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ABSTRACT
The Web is the most used Internet’s service to create and share
information. In large information collections, Knowledge Organi-
zation plays a key role in order to classify and to 󰎓nd valuable
information. Likewise, Linked Open Data is a powerful approach
for linking di󰎎erent Web datasets. Today, several Knowledge Or-
ganization Systems are published by using the design criteria of
linked data, it facilitates the automatic processing of them. In this
paper, we address the issue of traversing open Knowledge Orga-
nization Systems, considering di󰎏culties associated with their dy-
namics and size. To 󰎓ll this issue, we propose a method to identify
irrelevant nodes on an open graph, thus reducing the time and the
scope of the graph path and maximizing the possibilities of 󰎓nd-
ing more relevant results. The approach for graph reduction is in-
dependent of the domain or task for which the open system will
be used. The preliminary results of the proof of concept lead us to
think that the method can be e󰎎ective when the coverage of the
concept of interest increases.
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1 INTRODUCTION
The Web is the most used Internet’s service to create and share
information. Due to the large volume of heterogeneous and un-
structured content, users have problems to integrate, reuse and
󰎓nd valuable information. In this context, Knowledge Organiza-
tion (KO) plays a key role [9] because of digital libraries and other
large information collections require adequate and thorough struc-
turing systems in order to organize the increasing amount of avail-
able data and to avoid loss of information [11].

Likewise, in order to facilitate the automatic processing of data,
Semantic Web technologies can be used to publish data according
to the Linked Data (LD) design criteria proposed by Berners-Lee.
Currently, Linked Data on the Web represents an immense source
of knowledge suitable to be automatically processed and queried
[3].

The potential of Linked Data lies in leveraging the properties
that connect two entities (e.g., people, organizations, places, digi-
tal resources) described by RDF as a graph-based data model [3].
Therefore, the discovery of such connecting properties (or paths)
is often a fundamental task in Web of Data[6] and it is a problem
to resolve considering the increasing trend in sharing and inter-
linking pieces of structured linked data on the Web [3].

In LD, to navigate or query RDF datasets, theW3C recommends
the SPARQL language. In the latest version, SPARQL has been ex-
tendedwith a navigational feature called property paths (PPs). How-
ever, traversing open KOS, considering their size, hinder to 󰎓nd
nodes or optimized paths. Furthermore, the results can be impre-
cise or ambiguous for users, especially when the knowledge area
is broad. This restriction limits the applicability of PPs for query-
ing KOSs published as Linked Data. To 󰎓ll this issue, we propose a
method to identify irrelevant nodes on an open KOS, thus reduc-
ing the time and the scope of the graph path and maximizing the
possibilities of 󰎓nding more relevant results.

Next, we 󰎓rst introduce a family of reachability-based query se-
mantics for PPs that distinguish between navigation on the Web
and navigation at the data level. Thereafter, we consider another,
alternative query semantics that couples Web graph navigation

https://doi.org/10.1145/3309772.3309804
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and data level navigation; we call it context-based semantics. Given
these semantics, we 󰎓nd that for some PP-based SPARQL queries
a complete evaluation.

Next, we 󰎓rst introduce KOSs and the semantic web technolo-
gies used to publish them and query. Thereafter, we de󰎓ne the un-
derlying problem to the open KOSs navigation; in this context, we
present the method to traverse the underlying graphs. Finally, we
performed preliminary tests using the topic recommendation as a
proof of concept.

2 THEORETICAL BACKGROUND
2.1 Knowledge Organization Systems
According to Hjorland [10], Knowledge Organization (KO) can be
de󰎓ned from two points of view: 1) in the narrow meaning, a KO
is an intellectual or cognitive organization of knowledge, i.e. KO is
about activities such as document description, indexing and classi-
󰎓cation performed in libraries, bibliographical databases, archives
and other kinds of institutional memories, and; 2) in the broader
meaning, KO is about the social division of mental labor, i.e. the or-
ganization of universities and other institutions for research and
higher education, the structure of disciplines and professions, the
social organization of media, the production and dissemination of
knowledge, etc.

Knowledge Organization as a 󰎓eld of study is concerned with
the knowledge organizing systems (KOS) [10]. A KOS is a sys-
tem of related concepts of a given knowledge domain [12]. Ac-
cording to Hodge [4] this term is intended to encompass all types
of schemes for organizing information and promoting knowledge
management, such as thesauri, classi󰎓cation schemes, gazetteers,
lexical databases, subject heading lists, ontologies and folksonomies.

Many institutions develop andmaintain KOSs as backbone struc-
tures for their information systems. The potential of such KOSs is
to serve as components in knowledge-rich applications [1]. In the
Web, one key role of a controlled vocabulary is to improve pre-
cision of information retrieval from an indexed collection. "The
hierarchical and associative relationships between concepts of a
thesauri enable users to browse for search terms, and information
provided by search engines that use this structure to automatically
expand queries, thus improving recall." [1]

2.2 Publication of KOS as Linked Data
Linked Open Data (LOD) is a powerful approach for linking di󰎎er-
ent Web datasets, by creating new value of data through mash-up
over such various datasets [13]. Today, several datasets are pub-
lished using the LinkedData design criteria. According to The Linked
Open Data (LOD) Cloud1, until august of 2018, there are 1.224 data
collections published. Data in domains such as Geography, Gov-
ernment, Life Sciences, Linguistics, Media, Publications and others
are part of the Web of Data.

In Linked Data, KOSs are published in RDF format according to
Simple Knowledge Organization System (SKOS) Vocabulary. Since
18 August 2009, SKOS is the W3C Recommendation2 to publish

1https://lod-cloud.net/
2https://www.w3.org/TR/skos-reference/

KOS on the web. In [7], SKOS Core is introduced, "an RDF vo-
cabulary for expressing the basic structure and content of concept
schemes"

In theW3Cpage about SKOS/Datasets3, several concept schemes
described with SKOS are identi󰎓ed. Some KOSs are general, i.e.
cover wide knowledge areas (e.g. the UNESCO Thesaurus4), other
systems are speci󰎓c for describing a given domain (e.g. AGROVOC
Agricultural Thesaurus5). In these cases, KOSs are named controlled
vocabularies because of a group of experts have elaborated a con-
sensual schema to knowledge organization.

Apart from controlled schemes, in the Web of Data, there are
open knowledge systems created collaboratively by people. DB-
Pedia6 is the most popular project based-on the Wikipedia’s cat-
egories. Currently, there are more than 1 million, 400 thousand
linked concepts can be queried on DBPedia.

When the concepts of two schemes of di󰎎erent nature (one con-
trolled and the other open) are linked, fundamental tasks of se-
mantic information retrieval such as annotation and classi󰎓cation
of Web content [2] can be improved.

2.3 Querying KOS through property paths
SinceMarch 2013, theW3C recommends SPARQL7 as the language
to access and query RDF data. By means of web services named
SPARQL endpoints, a mashup of linked data connected through var-
ious linking properties can be retrieved [6].

The last version of SPARQL 1.1 supports basic operations for
RDF datamanagement such as query, aggregation, update and delete.
Also, this language supports Paths Properties (PPs)8 which are
used to traverse iteratively RDF graphs. Kostylev, Reutter, Romero,
and Vrgoč de󰎓ne a PP as a feature to "search through the RDF
graph for a sequence of IRIs that form a path conforming to a reg-
ular expression." This kind of features consists in apply operators
on the graph’s properties in order to build SPARQL queries that
are agnostic of the underlying RDF graph structure [8].

There are eight basic SPARQL PPs, four can be applied to a
unique property and the remaining require two properties. Using
unary operators such as *, ?, +, and {} forms, we can retrieve all
successors or ancestors of a given SKOS concept. For example, the
pattern:

dbc:Arti󰎓cial_intelligence skos:broader{1, 5} ?child

returns a list of all the subjects (sub-concepts) that are within a
distance of up to 5 jumps of theArti󰎓cial Intelligence (AI) discipline.

From a theoretical point of view, a PP enables inde󰎓nitely to
traverse link properties until to reach a target node [5]. However,
if a graph is very deep or spread, traverse it can be much costly.
Therefore, the performance of queries with PP should try to be op-
timized. In the next section, we present the issues related to navi-
gate open KOS, and we propose a method for reducing the cover-
age of traverse the underlying graph.

3https://www.w3.org/2001/sw/wiki/SKOS/Datasets
4http://skos.um.es/unescothes/
5http://aims.fao.org/
6http://dbpedia.org
7https://www.w3.org/TR/sparql11-overview/
8https://www.w3.org/TR/sparql11-property-paths/
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3 TRAVERSING OPEN KOS
3.1 The problem statement
There is numerous research carried out in traversing and/or 󰎓nd-
ing paths in a graph. Although it is a well-studied problem, it is also
highly intractable [6]. Particularly, accessing and traversing open
KOSs can be a challenging task, especially when path properties
are applied to traverse the graph.

Open KOSs, as DBPedia’s categories, remain updated thanks to
people de󰎓ne new concepts and new associations between them.
But, an issue with them is the number and variety of concepts
(nodes) and relationships. This increases the extension and disper-
sion of the graph, making it di󰎏cult to converge to a target concept
and to 󰎓nd a resource of interest.

In this paper, the focus is to reduce the task of traversing rich
and open-domain KOS by identifying nodes that do not support
information of value to the domain or that are irrelevant for a given
context.

Traversing the sub-graph of the Arti󰎓cial_Intelligence concept
(AI), according toDBPedia, 28 direct successors (i.e. sub-disciplines)
are retrieved. If the goal is to use hierarchies of concepts to rec-
ommend those related to a given subject of interest, around 36%
is irrelevant information. Concepts related to 󰎓ction, laboratories,
researchers, associations, conferences, publications, philosophy or
history of AI could be discarded if the goal is to identify the closest
topics related to IA as a knowledge 󰎓eld.

3.2 General approach
In Information Retrieval, some words (called stopwords), which are
the most common in the text, are not generally indexed due they
lack meaning by themselves. Search engines need to work quickly;
therefore, if they do not process stopwords it represents a consid-
erable saving. Similarly, if during the search or navigation by a
topics network, we identifying the nodes (SKOS concepts) that are
not relevant to the task or the context in which they will use, then
the exploration of KOS graphs could be optimized. In this section,
the proposed method to achieve this goal is explained.

The Figure 1 shows the general approach which includes two
stages: 1) to identify and mark stop-concepts thus to avoid to visit
them when the graph is explored; and, 2) to traverse the bounded
graph using property paths.

3.2.1 Graph reduction (GR). The graph reduction consists in
analyzing the graph connectivity associated with open KOS in or-
der to identify the nodes (concepts) which are more popular in a
dataset but they are irrelevant for a domain or to do a given task.
For example, in the 󰎓gure 1, these nodes are 󰎓lled with orange
color and corresponding to those with the greatest amount of re-
lationships with semantic resources.

This stage could be performed at the 󰎓rst time and to be updated
when it be necessary. As a result of this analysis the set of stop-
concepts will remain marked with a 󰎐ag, and thus, they will be not
visited when traversing a graph of open KOS.

To mark stop-concepts, we propose two main steps:
(1) To identify the set of nodes with the greatest degree on

the graph. An understanding of the data model used in the
dataset is fundamental in order to de󰎓ne the best property

patterns (including single properties or a combination of
them) to be used to summarize results.

(2) To identify irrelevant entities (stop entities) linked to the
most popular concepts. A simple method could be used to
do this task. First, tokenize the labels of themost linked con-
cepts (identi󰎓ed in the previous task), as a result, a list of the
most commonwords on the dataset will be generated. Later,
a manual or semi-automatic exploration by the top results
will help to mark the irrelevant entities (i.e. a group of peo-
ple, objects, etc.).

From the list of entities not relevant to the domain, or goal in
which the open KOS will be used, it is possible to optimize the
graph traversing, avoiding to expand nodes which refer to stop
entities. For example, to recommend topics related to the DBPe-
dia’s category Arti󰎓cial Intelligence, not-relevant entities such as
associations, people, companies, etc., will not be visited when the
graph is traversed.

3.2.2 RDF graph traversing (GT). To explore RDF graphs, SPARQL
provides unary operators that traverse it using arbitrary iterations.
Although the use of these properties is very easy, we propose to
iterate the graph but visiting, at each step, the nodes that are at a
progressive distance from the objective, startingwith 1 until reach-
ing a limit, that implies:

(1) To establish the max length (l) to navigate the graph (n)
(2) To apply operator m to traverse the graph. The value of

m starts with 1, and increments in 1 progressively until it
reaches l.

(3) In each iteration by the graph, the concepts related to stop-
entities are marked to be not visited in the next step, i.e.
these concepts will be considered as a kind of stop-nodes.

Following the three-step process described, the path through
the graph could be optimized. The 󰎓gure 1 (part b) identi󰎓es stop-
nodes with orange color. Although these nodes have o󰎎spring,
they will not be visited by the algorithm.

4 A PROOF OF CONCEPT: TRAVERSING
DBPEDIA’S CATEGORIES

Open KOS have many applications, especially in the 󰎓eld of in-
formation retrieval. DBPedia is one of the data sources that o󰎎ers
great support to annotate, classify [2] and 󰎓nd valuable informa-
tion. In this section we explain the path optimization process of
this graph, considering as a potential application the recommen-
dation of topics related to a term of interest. Speci󰎓cally, we chose
topics of di󰎎erent granularity: starting with Computer Science,
then Arti󰎓cial Intelligence, and 󰎓nally Machine Learning.

4.1 Graph reduction (GR)
To identify irrelevant nodes (stop-concepts) for the recommenda-
tion of topics, we applied the method explained in section 3.2.1.

4.1.1 Identify the set of nodes with the greatest degree of the
graph. In this step, we select the property subject of Dublin Core
Terms (dct) to identify conceptsmore popular. InDBPedia, dct:subject
is used to connect any resource to its the topic, i.e., an instance of
skos:Concept. Executing the next query, we collect 30 thousand of
concepts with the greatest connectivity with DBPedia resources.
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Figure 1: General approach for traversing open KOS

SELECT ?c COUNT(*) as ?n WHERE {
?c a skos:Concept .
[] dct:subject ?c .

} GROUP BY ?c ORDER BY DESC(?n)

The top-ten conceptsmore linked toDBPedia resources are listed
below. The number between parenthesis stats the amount of indi-
viduals which are connected to each skos:Concept.

(1) dbc:Living_people (795708)
(2) dbc:Year_of_birth_missing_(living_people) (61612)
(3) dbc:American_󰎓lms (42991)
(4) dbc:Place_of_birth_missing_(living_people) (38289)
(5) dbc:English-language_󰎓lms (36403)
(6) dbc:Association_football_mid󰎓elders (22063)
(7) dbc:Minor_planet_redirects (21730)
(8) dbc:English_Football_League_players (21072)
(9) dbc:Year_of_birth_unknown (20797)
(10) dbc:Named_minor_planets (20244)

4.1.2 Identify stop-concepts. We tokenized the label of each con-
cept obtained in the previous step and 󰎓ltered the most popular
words in order to identify the least relevant. In this case, words
such as players, researchers, conferences, people, 󰎓lms, etc. were
setting with the status of stop-entity. From this list, which can be
completed or update later, the next step is performed.We have val-
idated and manually marked a list of less than 200 stop-entities.

As wementioned in 3.2.1, this stage can be performed only once
to initialize the system. Then, the execution of the method for tra-
verse the DBPedia graph was performed for each concept to ana-
lyze: Computer Science (CS) -> Arti󰎓cial Intelligence (AI) -> Ma-
chine Learning (ML).

4.2 RDF Graph traversing (GT)
To identify concepts related to other of interest, we established
several limits to traverse the graph. The next query was execute
for 4 times, i.e. the parameter for the property skos:broader began
with a value of 1 until 4. In addition, for each concept of interest
(CS, AI and ML), the variable ?r was updated.

SELECT ?c COUNT(*) AS ?n WHERE {
VALUES ?r {dbc:Arti󰎓cial_intelligence}.
?c skos:broader{4} ?r .

} GROUP BY ?c ORDER BY DESC(?n)

In each iteration, the concepts related to the stop-entities were
not expanded. The table 1 summarizes the quantity of nodes visited
in each iteration before and after we applied the reduction method
(GP).

4.3 Results
The Figure 2 shows performance of the method based-on SPARQL
queries using PP. The best results (highest rate of reduction) was
obtained for the most general concept, Computer Science (CS).
At the contrary, for the most speci󰎓c concept, Machine Learning
(ML), the graph reduction were almost imperceptible. Therefore,
the approach to traverse an open graph is more e󰎎ective when an-
alyzing broader concepts.

In the case of Computer Science, regardless of the iteration, the
graph path is better de󰎓ned, avoiding traverse around 50% of the
neighboring nodes.

In order to identify the top concepts s related to each 󰎓eld of
interest (CS, AI, LM), we de󰎓ne a basic metric (see expression (i))
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Table 1: Nodes by concept and iteration

Computer Science (CS) Arti󰎓cial Intelligence (AI) Machine learning (ML)

iteration After GR With GP After GR With GP After GR With GP
1 14 5 28 21 27 25
2 145 70 200 177 20 20
3 1086 359 457 384 10 10
4 5571 2218 1159 738 3 3

Figure 2: Results of the method

to compute the weight of each concept retrieve during the graph
traversing.

De󰎓nition 4.1. If si is the ith successor (sub-concept) foundwhen
traversing the open graph, then its weightW is computed accord-
ing to the sum of all occurrences F of this node in a given iteration
j multiplied by the weightW associated with each iteration p j :

W (si ) =
󳕐4
j=1 Fj (si ) ∗W (p j )

For this proof of concept, we established weightsW for the set
of iterations P according to the distance to the root node, i. e.:

( 󳑞P , 󳑞W ) = {(1, 1), (2, 0.75), (3, 0.5), (4, 0.25)}
The Table 2 presents a list of recommendations for Computer

Science. Note the di󰎎erences between the concepts recommended
before and after the method were applied.

In an intuitive way, it can be seen that the best results were
obtained after making the delimitation of the graph path. This is
possible considering that from the stop-entities (conferences, pub-
lications, awards, year, etc.), helped to identify the stop-nodes, i.e.
concepts such as Formal methods publications, Arti󰎓cial intelli-
gence conferences, among others.

5 CONCLUSIONS
In this paper, we address the main issue related to query open
Knowledge Organizations Systems by reducing the potential paths
to navigate. KOSs created collaboratively by people can be com-
plex, considering their depth, breadth or connectivity.

Using external links between di󰎎erent KOSs, the machines can
automatically annotate and classify digital resources. With the en-
riched dataset, search or recommendation engines will be able to
discover more interesting facts in order to o󰎎er more accurate and
complete results to the users of the network.

In this context, we propose a method to reduce the navigation
by a graph and then traverse it using SPARQL property paths. The
approach for graph reduction is independent of the domain or task
for which the open KOS will be used.

Finally, we expose a scenario in which the proposed method is
very useful. The preliminary results of the proof of concept lead us
to think that as the coverage of the concept of interest increases,
the application of pruning or reduction of the path is a fundamental
task in order to obtain more precise results and in the best possible
performance.

Currently, we continue testing the proposed method in tasks
related to information retrieval and later, we will expand the vali-
dation including other usage scenarios.
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