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Abstract. We consider ontology evolution in a system of light-weight Linked
Data ontologies, aligned with each other to form a larger ontology systerenWh
one ontology changes, the human editor must keep track of the actungehand

of the modifications needed in the related ontologies in order to keep thensyste
consistent. This paper presents an analysis tool MUTU, by which suafgels
and their potential effects on other ontologies can be found. Such &s&sna
useful for the ontology editors for understanding the differencesédsivontol-
ogy versions, and for updating linked ontologies when changes @cturother
components of an ontology system.

1 Facilitating changes across ontologies

1.1 Position statement

Ontologies are often linked into larger ontology systemsteays of a general upper
ontology complemented by domain-specific ontologies. €hables that the experts of
various domains can create their field-specific ontolodias¢o-operate with the other
ontologies.

When updating the upper ontology, the changes require matidits in the domain
ontologies. Since the domain ontology developers are retiglized in the upper on-
tology, the changes to it should be conveyed to the domaiolamy developers in a
readable form.

1.2 Introduction

Ontologies define concepts and relations between them irchineprocessable form
[5]. The backbone of ontologies is typically basedrdfs:subClass relation, that can
also be used in Linked Data for aligning ontologies hieraally into larger systems.
In such systems, more domain-specific ontologies extendaheepts of more general
(upper) ontologies. This idea has been implemented in threishh Collaborative Holis-
tic Ontology (KOKO}Y. KOKO has the Finnish General Upper Ontology YSO [1] as its
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upper ontology, aligned with 15 more specific ontologiesamdins such as cultural
heritage, agriculture and forestry, sea faring, photdgyaand public governance.

Domain ontologies are typically separately developed Hffgmdint expert groups,
since the process requires field-specific knowledge oftandan separate communi-
ties and organizations. In KOKO, all component ontologieskemsed on existing key-
word thesauri developed by such distributed, independedregroups. However, the
ontologies have mutual implicit relations with each othiershared concepts and rela-
tions. The added value of KOKO is to explicate such alignmelations with the upper
ontology YSO, linking the ontologies into a coherent glohigrarchical system.

This paper concerns the problems of ontology evolution ehsusystem of Linked
Data ontologies. When an ontology has been edited, possjbeteral persons in a
team, the ontology editor needs tools for seeing the achaiges of the ontology with
regard to the earlier versions and examining the possibisempences of the changes
to other ontologies. We built an analysis tool MUTU for theéalagy editor to address
such changes. The idea in MUTU is to provide the domain ogtolieveloper with
an analysis of changes with regard to a prior version of h&slogy, and support her
in performing the required modifications, when changes loaearred in other related
ontologies, in particular the upper ontology gluing the poment ontologies together.

2 Tool Description: MUTU

2.1 Adressing the Changes of the Upper Ontology with MUTU

MUTU has been developed as an answer to a real demand in@e@ltadn with ontol-
ogy developers. MUTU lists the changes occurred at the epfdhe upper ontology as
an HTML file, and marks the modified concepts of the updateeupptology group-
ing them to different categories, based on the type of chaRige groupings help the
domain ontology developer to identify which concepts stdkd to be checked. After
the developer has performed the required modifications éadthimain ontology, the
groupings can be removed. MUTU supports lightweight RDAS)S? and OWL on-
tologies. MUTU is adapted for a new upper and domain ontologjy by creating a
configuration file containing a list of the ontology namesgsaand property URIs.

MUTU is based on the assumption that the URI of a concept is#mee across
different ontology versions, thus concepts are identi§idhl their URIs. This means
that when a label of the concept changes, no new conceptatedie

Interesting Change Categories of the Upper Ontology MUTU divides the changes
in an upper ontology into eight categories, which were deiteed in collaboration with

ontology developers. A change can be either an additionemaval of a concept or an
addition, a removal or a replacement of a property value ainzept. It is assumed that
the schema of the ontologies remains unchanged simplifiimgrocess compared with
a more general approach as in, e.g., [3]. However, all of temges are not relevant
to the developer of the domain ontology, since the domaialogy extends only some
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parts of the upper ontology. Thus, we define that a changeeirupiper ontology is

interesting, if it will most likely cause update proceduteshe domain ontology. This
means that different subgroups of the upper ontology ctmageinteresting depending
on the domain ontology and the connection between it andgpenontology.

Generally, the changes nearest to the extended parts aresting, but the domain
ontology developer needs to examine all of the changes. Wdidg the interesting
and rest of the changes into different groups, the domainlogy developer could only
check the interesting changes. The uninteresting chamgesa available for acquiring
a broader picture of the changes of the upper ontology.

The domain ontology is connected to the upper ontologiefRRD& triples where
the subject belongs to the upper ontology and the objectaadtimain ontology or
vice versa. The concepts of the upper ontology participdtirthe described triples are
called connecting concepts. Respectively, connectingeats that are connected via
an equivalency property are called equivalent-connecatirgepts. Next, we introduce
the change categories and define the interesting chandessia tategories.

1. Added and removed concepts: Added and removed concepts are concepts that
do not exist in both of the upper ontology versions. An addemoved concept
is interesting when it is an ancestor of a connecting concgpte it should be
checked that the reasoning of the hierarchy is valid for tirmecting concepts of
the domain ontology. Additionally, some added conceptsiradyeady exist in the
domain ontology, so these concept pairs should be markeal.equ

2. Hierarchy and partonomy changes: Hierarchy and partonomy changes are in the
values of the hierarchy building properties, erdfs:subClassOf or skos:broader.
The changes of this category are interesting if the conceg iancestor of a con-
necting concept with a continuous chain of that property.

3. Label changes: Label changes are changes in the value of label-relatecpreg,
such asskos:prefLabel or skos:altLabel. The label changes are interesting, if the
preferred label of an equivalent-connecting concept has beplaced, since then
the preferred label of the domain ontology concept mightinedoe updated.

4. Associativity and equivalency changes: Associativity and equivalency changes
are the changes of the properties that change additionakctions between con-
cepts. Examples of these properties skas.related and skos. exactMatch. These
changes are interesting if they occur in a connecting cdncep

5. Other changes: Other changes contain the changes of the properties thatnveer
mentioned above. They are interesting if they occur in a eoting concept.

Additional features In addition to the change categories listed above, the ogyol
developers requested additional features to aid their widrkse features were report-
ing on multiple concepts with the same label and blockingronteresting changes in
properties and concepts.

The label-matching feature compares all of the labels olufhdated upper ontol-
ogy with the labels of the domain ontology, detecting the ant&d situations of having
the multiple occurrences of the same concept without amatioel between them, e.g.,
owl:sameAs. If some labels match and there is no marked equivalenay,ttteedomain



ontology developer should see if the concepts should beadagguivalent. Addition-
ally, the labels are lemmatized, since depending on thdagyosome labels might be
in plural and the others in singular.

Blocking an uninteresting property means that the chanfjimabproperty are ig-
nored, and blocking an uninteresting concept means thapesao the subconcepts of
the concept are ignored. This prevents flooding the chasgadiwith the modifica-
tions of irrelevant properties, whose change would noteamny need for updating the
domain ontology. As an example, label changes in langudggsate not used in the
domain ontology are not relevant.
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Fig. 1. Overview of the process of MUTU

MUTU Process The usage of MUTU is shown in Figure 1. The domain ontology de-
veloper inputs the current upper ontology, the old uppeologl, the domain ontology
and a configuration file. MUTU detects the changes betweediffezent versions of
the upper ontology and detects the connecting concepts1 Wh&TU separates the
changes to interesting and the rest and prints this list &part in HTML format. Fi-
nally, MUTU marks the modified concepts and outputs the HTMtirg and marked
upper ontology for the domain ontology developer.

The HTML listing contains the changes sorted by differentdification types.
By expanding one modification type, one can choose to expilner ¢he interesting
changes or the rest modifications and then see a list of theeptswith these changes
and browse the changed property values. The marked uppalogntcan be used in
the ontology editor for keeping on track of which concepts still unchecked. In the
marked upper ontology, the changed concepts are markedessses for structuring
concepts representing different modification types. Thangles are marked in the on-
tology so that the subconcepts of one modification type areséime as in the HTML
listing.



22 CaseStudy: YSO and LIITO
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“This file contains a list of the changes of two versions of the upper ontology of a combined ontology.
Created: 2011/09/14 16:48:30

Combined ontology: /local/data/ontologies/originalslito/lito_tyo.rdf-xml.owl
Updated upper ontology: /localidatal iesloriginals/yso/ysoK ehity owl

Added concepts (3006)
Concepts added to the updated upper ontology.
[
Interesting (4)
‘Added concepts that are connecting concepts or ancestors of them.

[

animal food (yso:NY 149620)
o feeding stuffs (yso:p3267)
2. cukaryotes (yso:NY161567)
© animals (ys0:p2023)
© mushrooms (yso:p90)
information and communications technology (vso:NY 146264)
o information technology (yso:p5462)
minnesorganisationer (yso:N'Y 169225)
o archives (yso:p2330)
o libraries (yso:p2787)
o museums (yso:p4934)

=

Rest (3002)

(]

Fig. 2. The aFdded, interesting concepts of the HTML change list. The bulletin-lesirdepts
are the nearest connecting concept children of the added concept.

In our case study, we used the Finnish General Upper Ontot®&® [1] as the
upper ontology and the Business Economy Ontology LAE® the domain ontology.
Both ontologies are in active development and there is a elase of YSO quarterly.
LIITO contains almost 3200 concepts, the old version of Y 8@tains 20700 concepts
and the updated YSO contains 23600 concepts.

We have not yet conducted a formal evaluation of MUTU, buffitis results of us-
ing MUTU with YSO and LIITO are promising. The outputs, thexdge list and marked
updated upper ontology, were considered useful among tmaitiloontology develop-
ers. It was easy for the developers to see what changes hadriagke. A screenshot of
the interesting added concepts are shown in figure 2.

When examining the change lists, some interesting findinge wade: somewhat
over 10% of the hierarchy changes occurred near to the ctingemoncepts. Most of
these changes were of hierarchically close concepts. &natiteresting finding was
that since the upper ontology has not been updated befoee, 500 concepts added
to YSO that had labels similar to those in LITO. This mearst thver 15% of the
concepts of LIITO exist in the updated upper ontology withemy marked connections
to the concepts in the YSO. Nevertheless, this does not nadilt of these concepts
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are duplicates, since for example “The Museum of Modern"Axsild mean a building
in the upper ontology and an organisation in the domain ogtol

LIITO is developed using the Pregg* ontology editor, and for aiding the develop-
ment process, the source file of LIITO contains a copy of YSRe YSO copy does
not automatically update when the original YSO updatess the old YSO version
is replaced with a copy of the updated YSO version in the postessing phase of
MUTU.

LIITO and YSO contain labels in Finnish, Swedish, and Erglé® the label changes
are divided into subgroups according to the languages ®lwasvsing.

3 Discussion and Related Work

Contributions This paper rises the issue of updating systems of sepaideesloped
ontologies. To address this, we presented a tool for datgtiie changes in an upper
ontology and listing the relevant changes for the devela@bd¢he domain ontology.
This supports the developer when reflecting the changesafiper ontology into the
domain ontology.

Related Work Changes and evolution of a single ontology is a widely redeat area,
see for example [4][7]. However, the situation where thenges in the upper ontol-
ogy need to be reflected in the domain ontology has not beeandsed as extensively.
Maedche & al. [2] discuss the evolution of distributed oagpés depending on other
ontologies. They use change logging and when the domaitogytoequests the mod-
ifications of the upper ontology, the changes of the uppeslogy are merged to the
change log of the domain ontology. Their main goal was to enthe consistency of
the ontologies, where as we are concerned of conveying thergels to the domain
ontology developer.

Futurework This paper described only the preliminary results of thaided testing
of MUTU, and its web interface is still under development. Mtend to put the system
to use with the domain ontologies of YSO. The web interfacthefMUTU will be in-
tegrated into the ONKI ontology serviti8]. After the integration is complete, we will
evaluate the application in collaboration with the actuaindin ontology developers.
The evaluation will be that the domain ontology developeaes MUTU in their normal
updating tasks and then analyze their use experiences wifiMand give proposals
for improvements.

In addition, we will enhance the change categories anddstierg changes with the
feedback and group single changes to more human-undeastiantbmposite changes
similarly to the work of Stojanovic et al. [6]
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