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Abstract. Understanding the evolution of historic artefaatsay they be
individual edifices or complex urban fabrics, ragsia cross-examination of
various sources: specific pieces of data (what mesnaf the edifice itself
today), and generic pieces of knowledge. As an answe establish a
triangular relation between specific informationvifat is known about object
0"), generic knowledge (“what is known about obgetike O”, and a virtual
artefact thereby acting as a data integrator (“whatphology O may have had
during period P”). The paper introduces an impletaon of this framework in
which we have developed twin multi-lingual , mudtiale ontologies, one
dedicated to terminology, one dedicated to topony@ources are connected to
a term (that identifies a concept) and to a toporfthat locates an instance).
Our contribution details the principles behind thigingular relation, and its
usability for navigation inside data sets.

Keywords: Information retrieval, visual interfaces, architeel heritage,
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1 Introduction

Due the amount of sources on the architecturatdg®j people in charge of providing
an easy and attractive access to documents ornultueat heritage face a challenge to
structure the information they handle with regai@svhat this information is about:
in our case architecture. As an answer, we propasethodological framework that
lets users to organise sources in a triangulatioalassociating documents, toponyms
and general terms. Documents are the pieces ofniafiion to structure. Toponyms
and general terms are twin multi-lingual , multadec ontologies used to “cross-
localise” them :

- toponyms localise documents in time and space;

- general terms localise documents with regardsddttieory” of architecture.

Specific information (i.e sources, “what is knowhoat object O”) is linked to
generic knowledge (“what is know about objects IiX§ by stating that object O and
objects like O “have the same name”. Specific imfation is also positioned in time



and space (“what is known about the object locateposition P between dates D
and ). Finally, because of the spatial nature of aeghitral objects, specific
information can be accessible thanks to virtuakfadts, either in 2D or in 3D
(depending on the amount of data we can gathesjroply on the “scale” of the
object).
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Fig 1 Putting object O in relation with a general ternd anspecific location. If object O is the
pronaos of Douggha'’s roman capitol, then possifliions are:
O is a sort of Pronaos, a Pronaos’ parent Groaplismple
O is located in the toponimical hierarchy ../Dobgt-orum/Capitol
The 3D representation of O allows a visual quergfthe sources about O and of the
twin ontologies

The ideas and hypothesis behind this approachhareesult of various previous
experiments such as those reported in [1], [2], [B]those experiments we have
investigated thénformative value of graphics in the field of the architectural hagie.
We have identified major constraints one must oteeif graphics are to become a
cognitive tool in the research process about achital evolutions (these constraints
have consequences at various levels: on the mogedfort, the documentation
handling, the representation itself, etc.). As @&ulte of these experiments a
methodological framework called informative modedli (see
http://en.wikipedia.org/wiki/Informative_Modellingtould be proposed. The basic
idea behind informative modelling is that the rey@ration of artefacts should not
necessarily claim veracity, but should support dyicainformation retrieval and
visualisation. In this paper a specific applicatiateveloped for the STRABON
European programme, of this generic methodolodreahework. It has however to



be stressed here that we make no claim concerhimgeusability of the resulting
ontologies. We only think our contribution can hbktter delineate the issues one has
to deal with when addressing the specific questddnhow to use urban or
architectural ontologies in the context of hist®gites and therefore of evolutive data
sets.

2 Context of theresearch

The STRABON European programme is presented asl@madia, multilingual
information system for the enhancement of the BMedliterranean cultural heritage.
In short, this programme is about making availadnhel attractive on the Internet
documents about the cultural heritage- (from pagtito archaeological sites) of the
various partners (collection holders). Inside gnisgramme, we have been given the
task to investigate the possible benefits of usiiy or 3D web interfaces as
navigation. Considering the broadness of the taskhave focused on two issues:

- A problem of representatiomn.§. representation of the objects the documents are
about, from 2D geographical maps to detailed agchitral modelling).

- A problem of localisation ife. localisation of the documents themselves,
localisation of what the documents show, link betwelocalisation and
documents, link between localisation and 2D or 3Drapbics
(SVG/VRML/Virtools™)

As an answer, we have developed a document deeariptethod in which the

document (XML-formatted) is linked to two familie$ descriptors,

- Terms of the architectural vocabulary that relatgiveen document’s content to
conceptual definitions of objects.

- Toponyms,i.e. names of places as left to us by history, thaateeh given
document’s content to a particular place, and sired as a hierarchy (matching
the idea of scale).

The method can be summed up by three statements:

- For a given vocabulary item, a catalogue of “rebjeots” - that match the
vocabulary item’s definition”- is created. Eachdt®bject” is in relation with a
toponym, so that objects can be displayed withir2X3D representation.
Therefore the 2D/3D representation can be usedi¢oycthe vocabulary items,
i.e. generic information.

- For a given toponym, a list of sources is creatéderefore the 2D/3D
representation can also be used to query speaftichation.

- A triangular relation is created between three amsj with the visual display
(2D/3D representation) exploited for navigationpmses.

In the following sections we introduce with moredaiks the ontological structures
developed in order to represent on one hand gebtemals and on the other hand
toponyms. Both ontologies are multilingual, and Ithewsing supposedly visual. The
label of a given term or toponym should therefemmain hidden.
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Fig. 2. Left, a triangular relation between general terspecific locations (topoynms) and
documents. Right, alternative visual displays usfilter and query either specific information
or general terms associated with the toponym oggolo

3 General terms: the architectural vocabulary analysis

Terminology analysis, when applied to our field, dsveloped in [Pérouse De

Montclos, 1988], provides a methodological framewoaiming at isolating

terminological items. These items fit various needs

- terminological items are used in describing withauotbiguity the architectural
artefact itself.

- terminological items are used in comparative ewauna of main architectural
trends.

- terminological items act as symbols to which datections can be attached to
in an effort to develop semantic-based searchédeimata collections.

- terminological items identify not only individuatsbjects but also families: the
terminology defines items that clearly range frdva ¢eneral to the specific.

Isolating the items that define the artefact’'s forsn naturally crucial to its

understanding (see [4]). It also opens opportunitieuse the artefact’s representation

as an intermediary between the user and informatmnonly on the artefact as a

whole but also on each morphological item considlesdevant in the architectural



analysis. It is clear, however, that geometric nlodehas up to now mainly given
birth to still-life images of artefacts in whichetlsemantics used do not appear (see for
instance [7] or [8]). In the field of the architacal heritage, researchers and
practitioners call for the emergence of modellingtimods in which geometry
illustrates and interfaces knowledge, as defengg@]pL0].

We are dealing here with terms that identify corsesed in architecture, and we
are dealing with sources that illustrate those epte This observation is the very
heart of our approach: terms identify concepts Hrat materialised in this or that
edifice, and sources figuring that edifice therefilustrate the term. This is the basic
statement on which we have built the DIVA experitnen visual vocabulary tool
exploited here in the above mentioned context.

We deal with two type of data sheets (formaliseX ML ):

1. Vocabulary items that contain a user-chosen nunalbetefinitions in various
languages and a user-chosen number of translatiBath definitions and
translations are linked with their bibliographic faeences. Each term is
positioned inside two hierarchies. The “parent otjjehierarchy states which
term the current term refines (complicates) (examphe corinthian capital
refines the term capital). The “parent group hiehgrstates to which group of
elements the current term can belong to (examptapéal is part of a column).

2. Sources descriptions that contain Dublin-Core bakmlimentary elements but
also a section that we entitled “architectural mefiee”. In this section the source
is identified as an illustration of one or sevaeams, and as figuring one specific
piece of architecture.

Vocabulary items identify a general concept (exanmm capital). They are
implemented as classes, each instance containseanfimber of definitions and
translations, each of which accompanied by thevagiebibliographical reference.

Basic information
<VocabularyRecord id>
key label, hidden
« identifies » *<TermDefinitions>
Plain text (Multilingual) with bibliographic reference «illustrates »
*<Translations>
Plain text with bibliographic reference
Relations
Quotations
links to other terms mentioned inside the definitions
*<Exclusions>
Terms identifying comparable yet different objects
<ParentObject>

sort_of relation
*<ParentGroup>

part_of relation * user-chosen number of ..

Fig. 3 Center: content of a vocabulary item sheet, andioek inside the term ontology,
left, the vocabulary item identifies a concepthtjg source illustrates the vocabulary item.



4 Toponymy

Whereas toponymy is used to give nhames to placesjse it tdocate information.
The architectural toponyms we have developed are supposed to offer two
complementary services :

- Further narrow and circle the information in a kfedge acquisition process
where the information is marked by uncertaintypimpleteness. (for example , if
one cannot attach a source to a given edifice Isecthe location mentioned in
the source is imprecise, then the source can laehettl to the city where the
edifice was erected).

- Segregate the information with regards to a gedgrdige hierarchy inside
which the higher the toponym is, the more objecis put in relation with (this is
used in information retrieval phases).

We use toponyms in order to provide for a giveratmn (may it be a whole region or
an archaeological site, or even a single edificehigue identifier to which we can
attach pieces of information. But names of placedve through time, as well as their
physical boundaries Therefore we have implementethaalel of toponym that
includes a series of variable features. Toponynesfarmalised as classes (in the
sense of OOP) which contain attributes or nestej@gctd for each of the above
mentioned features. The following list details theies.

1956 1956
1973 1973
1981 1981
1986 1986
1995 1995
2004 é 2004
A, 1956 ., 2004 &

Fig. 4 The origin/contour/time formalism, toponyearopeanUnion, representation for period
1956 and 2004.

Identity: Each toponym is given a label (name in mother tehgadded to its
hierarchy path in order to act as its identity deat (ex:
europe/france/rhoneAlpes/rhone/lyon/...).

Changes over timeMay the town of Lyon be a French major town of thenan
Lugdunum, it has to be for us one and only one ,semantigecith The
implementation we propose considdragdunum and Lyon as one and unique
toponym. The name may change over time, it anywefines one unique location.



Each toponym can contain an array called Histdxiaales that stores objects
containing a label (associated with a language)aatiche validity (an interval defined
by two dates, called yearinterval). For instan¢® toponym “..../..../rhone/lyon”
would have a historical nameaugdunum for the period -200 to +500. Each toponym
also contains an array of “historical boundarié&iese are objects storing polygons
and a yearinterval. Changes over time are therdfaralled on two independant
levels: name changes, boundary changes. If thenyopeorresponds to an object that
we want to represent in 3D, then the successivg&inetries are not defined inside
the toponym object but inside specific architedtatasses. The toponym is linked
with a “part-of” relation to the architectural ctes.

Finally, an array of “ timeValidities” stores théstorical periods during which the
use of the toponym makes sense : the toponym “Lugalkis”, part of the roman
empire where_ugdunum was located, ceases to make sense for the |aiatisaf
toponym Lyon during the VIth century, when the westpart of the roman empire
ceases to exist. Yet its parent toponym, “imperioam@num” continues to exist until
the fall of Constantinople, during the middle ages.

Multilingual aspects :The name of a place may vary at a given perioc@ipg on
the language used, it anyway defines one uniguaitwe A unique label (a simplified
version of nowadays name, local language) candmed to manipulate the toponym,
but it remains hidden for the user. Each toponygiven a basic name (today’s name
in mother tongue) and contains an array in chafggtaring translated names. The
number of translations is free. Moreover, an aoflalternative names” is created in
order to store local variations of the name (namesgional languages for instance).

Scale issue Toponyms are used to provide a location for huara&facts. However
each toponym is placed in a hierarchy of toponyfi® top levels do not identify
artefacts, but geographical concepts. A differepphym is therefore needed at each
scale. The root levels of a toponym’s hierarchyajg it on a map”, the lower levels
“draw it in 3D". Depending on the toponym’s scalts representation uses the
geographical information (position, contour) or ttarchitectural information
(referential, 3D morphology exploited as contoufd or as volumes in 3D). In that
sense, architectural toponyms act as integratorevele® geographical and
architectural information, and between the scatesesponding to the various urban
concepts our documentation mentions (“old town” -geographical/urban
information, “main square” -> architectural infortima). One can say that they are
re-interpreted here in order to bridge the gap betwGIS technologies (where the
graphic sign gives few hints on the actual thingeppresents [11]) and architectural
investigations (where only the result, 3D modetpiday given attention [12]).

Architectural / Geographical information sets Each toponym can optionally
contain pieces of quantitative information corresgiog to its scale inside an an array
of position/time period doublets. Position is exgsed alternatively as
longitude/latitude or as XY&Afy; time periods are expressed as two dates
(yearinterval). Besides, a reference is created term categorisation connecting a
particular object to general knowledge (temple Athe notion of templei.e. the
vocabulary item temple)



Alternative geometries : A toponym can be represented, depending on thie s¢
the 2D representation, either by a contour or bgymbol. Typically, a toponym
corresponding to an edifice will be representedabgot on a map, with if needed
more analytical symbols (see fig.5).

Fig. 5 Alternative representation of toponyms: the rontaeatre in Lyon (Lugdunum)
represented by an analytical symbol on a map feafupponyms represented by a contour
(region France/rhoneAlpes) or by a dot (other ties

Basic relations between toponymEach toponym has a relation to a hierarchy of
toponyms (region/city/site/...). This relation usé® semantics of the “isPartOf”
relationship, it is implemented in a very straightiard manner by an attribute inside
the class. A toponym may also have a relation portgms that have ceased to exist.
For instance Lyon is related to the roman Provihogdunensis. An array called
historicalParents stores this relation.

As mentioned above, each toponym’s descriptionuates relation to a hierarchy
of toponyms (region/city/site/...). But this mectsam remains limited to the isPartOf
semantics. We have in recent experiments introdacegecific “model of relation”
that helps specifying for instance that “toponymsthdjacent to toponym t2” and in
addition proposes relations between toponyms amolgt@phic entities. In the section
below we detail the possible relations.

“Lexical” relations between toponyms :

These relations are called lexical because they ndb include quantitative
information, but only a label for the relation.istinspired by ideas from [13]; with
here the aim of storing correspondences betwedanoss as XML, with as many
storage structures as there are tags of relafidresLexicalSpatialRelation object is a
generic object with an attribute that allows theoich of a given tag such as
“isAdjacentTo” or “Intersects, etc.. In additiorhig object specifies a time validity
(interval of dates). Such a relation could for &amste state that toponym “Lugdunensis
isAdjacentTo Narbonensis timeValiditylst t§ éentury”.

Relations between toponyms and Topographic Entities

Whereas Toponyms provide a location for artefacisographic entities provide a
context for these artefacts. In other word, topphi@ entities are “natural” elements
that need to be taken into consideration in orddyetter understand the evolution of
architectural sites. It is for instance worth mening that Arelate, Vienna



Allobrogium andLugdunum are sites erected along the same major rivera supply

line at the roman period. Each toponym can be &#eacto a set of instances of

TopographicEntity. Each toponym and each Topograghmtity have quantitative

information used to produce SVG graphics that oae gnderstand as the visual

exploitation of the underlying toponym Ontologicsttucture. These graphics are

customized cartographic representations of toponyrsduced at query time, that

include user-side choices on:

- Hierachy levels in toponym t1’s tree (upwards andiawards);

- Related toponyms (exploiting part or all of the ioakSpatialRelations instances
associated to toponym t1);

- Related Topographic entities (exploiting part dr &l the Relations instances
associated to of toponym t1).

5 Implementation and limitations

The concepts presented in this contribution, magy tboncern terminology or
toponymy, are implemented using the same princigiesierarchy of classes (in the
sens of OOP) produces instances of the various epbsic(vocabulary items,
documents descriptions, toponyms, topographiciestitelations,...). These instances
produce XML sheets that are transformed (XSLT) éxtdal interfaces. Visual
interfaces are produced at query time by methodlseodbove mentioned classes after
parsing the XML sheets. It has to be made cleat tamious sets of data are
manipulated, not necessarily in parallel. The vodaly items/documents experiment
started without the toponymy, the toponymy withthe relations. As a consequence,
a lot remains to be done to systematize links betwthe above mentioned elements.
We think that at this stage the principles we hdeeecloped appear promising, but no
other claim can be made before a deeper evaluatite work is carried out. Each of
the concepts implemented inside the two main ogtel has reached a point of
stability. However we need to stress that the figkdf those concepts remains a
methodological concern. One has to keep in mind tha initial objective is to
localise documents in a generic knowledge spaaeniftelogy) and in a specific
knowledge space (toponymy). An evaluation of thehoe we propose therefore
requires an evaluation not of the ontologies thdwese(although this task also is
needed) but on their usefulness in the interfacfigsources about architectural
evolutions.

6 Conclusion

The methodological framework we have experimentets lusers to organise
documents in a triangular relation associating dwents, toponyms and general
terms. Toponyms and general terms play here tleafoiwin ontologies in charge of
localising the documents with regards to speciiforiimation (a given place) and to
general information (a given piece of knowledge)isl far too early to weigh the
benefits of such an approach beyond the limitshef tesearch context we have



presented. Moreover, the platform remains at tha&ges experimental and the
development of appropriate graphics requires maestipning on for example the
user-friendliness of the interface (choice of lewéldetail, document availability
visualisation; ...) and the switching between ssg2D/3D; geographical->urban-
>architectural, ...). Still the application of thethod to real-case problems has shown
that a gain of readability is at hand if documemtsnformation one needs to deliver
or retrieve are exploited using ontological struesu
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