Chapter 1
Representing and Utilizing Changing Historical
Places as an Ontology Time Series

Eero Hyvonen, Jouni Tuominen, Tomi Kauppinen, and Jaétsi@en

Abstract Place names and their geographical coverage change inTthisecauses
problems when retrieving information content related téfedent times. Geo-
content is usually indexed using place names of the timedsximg (e.g. a photo
of the 1968 upraise of Czechoslovakia indexed then) or ofithe that the content
has been used or created (e.g. a spear used in the Punic WdGRCT in Carthago
but indexed at a later time using place names of that timepgllyj end-users may
guery content in terms of contemporary place names (e.gckCRepublic or Slo-
vakia) or overlapping historic names of different timeg(d&koman Empire). This
chapter presents an ontology-based approach to this pnoblee idea is to repre-
sent and maintain a time series of spatial ontologies ingarheasily manageable
local spatio-temporal changes from which the actual tinreeseontology can be
generated automatically with semantic enrichment. Thislogy can then be used
for indexing and for mapping spatio-temporal regions arelrthames onto each
other. As a proof-of-concept, the system has been appliewbtieling the history
municipalities of Finland in 1865—2010. We present the nhaa&ool for maintain-
ing the change history in a user-friendly way, transfororanf the place change
history into an ontology time series with semantic enrichtnand publication of
the ontology as a ready to use ontology services on the wébAJhX, Web Ser-
vice, and REST interfaces. The system has been applied isetin@ntic cultural
heritage portal OLTURESAMPO for semantic search and recommendation, as well
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as an external service for indexing cultural heritage aunsnd for query expansion
search in a legacy cultural heritage database system.

1.1 Introduction

Metadata on the Semantic Web is based on referencing to ptnotontologies
[26, 34]. There are lots of databases and repositoriesadlaifor current places,
such as GeoNamgsDealing with historical geographical content adds theptem
ral dimension and notion of change to geographic infornmasigstems (GIS). For
example, a reference to “Germany” or “the U.S.” may referitfetent regions (e.g.
Germany in 1943 vs. 1968), depending on the time of reference

There are vocabularies and ontologies describing histbpiaces, such as the
Thesaurus of Geographical Names (T&Njrom a geographical viewpoint, such
vocabularies typically tell the part-of hierarchy of placand a coordinate point of
the place or its polygonal area, various metadata for hursarsyand an identifier
for referencing the concept. For example, in TGN the entrytie city 'New York’
list its various names, such as 'New Amsterdam’ and 'Big Apptells its hierar-
chic position in the U.S. (e.qg. that it belongs to the statd@f York) and additional
larger regions, place types (e.g. city, port, national ey 1778, etc.) and refer-
ences to literal and other sources explaining e.g. thetise names, such as 'New
Amsterdam’ (historical place) in more detail.

1.1.1 Limitations of Historical Geo-vocabularies

If content is annotated with a current or a historical plaama and queried with the
same name, stored content can be found. However, names hétyglermeanings
(e.g. Paris in France vs. Paris in Texas) and places can laded and referred
to using geographically overlapping concepts with diffén@ames. In a time per-
spective, a regioR can be referred to in principle by any region name at differen
granularity levels that has at some point of time overlagpdebr example, Helsinki

in Finland, can be referred to by any regional boundarieb®tity since its estab-
lishment in 1550, by the various incarnations of the neigimgoregions annexed to
Helsinki, by different regions of Sweden before the Napbieavars, by Russian
regions in the 19th century, by regions of independent Rohlsince 1917, and by
EU nomenclature since 1995. A simple approach used e.g. M i8Go associate
names with alternative names, but this is problematic whersame area or its part
can be referred to bgifferent overlapping places. A part-of hierarchy eases the pain
w.r.t. regions and subregions, but even then there is thelgmothat the hierarchy

1 http://geonames.org/
2 http://www.getty.edu/research/conductiresearch/vocabularies/tgn/
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is time dependent. For example, New Amsterdam has beenfithd bletherlands,
but is used as an alternative name for contemporary New YoikGN. The city

was renamed 'New York’ only in 1664 by the Duke of York undeg British rule.

Also many other relations of regions change in time. For gdanNew York used
to be the capital of the U.S. but is not any more.

For a more accurate and machine interpretable represantdthistorical places,
the notion of a spatio-temporal named region during a pesfdime is need. Re-
lating such regions or places ontologically with each oth@eeded in information
retrieval, because the end-user may not use the same plaes masearch queries
that are used in annotations, but only related place name lyenerally, ontolog-
ical, topological and other relations between historidates are needed in order
to link semantically related content with each other in &aions, such as recom-
mending systems and semantic portals of cultural herita [

1.1.2 Research Questions

From the perspective of the Semantic Web, this need createsasearch questions,
such as:

e Spatio-temporal ontology models How to represent geo-ontologies of spatio-
temporal places that change in time?

e Spatio-temporal ontology maintenance How to maintain spatio-temporal on-
tologies that change in time?

e Annotation support How to support content creation using such ontologies, so
that correct references to places in time can be made?

e Application How to utilize such spatio-temporal ontologies in applias for
e.g. querying, recommending, content aggregation, anlzation?

1.1.3 Chapter Outline

In this chapter an approach is presented addressing thesarch questions. We
first formulate a model for representing spatio-temporgiaes as an ontology
time series. We present methods for creating such ontadmised on geograph-
ical changes and incomplete data—a typical situation wieatinng with historical
places. This part of the chapter is based on and presentseaview of a series of
papers published by the authors earlier, especially [Z3v@fh some extensions. In
particular, we emphasize aspects related to creatingritiatgeo-ontologies based
on incomplete knowledge. After this an ontology serviceresgnted by which the
ontology can be published easily and used in external leggstems and applica-
tions as a service [39]. Two applications of the ontologydiseussed: a semantic
portal for cultural heritage [18] and a query expansion iser{40] attached to a
legacy application on the web.
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The work is part of the national FInnONTO project (2003—23H2ming a build-

ing a national semantic web infrastructure [19].

1.2 A Modd for Spatio-temporal Ontology Time Series

Major goals and motivations for developing the spatio-terapontology model are:

1.

2.

Accurateannotations. Facilitate more accurate content descriptions in metadata
using spatio-temporal regions.

Semantic sear ch. Facilitate search by query or document expansion in applica
tions, based on spatio-temporal relations.

. Semantic linking. Facilitate finding and aggregating related content in @ppli

tions, based on spatio-temporal relations.

. Semantic enrichment. Facilitate enriching of the ontology automatically by rea-

soning. A human developer does not need to describe eveghplicitly in the
ontology, but part of the properties and relations can bateckby the machine
based on the semantics.

. Visualization. Facilitate using ontological structures in user interfgeeg. the

part of hierarchy at different times.

To achieve these goals, spatio-temporal regions and tb#&ctions are used

as annotation concepts with persistent URIs, and are definddelated to each
other by a time series of ontologies. We focus on represgspatio-temporal re-
gions (STR). “Region” is a commonly used geographic term in déférbranches
of geography. Regions can be defined based on various feauteinclude e.g.,
political, religious, natural resource, and historicajions'.

Regions of different kinds can be characterized from a sgatnporal point of

view by the following core properties: name, time span,,sarel polygonal area.
Regions can be related with other by topological relati@lsguch as

1.
2.
3.

the part-of relation defining hierarchies,
overlap relation telling how much regions overlap, and
other relations, such as neighbor-of, near-by etc.

These relations are potentially useful in query expan20n3] and in semantic

linking on a spatial dimension. For example, when searcfingastles in Europe, it
makes sense to return castles in different countries tbatat of Europe. However,
from an IR query expansion point of view, it is not always clehen the relations
can be used. For example, when querying documents about.therte probably
is not so interested in documents about the member statebuiments about the
EU as a whole. Here recall is enhanced but at the cost of jpwacis this chapter

3 http://www.seco.tkk.fi/projects/finnonto/
4 http://en.wikipedia.org/wiki/Region
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we assume that the ontology is applied wisely in situatiohene utilizing a relation
matches the needs of the application case.

In below, our spatio-temporal ontology model is first owglin and after this the
problem of creating it from partial geographical data alali.

1.2.1 A Model of Ontology Time Series

A major reasoning task in our ontology model is to computedberlap relation
between the regions in an ontology. This relation is represkby the properties
overlaps (covers) and its reversaverlappedBy (coveredBy). Assume that the area
of a region A is 100, the area of B is 200, and that the sharechtmmarea C of
A and B is 50. Then A overlaps B by C/B=0.25 and B overlaps A b4&=0).5. If

a query uses the concept A that overlaps B, then content atedotising B could
be returned and the hits can be sorted in the order of relevaased on the degree
of overlap (here 0.25). On a temporal dimension, regionsdeamlated through the
overlap of their co-existence in time.

In an ideal situation, the polygons of the regions in an mgglare known. Then
the overlap relation between all pairs of regions can be caetpstraightforwardly.
Furthermore, based on polygons of regions, additionallempcal relations, such as
neighbor-of, east-of etc. can be reasoned/computed, @nontiology be enriched.
However, a key problem here in practice is that polygon datet always available,
which is especially common when dealing with historicalggls. In many cases the
polygon of a region may not even be known or its boundariesiacertain. Then
one has to start ontology creation from what data is availahirich the knowledge
by whatever means are available, and be content with a fimdhpanodel, too. A
major benefit of using ontologies for representing spatiogoral regions is that
semantics enable automatic enrichment of human input letyd, saving time and
money in content creation, and facilitating implementatad more “intelligent”
applications.

The central concept in our ontology model is the STR. It hasetttore prop-
erties: 1) a name by which the region is referred to, 2) a bedrgkographical
polygonal area, and 3) a time interval that the region with thme existed with-
out change w.r.t. name and time. Each spatio-temporalmdtas an identity of its
own and is labeled agl acename(begin, end). For example, 'Helsinki(1931-1945)’
refers to the region of Helsinki from 1931 to 1945. Dependingthe application,
an STR has additional spatio-temporal properties and serrrafations with other
spatio-temporal regions, such as size, part-of, neigbbete., and domain specific
properties, such as population, main religion, naturaluese type, etc.,

A collection of spatio-temporal regions with the same plaame can constitute
a spatio-temporal spaceworm that essentially defines a region over time. For
example, the city of 'Helsinki’ as an administrative arean d@e defined as a
spaceworm defined by its constituents: 'Helsinki(155090)63Helsinki(1640-
1642)’, 'Helsinki(16431905)’, ’'Helsinki(1906-1911)’, Helsinki(1912-1926)’,
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"Helsinki(1927-1930)’, "Helsinki(1931-1945)’, "Helski(1946-1965)’,
"Helsinki(1966-2008)’, and ’'Helsinki(2009-)’. The regioof Helsinki is de-
fined by the union of these STRs.

The ontology in our model is essentially defined as a set ofsSaml space-
worms. At each momeritthe world consists of the regiod®lacename(x,y)|x <
t <y}. Therefore, at any point in timtewhen a region change takes place, i.e. when
at least one STR is creategdl &cename(t,x)) or vanishes fjl acename(x,t)), a dif-
ferent new set of STRs defineperiod ontology O describing the world until the
next change.

A period ontology is characterized by the properties oféons. The relations
between the regions that can be defined according to thecafiph needs. In our
case ontology for the Finnish historical municipalities fte presented later), for
example, we represent countries, provinces, and munitgshs STRs. A country
is divided exhaustively into a set of provinces, and eackipo® into a set munici-
palities using the hierarchic part-of relation.

The temporal sequence of period ontologies defines an ayttitoe series. Itis
intuitively a sequence of partonomies. Each period ontpiegralid between two
nearest subsequent changes. However, STRs in the paresmana related with
each other globally by the overlap relation. If two regiongwt overlap, the degree
of overlap is 0, a value in (0,1) is used if they share areayahge 1 means a total
coverage.

1900 1920 1940 1960

Province-D Province-D (1900-1960)

County-A County-A (1900-1940) County-A (1941-1960)

County-B County-B (1900-1920)

County-B1 County-B1 (1921-1960)

County-B2 County-B2 (1921-1940)

Ontology-1 Ontology-2 Ontology-3
(1900-1920) (1921-1940) (1941-1960)

S sE

Fig. 1.1 Example of an ontology time series based on two regionalgdsn
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For example, Fig. 1.1 depicts a situation, where a provindadd consists of
two counties A and B is established at 1900. County B is sptit iwo counties
B1 and B2 on January 1 in 1921, and on January 1 in 1941 counig Bizrged
into A. The spaceworms of the provinces and the countiedvadaare depicted as
horizontal boxes in a row stretching over time. For examgp@ceworm A has two
constituents. The graph tells the following story: Countyaishes as a result of a
split into counties B1 and B2 in 1921. In 1941, B2 vanishesabse it is merged
into A. At this point a new constituent is created for A be@o$ the change in
the area of the region A, but the new incarnation 'County-84(1-1960)’ is still a
member of the spaceworm of County-A because B2 merges intithdut changing
the name of A. In the lower part of the figure, the part-of hiehg of each period
ontology is visualized as an ontology time series. Heretblod node labels A,
B, B1, and B2 refer to the corresponding STRs above, and ACtauhty-A (1941-
1960)’ that includes the region of B2.

The ontology time series is used for annotating content aigggemporal re-
gions, when dealing with temporal materials. For exampl@paabout Helsinki
during the Winter War in 1939 would be annotated by the resmiHelsinki(1931-
1945)’. When a generic reference to a region is made withomsidering the time
dimension, the spaceworm resource can be used, e.g. whetating a book about
Helsinki at different times. The major benefit of using théadogy is that resources
in annotations are now more accurate (e.g., modern Helsoérs a much wider
area than the historical versions of Helsinki), they candsmeiated with time, and
they can be related with each other through the part-of lapemd other relations.
This facilitates query expansion and semantic linking gfoes even if their names
are different.

1.2.2 Enriching the Ontology

A major benefit of the model outlined above is that the ontplogn be enriched
semantically using reasoning. This can be especially usdfen only partial or
inexact knowledge about places is available, which is gipichen dealing with
historical data. Uncertainty may be related to any core @ntypof an STR: name,
area, and time. In the following, we focus on the problem aflidg with incomplete
information about the polygonal areas and spatial relat@rSTRs. For represent-
ing uncertainty in names, properties such as skos:altLabgkos:hiddenLabel of
the SKOS vocabulary stand&rchn be used. A way to represent uncertainty in inter-
val end-points is to use four-point intervals, as suggestgdin the CIDOC-CRM
standarél.

If historical documents do not specify the geographicaliutawies of a region,
qualitative information about spatial changes may stithb&ilable. In our case study

5 http://www.w3.0rg/2004/02/skos/
6 http://www.cidoc-crm.org/
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[25], for example, polygons of older incarnations of mupéities were not avail-
able (or digitization was not possible), but usually thesiaf the areas (ikm?) and
change events, such as emergence of a hew county by mergingildvones at a
certain year, were known. We therefore postulated that tospamporal ontology,
as described above, has to be created based on severatsititasenay be more or
less complete when starting ontology creation:

1. Repository of regions (R) defining the name, type, size, time interval of
STRs, and application specific features.

2. Repository of regional changes (RC): explicit informatabout how regions e.g.
are established, vanish, split, and merged.

3. Repository of polygons of regions (PR): the coverage RST

4. Repository of topological relations between STRs (THlitonal relations be-
tween STRs, as needed in applications.

The final RDF ontology consists of an union of these companentiched by
additional triples generated by reasoning. Let us assuateRhs fully specified.
Then the ontology can be enriched as follows:

1. Time series. Based on R, the ontology time series can bergted by splitting
the time line at each STR interval limit, and collecting dapping STRs into
period ontologies.

2. Based on RC and PR, additional polygons in PR can be gedefair example,
the polygon of a merged STR is the union of the polygons ofatsstituents.

3. Based on RC and PR, topological relations can be generated

As an example of generating topological relations in thenfework, [23]
presents a method for determining the overlap relation éetwSTRs based on R
and RC. The result is basicallyragions x regions matrix defining the degree of
overlap relation between all pairs of regions: given a regfi® overlaps w.r.t. other
region can be read from the corresponding row in the tabkanmtly. The relation
was can be populated into the RDF base as a setenfaps property triples, or its
inverseoverlappedBy.

I - O O O R
1 1 1

D=100 1 1 1
A=40 40/100 1 40/60 0O 0 0
A'=60  60/100 40/60 1 20/60 O 1
B=60 60/100 0O 20/60 1 1 1
B1=40 40/100 O 0 40/60 1 0
B2=20 20/100 O 20/60 20/60 O 1

Fig. 1.2 Overlap relation based on the changes of the ontology ofiFig.and known areas of the
regions listed in the leftmost column. A’ refers to Countyafier the merge.



1 Representing and Utilizing Changing Historical Placeara®ntology Time Series 9

For example, given the RC illustrated in Fig. 1.1, the oyetéble of Fig. 1.2 can
be computed. On the leftmost column the areas of the STRgjinlFL are given.
For example, since B (area 60) is split into B1 (40) and B2 (B@)overlaps B by
their shared area, i.e. by 20/60=1/3.

1.3 Case Study: Historical Finnish Municipalities

The model and methods described in the previous sectiorns applied to create
the Finnish Spatio-temporal Ontology SAP@n ontology time series of Finnish
municipalities over the time interval 1865-2007 [25]. Alsiace 2007, the model
has been kept in concordance with later changes of adnatigtal regions and
municipalities in Finland. Most Finnish municipalitiesv@gaovercome some kind
of areal changes, many of them several times after theibksttanent. Figure 1.3
shows in dark color municipalities that haven’t had any ¢fe@since 1865 [24].

Fig. 1.3 Regional changes are common in Finland: dark color indécatenicipalities whose name
or area has not changed since 1865. Courtesy of the Natiamal Survey of Finland.

SAPO is an instance of the general problem of modeling bayndizanges of
provinces, municipalities, and other regions in differeotintries. For example in

7 http://www.seco.tkk.fi/ontologies/sapo/
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Japan the number of municipalities has declined from abb@®00 in 1889, to about
1,700in 2008 [2]. During this period many old municipal namaere dissolved, and
various new names were generated. In Japan, from the ye@nui@92008, a total
of 598 municipalities were formed by merging existing oras,of which 330 kept
their existing names and 268 got new names.

1.3.1 Developing the Ontology

-
File Edit Wiew Insert Format Tools Data Window Help X
p | k ] ¥ [ z | aa ] AF '_ A [ A ] AP -
1 |Place Time Change From 1 From 2 Moved parts Where 1 Where 2 Description
1190 [Viiala 3007 Merged Viiala Toijala Akaa_2 Toijala ja viiala yr
1IViipun L 1403 Addition Wiipuri Wiipuri sai kaupunk
Q2 [Viipun 19.09.1944 Changepartof  Viipuri Russia Luovutetuilla aluei
3 |Viipurin mlk 1869 Addition Wiipurin mlk
[ 1194 [viipurin mlk 19068 Split Viipurin mik Nuijamaa  Viipurin mlk Nuijamaa itsendist:
E |viipurin mlk 1921 Split Viipurin mlk Wahviala  Viipurin mik
[ 1196 [Viipurin mlk 10.9.1944 Changepartef  Wiipuiin mlk Russia Luovutetuilla aluei
[ 1197 [Viitasaari 1268 Addition iitasaari Viitasaari perustetti
| 1198 |Viitasaari 1834 Changepartof  Viitasaari Wuoksenkoski Kannonkoski Viitasaaresta erotei
[ 1199 [Viljakkala 1874 Addition Wiljakkala Perustettu 1874
00 [Viljakkala 2007 Merged Viljakkala  ldjani ML ‘iljakiala yhdistyi
0] [Vilppula 1904  Changepartof  Keuruu Suuri osa Keuruunk [Vilppula
5072 |Vilppula 1904  Changepartof  Ruovesi “osia” \ilppula
203 |Vilppula 1922 Split Vilppula Mantta Vilppula Manttd erosi Vilppy
[ 1204 |Vilppula 1954 Changepartof Kuorevesi Kuoreniemi, osa Aji |Vilppula Kuorevedesta liitet]
2085 [Vilppula 1973 Split Pohjaslahti Vilppula Wirrat Jaettu 1873 (Vilppy
Q6 |Vimpeli 1866 Addition Wimpeli Perustettu 1866
[ 1207 [Virclahti 1908 Changepartof Virolahti Heikkild, Jarveld, Jo|Miehikkdld 1908 Vinlahdesta
[ 1208 [Virclahti 1991944 Changepartof  irolahti "osia" Russia
209 [Virrat 1868 Addition Wirrat Perustettu 1868
210 [virat 1973 Split Pohjaslahti Wilppula Wirrat Jaettu 1973 (Vilpp
2117 [virtasalmi 1912 Split Pigksdm ki Pieksdmaki Virtasalmi
Virtasalmi 2004 Merged Jappild Pieksdmar Fieksdnmaa
213 [Vuoksela 1914 ChangepartofAddition Muolaa: Vuosalmi [Wuoksela Perustettu 1914 (Wi =
[+ [n]\Places { Araai sizes | | 4 vl

Fig. 1.4 Maintaining SAPO-ontology as a spreadsheet table.

In our case, the information available in the outset was ti§tmunicipalities at
different times telling e.g. the areas of the regions, toolvipirovince they belonged,
and how new municipalities were formed or old ones were chdngor example,
it may be known that a new municipality was formed by mergiwg bld ones
together. Based on research on old geographical boolss distl other data, the first
version of the repository of regions R and regional chandeséuld be created.

In RC seven fundamental change types were identified. Tallésis them as
well as the counts of change instances in our dataset (in)2007

Initially no polygons were available for calculating theeolaps. However, the
sizes of the STRs were known as well as local changes, whide fihgossible to
compute the global overlap relation using the model and austldiscussed above.

Region polygons (RP) were not available and therefore ned irs determining
the overlap relation. However, polygons for contemporamicipalities were later
acquired from the National Land Survey of Finland, and inmlaps geographical
boundaries of some areas could be seen at certain time pdmenrich the on-
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Changetype Quantity
Establishment (A region is established) 508
Merge (Several regions are merged into one) 144

Slit (Aregion issplit to several regions) 94
Namechange (A region changes its name) 33
Changepartof (Annexed (to a different country)) 66
Changepartof (Annexed (from a different country)) 1
Changepartof (Region moved to another city or munici-|256
pality)

Total sum 1102

Table1.1 Different types of regional changes of municipalities bextw 1865 and 2007 in Finland.

tology, polygons for two historical period ontologies weligitized by hand based
on old maps. Based on these polygons and the change higiditipaal polygons
could be computed by a set of reasoning rules. After thistithe series was pub-
lished as a service using the ONKI ontology service [41]. yéeamount of content
in the final published ontology has not been created by a huomtsiogist but by
the machine, based on the semantics of the ontology.

1.3.2 Content Creation Process

An easy to use way to encode the information about regiorahgbs (RC) was
to create a spreadsheet, where each row represents a tgpagioral change. The
columns represent the properties of the changes, suchgpthef the change, time,
and regions involved, implementing the metadata schemafional changes. Fig-
ure 1.4 shows a screenshot of the metadata of changes dbiffathema fields, such
as 'Place’, 'Date’,Change’ (type), and 'Moved parts’, aspresented as columns,
and are filled up with unique references to resources or Withrozalues. STRs are
referred to by their names (including the time interval)r Egample, the split of
"Viipurin mlk (1869-1905)’ into 'Nuijamaa (1906-1944)’ anViipurin mlk (1906-
1920)’ is seen on the row 1194, and the annexing of 'Viipurik'rfrom Finland
to Russia on 1944-09-19 is on the row 1196. Most changes hsv@anatural lan-
guage explanation of the event for human users.

The process from the spreadsheet, maintained by a humdog=tdo the pub-
lication of the ontology time series proceeds in the follogvsteps:

1. The spreadsheet is saved in CSV format.

2. A script transforms the CSV form into RDF.

3. Overlap relations of spatio-temporal regions are coegbas explained above,
and represented as properties of the regions.

4. Additional information concerning the metadata can bi#eddo the knowledge
base, such as boundaries of regions as polygons at ceriats pbtime.
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5. The ontology is enriched further by reasoning new polggbased on known
polygons and the change history.

6. The ontology is enriched further by reasoning additidnablogical relations
between the STRs, e.g. that two municipalities are neighbor

7. The ontology time series is generated from the changerjsine period ontol-
ogy for each two subsequent changes.

8. The time series is published using ONKI ontology servicebge explained in
more detail below).

The methods for enriching and creating an ontology timessdrbm the spread-
sheet CSV metadata were implemented using Java and Jenat®evideb Frame-
work8. The resulting RDF repository contains 1105 different gfe@nand 976 dif-
ferent STRs of 616 different historical and modern placesag¢sworm), meaning
that each place has on average 1.58 temporal parts. For &xahgspaceworm re-
source 'Viipurin mlk’ includes the STRs "Viipurin mlk (1862905)’, 'Viipurin mlk
(1906-1920)’, 'Viipurin mlk (1921-1943)’, and "Viipurin ik (1944-)'. The tempo-
ral parts and their partonomy hierarchies in the RDF repositonstitute 142 dif-
ferent temporal period ontologies between the years 18626867, each of which
is a valid model of the country during its own time span.

1.4 Publishing the Ontology asan ONKI Service

The ONKI Ontology Service [41] is a general ontology libraimat acts as a pub-
lishing channel for ontologies and provides functionefitior accessing them using
ready-to-use web widgets as well as APIs for both humans aachimes. ONKI
supports services such as content indexing, concept digaatton, searching, and
(URI) fetching. The service is based on ontology and dompétidic implementa-
tions of ONKI servers which conform to the ONKI applicatioriérface [42]. This
means that it is possible to provide a single web widget tessall ontologies, and
at the same time, provide domain-specific user interface $esunical implementa-
tions optimized for ontologies of different sizes, modglianguages and principles.

ONKI SKOS [39] is an ontology server supporting thesaurkis-dntologies es-
pecially in contentindexing. ONKI SKOS can be used to brqwsarch and visual-
ize any vocabulary conforming to the SKOS recommendatioth gdso RDF(S) and
OWL ontologies with additional configuration. ONKI SKOS dogimple reason-
ing, e.g. transitive closure over class and part-of hidriasc The implementation
has been tested using various ontologies, such as the FiSpatio-temporal On-
tology SAPO.

ONKI SKOS Browser (see Figure 1.5) is the graphical userfate of the ONKI
SKOS server. It consists of three main componentsofgept search with semantic
autocompletion, 2) concept hierarchy and 3)concept properties. When typing text
to the search field, a query is performed to match the condeptsls. The result

8 http://jena.sourceforge.net/



1 Representing and Utilizing Changing Historical Placeara®ntology Time Series

13

list shows the matching concepts, which can be selecteduftindr examination.
The search can be further narrowed by restricting the seambncepts of a certain
type or to a desired subtree of the ontology. When a conceglésted, its concept
hierarchy is visualized as a tree structure, and its prigsesate shown as a table.

ONKI-Browser : Ontology Library Browser - Mozilla Firefox

File Edit View History Bookmarks Tools Help

@ v e & [ w/hepwwwy

?c=http%3A% 2F %2Fwww.ys50.fi% 2F onto%2F sapo% 2F Helsinki(1946-1965

~] [88~]Google 3

| ¥ ONKI-Browser ; Ontology Librar... | &

SAPO - Suomen ajallinen paikkaontologia

T emsion sty

W/ ONKI National Finnish Ontology Service ONKI  Ontologies | Documentation | Sign Up | Upioad  Feedback&Suggestions | About ONKE

Ontology Server ONKI

Languags English | ABout ONKI

Concept Search

Type of the concept: )
| Municipality v

EGHIJKLMNOPQRSIUV
A

Helsinki(1946-1965)

URE:  hitp://wwew. lelsinki(1946-1965!

Context

Suoml
L Suomi(1917-1920)

elsinki(1550-1639
Helsinki(1640-1642
Helsinki(1643-1905
Helsinki(1806-1911
Helsinki(1912-1926
Helsinki(1927-1330
Helsinki(1931-1845
Helsink|(1946-1965
Helsinki(1966-2008
Helsinki(2008-)

* Uudenmasan [3ani(1919-1048)
L ) [Show cancepts|

L SUomI(1920-1940)

L Uudenmasn 3ani(1919-1048)
[ ) [Show concepts|

|
|
|
|
| Suomi(1940-1944)
|
|
|

L Uudenmaan [aani(1918-1948)
L ) [Show concapts

L Suomi(1844-1947)

Uudenmaan [&&ni(1918-1948)
- [Show concopts

- Suomi(1847-
i

144ni(1319-1948)

Properties

Ajallisten
paikkojen
kooste:

Alku:
Loppu:
Maapinta-ala:
Naapuripalkka:

Nimike:

Osa aluetta:

=

-1965) [si

Tyyppi:
Peittad

-
[Kartta | sateiiita | riyoria
q

Kalkbruksty

Esthamnsfiarden

Done

palkkaa:

Peittd
vanhempaa
paikkaa:

Helsinki

1946-01-01

1965-12-31

165.0

Helsingin mik(1946-1953)
Helsingin mik(1954-1965)
Helsinki(1946-1965)
Uudenmaan aani(1919-1948)
Helsinki

target overlaps overlappedBy
Helsinki(1966-2008) 0.885 1

Helsinki{2009-)

0775 1

target overlaps overlappedBy|
Huopalahti(1920-1922) 1 0.211
Helsinki(1931-1945) 1
Helsinki(1931-1945) 1
Helsinki(1627-1830) 1
Helsinki(1912-1926 1
Helsinki(1906-1917) 1
Helsinki(1643-1905) 1
4
i
4

0.182
0.182
0.176
0.170
0.164
0.103
Huopalahti(1931-1945)
Helsinki{1640-1642)

Helsinki{1550-1639)

0.0745
0.0424

0.0388

Fig. 1.5 Browsing SAPO with the ONKI SKOS Browser.

In Fig. 1.5 user has searched all the temporal municipaltieose name starts
with a string “helsinki”, referring the the spaceworm 'Held'. Matching STRs
are shown, after each input character, as a list of choicebeteft. In this case,
the user has already selected the STR ’Helsinki(1946-1966)nspection and
visualization. The part-of relations of the STR are showradserarchy tree on
the right— "Helsinki(1946-1965)’ is part of the provinceudenmaan laani(1919-
1948)’, which is part of several spatio-temporal incamiasiof the country Finland.
The geographical region of the place is shown as a polygorGuoogle Map$ view.
On the right hand side, neighbouring and overlapping mpalities are shown. For

9 http://maps.google.com/
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example, 'Helsinki(1946-1965)’ overlaps 'Huopalahti?081922)’ with a weight 1,
since Huopalahti has been annexed to Helsinki.

The ONKI Ontology Services can be integrated as mash-upsapplications
on the user interface level (in HTML) by utilizing the ONKI IBetor, a lightweight
web widget providing functionalities for accessing ontpés, e.g., for content an-
notation purposes. The ONKI Selector depicted in Fig. 1liimaused to search and
browse ontologies, fetch URI references and labels of désioncepts, and to store
them in a concept collector in HTML code. The selector, dieién Part 1 of the
figure, is an extended input field. It consists of the follogyd@mponents that can be
configured of left out depending on the application casetd@gy selector’ (on the
right) for selecting an ontology (or several ones), Sedield’ for finding concepts
using autocompletion, 'Language selector’ for multi-lirad ontologies, and 'Open
ONKI Browser button’, by which the ONKI Browser (Fig. 1.5)rcée opened for
concept input. Part 2 of the figure illustrates using the @utapletion facility, and
in Part 3, a concept selection has been made, and the coacan above the se-
lector in the Concept collector. It can be removed from thgrpushing the remove
button [x], or edited using the ONKI Browser by pushing the link 'chahg

When the desired concepts have been selected with the ON&dtSethey can
be stored into, e.g., the database of the application byyusirHTML form. Either
the URIs or the labels of the concepts can be transferredhetapplication provid-
ing support for the Semantic Web and legacy applicationsbFawsing the context
of the concepts in ontologies, the ONKI SKOS Browser can lened by pressing
a button. Once suitable concepts are found, they can besigéfobm the browser to
the application.

1. ONKI Concept Search Widget in default state 2. Autocompletion search result

ontology
selector | [search field |

language
selector

open
ONKI Browser

shipmesters
shipping administration
chinnina bsinass

3. Concept coll for sel d

p
concept collector

yso:ship travel [change ] [X]

ysa v |en ~ [ Open ntology Browser

Fig. 1.6 Using the ONKI Selector.

ONKI Ontology Service provides for machine usage APIs wigizh be used for,
e.g., querying for concepts by label matching, getting prties of a concepts, and
getting metadata about an ontology. The ONKI API has beerteimented in three
ways: as an AJAX service, as a Web Service, and a simple HTTP AP
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1.5 Applications

1.5.1 CultureSampo

SAPO ontology is in use in the semantic portalJiGURESAMPO—Finnish Cul-
ture on the Semantic Web 2X#118] that contains hundreds of thousands of cultural
heritage content items of different kinds from differenganizations and the pub-
lic. The systems uses SAPO ontology for providing the erat-usth following
functionalities:

@ CultureSampo - Historical areas - Mozilla Firefox.

N ]
@ PIc 4 o - (60 - ([ nipy//wwwkubtuurisampo.fi/historiallsetAluet shim 7y ] B~ Googe o

& Most Visited 4 Getting Started 5 Latest Headlines

|| CultureSampo - Historical areas

CultureSampo
Fin Cutt

lections Finnish History Skils Biographies Kaslevala Karela

(Search for items on a map | Historit ¢\ Historical maps | Nearby objects |
P 2 |

Pancramispicires 7] ANTREA (1869-1923)

[ ™

[ —

Show places on the map:

-

Alavus
L1865-1972
L1973~

Angelniemi

L 18631974
Anjalankoski
_1975-2008
Antrea .
18651923
L 1024-1043
Anttola
L 1875-2600
Artjarvi

Bergé

Bromarv
_1881-1976

Fig. 1.7 The user has selected historical 'Antrea (1869-1923)" enl¢fit, and the area is shown
on the map with articles from Wikipedia and photos from Panuo.

1. Old places are of interest of their own—just knowing whamnel when they ex-
isted is already valuable. INCTURESAMPO, old places of SAPO can be found
as an index; by clicking on a name, the area is shown on a mapot¥ier con-
tent. For example, in Fig. 1.7 the user has selected therivistonunicipality of
'Antrea (1869-1923)’ in the index on the left, and the systgmows its bound-
aries on the map.

10 http://www.kulttuurisampo. fi/
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2. Information based on coordinates can be associated wgfiorrs by showing

& Most Visited 4 Getting Started 5 Latest Headlines

| || CultureSampo - Historical maps

them simply on a map, as customary in traditional Google Mapdications.
In Fig. 1.7, links to contemporary datasets are provided apsnin this case
Wikipedia articles and Panoramfophotos related to the area. InUCTURE-
SAMPO also modern places that are inside the polygonal boundairibe his-
torical region can be retrieved, and can be used to browsaaipg(this feature is
not seen in the figure). For modern places the ONKI-Geo [1%logy service
is used.

@ CuttureSampo - Historical maps - Mezilla Firefox w

@ =c & T @ (O 7% -] [~ Googie P

Show on the map

Oeanoramio-pictures @
Wwikipeia artites (en) @
\k\ped\a articles (f)

Show present and
historical places on the map:

Karjalan kartta
(19go-luku)
Calvattile
_ Hitvaniemi
L Hovinmaa
_ Hime
_Johannes
_ Kaaliala |=
L Kanneljarvi
_ Karisalmi
_ Kilpeenjokt
_ Kiurlahti
L Kivitokes
_ Koivisto
_ Kotviston kauppala L
_ Kolkkala
_ Koprala
_ Kuolemajérui
_ Kuparsaart
__ Kuukauppi
_ Makslahti
_ Makslahti
_ Nisalahti
_ Rakkola
_ Rautanen
_ Santajoki
_ Suulean saari

Fig. 1.8 Old maps overlayed transparently over contemporary magssatellite images show

historical changes.

3. STRs can be used as a basis for semantic recommendind,dratiee metadata

such as time and topological relations. In Fig. 1.8, the hssrselected to view
the STR 'Viipuri(1920-1944)’. The system shows contengated to it through
semantic associations, including folk poems, music,auts, paintings etc. Fig.
1.9 shown these recommendations as symbol links; thesenmeeadations can
be found in the view of Fig. 1.8 under the map (scrolling dos/néeded). Also
content from historical regions that overlap 'Viipuri(1®2944)’ are listed as
recommendations. The overlaps are based the global ovaldégpderived from

11 http://www.panoramio.com/
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@ CutureSampo - Historical
a sl
@oocx o9 0n 2 »
2 Most Visited 0 Getting Started 1 Latest Headlines
| CultureSampo - Historical maps |
i Johannes - B
= 9 O
Tuuti lasta nukkumaan, Suurelle orelle... Kiv Aleksis (1834 - 1872)
f Muistotauly
| &
Aa, 2a, 23, aa, aa, aa, aa, aa, Aa, 33, a3
£ X S A 1s1.0125
aa,.. Tampereen tuomiokirkon freskot S
& "y |
Pashine, naisen
GRS S Erkka fatut Momriossa, ftkes i hiiokas, biakiod
paase
r — =
Hefjaan, heijaan Heikin lasta, Heikki on i et VRl (1IGOAD) Reatikkoon, raatikkoon vanhat piiat
itse. pannaan,
Is1.0263 ﬁ
I Kynttilznjalka = Evankelista Johannes
Suulaan saari
I
i Runosavelmat 2. savelma 669 Nouzin tana huomenessa, Aioin aiga huomenessa Elena hyva eméanda, Tegi 7
am am [chi —

Fig. 1.9 Semantic recommendation links related to 'Viipuri(192344)’.

the change history of municipalities. In recommending, W@ TURESAMPO
knowledge base is used as a SPARQL end-point.

4. Visualization of historical changes. Fig. 1.8 depictsTemp-O-Map system [22]
in CULTURESAMPO that utilizes the ontology time series in visualizing histo
ical and modern regions on top of maps and satellite imagissotital places,
i.e. STRs, can be selected from a drop-down menu on the lefte lthe tem-
poral constituent 'Viipuri(1920-1944)’ of 'Viipuri’ is sected. By viewing old
and contemporary maps on top of each other gives the user betierstanding
about the history of the region. In this case the Viipuri anes annexed to the
Soviet Union after the World War Il, and many old Finnish gatames were
changed in new Russian ones and are also now written usintlicCgiphabet.
In the middle, a smaller rectangular area is shown with a-¢emsparerf old
Karelian map that is positioned correctly and is of the sacaéesas the Google
Maps image. In order to move around the user is able to useciiing and
navigation functions of Google Maps and the historical visvautomatically
scaled and positioned accordingly.

To provide the historical maps, we used a set of old Finnispsfiaam the early
20" century covering the area of the annexed Karelia regionrbef® World War

12\We use transparency libraries provided by http://www.lkgp#k.com/ which allow the alteration
of the level of transparency.
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I. The maps were digitized and provided by the National L&ndvey of Finland®.

In addition, a geological map of the Espoo City region in 199®vided by the
Geological Survey of Finlarid, was used. This application is also included in the
CULTURESAMPO portal.

1.5.2 Semantic Query Expansion Service

For demonstrating the utilization of ontology services ety expansion, we ex-
tended the ONKI Selector widget with functions for expamgimput queries, and
integrated it with the search interface of an exisiting 3gsearch system on the
web, the Kantapuu.fi service [40]. Kantapuu.fi contains tEfrthousands of arti-
facts, photos, literary works, and other archived matéraah various Finnish mu-
seums. The content is related to the history of forestry.

The original user interface of Kantaptius a web user interface for searching
and browsing for museum collections using simple matchiggréghm of free text
query terms with the index terms of collection objects. la tiew interfac, input
fields of the original form are replaced by ONKI Selector watiy When a desired
query concept is selected from the results of the autocdioplsearch or by using
the ONKI Ontology Browser, the concept is expanded. The mapd query expres-
sion is the disjunction of the original query concept and ¢bacepts expanding
it, formed using the Boolean operation OR. The query exjads placed into a
hidden input field, which is sent to the original Kantapuwefach page when the
HTML form is submitted. The ontologies used in the query egien are based
on the vocabularies used in annotation of the items, nanheyFinnish General
Upper Ontology YSO, Ontology for Museum Domain MAQand Agriforest On-
tology AFO'8. The Finnish Spatio-temporal Ontology SAPO is used for axjey
geographical places as query terms by utilizing the spatiatlap relation between
temporal parts of places.

An example query is depicted in Figure 1.10, where the useatésested in old
publications from Joensuu, a municipality in Eastern Fidlal' he user has used the
autocompletion feature of the widget to input to #tagwords field the query term
“publicat”. This string has been autocompleted to the cphpablications, which
has been further expanded to its subclasses (their Finalssl), such abooks.
Similarly, the place spacewordoensuu has been added to the fighthce of usage
and expanded with the STRs it overlaps.

13 http://www.maanmittauslaitos.fi/default.asp?site=3

14 http://en.gtk.fi

15 http://www.kantapuu.fi/, follow the navigation link “Kutiaku”.
16 A demonstration is available at http://www.yso.fi’/kantame/
17 http:/lwww.seco.tkk.fi/ontologies/mao/

18 http://www.seco.tkk.fi/ontologies/afo/
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The result set of the search contains four items, from whichdre magazines
used in Eno (a municipality overlapping Joensuu) and thietnesare cabinets for
books used in Joensuu. Without using the query expansiaesiudt set would have
been empty, as the plaémo and the concegiooks were not in the original query.

1. Search query

Concept “publications”
expanded to Finnish equivalents of:
“magazines”, “books” etc.

Full text search:

Keywords: »

Perform the search.

QE: books, reports,

publications X Y

® as thumbnails

| search

|publicat [len v| Open ONKI Browser |
Place of use: ‘ Josnsuu X ‘
Place “Joensuu”
expanded to overlapping places: lioens 7= e
“Eno”, “Tuupovaara” etc. Materials: ‘ ‘
[ [len | Open ONKI Browser |
Time of use: :
Name: —
Museum: [ A v
Show results: © as text

2. Search results

Items annotated Esatos1a
with: Siirtokirjasto Nimi: Siirtokirjasto
:  Kamppakirjasto Erityisnimi:  Kamppékiriasto
Keywords - Asiasanat:  kirastol, Asiasanat:  Kirjastol,
“books” erikoiskirjasto, erikoiskiriastot,
- tyGpaikkakirjastot, tyopaikkakirjastot,
Place of use Kirat, kaapt, Kiriat, kaapit
“Joensuu” metsatys, kampat, metsitys, kampat,
ajankayttd, ajankaytts,
vapaa aika, vapaa- vapaa-aika, vapaa-
ajantoiminnat, ajantoiminnat,
harastukset, harrastukset,
lukeminen, lukutaito lukeminen, lukutaito
Items annotated 1M583 Lz
it Nimi: Aikakauslehti Nimi: Aikakauslehti
with: . ern 1
Erityisnimi:  Sinimusta, Erityisnimi:  Sinimusta
Keywords - Asiasanat:  julkaisut, Asiasanat:  julkaisu,
“magazines" aikakauslehclet, aikakauslehdet,
fascismi, fasismi, fascismi, fasismi,
leace"Of use - manlaisuus, ) manxilaisuus,
Eno politikka, politikke, Lapuanlikej
Lapuaniike,
Sinimusta, ‘ ‘

Fig. 1.10 Kantapuu.fi system with integrated ONKI widgets.

Expanding queries using the spatial overlap relation betwsaces is often use-
ful for enhancing recall, but may decrease the precisioh@fjuery by introducing
irrelevant query terms. For example, if a user is interestddstorical items found
in a place A, which overlaps a place B only a little, he may mppraciate search re-
sults concerning items found in the parts of the place B thatat overlap the place
A and are far from it. To manage situations like these, qu&pagsion has been
made transparent to the user. The user is always able to kieexpansion, select
whether to use query expansion or not, and remove the s@gbgsery expansion
concepts from the query if needed.
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1.6 Discussion

In conclusion, we briefly review answers to the researchtipresset in section
1.1.2, discuss related work, and outline directions fottfeir research.

1.6.1 Research Questions Revisited

e Spatio-temporal ontology models We presented a simple model for represent-
ing geo-ontologies of spatio-temporal places that changarie, based on the
notion of spatio-temporal regions and ontology time setieg implicitly define.
STRs with the same name define a place as a spaceworm. Frohosophical
viewpoint, the notion of a place, say 'Germany’, is a comp@patio-temporal
structure with associated cultural heritage contentphysperspectives, opinions
etc. Although our model is too simple to represent all thas, & step forward by
addressing explicitly the question of representing regi@hanges in time, and
by making it possible to associate STRs with cultural hgataontent through
metadata and other ontologies.

e Spatio-temporal ontology maintenance A model for maintaining spatio-
temporal ontologies that change in time was presented. Adesy here was to
create a database of local regional changes that are usualg/easily available
from historical documents than e.g. polygons. Based ontla@ge history, the
complex ontology time series can be generated automaticatimbined with
additional information resources such as polygons, thevietige base can be
enriched further by reasoning, based on semantics.

e Annotation support In our view, correct and accurate content creation is a most
critical part in creating semantic portals. Thereforegixidg with semantic web
resources should be supported at the time of catalogingahit in the orga-
nizations that know their content best. In this paper, ONKibtogy service was
presented as a means to support content creation usin@gig®| so that correct
references to places in time can be made.

e Application Utilization of spatio-temporal ontologies in queryingcoenmend-
ing, content aggregation, and visualization was shown ly éxamples on the
web: a cultural heritage portal and a query expansion sefuica legacy system
were presented. Although not formally evaluated, thesefpobconcept sys-
tems illustrate the potential of utilizing spatio-temgaratologies. The applica-
tions can be used e.g. for teaching where historic regionsibeen and how they
are related with each other in a partonomy hierarchy. Thealigation is made
using a rich set of historic maps, modern maps, satellitqygapand polygonal
boundaries. In addition, the applications can be used faewing historical cul-
tural content related to the regions. The relationship slieated for the user
indicating whether the content has been found, used, metuuéal, or located in
a specific region.
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1.6.2 Related Work

Spatio-temporal ontologies for geographic informationehlaeen discussed and de-
veloped before, especially from a philosophical and fotiodal viewpoint, and
using formal logic approaches [33, 35, 46, 11, 4]. In contriiie model presented
in this chapter is practical, based on simple spatio-tealp®@fations, and with a
focus on the overlap-relation in an ontology time series.

Research on spatio-temporal databases concerns databasspts capturing
spatial and temporal aspects of data, including geometpging over time [32].
Our model is dealing with similar problems but the approachdsed on semantic
web techniques and ontologies [34], with a focus on dealiitly imcomplete data,
reasoning, data integration, and web applications.

In GIS systems, overlap of physical areas is usually detexchby representing
the real world in terms of intersecting polygons [43, 37]wdwer, in application
cases like ours, such geometrical modeling may not be fieabdcause precise
geometrical information is not available or it could be difflt to create and compu-
tationally difficult to use.

Traditions in ontology versioning [28] and ontology evadut[29] are interested
in finding mappings between different ontology versionandmntology refine-
ments and other changes in the conceptualization [27, 8@]jrareasoning with
multi-version ontologies [15]. In ontology mapping resdgathere have been efforts
to do mappings based on probabilistic frameworks [31]. Mdanhandling incon-
sistencies between ontology versions [13] have been desdldMethods for mod-
eling temporal RDF have been proposed recently [12]. Inreshto these works,
our approach is merely about the evolution of an ontologg tderies that is due to
changes in the underlying domain. Hence it should not beusad with ontology
versioning, database evolution, or ontology evolutiomdfzehanges are considered
in all of these approaches as well. Each temporal membelogytin a time series
is a valid, consistent model of the world within the time sftasoncerns, and may
hence be used correctly in e.g. annotation.

Ontology library systems have been proposed for publisbirtglogies and pro-
viding services for accessing them. Based on reviews orlagydibraries [9, 1],
the main focus in previously developed systems tends to bapporting ontology
development rather than in providing services for usingahtlogies. Although
ONKI Ontology Service provides support for the whole ontpldife cycle, a major
contribution of ONKI is the support for content annotatiorfprmation searching
and other end-user needs as integrable web widgets and APIs.

Compared to general RDF search engines [8, 6] and ontolagerse[30, 7],
ONKI Ontology Service is based on an idea of a collection ahdm-specific on-
tology servers providing user interfaces and servicesgdtidr ontologies of a given
domain. E.g., geographical regions in spatial ontologéshe visualized on a map
view.

In information retrieval query expansion techniques haernproposed to solve
problems related to the user’s ability to represent hermédion needs in a query
adequately [44]. Query expansion can be based on a corgusaralyzing co-
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occurrences of terms, or on knowledge models, such as ttig4&l or ontolo-

gies [44]. Methods based on knowledge models are especialiyul in cases
of short, incomplete query expressions with few terms foimdhe search in-
dex [44, 45].

A spatial query can explicitly contain spatial terms (e.gldthki) and spatial re-
lations (e.g. near), but implicitly it can include even mepatial terms that could
be used in query expansion [10], e.g., neighboring placeati® terms—i.e. ge-
ographical places—do not exist just in space but also in f{Rd¢ Thus, relations
between historical places and more contemporary placesecatilized in query ex-
pansion. In the ONKI Semantic Query Expansion Service we higed the spatial
overlap relation between places to expand the spatial gaens. As query expan-
sion may cause uncontrolled expansion of result sets, #husirng potential Ioss in
the precision of the query [38, 14], the query expansion le&s lmade transparent
and controllable to the user.

1.6.3 Future Work

We are currently extending the SAPO ontology to include &nalnd older re-
gions. Our RDF repositories already include tens of thodsaf places that are
being mapped on SAPO and a modern geo-ontology of Finlantdctirssists of
hundreds of thousands of places. The idea in a longer pergpéccreate an ever
growing open source RDF repository of historical placesimand, and link them
with international sources, such as TGN and GeoNames.

A further research direction would be to investigate whethe methods and
tools presented in this paper could be generalized to ottreaths, where concepts
overcome changes affecting their extensions, propedigssitions in ontological
hierarchies and structures.
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