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Abstract. This paper presents how relations or associations between entities, such
as persons and places in cultural heritage knowledge graphs, can be searched and
analyzed using faceted search and visualizations. Faceted search using well-formed
ontologies allows search and comparison of relative numbers in associations of
groups of entities, such as artists from different countries, and can reveal patterns
of interest in the data. This papers presents examples of how this can be done in
practice, how the associations can be conceptualized in different ways that affect the
performance of the search, and how the associations can be analyzed. The concept
of faceted relational search is examined through case studies including searching
relations in collections of biographies from various European countries, relations
in the Union List of Artist Names (ULAN) thesaurus, and relations formed by links
between Wikipedia pages of persons.
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1. Introduction

Relational search [1], also referred as semantic association search [2], is a search
paradigm where the goal is to find relations or connections between entities usually in
a context of an RDF2 knowledge graph (KG). Typically this means searching how two
specified entities, such as persons or places, are related in a KG, or finding what entities
are somehow related to one specified entity. This paper presents concept of faceted re-
lational search where the focus is on searching the relations themselves and comparing
their relative numbers, instead of only finding relations between two individual entities.
In this concept the unit searched is still an individual association between entities, but the
properties of the entities and the association itself can be used to compare groups of en-
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tities, through simply faceted search[3] or visualizations. For example, data can include
associations between important persons from different countries, and information about
the persons such as their occupation and country of origin. Using occupation and coun-
try of origin of the two persons forming the association as facets it can be easily seen if
all people from certain country have more connections to a certain other country, or if
perhaps people of certain occupation have more connections to one country, while peo-
ple from other occupation would have more connections to some other country. This is
similar to searching and visualizing properties of persons for prosopographical analysis,
but the patterns revealed by searching associations can be different than when searching
persons. The potential research problems that can be solved with this approach include
finding out which artists had the most connections of certain type to other artists, or do
people from a country A have more connections to country B than to country C.

The approach of this paper is mainly based the knowledge based approach to re-
lational search originally presented in [4]. There relations between persons and places
were searched using a KG based on based on the Finnish National Biobraphy [5,6] cre-
ated using SPARQL CONSTRUCT queries. This paper presents case studies where the
approach is extended to searching relations between persons and applied to the Getty
ULAN knowledge graph of artists3 and InTaVia4 knowledge graph of biographies from
multiple European countries. Third case study uses somewhat different approach and is
based on extracting links from Wikipedia combined with information from Wikidata5

KG.
Web application with faceted search functionality and visualizations were created

for each case study. The applications were built based on the open code Sampo-UI [7,8]
framework where faceted search is implemented using SPARQL queries. In the approach
used by Sampo-UI a search perspective limits the search to instances of one or multiple
classes, and the search can be further qualified by using facets. Facets are defined so that
they represent a property path from instance of the class of the search perspective to a
facet value. Hit counts for facets are calculated and updated with SPARQL query after
each new selection is made.

2. Related Work

Generally in relational search the query consists of two or more resources, and the task
is to find interesting semantic associations between them. The approaches [2] differ, at
least, in terms of the query formulation, underlying KG, methods for finding connec-
tions, and representation of the results. The concept of relational search has been applied
in multiple different fields. In [1] the idea of searching relations is applied to the national
security domain and finding potential terrorists. In [9] the concept is applied to medi-
cal research and genetics. Relational search has also been applied in the Cultural Her-
itage field in [10,4]. CultureSampo6 [11,12] contains an application where connections
between two artists can be searched based on data from Getty ULAN KG.

3https://www.getty.edu/research/tools/vocabularies/ulan/
4https://intavia.acdh-dev.oeaw.ac.at/
5https://www.wikidata.org/
6http://www.kulttuurisampo.fi

https://www.getty.edu/research/tools/vocabularies/ulan/
https://intavia.acdh-dev.oeaw.ac.at/
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A main challenge in these systems is how to select and rank the interesting connect-
ing paths. Ranking relations is discussed, e.g., in [2,13]. The methods proposed can be
divided to two main categories: data-centric, where the ranking is based on properties
of the graph such as frequency and specificness of a connection, and user-centric, where
connections are ranked based on user given criteria.

WiSP [14] finds several paths with a relevance measure between two resources in the
WikiData7 KG, and ranks them using ranking algorithms. In [15] two algorithms and a
tool RECAP are presented for explaining connections: an algorithm based on explaining
individual paths between given resources in a knowledge graph, and an algorithm where
additional schema information and a target predicate are used for focusing on most inter-
esting explanations. Explanations have been studied also in the context of recommender
systems [16].

Some applications, e.g., RelFinder8 [17,18] and Explass [19], allow filtering rela-
tions between two entities with facets, the user typically has to preselect the two entities
before faceted search can be used to filter the relations between the entities. In RelFinder
the user selects two or more resources, and the result is a visualized graph showing how
the query resources are related with each other generated by the application dynamically.

Most of the case studies in this paper apply the knowledge based method for mining
relations presented in [4]. In this concept interesting relation types are defined using pre-
defined forms and applied to an existing KG to form a new KG of interesting relations.
This knowledge-based method was originally developed for the semantic portal “Biog-
raphySampo – Finnish Biographies on the Semantic Web”9 [5,6]. The data with some
modifications is now also available as part of the InTaVia KG. The idea of knowledge-
based relational search turned out to be in this case feasible, and was used in developing
one application perspective [4] for the in-use semantic portal BiographySampo.

For BiographySampo relations were extracted from a KG created based on KG of
life events created based on biographies. Predefined SPARQL CONSTRUCT queries
representing interesting connection types were used. In this way 1) non-sense connec-
tions between the query resources can be ruled out effectively by the knowledge-based
rules, and 2) the explanation patterns could be used for creating natural language expla-
nations for the connections. The question to be solved could be formulated by making
selections on facets. Furthermore, the hit counts on the facets could be used to solve
quantitative questions, such has “Who created most paintings depicting France”. How-
ever, several challenges were encountered related to, e.g., to the explosion of the number
of relations in some cases and to dealing with the direction of the semantic connections
[20]. BiographySampo application limited the search to connections between persons
and places, partially because it proved to be a simpler case than searching connections
between persons. For example, number of interesting connections between persons can
be much higher than the number of interesting connections between persons and places.
Two of the three case studies presented in this paper are based on this knowledge based
approach, but expand the concept to search for relations between persons.

Connection between people, and relative numbers of different types of connections,
have been researched in social sciences. For example, in his famous study Mark Gra-

7http://wikidata.org
8http://www.visualdataweb.org/relfinder.php
9Project: https://seco.cs.aalto.fi/projects/biografiasampo/; portal: https://

biografiasampo.fi/, online since 2018

http://wikidata.org
http://www.visualdataweb.org/relfinder.php
 https://seco.cs.aalto.fi/projects/biografiasampo/
https://biografiasampo.fi/
https://biografiasampo.fi/
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novetter [21] makes a separation between “strong” and “weak” connections between per-
sons. According to Granovetter, persons with lot of weak ties to other people tend to
be the biggest innovators society. Answering these kinds of research questions requires
comparing relative numbers of connections of certain type between entities.

3. Representing Relations for Faceted Search

Approach to relational search in case studies presented in this paper is founded on first
extracting the interesting relations and representing the them an RDF KGs, and then
querying the pre-calculated knowledge graph with SPARQL to search and analyze the re-
lations using faceted search and various visualizations. It is possible to implement faceted
search in other ways. It would be possible to, for example, dynamically search associa-
tions in a data based on initial search. However, the question of how to conceptualize the
associations for search will remain the same despite the technical implementation.

Two of the case studies in this paper represent interesting relations as individual
entities in a KG. To represent relations as entities the class Relation can be used. This
is a variant of the model suggested in [4,20]. The core properties of the Relation class
to represent directed relations from a subject resource to an object resource are:

1. type of the relation (relationType),
2. the subject of the relation (relationSubject),
3. the object of the relation (relationObject),
4. the explanation of the relation (label).

The instances of relation class have a separate property relationType10 that is
used to represent the nature of the relation. These relation types can include types such as
“teacher of”, “collaborator of” “shared a collaborator with”. Because relations are rep-
resented as directed, separate properties for the two endpoints of the connection can be
used: relationSubject and relationObject. For example, in a teacher-student rela-
tion the teacher would be represented with relationSubject property and the student
with relationObject property. These would be reversed in a student-teacher relation.
Note that when representing relations in this model, the relations that are not naturally
directed, such as “shared teacher” connections, require two otherwise identical relation
instances with separate subject and object. The label of the relation is a human readable
explanation of the relation. In addition to these core properties the relations can have any
number of other properties, such as the data source or date.

An example of a (simplified) connection instance of the class Relation extracted
from the Getty ULAN KG is given below; it represents the patron relation between
Lorenzo de Medici and Michelangelo. Here the generic relation type instantiated by a
SPARQL rule is "person X was the patron of person Y".

[] a rel:Relation ;
rel:relationType rel:patronOf ; # Connection type
rel:relationSubject ulan:500114960 ; # Lodenzo de Medizi
rel:relationObject ulan:500010654 ; # Michelangelo

10It would be possible to treat these as sub-classes of Relation and define this as the only class of the entity,
but that would be less efficient for faceted search in implementation used here.
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rdfs:label
"Medici, Lorenzo de’ was patron of Buonarroti, Michelangelo." .

The model given above represents the relations as directed relations with separate
subject and object. It is also be possible to represent relations, for example, as undirected
relations, or by combining them somehow as parts of larger groups, which is called “con-
solidated model” in this paper. Modeling solutions used here are inspired by “qualified
relation” and “n-ary relation” ontology design patterns [22]. Main difference is that the
nature of the relation, such as “patron-of” in the above example, is not expressed using
the rdf:type property, but a separate property, in this case rel:relationType.

The example cases mainly have used a directed model because this makes detailed
search possible where properties of the subject in the relation can be used in addition to
the properties of the object of the relation. When the subject and object are semantically
separated it is easy to search, e.g., connections between German teachers and French stu-
dents. Without the semantic subject-object separation the search becomes more limited
at least when implementing the search using the basic philosophy of Sampo-UI.

In the Intavia case the search is implemented only for directed relations. In the
ULAN case study demonstrator was created where connections in the ULAN KG are rep-
resented in directed and undirected models and tested using a faceted search implemen-
tation. In addition to directed and undirected models, and there is also a model where re-
lations extracted from more complex second degree connections, such as shared teacher
connections, are combined under a single relation instance. The Wikidata case study on
the other hand does not model relations as separate entities in KG, but ibnstead through
properties.

Below is an example of a CONSTRUCT query rule used to extract Relation in-
stances from the Getty ULAN KG. The query below can be used on the ULAN endpoint
to get patron relations like in the example given above. The query selects an artist and
a patron, and creates instances of the Relation class that have those two people as the
endpoints of the directed connection: the relationSubject and the relationObject. It also
creates a human readable explanation of the relation as the label of the Relation instance.
The explanation is based on a simple form where names of the people in question are
placed. The example given here is a minimal one.11 The Relation instances can also in-
clude semantic information about, for example, times, and sources of the connections.
For relation types that represent ternary relation, such as shared teacher relations, it might
be natural to include a special property for the connecting entity.

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>
PREFIX gvp: <http://vocab.getty.edu/ontology#>
PREFIX rel: <http://ldf.fi/schema/relations/>

CONSTRUCT {
[] a rel:Relation ;

rel:relationSubject ?person ;
rel:relationObject ?person2 ;
rdfs:label ?description ;
rel:relationType rel:patronOf .

}
WHERE {

# Get an artist and their patron

11You can see the queries used in ULAN case here: https://github.com/SemanticComputing/
ulan-relations-conversion/tree/main/queries.

https://github.com/SemanticComputing/ulan-relations-conversion/tree/main/queries
https://github.com/SemanticComputing/ulan-relations-conversion/tree/main/queries
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?personConcept gvp:ulan1201_patron_of ?personConcept2 .

# Get the names
?personConcept a gvp:PersonConcept;

gvp:prefLabelGVP/gvp:term ?name.
?personConcept2 a gvp:PersonConcept;
gvp:prefLabelGVP/gvp:term ?name2.

# Create a human readable explanation
BIND (CONCAT(?name, " was patron of ", ?name2, ".") AS ?description)

}

Executing simple queries like the one above usually only takes a couple of seconds
or less.12 However, while queries for extracting simple first degree connections like this
produce a limited number of relations, second or higher degree relations like “X and Y
have a shared patron Z” can produce much larger numbers of individual relations due
to combinatorial explosion. In such cases executing queries, to for example the ULAN
endpoint, can take over a minute, and there can be a risk of timeout or reaching the limit
of triples that the endpoint will give as result.

4. Case Studies

To demonstrate searching and analyzing relations between persons using a precalculated
KG, this paper examines the following case studies: InTaVia, ULAN, and Wikipedia
links. The first two cases are based on the idea of combining the knowledge-based
method of extracting relation instances from an existing KG using SPARQL and using
faceted search for finding and studying the instances of connections between two per-
sons. In the Wikipedia case, links in Wikipedia articles were used and applied eith Wiki-
data KG. The basic idea of finding relations by applying faceted search for filtering is
present in all of these cases. The created KGs are served from an Apache Jena Fuseki 13

triplestores that can be queried using SPARQL. To search, filter, and visualize the con-
nections, web applications based on faceted search were created for each case using the
Sampo-UI framework14.

4.1. Case InTaVia: Interlinked Biographies from four European Countries

A demonstrator for relational search was created to search connections between perons
in the KG created in the EU project InTaVia: In/Tangible European Heritage15. InTaVia
KG combines data from four different biographical databases from Austria (APIS), Fin-
land (BiographySampo), the Netherlands (BioraphyNet), and Slovenia (SBI), InTaVia’s
mission was to transcend siloed data into a comprehensive view of European cultural
heritage. The persons in the biographies are generally people considered important to the
history of the respective countries. The KG has also been enriched with data from, for
example, Getty ULAN and Wikidata.

12The above query can be be copied and executed on Getty SPARQL service https://vocab.getty.
edu/sparql. It should take few seconds at maximum as it is a minimal example. More complex queries will
be slower.

13https://jena.apache.org/documentation/fuseki2/
14Sampo-UI source code available on Github: https://github.com/SemanticComputing/sampo-ui.
15https://intavia.eu/

https://vocab.getty.edu/sparql
https://vocab.getty.edu/sparql
https://jena.apache.org/documentation/fuseki2/
https://github.com/SemanticComputing/sampo-ui
https://intavia.eu/
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Relations were extracted between persons from the InTaVia data using SPARQL
CONSTRUCT queries. The demonstrator where the relations can be searched is avail-
able online16. Currently the relations are only for Austrian, Finnish, and Slovenian per-
sons. The demonstrator currently includes around ten thousand connections of various
types including family relations and teacher-student relations. The vast majority of the
connections are within a single dataset, but there are also a few hundred cases there the
connections are between datasets.

In this application the properties of the endpoints of the connection, and of the con-
nection itself, are presented as facets. User can then make selections from the facets to
narrow down the search to an interesting set of connections. Figure 1 shows an example
of the user interface. The facets are located on the left side of the screen and the human
readable explanations of each relation are shown on the right, as well as relevant links
to the entities of the relation. The user can simply select a single entity, in this case a
person, from a facet, and then look at the various relations that the selected entity has to
other entities.

The user can, however, also search for relations between larger groups. For example,
by making a selection from the “Occupation” facet the user is shown all relations where
the person has a certain occupation. The subject and the object, called “Person A” and
“Person B” in the example facets, of the relation have separate facets so that their proper-
ties can be defined separately in a search. The properties of the relation it self, mainly the
type of the relation, can also have their own facets. In this case the user has searched for
relations between persons in the Austrian and Finnish data sets, by making selections in
the facets on the left. An example of faceted search given below in Figure 1 is a screen-
shot from this demonstrator. In this case the user has searched for relations where the
subject in the relation is from the Austrian data and the object is from the Finnish data.
Results will be then individual connections between persons in Austrian and Finnish bi-
ography collections.17 It is easy to see that, according to the data, the Finnish composer
Jean Sibelius was a student of two Austrians: Karl Goldmark and Robert Fuchs.

Such individual connections can be interesting as such, but sometimes more reveal-
ing are the hit counts on the facets on the left. In faceted search, the hit counts of facet
categories tell the quantitative distributions of the results along the facet categories. The
results can be ordered and visualized based on the hit count within the facet. This feature
can be used for solving some quantitative research problems, in addition to finding indi-
vidual relations. For example, in Figure 1 the user has searched for teacher and student
relations between persons in the Finnish and Austrian data sets. It can be seen from the
facets that the Austrian persons have naturally most relations to other Austrians, 5308 as
shown in the lower facet. There are only 11 relations to Finland, while there is over one
hundred relations to persons in the Slovenian data. Therefore there seems to be much
more these kind of connections between Austria and Slovenia than between Austria and
Finland. This makes sense as Slovenia is geographically and culturally much closer to
Austria than Finland.

16https://intaviasampo.demo.seco.cs.aalto.fi/
17The actual nationality of the person is not available as a facet in the demonstrator.

https://intaviasampo.demo.seco.cs.aalto.fi/
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Figure 1. Searching relations between persons in the Austrian and Finnish datasets of the InTaVia KG.

The relations in a result set of a search can also be visualized in different ways.
For example Figure 2 shows arcs on a map18 between birth places of women in the
Austrian APIS set of biographies, and the persons they have connections. There are lot
of connections inside Austria and to countries around it, whole only a few to Finland.

4.2. Case Relational Search in the Universal List of Artist Names (ULAN)

The Getty Universal List of Artist Names (ULAN) knowledge graph is available openly
online on a SPARQL endpoint and was used as an example case19 to test and demonstrate
relational search and knowledge discovery on a well-curated dataset of artists and their
mutual relations. In this case the KG includes various types of relevant connections,
such as teacher-student relations or friendships between artists. Faceted search makes it
possible to search not only relations between individuals, but also between larger groups,
such as artists of a certain nationality or gender. In addition to the individual connections,
the relative hit counts of different facet categories reveal distributions of the underlying
data and can be used in explorative semantic search and browsing.

This case demonstrates also various ways to conceptualize and represent relations. In
addition to the directed model presented above, this case tested an undirected model and

18The base map in the example is rendered by the web application using the Mapbox (https://www.
mapbox.com/about/maps/) service which is based on the OpenStreetMap (http://www.openstreetmap.
org/copyright.

19https://www.getty.edu/research/tools/vocabularies/ulan/index.html

https://www.mapbox.com/about/maps/
https://www.mapbox.com/about/maps/
http://www.openstreetmap.org/copyright
http://www.openstreetmap.org/copyright
https://www.getty.edu/research/tools/vocabularies/ulan/index.html
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Figure 2. A map visualization showing arcs between birth places of women in the Austrian APIS set of
biographies, and the persons they have connections.

a model where individual relations were consolidated as part of a more general relation
instead of representing each one individually. For this purpose relevant data from ULAN
KG was converted to a KG of relation instances using SPARQL CONSTRUCT queries20

such as presented above, and a web demonstrator21 was created on top of the new KG
to investigate and show how faceted search works in practice using different ways of
conceptualisation, and how this affects the results.

The ULAN relational search application testes and demonstrates faceted search us-
ing slightly different ways to model and conceptualize relations. Relations have been
modeled as “directed”, “undirected”, and “consolidated” instances, and presented differ-
ent search perspectives for each of these cases. The undirected model differs from di-
rected in that there is only one property for both the endpoints of the connection. There-
fore there is no separate subject and object in the relation. This lowers the number of re-
quired relation instances, but the numbers can still remain large. The consolidated model
combines similar second degree connections under one instance. For example all the
shared teacher connections stemming from a single teacher would be represented as one
instance, with unlimited number of connected persons, and one connecting person (the
teacher). Therefore this kind of shared teacher connections bundles all the persons that
have this person as teacher under one (teacher-specific) relation. This lowers the number
of required relation instances considerably, and increases performance, but the search
becomes more limited, at least if the user is fundamentally interested in binary relations
between two persons.

20The SPARQL queries used to query the ULAN KG and to create the Relation instances can be found
at https://github.com/SemanticComputing/ulan-relations-conversion. The repository also in-
cludes code to automatically execute the queries, and a dockered Apache Fuseki server to serve the data.

21Demo is available at: https://ulansampo.demo.seco.cs.aalto.fi. The source code for the user
interface is available at https://github.com/SemanticComputing/ulan-relations-web-app.

https://github.com/SemanticComputing/ulan-relations-conversion
https://ulansampo.demo.seco.cs.aalto.fi
https://github.com/SemanticComputing/ulan-relations-web-app
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In practice when using faceted search through SPARQL queries the directed model
has the worst performance because it has the largest number of individual relations to
search, however it also was easiest to implement robust search options using SPARQL
queries and the Sampo-UI framework. For example, in the demonstrator it is difficult
to search relations between artists from different countries in the undirected relations
perspective of the demo, while it is simple in the directed relations perspective. This is
because in undirected model both entities of the relation are reached through the same
property path, and therefore it is difficult to create separate facets. However, it is possible
that implementing the search in different ways might make the search with other models
work better.

The ULAN demonstrator includes “second degree” or “ternary relations”, such as
shared teacher or shared patron relations. It is easy to see from the demonstrator how
the the number of relations can explode for the second degree relations when using the
directed relations model. While there are some tens of thousands of teacher-student re-
lations, there are hundreds of thousands of shared teacher relations. In Figure 3 the user
has selected “shared teacher” as relation type and “female” as the gender of the subject of
relation. While the result set shows individual examples of connections where two artists
of which at least one was female had the same teacher, the facet hit counts may be more
interesting. In this case the hit count of “Person A” facet shows that the Finnish painter
Helene Schjerfbeck has the largest amount of this type of relations in the data out of
female painters. What this actually tells can’t be answered just by looking at the demon-
strator, but may well offer interesting insight to, for example, biographer of Schjerfbeck
or researcher of Finnish art history.

In numerical terms the relations extracted from second degree relations such as
“shared teacher” or “shared collaborator” will dwarf first degree connections such as
“teacher of” or “collaborator of” relations. This quickly causes problems because the
number of relations instances can grow very large. For example in the ULAN demon-
strator there are more than 400000 “shared teacher” connections, which forms a clear
majority of all the connections. Such numbers start to reach limits what can efficiently
searched with faceted search using only SPARQL queries. However, there can be more
efficient forms of implementing faceted search that might be used on practical applica-
tions.

4.3. Case Wikipedia Links

The key idea of this case study was to harvest interesting Cultural Heritage relations
between entities by using the link structure present in Wikipedia pages. Our research
hypotheses was, that the textual context in which an HTML link appears can be used as
an explanation for the underlying relation. In this way a new KG could be extracted to
supplement relational data from the other case studies.

Register descriptions of people are often short, and an external database can provide
more detailed information about their lifetime. The InTaVia KG contains also linkage to
external data publications, such as the international Wikidata. Using the linkage to Wiki-
data allows one to also access the related Wikipedia pages written in various languages.
It turned out that out of the total of 58864 people in the InTaVia KG that have an entry
in Wikidata, approximately 14300 people have also a page in the English Wikipedia.
Table 1 shows the number of Wikipedia entries of the biographical source datasets in
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Figure 3. An example of using faceted search to explore relations in Getty ULAN KG. The facet on left shows
that Finnish painter Helene Schjerfbeck has the largest number of shared teachers connections out of female
artist in ULAN KG.

Table 1. Number of Wikipedia pages for the four national biographical InTaVia datasets Apis (Austria), Biog-
raphyNet (The Netherlands), BiographySampo (Finland), and SBI (Slovenia) in five different languages

Dataset German English Finnish Dutch Slovenian

Apis 6945 3478 553 710 369
BiographyNet 5649 8022 785 14784 495
BiographySampo 1067 2180 5106 429 186
SBI 599 727 80 150 3774

Total 14260 14407 6524 16073 4824

five different languages and the four InTaVia datasets. The English pages were chosen
because the number of Wikipedia matches was sufficient also for the minor languages
Finnish and Slovenian.

The principle for using Wikipedia links for relational search is depicted in Figure 4.
The textual description of a Person (on the left) consists of sentences (in the middle) that
contain links to the pages (on the right) of new entities. In the example there are two
Finnish artists, Adolf von Becker and Sigrid af Forselles, who both have a link connection
to a village called Vevey in Switzerland. So, visiting a small village in Switzerland forms
a potentially interesting relation between these two artists. After extracting all these links,
they can be used as a basis for studying the network of references with explanations
given by the textual contexts of the links. Furthermore, this network can be used for
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Figure 4. Principle of modelling the Wikipedia references

prosopographical analysis to find, e.g., common features connecting two individuals,
features characteristic to each source dataset, or vice versa features separating the source
datasets.

In the process of data transformation from Wikipedia to a KG of explained relation
instances, the description text from the Wikipedia page was first queried for each per-
son. Thereafter, description texts were split to sentences, and the links referring to other
pages in English Wikipedia were extracted. Finally, metadata of the referred entities was
queried from Wikidata, most importantly the class of entity which could a person, place,
work of art, genre of art or literature, etc. Based on the class of the entity, biographical
or geographical details were queried and added to the data. In this process pipeline, the
data was pruned by filtering out 1) links to pages that were referenced only by one single
person, 2) links leading to disambiguation or multimedia pages, and 3) links leading to
external web-sites.

Finally, a network was constructed based on the links in the sentences so that
two people having the same link target got interconnected. The Python module Wiki-
TextParser22 was used for scraping the texts from the Wikipedia pages, Natural Language
Toolkit (NLTK)23 for splitting the sentences, and RDFLib24 for producing the RDF data.
As a result, 180000 sentences referring to 37500 Wikipedia pages were extracted with
an average of 22.8 references per person.

A demonstrator portal25 for the Wikipedia case study was also created using the
Sampo-UI framework. The portal can be used to search and visualize the data with tables,
charts, networks, and illustrations on maps. The portal contains three faceted application
perspectives:

1. The People perspective makes it possible to find easily links to related entities on
the pages of people.

22https://pypi.org/project/wikitextparser/
23https://www.nltk.org/
24https://pypi.org/project/rdflib/
25Demo is available at: https://intapedia.demo.seco.cs.aalto.fi/en/. Portal source code is

available at: https://github.com/SemanticComputing/intavia-wikipedia-web-app.

https://pypi.org/project/wikitextparser/
https://www.nltk.org/
https://pypi.org/project/rdflib/
https://intapedia.demo.seco.cs.aalto.fi/en/
https://github.com/SemanticComputing/intavia-wikipedia-web-app
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2. The References perspective work the other way around: here referenced entity
pages are searched for and entity pages from which links to them have been made
can be found easily for each referenced entity.

3. The Sentences perspective is used for searching the sentences in which reference
links occur, based on People, References, Dataset facets. The sentences explain
the relation links by showing their context.

In this case study the search is directed to entities in Wikidata and Wikipedia. The
search therefore behaves differently than the search perspectives in other two case stud-
ies, even though here too the focus is on finding relations. For example, looking at the
References perspective it is immediately obvious, because the results are ordered based
on number of references, that most referenced entities in Wikipedia biografies of per-
sons are places. In this case Vienna and Amsterdam are the most referenced. This is
not surprising because most of the biographies used are from Austria and Netherlands,
although Vienna has the most references even though there are more biographies from
Netherlands. Faceted search can be used to, for example, to select the “Person” as the
type of entity referenced. Fig 5 shows a screenshot where user has made this selection.
Result view shows that emperor Napoleon and emperor Franz Joseph I of Austria are
the most referenced persons in the biographies used. Just below them are artists Rubens
and Rembrandt. Finding persons that are connected to a certain person by a reference to
same Wikipedia article can be done by, for example, selecting a certain person, such as
Rembrant, from the “Referenced by” facet, and then looking at the other persons in the
“Referenced by” column on the results.

Figure 5. An example of faceted search of Wikipedia references.

5. Discussion

Creating a precalculated KG of relations made implementing faceted search on web app
easier than it would have been otherwise, and allowed the use of preexisting framework.
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It would be possible to implement searching relations dynamically. However, making the
transformation during a separate pre-processing phase has many benefits:

• Implementation of search on web application can be easier.
• Using a pre-compiled KG is computationally faster when querying the data.
• The pre-compiled KG can be validated and debugged more easily than correspond-

ing dynamically run complex queries.
• Relational instances from separate, semantically incompatible KGs can be aggre-

gated easily into the new KG.

A drawback of pre-compiling data is that the size of the transformed KG may ex-
plode in terms of the number of relations, depending on the case. Possibly some kind of
hybrid solutions on pre-compiling and dynamic federated evaluation of queries could be
developed. The large number number of searched instances can also make the faceted
search computationally heavy and perhaps slow for the user, even though pre-compiling
data does help there.

Perhaps the most important drawback of the knowledge based approach to relational
search is that the interesting relation types need to be defined by humans to be reliable,
at least with current technology. This can be done using SPARQL CONSTRUCT queries
or some other solution, but it will in any case likely require time and technical under-
standing. If the exact nature of the connection is not a focus, like in the Wikipedia case
presented above, the process is easier to automate.

While finding single connections and their explanations between two entities can be
interesting, connections between larger categories of people can be even more interesting
in revealing patterns in the data. These can be found and illustrated through faceted
search and visualizations. The larger sets of connections can be seen through ontologies
connected to the entities, such as occupation and place ontologies with hierarchies.

When searching connections between different types of entities like people and
places, it is easy for the user to understand which properties in the faceted search are
related to which entity of the connection. For example, when searching for connections
between people and places, it is obvious that the occupation facet references the person
in the connection. This is more complicated when both entities are of the same type, such
as two people. Modeling relations as directed connections makes it possible to make
clear semantic distinctions and create separate facets for both endpoints of the connec-
tion, even when they are of the same type. The user can then search for, for example,
the connections between artists and writers in the KG. The drawback of this is that the
connections need to be created twice so that both persons are the subject and object in
one relation instance, even when the connection is fundamentally the same. This can be
confusing for the user, and it creates a double the number of relation instances which
slows down the faceted search.

In addition to finding and explaining interesting connections in KGs the idea of rep-
resenting connection networks can be used for studying and visualizing semantic asso-
ciations statistically, using timelines, on maps, and using methods of network analysis.
Our examples are meant to demonstrate how relational search might be useful in CH re-
search. It can be useful for finding individual connections and on the other hand finding
larger patterns. For example, it might be interesting for an art historian to find an obscure
individual connection between two artists that might then explain the professional devel-
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opment of one or both of the artists. On the other hand researcher might be interested
in more general connections, such as the connections that Finnish female artists have to
Germany in the 19th century. Such query will require filtering interesting connections
from certain time period, between persons of certain gender,profession and nationality
to places within certain larger place. Such a query would be difficult using traditional
search methods, but KGs and ontologies can help make the query easier. A researcher
might also be interested in relative numbers or connections. For example, are there more
interesting connections between Finnish female artists in 19th century to Germany or to
France, and how do the numbers change in time, or did Finnish artists study more often
under Italian or Austrian artists? Faceted search and visualizations of relations can be
useful when exploring data to answer such questions. The pre-precombiled KG of rela-
tions could also be analyzed using different methods. For example, by using graph and
network analysis.
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