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Abstract. Ontologies aim to capture knowledge about things and their relation-
ships. Publishing ontologies on the Semantic Web enables people and organiza-
tions to use shared ontologies in annotating e.g. photographs, videos, music, and
other types of cultural objects. Search engines also use relationships provided
by ontologies in semantic search, e.g. for query expansion or for view-based
search. However, building ontologies is a time-consuming process, and it should
be helped by automatic finding of interesting, possible relationships. Finding the
correct concept for annotation purposes is helped by subsumption and partonomy
hierarchies and associative relationships. In this paper we show how an analysis
of co-occurrences of concepts in annotations can be used to provide interesting
relationships for enriching ontological structures. We use association rule min-
ing techniques and test the idea using a set of annotations of cultural objects in
CULTURESAMPO portal and the Finnish General Upper Ontology YSO. The re-
sults are visualized in the ONKI SKOS browser to give an additional layer on
top of the original relationships of the YSO ontology. An analysis shows that
best ranked relationships should also be included in the ontology as subclassof or
associative relationships.

1 Introduction

Ontologies consist of entities such as classes and individuals. The idea is that ontolo-
gies capture essential knowledge about the world, either upper-level, generic or domain-
specific knowledge. This is done by identifying entities and then by relating these enti-
ties together by using properties and relationships. Publishing ontologies on the Seman-
tic Web enables people and organizations to use these shared ontologies in annotating
e.g. photographs, videos, music and other types of cultural objects.

The problem is that building and maintaining ontologies is both time-consuming
and expensive. E.g. Surowiecki has explored the idea that “large groups of people are
smarter than an elite few, no matter how brilliant” [10]. Association rule mining [1]
has e.g. helped to analyze and build structure for folksonomies [9]. This means that
ontology building could be facilitated by analyzing e.g. co-occurrences [9, 8] of terms
in annotations by the help of association rule mining techniques.



In this paper we describe how an already existing ontology, the Finnish General
Upper Ontology YSO [6] and a set of annotations made using YSO in the semantic
portal CULTURESAMPO [5] were used for mining association rules. The YSO ontology
already had a basic structure, so our purpose was to improve ontology by populating
more relationships between its concepts rather to create new concepts or structure from
scratch.

2 Method and Materials for the Study

In this section we describe how association rule mining techniques are applied to find
and rank interesting relationships based on existing annotations and an existing ontol-
ogy. The goal is to provide support for ontology engineering in populating new rela-
tionships between concepts. First we provide an overview of association rules applied
to ontology-based annotations, then we provide an overview of the used ontology tthe
Finnish General Upper Ontology YSO [6], and finally we describe the semantic portal
CULTURESAMPO[5] that was used as a source for annotations.

2.1 Association Rules from Annotations

We are interested in finding those concepts that co-occur often in annotations. We there-
fore apply a method for mining association rules [1] and define
support(A = B) = Sa—p(= Sp=a) as follows

number of annotations containing both A and B

S = 1
A=bB total number of annotations M
Similarly, con fidence(A = B) = C = p is defined as
number of annotations containing both A and B
Ca=p = 2

number of annotations containing just A

The method consists of three phases. First one creates the candidate relationships.
The second and third phases will prune out those relationships that already exist in an
ontology. Hence they will ensure that concepts which already have a close relationship
in an ontology will not get associated again.

1. In the first phase the method goes through all the annotations a; that contain con-
cepts from an ontology O; to search for an initial set of association rules. For each
concept used in at least one annotation the method creates a set of items. For exam-
ple, one set z4 contains all those items that are annotated using the concept A. And
similarly the set zp contains another set of items annotated with B, accordingly.
Next, to calculate C'4— p = con fidence(A = B) the method creates an intersec-
tion of the sets z4 and zp. Finally, C4— p is calculated by dividing the number of
items in the intersection with the number of items in the set z 4. The support Sa—.p
is calculated in a similar manner.



2. In the second phase we prune out all those association rules C'4—, g where one of
the following two conditions is true: i) A and B have an associative relation, ii) A
and B are siblings (i.e. they both are a subclass of the same concept K).

3. In the third phase the transitive closure is inferred for the ontology O; by using
the relationships expressing subsumption. This is called an inferred model I;. For
example, if university libraries is a subclass of academic libraries and if academic
libraries is a subclass of libraries then university libraries becomes also a subclass
of libraries.

4. The inferred model I; is used to prune out all such associative rules C' 4. g where
the following condition is true: iii) A is a direct or inferred subclass of B.

2.2 The Finnish General Upper Ontology YSO

The Finnish General Upper Ontology YSO [6] is based on the Finnish General The-
saurus YSA maintained by the National Library of Finland. The first printed version
of the YSA thesaurus was published in 1988 and today it is widely used for indexing
purposes. YSO (ca. 20,000 concepts) is intended to be the main ontology in Finland,
interlinking domain and instance ontologies.

The top ontology uses the idea of the DOLCE model [2]. The ontology includes re-
lationships for explicating subsumption, partonomy and associative relationships. The
existing subclass of relations inherited from the original thesaurus YSA have been
checked and new relations added. Since the original thesaurus includes ambiguous
words, in many cases new concepts have been added in order to disambiguate the differ-
ent senses of the words. During the work, almost 1,000 concepts have been added to the
ontology and the number of subclass of relations increased by nearly 6,000. The ontol-
ogy work has been based on Finnish concepts, but the material also includes translated
Swedish and English equivalents.

2.3 Cultural objects of semantic portal CULTURESAMPO

The materials analyzed in this research were annotations of cultural objects in the
CULTURESAMPO [5]. The material consists of heterogeneous cultural content which
originates from over ten cultural heritage organizations and are annotated using various
ontologies including YSO.

CULTURES AMPO contains over 50,000 objects, for example paintings, photographs,
et cetera from almost 100 different collections (e.g. from Finnish National Gallery).
Over 20,000 of these objects are annotated using YSO and together 4,700 different YSO
concepts are used. Other ontologies used in CULTURESAMPO annotations include e.g.
SAPO (The Finnish Time-Location Ontology) [7], HISTO (History Ontology) [4] and
ICONCLASS Ontology [3].

In this paper our research is limited to annotations where at least two concepts from
YSO are used to describe the content of an object in a keyconcept-field. There are over
13,000 objects annotated this way.



3 Results

We applied the method for populating relationships between concepts in YSO ontology
based on annotations of items in CULTURESAMPO. The results were ranked by using
1) only the support S4_, 5, or confidence C'4_, g or by 2) multiplying them together in
two different ways: Cy_.p-Cp_ 4 and Sy, g-Ca_ - Cp_ 4. The hypothesis behind
e.g. multiplication C4_, 5 - Cp_, o was that those concepts that co-occur many times
but do not occur that many times alone are very related.

The main ontology engineer behind the development of YSO checked the 50 best
relationship candidates of all these different rankings and marked those that she thought
should be included in YSO. She also told which type of relationship should be used,
e.g. a subClassOf or an associativeRelation.

The concept relationships suggested by rank and agreed upon by human are de-
picted in Table 1. According to this test the formula S4_.p - Ca_p - Cp_ 4 gave the
best ranking as 23 out of 50 relationships it suggested should be added to the ontology.

Sa-B|Ca—B|Ca—B-Cp_a|Sa—p-Ca_p-Cp_a
subClassOf 3 2 0 4
associativeRelation| 9 11 22 19
Total [ 12 ] 13 ] 22 [ 23 |

Table 1. The number of relationships (out of 50) an ontology engineer accepted as new relation-
ships in the YSO ontology based on candidates found by different methods.

The method found many potentially useful relations, for example between “musical
instruments” and “folk music” and between “works of art” and “art of painting”. “Mu-
sical instruments” was used in 385 annotations, “folk music” in 125 annotations and
together they were used in 125 annotations. “Works of art” and “art of painting” were
used together 58 times, “works of art” independently 109 times and “art of painting”
independently 66 times. The ontology engineer suggested an associativeRelation for
both of these cases.

The ONKI SKOS browser [11] was used to visualize the relationship extensions for
an ontology engineer, see Figure 1. The user can also select which type relationship she
wants to add between concepts and generate it with the tool.

4 Discussion and Related Work

The annotations in the CULTURES AMPO originate from many organizations. This means
that many people have been participating in the annotation process. Thus the annotation
set used in this experiment represents the wisdom of crowds (collective intelligence).
There are differences between annotations because different organizations have their
own customs and because annotation is a manual process. However, the final decision
about which concepts are selected is made by a person. We used annotations made by
this crowd for populating new relations to an ontology. To get results of how useful the
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Fig. 1. The results visualized in ONKI SKOS browser.

method would be we let the main ontology engineer responsible for developing YSO
ontology to analyze which of the different ranking methods produced the most interest-
ing set of top-ranked relationships.

Schmitz et al. have examined how association rule mining can be adopted to analyze
and to structure folksonomies, and how the results can be used for ontology learning
and supporting emergent semantics [9]. They mentioned three purposes of use for as-
sociation rules. First one was using them for helping the user to choose the tags which
are most helpful in retrieving the resource later. Second one was using them to create
a taxonomic structure. Unlike Schmitz we used association rule mining for analyzing
annotations made using ontologies not by optional keywords. In our case an ontology
already have a basic structure so our purpose is to improve an ontology by populating
more relations between concepts. We also make use of ontology-based inference as a
part of the method. The third purpose of using association rules was finding resources
that have something in common.

5 Conclusions

In this paper we showed how an existing ontology, The Finnish General Upper On-
tology YSO was populated by analyzing co-occurrences of concepts in annotations in
the semantic portal CULTURESAMPO. According to the main developer of YSO a sig-
nificant portion of the top ranked relationships should be added to the ontology. We
also provided a visualization of relationships in the ONKI SKOS browser for further
analysis.
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