determination of the spatial bound-
ary in 
ases of dispute. This implies that the boundary of real
estate has to be des
ribed also by using the 
on
eptualization
of the dis
ipline of law. Moreover, law des
ribes the non-spatial
boundary of a unit of real estate. For example, the question
what items belong to the estate when no spe
i�
 statements are
made, is a legal issue. The question is not simple, as the an-
swer may vary a

ording to whether the 
ontext is transfer of
ownership, mortgaging, or assessment for taxation.

In European 
ountries and elsewhere, property rights to real
estate are formalized and re
orded in land registries maintained
by the 
ourts. The real property rights formalized therein pro-
vide the basis for fairly transparent real property markets. Now,
the �eld of real property markets is the obje
t of the dis
ipline
of e
onomi
s and its sub-�elds, e.g. mi
roe
onomi
s, and new
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institutional e
onomi
s. Furthermore, real estate is an obje
t of
taxation with profound politi
al impli
ations. Also, poli
y issues
are involved in the re
urrent 
hange of the administrative sys-
tems, whi
h are needed for taxation, re
ording of real property
rights, and regulation a

ording to spatial planning, et
. As a

onsequen
e, the 
on
eptualization of sub�elds of the dis
ipline
of politi
al s
ien
e has to be taken into a

ount in order to un-
derstand the 
hanges of administrative units and information
systems, whi
h are related to real estate.

The need of an investigation of these diverse 
on
eptualiza-
tions of the phenomena of real estate by the dis
iplines of law,
e
onomi
s, and politi
al s
ien
e has thus been established. This
raises the issue of an appropriate approa
h for the eli
iting of a
formal ontology of real estate.

Cli�ord Kottman introdu
es the notion of information 
om-

munities by referring to John Lo
ke (1999, p. 46f.). A similar
notion is the 'thought 
olle
tives' mentioned by Fle
k (Ziman,
1992, referring to Fle
k, 1935/1979), and the s
ienti�
 
ommu-

nities of Thomas Kuhn, who draws upon Fle
k's notion (1970).
A dis
ussion of these and similar notions of 
ommunities is de-
sisted. Bishr et al. dis
uss the notion of a geospatial information


ommunity. They suggest the following de�nition: "A geospa-
tial information 
ommunity is a group of spatial data produ
ers
and users who share an ontology of real-world phenomena", and

onsider the ontology as "a meta-language situated above data
models" (1999, p. 58). Two 
ommunities may have di�erent
ontologies, but in order to share information they must have a
part of their ontologies in 
ommon.

One may 
on
eive the s
holars and pra
titioners of the a
a-
demi
 dis
iplines of law, e
onomi
s, and politi
al s
ien
e, respe
-
tively, as members of three distin
t information 
ommunities.
To arrive at an ontology of real estate one has to establish the

onstituent ontologies of the mentioned information 
ommuni-

ties that refer to real estate, as well as a rational 
ore ontology
of real estate, whi
h they share in 
ommon.
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4. The diverse notions of ontology

Addressing the ontology of spatially extended obje
ts, one should
be aware of di�erent use of the term ontology. Barry Smith
points to the fa
t that the term ontology is used di�erently by
philosophers, and in the �eld of information pro
essing respe
-
tively (2000). He 
hara
terizes the main 
on
erns of the two

ommunities, and in attempting a method for bridging the dif-
ferent ways of understanding this term he refers to the e�orts
within biology to 
onstru
t ontologies that apply to the term
'gene' and similar fundamental biologi
al units. The methods
in
lude the preparation of 
ommon vo
abularies, and the for-
mulation of appropriate translation rules between the diverse
nomen
latures of the di�erent bran
hes of biology. Biologists

ooperate with ontology engineers, as well as with philosophers
in this endeavor. This approa
h motivates similar e�orts in other
s
ienti�
 �elds, as we shall see in the next se
tion.

It should be noted that the term ontology is used by a fur-
ther 
ommunity, namely that of linguists. In Semanti
s and

Cognition Ray Ja
kendo� dis
uss how visual information, lin-
guisti
 information and other peripheral information is mapped
onto mental representations (1983). Through an analysis of hu-
man per
eption he arrives at the following list of ontologi
al 
at-
egories : THING, PLACE, DIRECTION, ACTION, EVENT,
MANNER, and AMOUNT. The list is not meant to be 
om-
plete. He 
laims, however, that "the total set of ontologi
al

ategories must be universal: it 
onstitutes one basi
 dimension
along whi
h humans 
an organize their experien
es." (Ja
kend-
o�, 1983; Stubkj�r, 1994).

This se
tion identi�ed three 
ommunities, whi
h are 
on-

erned with eli
iting of ontology: philosophers, linguists, and
ontology engineers. Their diverse methods of eli
iting ontology
may be applied to the real estate universe of dis
ourse. In fa
t,
it is an approximation to speak of one universe of dis
ourse of
real estate. Rather, the diverse 
on
eptualizations of real estate
that are provided by law, e
onomi
s, politi
al s
ien
e, and the
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geos
ien
es, respe
tively, in fa
t 
onstitute four diversely over-
lapping universes. The task is thus to re
on
ile these di�erent
ontologies into one 
ommon ontology of real estate.

5. Real Estate, an entity within the multidis-


iplinary 
adastral universe of dis
ourse

Smith notes that "(e)very s
ienti�
 �eld will .. have its own
preferred ontology, de�ned by the �eld's vo
abulary and by the

anoni
al formulations of its theories" (Smith, 2000, p. 1). This
agrees with Ziman, who regards the 
hange of edu
ational 
ur-
ri
ulum the �nal e�e
t of a new (theory-based) dis
ipline (Zi-
man, 1992, p. 94). However, university departments and es-
pe
ially bran
hes of studies have indeed sprung up in response
to so
ietal needs, rather than to the maturing of theory-based
e�orts. These university �elds are often multidis
iplinary (i.e.
drawing upon theory-based and other s
ienti�
 �elds), and they
have yet to establish 
anoni
al formulations of their universe of
dis
ourse.

The s
ienti�
 �elds that want to establish their 'preferred
ontology' are assumed to fa
e the same problems as the ontol-
ogy engineer, and may apply the same methods. Their spe
i�

role in the general proje
t of eli
iting of ontology may be to

ommuni
ate expli
it knowledge of their universe of dis
ourse.
Their 'domain knowledge' may to some extent depart from the
domain knowledge of the pra
titioner within the same �eld, as
well as depart from the applied theoreti
al domain knowledge.
The author presents his own dis
ipline: 
adastral studies, as an
example of a multidis
iplinary study that is in the pro
ess of
establishing 
anoni
al formulations.

In Europe, the 
adastre has developed sin
e 1700 in the 
on-
text of 
entralization of administration and the issuing of tax
ordinan
es (Sommer, 1930). Cadastral 
on
erns at university
level bran
hed from geodesy and land surveying. The univer-
sity tea
hing of 
adastral issues: Cadastral law, property rights,
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and spatial planning regulations, is largely bound to a national
s
ope. Comparing to the study and tea
hing of natural lan-
guages: English, German, et
., whi
h similarly are bound to a
national setting, one 
an note that the 
on
ept and study of a
'
adastral grammar' is missing.

However, from the 1970s a 
on
ern for an international s
ope
manifests itself. For example, the F�ed�eration Internationale des

G�eom�etre (International Federation of Surveyors) issued among
others The FIG Statement on the Cadastre (FIG, 1995) and the
Bathurst De
laration on Land Administration for Sustainable

Development (FIG, 1999).

Those rather normative statements from the surveyors' pro-
fession have been a

ompanied by resear
h from the point of
view of formal modelling (Frank, 1996), ben
hmarking (Steudler
et al., 1998), or with a view to 
harting the interrelated te
h-
ni
al, legal, and organisational aspe
ts of this �eld (Zevenber-
gen, 1998). With a view of establishing a theoreti
al basis for

adastral studies, Stubkj�r re
ently surveys resear
h in infor-
mation systems development, and resear
h within geographi
al
information s
ien
e (1996; 1999). Subsequently a view of the

adastral universe of dis
ourse is presented in a submitted pa-
per. This view was drafted with referen
e to the Soft Systems
Methodology (SSM) in its early version (Che
kland, 1981). The
view is graphi
ally rendered through Figure 25.1. (The notion
of 'problem domain' is borrowed from SSM, and repla
ed here
by 'universe of dis
ourse'.)

Stubkj�r and Ferland (2000) dis
uss the design of resear
h
within the multidis
iplinary 
adastral domain. SSM suggests a
'politi
al system analysis', but SSM does not provide the 
on-

epts and methods of politi
al s
ien
e. Knowledge of these 
on-

epts and methods are needed in order to eli
it a valid ontology
of the 
adastral universe of dis
ourse. At least in prin
iple, the
same applies regarding the 
on
eptualizations used by the other
theory-based dis
iplines. However, given our 
urrently estab-
lished resear
h methods, it is often unfeasible to monitor and
apply resear
h results from several dis
iplines, espe
ially for a
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Figure 25.1: A view of the 
adastral problem domain (Stubkj�r, 2000).

proje
t made in the 
ontext of a Ph.D.-study. This leads to the
following suggestion for a resear
h strategy : The elements of the

adastral universe (
f. Figure 1) are des
ribed with referen
e to
the main works of the relevant dis
iplines through an interna-
tional proje
t. Resear
h proje
ts of the PhD-type 
an then draw
upon the out
ome of this e�ort and | within the s
ope of the
proje
t | investigate and apply the most re
ent resear
h of the
established dis
iplines.

A multidis
iplinary European proje
t has been proposed as
a COST a
tion to establish a 
oherent knowledge base in this
�eld. The proje
t fo
uses on the transa
tions of real property
within various European 
ountries, and addresses the ontology
of real estate (Stubkj�r, 2000).

6. The feasibility of eli
iting a 
adastral ontol-

ogy

Multidis
iplinary studies of the sort envisaged need to �nd ways
to 
ope with 
onstant 
hanges within their target so
iety, in
lud-
ing 
hanges in the s
ope of di�erent professions and 
hanges due
to new te
hnology. Furthermore, there are 
hanges due to re-
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sear
h out
omes from the s
ienti�
 �elds, whi
h they draw upon.
A proa
tive strategy for addressing su
h 
hanges is to establish
a robust ontology of the relevant universe of dis
ourse. As a
further bene�t, the development of ri
h and rigorous knowledge
stru
tures of the universe will, potentially, allow for the a

umu-
lation of generally valid knowledge, and thus redu
e the amount
of 
ontext spe
i�
 tea
hing, relating, for example, to spe
i�
 na-
tional rules and pra
ti
es. In the present 
ase, a robust 
adastral
ontology is to be established.

Multidis
iplinary studies are likely to be impli
itly bound to
a spe
i�
 
ulture. For example, the study and tea
hing regard-
ing an operating 
adastre and other traits of formal property
rights seem to presuppose a spe
i�
 so
ietal 
ulture, in
luding
a fairly un
orrupt administration, manned with skilled sta� (a
'Weberian' administration). In order to transgress the boundary
of European/Western 
ulture, the eli
iting of the 
ore ontology
must be rooted in the philosopher's 
on
eption of phenomena
like man, so
iety, government, reality, language, and represen-
tation, in order to a

ount for the diverse expe
tations related to
government, for example. Without su
h basi
 
on
epts 
learly
stated, and their impli
ations for the unit of real estate spelled
out, the knowledge that is generated through 
adastral studies

an hardly transgress 
ultural boundaries.

It may be that su
h a proje
t is not feasible. An explo-
ration of this 
laim may lead to possible feasibility boundaries
of the proje
t of establishing formal representations of spatially
extended obje
ts.
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Heiner Stu
kens
hmidt�

Semanti
 translation of
land-use 
lassi�
ations: a 
ase
study

Over the last few years mu
h work has been 
ondu
ted in re-
gards to the resear
h topi
 fully interoperable GIS (V
kovski,
1998). GIS's share the need to store and pro
ess large amounts
of diverse data, whi
h is often geographi
ally distributed. Most
GIS's use spe
i�
 data models and databases for this purpose.
This implies, that making new data available to the system re-
quires the data to be transferred into the system's spe
i�
 data
format. This problem is addressed by the Bremen University Se-
manti
 Translation Proje
t1. The main deliverable of the proje
t
is a knowledge-based system for the integration of (geographi
)
data. The system distinguishes three levels on integration: Syn-
ta
ti
, Stru
tural, and Semanti
 integration.

In this paper we fo
us on the semanti
 aspe
ts of intelligent
information integration that tries to preserve the intended mean-
ing of information entities in a di�erent 
ontext. We propose
to interpret this semanti
s-preserving 
ontext transformation as
a 
lassi�
ation task (Stu
kens
hmidt and Visser, 2000): trans-
lating an information item from one 
ontext to another then
be
omes the task of taking the properties of information item
from its sour
e 
ontext, and use these properties to re-
lassify
the item in its target 
ontext, resulting in a re-interpretation of

�Intelligent Systems Group, Center for Computing Te
hnologies, University of Bremen,
P.O.B.: 33 04 40, D-28334 Bremen, Germany, heiner�tzi.de, http://www.tzi.de/~heiner/.

1http://www.semanti
-translation.de
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the information item in the new 
ontext. We investigated the
role of ontologies for providing a shared terminology and support
for the integration pro
ess. After addressing these questions in
prin
iple we summarize the results of a 
ase study were we used
the Ontology Inter
hange Language OIL (Fensel et al., 2000) in
order to support the integration of di�erent 
atalogue systems.
We assess useful features of the language and point towards open
problems that have to be addressed in future resear
h.

The results of a 
ase study showed that the integration of
two terminologies for land-use 
lassi�
ations is possible in prin-

iple using the ontology spe
i�
ation language OIL in 
ombina-
tion with the des
ription logi
 reasoner FaCT (Horro
ks, 1998).
However, there are still some open questions that may explain
the diÆ
ulties we also experien
ed (Stu
kens
hmidt, 2000). The
most striking diÆ
ulties arise from the fa
t, that the terminolo-
gies we tried to integrate were de�ned in terms of natural lan-
guage statements that are often a�e
ted by the use of vague ex-
pressions, ina

essible 
riteria and de�nitions that 
an only be
understood making extensive use of 
ommonsense knowledge.
These un
ertainties in the de�nition made it nearly impossible
to provide sound and 
omplete spe
i�
ations to be used in the
translation pro
ess. As a 
onsequen
e, translation by subsump-
tion reasoning often failed.

In our opinion there are two possibilities to over
ome this
problem:

1. We 
an use heuristi
 and approximate 
lassi�
ation meth-
ods to get a better handle on the inherent un
ertainty of
the knowledge involved.

2. We have to assure that 
atalogue systems use a well-founded
basis in terms of a formal ontology in order to de�ne their
terminology.

The evaluation of pros and 
ons of both approa
hes are subje
t
to 
urrent resear
h.
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Ne
taria Tryfona�

The role of ontologies in spatial
data mining

Spatial data mining is to mine high-level spatial information and
knowledge from large geographi
 data sets (Han et al., 1997). A
typi
al example is �nd all areas with vegetation growth (5%
and vegetation type "pine". While for traditional appli
ation
areas su
h as banking systems, eÆ
ient methods and fun
tions
to mine information do exist, this is not the 
ase for spatial
appli
ations (Tryfona, 2000). On the other hand, as the number
of appli
ations dealing with spatial data is growing rapidly and,
at the same time, the amount of spatial data is in
reasing, the
eÆ
ient querying and employment of stored information for the
extra
tion of further knowledge is emerging.

In this work we dis
uss the role of ontologies in the spatial
mining pro
ess. Gruber (1997) de�nes an ontology as an expli
it
spe
i�
ation of 
on
eptualization. Fronse
a et al. (2000) refer
to spatial ontologies as dynami
, obje
t-oriented stru
tures that

an be navigated.

It is our position that in order to su

essfully perform spa-
tial data mining the role of ontologies must be investigated and

omprehended. In the spatial mining framework:

� We propose a systemati
 
ategorization of spatial ontolo-
gies, su
h as spatial entity, map, boundary and topology
parti
ipating in the geographi
 environments to be mined.

�Department of Computer S
ien
e, Aalborg University, Fredrik Bajersvej 7E, 9220 Aal-
borg �st, Denmark, tryfona�
s.au
.dk.
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� We dis
uss relations among spatial ontologies, as well as
their parti
ipation in 
onstraints and hierar
hies, two fun-
damental aspe
ts of the mining pro
ess.

� We show how traditional data mining methods 
an be 
om-
bined with spatial ontologies.

The proposed out
ome (i) serves as a guideline for the designer
on the modeling pro
ess of a spatial environment on whi
h data
mining will be performed, (ii) helps the designer to re
ognize
the basi
 ontologies, of an already existing spatial environment,
and their roles in the mining pro
ess, (iii) provides the designer
with a language to perform spatial data mining and, (iv) leads
towards an ontology-driven ar
hite
ture (Fronse
a et al., 2000)
for a spatial miner.

Bibliography

Fronse
a, F., Egenhofer, M., Davis, C., Borges, A., 2000. On-
tologies and knowledge sharing in urban GIS. Computer, En-
vironment and Urban Systems 24 (3).

Gruber, T., 1997. A translation approa
h to portable ontology
spe
i�
ations. Te
hni
al Report TR-KSL 97-71, Knowledge
Systems Labolatory, Stanford University, Stanford, CA.

Han, J., Koperski, K., Stefanovi
, N., 1997. Geominer: A system
prototype for spatial data mining. In: Pro
. of the ACM SIG-
MOD International Conf. On Management of Data. Tu
son,
Arizona.

Tryfona, N., 2000. Constraint-based spatial data mining. Com-
puter, Environment and Urban Systems, (in press).



Andrew Turk�

Tribal boundaries of Australian
indigenous peoples

This paper explores the 
on
ept of boundary ('limit of 
ountry')
held by indigenous Australians. It is not, however, a work of
Anthropology. Rather, it is an interpretation of the writings of
some anthropologists on this topi
, aided by dis
ussions whi
h
the author has had over a number of years with people from the
Ngaluma, Injibarndi and Banjima tribes in the Pilbara region
of Western Australia.

This analysis provides a partial understanding of the nature
of tribal boundaries, espe
ially variations whi
h o

ur in the
physi
al de�nition of boundaries and their (intentional and unin-
tentional) indetermina
y. It suggests that the des
ription of any
spe
i�
 boundary needs to in
orporate the sour
e of the bound-
ary 
onstru
t (e.g. the relevant indigenous law and 
ustoms),
the people holding that 
onstru
t (e.g. members of the tribe or
language group who have responsibility for that '
ountry') and
the form of representation of the boundary (e.g. singing a se-
quen
e of pla
e names). The nature of the '
ountry' itself is also
a key determinate of the expression of the boundary 
on
ept at
any parti
ular pla
e. Some parallels in the 
on
epts of boundary
held by non-indigenous Australians are also dis
ussed.

The paper goes on to draw some 
on
lusions regarding the
representation of indigenous boundaries in the property 
adas-
tres of Australian States and Territories. This has parti
ular

�Murdo
h University, Western Australia, a turk�
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importan
e in the 
ontext of the implementation of legislation

on
erning native title land 
laims. If su
h 'oÆ
ial' boundaries
are to do justi
e to indigenous law and 
ulture, they must rea-
sonably re
e
t the ontology and epistemology of the 
on
epts of
boundary held by indigenous Australians.



A
hille C. Varzi�

Are there vague boundaries?

Vagueness is a pervasive phenomenon of human thought and
language and geography is not exempted from its grasp. It is, in
fa
t, a 
hara
teristi
 feature of most ordinary geographi
 
on-

epts that they involve some degree of vagueness: How small 
an
a town be? How long must a river be? How many islands does
it take to have an ar
hipelago? More importantly, many indi-
vidual names and des
riptions used in geography appear to refer
to entities whose boundaries are only vaguely de�ned: What are
the borders of Mount Everest? Where does the Outba
k begin?
What exa
tly is the territory o

upied by the 
apital of Italy?
by Rio de Janeiro? by Greenwi
h Village?

In this talk I will fo
us on the vagueness exhibited by indi-
vidual terms su
h as these and I will examine two main ways of
thinking about it. On one 
on
eption, the relevant vagueness
is ontologi
al (or de re): geographi
 names and des
riptions
may be vague be
ause they may refer to vague obje
ts. For
instan
e, on this view 'Mount Everest' would refer to an ob-
je
t, Mount Everest, whose boundary is genuinely fuzzy: some
mole
ules are inside it, some mole
ules outside, and some have
an inde�nite status (there is no obje
tive, determinate fa
t of
the matter about whether they are inside or outside). By the
same pattern, valleys, deserts, dunes, rivers, bays, forests, 
ities,
neighborhoods, states (with few ex
eptions su
h as Wyoming)
are all genuinely vague denizens of reality.

On a se
ond 
on
eption, the vagueness exhibited by geo-

�Department of Philosophy, Columbia University, New York, av72�
olumbia.edu.
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graphi
 names and des
riptions is ex
lusively semanti
 (or de

di
to). It lies ex
lusively in the representation system, not in the
represented entity, and to say that the referent of a term is not
sharply demar
ated is to say that the term vaguely designates
an obje
t, not that it designates a vague obje
t. For example,
on this view there is no su
h thing as a vague mountain. Rather,
there are many things where we 
on
eive the mountain to be,
ea
h with its pre
ise boundary, and when we say 'Mount Ever-
est' (or when the founder of the Indian Geodeti
 OÆ
e baptizes
a 
ertain pie
e of land, at the border between Tibet and Nepal,
'Mount Everest') we are just being vague as to whi
h thing we
are referring to: ea
h one of a large variety of slightly distin
t
but perfe
tly determinate aggregates of mole
ules has an equal

laim to being the referent of that name. If we wish, we 
an add
that it is ultimately the vagueness of the relevant sortal 
on
ept
(the 
on
ept mountain, in this 
ase) that is responsible for the
way in whi
h the referent of our expression is vaguely pi
ked
out. But the stu� out there is all but vague.

The point of this talk is to 
ompare these two 
on
eptions of
vagueness and to o�er reasons for preferring the latter. There
are no vague boundaries in reality but, rather, vague ways of
drawing boundaries. In addition, I will also outline a way of
dealing with de di
to vagueness whi
h appears to be parti
u-
larly suited for appli
ation in the geographi
 domain. Broadly
speaking, this is based on the method of supervaluations: when
dealing with vague terms (or vague representations more gener-
ally), 
onsider the many possible ways in whi
h those terms 
an
be made pre
ise and 
ompute the pattern of agreement among
them. If a statement 
omes out true on some "pre
isi�
ations"
and false on others, then there is little one 
an do: the rele-
vant vagueness indu
es a truth-value gap. But if a statement is
true under all su
h pre
isi�
ations (or false under all pre
isi�-

ations), then one 
an naturally regard it as being true (false)
in spite of the relevant vagueness; the unmade semanti
 stipula-
tions do not matter. This allows us to explain why, for example,
we 
an 
on�dently assert that Mount Everest is in Asia and
we 
an 
on�dently deny that it is in Europe, though we must
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suspend judgment when it 
omes to saying whether Mount Ever-
est is mostly in Tibet: the truth-value of su
h a statement de-
pends 
ru
ially on how mu
h land one in
ludes in the referent
of 'Mount Everest'.

If time permits, in the �nal part of the talk I will also deal
with some general diÆ
ulties relating to this a

ount: these in-

lude various analogues of the sorites paradox, the phenomenon
of higher-order vagueness, and the relationship between vague-
ness and the general issue of geographi
 ontology.



122 Stephan Winter (Editor)



Publi
ations from the GEOINFO-SERIES

1. Experiential Realism and its Appli
ations to Geographi
 Spa
e
Compiled by Irene Campari and Andrew Frank

2. Temporal Data in Geographi
 Information Systems (2nd print)
Compiled by Andrew Frank, Werner Kuhn and Peter Haunold

3. Geo-Information Management Systems
A Major Publi
 Issue and its Edu
ational Challenges
Compiled by Andrew Frank and Irene Or
hard

4. Geographi
 Information Systems
Materials for a Post-Graduate Course { Vol. 1: Spatial Information
Andrew U. Frank, Editor

5. Geographi
 Information Systems
Materials for a Post-Graduate Course { Vol. 2: GIS Te
hnology
Andrew U. Frank, Editor

6. Geographi
 Information Systems
Materials for a Post-Graduate Course { Vol. 3: GIS Organization
Andrew U. Frank, Editor

7. Semanti
s of Geographi
 Information
Werner Kuhn

8. Spatialization: Spatial Metaphors for User Interfa
es (2nd print)
Werner Kuhn and Brad Blumenthal

9. COSIT '95 Do
toral Consortium
Compiled by Werner Kuhn and Sabine Timpf

10. Hierar
hi
al Spatial Reasoning: Theoreti
al Consideration and its
Appli
ation to Modeling Way�nding
Adrijana Car

11. Aufde
kung von numeris
hen Problemen in geod�atis
her Software
Christine Goldenhuber

12. Gofer as used at GeoInfo/TU Vienna
Andrew U. Frank, Werner Kuhn, Werner H�olbling, Hartmuth S
ha-

hinger, Peter Haunold

13. Hierar
hi
al Stru
tures in Map Series
Sabine Timpf

14. Organistion des Katasters { Ziele, Grunds�atze und Praxis (2nd print)
Christoph Twaro
h



15. Die Modellierung eines Grundbu
hsystems im Situationskalk�ul
Ste�en Bittner

16. Multi-Agen
y Databases to Manage Geographi
 Information
Andrew U. Frank, Martin Raubal, Maurits van der Vlugt (Editors)

17. A Te
hni
al Con
ept for Pay-per-Use in Geomarketing Servi
es
Peter Gustav Wenzl

18. Ego-Reorientierung und Abruf egozentris
her Targetri
htungen |Mod-
ell und Empirie
Annette von Wol�

19. Geographi
al Domain and Geographi
al Information Systems
Stephan Winter, Editor

20. Uni�ed Behavior of Spatial Data Representations
Stephan Winter

The books are available from:

Institute for Geoinformation
Vienna University of Te
hnology
Gusshausstrasse 27-29/127
1040 Vienna, Austria
fax: ++43-1-58801-12799
e-mail: geoinfo�geoinfo.tuwien.a
.at
http://www.geoinfo.tuwien.a
.at


