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Abstract — The GIOCOnDa LOD platform, developed in the
context of a project funded by the EU programme Interreg, aims
to make Linked Open Data (LOD) available in an easy and
convenient way, without the need of any software programming.
This paper illustrates the implemented platform that, starting
from a common Open Data repository, can automate the
production and publishing of Linked Open Data. The platform is
configurable and extensible as it enables to define mapping
configurations for new datasets hiding the complexity of the
ontology in the mapping process. The paper also presents some
examples of data consuming applications, using some
GIOCOnDa LOD datasets.
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I. INTRODUCTION

The work described in this paper, firstly introduced in [1],
was developed in the context of the EU Interreg GIOCOnDa
project (“Integrated and holistic management of the open data
life cycle”, March 2019 — April 2021), funded by the Interreg
V-A TItaly-Switzerland Programme, which aims to create value
by developing information products based on the re-use of
public Open Data [2]. The project focuses on data that are
relevant for the touristic sector, coming from the Insubric area,
a cross-border territory across Italy and Switzerland. They
include data about museums, accommodation facilities, and
environment. The main data sources currently used are:
Regione Lombardia open data portal [3], and ARPA (Regional
Agency for the Protection of the Environment) [4] for Italian
data; Wikidata, Ticino Turismo [5], and OASI [6] for Swiss
data.

One of the main results of the project is the creation of a
platform for the publication of LOD (Linked Open Data) by
public administrations. In the GIOCOnDa LOD platform,
open data, coming from various sources and in different
formats, are converted into homogeneous Linked Open Data,
based on standard ontologies, and published together with
their metadata. The platform enables conversion of existing 3*
Open Data to 5* Open Data, according to the well-known 5-
star deployment scheme [7]: data are formalized in RDF,
identified by URI and linked to other datasets. For this
purpose, a specific interlinking module was developed and
integrated into the platform.

This work answers an emerging need for generic and
usable tools to produce linked open data. While the value of
linked open data is widely recognized in the literature [8], their
publication is still challenging.

Different works and platforms have been developed to
support this process. One of the first significant projects is
Lucero and the resulting Tabloid toolkit, which aims to help
institutions and developers to publish and consume linked data
[9]. Another interesting work, which supports US open
government data production and consumption, is the TWC
LOGD portal [10]. Here a workflow for linked open data
deployment is defined, consisting of different stages, where the
conversion process is automated by using the csv2rdf4lod tool.
A more recent initiative is represented by the Italian cultural
heritage platform “dati.beniculturali.it”, promoted by the
Italian Ministry of Culture, which collects and publishes
standardized and interoperable LOD heterogeneous datasets
[11].

An extensive survey of methods, tools, and techniques for
generating and publishing linked open data reveals that the
proposed approaches to produce linked data are often specific
to a use case and usually concern a specific domain, such as,
media, library, finance, education, and healthcare. These
approaches can hardly be adapted to other use-cases and
domains [12].

The main innovative aspect of the approach adopted in the
GIOCOnDa platform is that it is generic and supports different
source types and formats. In addition, it does not require
programming skills or a deep knowledge of the RDF and OWL
formalisms.

This paper describes the publishing process from Open
Data to Linked Open Data in the GIOCOnDa platform and
presents some examples of applications that consume LOD
produced using the platform. It is structured as follows: Section
II presents the methodology adopted to publish LOD data;
Section III focuses on the process of conversion of Open Data
to LOD, one of the main steps of this methodology; Section IV
presents the main functionalities of the GIOCOnDa LOD
platform, in particular the LOD catalogue, and the input and
output mapping, two processes that enable to convert data from
different input data sources to the final LOD format; Section V
explains how the interlinking module works and is integrated
into the platform; Section VI presents possible use cases of
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publishing a new dataset in the GIOCOnDa LOD platform;
finally, Section VII proposes some examples of applications
that exploit Linked Open Data to support users in their needs.

II. METHODOLOGY TO PUBLISH LINKED OPEN DATA

From a methodological point of view, a number of best
practices, recommendations and guidelines have been defined.
For example, Bauer and Kaltenbock [13] provide a step-by-
step model, highlighting the most important issues that need to
be considered in LOD publishing; W3C [14] presents best
practices designed to facilitate LOD development and delivery;
the “Agenzia per I’Italia Digitale” (AGID) [15] proposes a
general methodological approach for the interoperable opening
of public data through the LODs. This methodology basically
consists of the following steps: selection of dataset, data
cleaning, analysis and RDF modelling, enrichment,
interlinking, validation, and publication.

The approach adopted in GIOCOnDa is in line with the
above best practices and guidelines and, in particular, with
those proposed by AGID. The selection of datasets was made
on the basis of the results of a previous need analysis phase
carried out with a number of stakeholders during the project.
As a starting point, data about museums, accommodation
facilities, and environment of the Insubric region are selected.

Concerning data cleaning, it is assumed that the selected
datasets are already published as clean and accurate open data,
where a quality check is already accomplished.

Once selected, datasets are deeply analysed to understand
their structure; then appropriate ontologies and vocabularies
are identified to model them.

In particular, the adopted ontologies are taken from the
OntoPia network [16], also presented in [17]. They include, for
instance, the Cultural-ON ontology for museums and the
ACCO ontology for accommodations. In the GIOCOnDa LOD
platform, data are imported from different sources and
converted into the RDF format, according to these standard
ontologies. The conversion process is detailed in the next
section.

As additional steps, datasets are enriched with metadata and
interlinked to other datasets. Metadata are added to the single
datasets following the DCAT-AP standard. Interlinks to other
datasets are created by identifying alignments and similarities
between different datasets. For instance, a museum from the
“Regione Lombardia” dataset can be declared “the same as” a
museum described in Wikidata. The identification of interlinks
is mainly carried out using the Silk software libraries [18], as
explained in Section 5.

Finally, datasets are published using Openlink Virtuoso
Universal Server [19], where they can be queried through a
SPARQL endpoint.

III. THE CONVERSION PROCESS FROM OPEN DATA TO LOD
IN THE GIOCONDA PLATFORM

The core of the system lies in the mapping functionality of
heterogeneous data into Linked Open Data, according to
standard ontologies.

This conversion is a complex process that depends on the
initial format and on the final standard RDF format. From a
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literature study it emerges that the most frequently adopted
approach is the implementation of ad-hoc middleware. For
example, to convert a relational database to LOD, a typical
solution is to use declarative languages, such as D2R [20] or
R2RML [21] that require ontological and programming skills.

In the GIOCOnDa LOD platform, the complexity of the
conversion process is simplified by defining a converter,
facilitated by a graphical user interface that an expert can use
to configure the conversion. This process can be explained
through a simple example: we would like to convert two
different datasets about museums into a common interoperable
format. The first dataset concerns Lombard museums retrieved
from the Regione Lombardia portal in JSON format by means
of REST APIs [21]. The second is represented by Tessin
Canton museums retrieved from Wikidata through SPARQL
queries.

Figure 1 shows an excerpt from the Lombard museums
visualized on the Regione Lombardia portal [22], while Figure
2 shows an example of a Swiss museum in Wikidata [23].

Regione
Lombcrdia

Open Data Home Catalogo Sviluppatori  Supporto (o}

Musei riconosciuti da Regione Lo... NGRS
Basato su Musei riconosciuti da Regione Lombardia

Elenco delle raccolte museali e dei musei riconosciuti Pill viste | Filtra | Visualizza | Discussione | Informazioni

CODI.. i CODIL. i PROV. i COMUN.. : DENOMINAZIONE MUSEO DENOMINAZIONE_SEDE

25 121 BG BERGAMO ORTO BOTANICO DI BERGAMO LORENZO ROTA  Orto Botanico di Bergamo "Lor

2590 2770 ™I MILANO POLO DEI MUSEI SCIENTIFICI Acquario e civica Stazione Idro

a1 2405 so CHIAVENNA MUSEO DEL TESORO Battistero

1888 1950 BG LOVERE MUSEO CIVICO DI SCIENZE NATURALI "ALESSIO ...  Sede espositiva

2461 2497 ™I CINISELLOB...  MUSEO DI FOTOGRAFIA CONTEMPORANEA Museo di Fotografia Contempc

1982 2062 BG TREVIGLIO MUSEO CIVICO ERNESTO E TERESA DELLATORRE ~ Museo Civico Ernesto e Teresa

2175 2217 ™I MILANO Museo Nazionale della Scienza e della Tecnolog...  Museo Nazionale della Scienza

2204 2350 PV PAVIA SISTEMA

Museo Nazionale della Scienza e della Tecnologia Leonardo da Vinci

< Precedente  Successivo > Mostra righe 101-200 di 267

Home Note legalie privacy Contatti FAQ  Accessibilita
© 2021 Regione Lombardia  Con tecnologia @ Socrata

Figure 1. Lombard museums from the Regione Lombardia Open Data

portal.

ltem Discussion Read View history | Search Wikidata Q| ~

WIKIDATA  Museo Vincenzo Vela (osss7651
museum in Mendrisio (Switzerland) # edit

Main page ~ In more languages
Community portal Configure
Project chat o Lt DT Also k
Create a new Iltem nguage abel escrpfon soknown as
Recent changes English Museo Vincenzo museum in Mendrisio
Random Item Vela (Switzerland)
Query Service
Nearby Italian Museo Vincenzo museo a Mendrisio, Museo Vela
Help Vela Svizzera
Donate French musée en Suisse

Lexicographical data Sardinian

Create a new Lexeme

Figure 2. The Swiss Vela Museum in Wikidata.

To be able to configure the mapping from the original to
LOD format, the structure of the two museum data sources has
to be analysed by an expert and an appropriate ontology
selected. In this phase it is important to find the most
appropriate ontology to model the domain. Cultural-ON [24]
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and its connected ontologies were chosen because they are
representative of the museum domain and can be exploited to
support transnational interoperability.

The next step consists of analysing the different descriptive
fields of the museum datasets: for instance, each Lombard
museum is described in terms of 79 fields, such as
denominazione museo (name), telefono (telephone), codice
sede (site code) as shown in Figure 1.

For each field, the objective is to find a match with the
ontology classes and properties. For example, a museum could
be represented as an instance of the cis:Museum class of the
Cultural-ON ontology, where cis is the prefix of the ontology
namespace; the telephone field can be mapped into a property
of a smapit:OnlineContactPoint instance of the Social Media /
Contact and Internet ontology [25].

Figures 3 and 4 present some details of the conversion
result of a Lombard and a Tessin canton museum, respectively,
into RDF Turtle, according to Cultural-ON and its connected
ontologies. In particular, in the excerpts, the light blue border
highlights the hasSite relation to the Site instance, and the
orange one highlights the hasOnlineContactPoint relation to
the ContactPoint instance with their respective properties.

museum:Museo_2175_sede_ 2217_Museo_.. Leonardo_da_Vinci
a cis:CulturalInstituteOrSite, cis:Museum ;
rdfs:label "Museo Nazionale .. Leonardo da Vinci" ;
cis:institutionalName "Museo .. Leonardo da Vinci" ;
|cis:hasSite site:Sede 2217; |

smapit:hasOnlineContactPoint
contactPoint:Contatti_Museo_Leonardo_da Vinci ;

site:Sede_2217
a cis:Site, poiapit:PointOfInterest;
rdfs:label "Museo Nazionale .. Leonardo da Vinci";
cis:siteAddress
address:Indirizzo_della_ Sede_Museo_scienza_Leonardo_da_Vinci;
clvapit:hasGeometry geometry:geometry Museo Leonardo_da_Vinci .

contactPoint:Contatti_Museo_Leonardo_da_Vinci
a smapit:OnlineContactPoint ;
smapit:hasEmail email:email museo_Leonardo_da Vinci;
smapit:hasTelephoneNumber phone:phone museo Leonardo_da Vinci;
smapit:hasTelephoneNumber fax:fax museo_Leonardo da Vinci ;
smapit:hasWebSite website:web museo_Leonardo_da Vinci .

Figure 3. Excerpt from the Lombard Museum of Science and Technology
converted in RDF Turtle.

museum:Museo_Q3867651_Museo_Vincenzo_Vela
a cis:CulturallnstituteOrSite, cis:Museum ;
rdfs:label "Museo Vincenzo Vela" ;
cis:institutionalName "Museo Vincenzo Vela" ;
|cis:hasSite site:Sede 03867651 ;|

smapit:hasOnlineContactPoint
contactPoint:Contatti_Museo_ Vincenzo_Vela .

site:Sede_Q3867651
a cis:Site, poiapit:PointOfInterest ;
rdfs:label "Museo Vincenzo Vela ";
cis:siteAddress address:Indirizzo_della_Sede Museo_Vincenzo_Vela ;
clvapit:hasGeometry geometry:g y_Museo_Vi. ) Vela .

contactPoint:Contatti_Museo_Vincenzo_Vela
a smapit:OnlineContactPoint ;
smapit:hasEmail email:email museo_Vincenzo_Vela;|
smapit:hasTelephoneNumber phone:phone_museo_Vincenzo_Vela ;
smapit:hasWebSite website:web _museo_Vincenzo_Vela .

Figure 4. Excerpt from The Swiss Vela museum converted in RFD Turtle.
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It should be noted that the two museums, initially
formalised in different ways on their original portal, are finally
described in a common interoperable RDF format. This
translation process leads, in this case, to information loss
because there is not a full match between the initial format and
the ontological one. The ontology is not expressive enough to
represent all fields of the original data sources, although it
contains more classes and properties than the original file
format. For instance, the number of visitors is not included in
the Cultural-ON ontology.

In the conversion process, the mapping from the initial
input data format to the final RDF format would need to be
configured for each data source. This requires knowing the
OWL syntax and understanding the classes and properties of
the selected ontologies.

To simplify the conversion process, an internal vocabulary
was created to describe in a homogeneous and simple way data
coming from different sources, without knowing the details of
the ontology and further separate the input from the output.
The main advantage of having this vocabulary is to hide the
complexity of the ontology in the mapping process. The
internal vocabulary is organized in categories, that represent
contexts or ontologies; each category contains classes; each
class has a number of fields. For instance, to describe museums
we have defined the museum Cultural-ON category; this
category contains classes, such as museum and discipline, and
fields, such as geographical coordinates.

Thanks to the internal vocabulary, the conversion process is
divided in two steps (see Figure 5):

e the conversion from the input data format to the internal
vocabulary (input mapping)

e the conversion from the internal vocabulary to the
ontological LOD format (output mapping).

e OPEN DATA SOURCE format i ‘\\
‘ https://query.wikidata.org/

https://www.dati.lombardia.it

Italian museum Swiss museum

\ REST / JSON SPARQL / JSON )
@ @INPUT MAPPING

INTERNAL VOCABULARY format

i it

\ Italian museum Swiss museum

@ OUTPUT MAPPING

> LOD format >
@ @
@ .F @ ‘(

Italian museum Swiss museum

S RDF RDF

Figure 5. Two step conversion process: the museum data example.
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Going back to the museum example, the two datasets,
originally described in different formats and with different
descriptive fields, are translated by means of the input mapping
specifications into a common format, which is described by the
internal vocabulary (defined in the output mapping). The
resulting datasets are then converted to the LOD format,
according to standard ontologies, by means of the output
mapping specification. This guarantees standardization and
semantic interoperability.

While it is necessary to configure the input mapping of
each imported dataset towards the internal vocabulary, the
output mapping of a specific category (e.g., museum) to the
corresponding LOD format has to be configured only once.
The first step can be accomplished by a user who knows the
input format, the domain, and the internal vocabulary; the
second step requires a wide knowledge of the ontologies and of
the OWL language.

This mechanism that converts Open Data into Linked Open
Data based on two independent and configurable steps is the
peculiar feature of GIOCOnDa. With respect to other LOD
frameworks, we introduced a novel flexible and dynamically
configurable system that simplifies the conversion and
production of LOD.

It is worth noting that the conversion process may require a
certain amount of time to produce LOD, which may vary from
seconds to minutes according to the complexity of the data
sources and the mapping specifications. This makes the LOD
dataset not appropriate for real-time applications, although
dataset updates can take place at regular intervals.

IV. GIOCONDA LOD PLATFORM

The GIOCOnDa LOD platform [26] is mainly oriented to
domain and ontology experts, who operate using their own user
accounts to create and modify datasets. Public administrations
can submit new datasets for conversion into LOD. The LOD
datasets are also made accessible through a public portal
without registration.

The platform, implemented as a Java-based web
application, provides different functionalities that enable the
publication of LOD datasets starting from open datasets, and
their visualization in a catalogue or in a map.

The web app presents a menu consisting of different items:
dataset catalogue, input mapping, and output mapping.

A. LOD Datasets

The catalogue shows the list of the existing datasets, as
shown in Figure 6, and enables the creation of a new LOD
dataset by converting an existing open dataset on the basis of
the input and output mapping configuration. The system
supports dataset updates at regular intervals (e.g., for air quality
measurements) and propagates the changes to the RDF
representation.
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i "
Datasets | Input mapping ¥ | Output mapping | Users RSt N iterreg | I
Map view ¥
+ Name v + Category  RDFfile RDF view Update Options Add New
Description Dataset
Tiostell Tiostelli - Tuismo v Tlostelli.rdf m Update Visible \ 5
Elenco Downloads: 40 17112021 20:85
T musei Tl musei - Cutra v  Tl_museirdf m Update Visible N
Musei del Downloads: 63 18M2021 1211
Tl hotel Tl Hotel - Tuismo v  Tl_hotel.rdf m Update Visible g
Elenco hotel Downloads: 63 0471172021 18:47
Tl capanne TI Capanne Turismo v Tl_capanne_ m Update Visible L=

alpine alpine - alpine.rdf

Ticampeggi T Tuismo v  Tl_campeggi m Update Visible \F
15/117202123:05 -

Campeggi - rdf
Downiosde: 53
Upsate  mvEbe @

yyyyyyyyyyyy a7

TIB&B TIB&B - Turismo v
Elenco B&B

Figure 6. LOD datasets catalogue.

By clicking on the “map view” button, it is possible to
visualize data on the map, whenever they have geographical
coordinates, as shown in Figure 7.

Datasets | Input mapping ¥ | Output mapping | Users el nierreg |

Figure 7. LOD Datasets visualized in the map.

Approximately 25 datasets about accommodation,
museums, and air quality were boosted to LOD through the
GIOCOnDa platform. Concerning validation, the output
mapping process guarantees by design and implementation that
the produced datasets are accurately serialized in RDF format
conforming to the selected ontologies. A further manual
checking was accomplished on some resources of each

typology.

From the LOD datasets page (shown in Figure 6), it is
possible to add a new dataset by clicking on the corresponding
button. This action activates the conversion process, driven by
the input and output mapping on the specific data sources. The
“Add new dataset” function was used to generate the single
datasets shown in Figure 6, but it could also be used to
combine more sources to produce a unified dataset (see Figure
8). For instance, to create the “Insubric museum” dataset, it is
possible to select the Italian and Swiss museums as data
sources, “IT musei” and “TI musei” respectively.
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imported into the GIOCOnDA platform and appropriate
metadata are added to make the Coordinate Reference System

Admin 1nerrey n Y

Datasets | Input mapping ¥ | Output mapping | Users

[ROLE_ADMIN]

LOD Dataset config

Dataset name admin 2021-11-18 12:00:42.129

Musei Insubrici Gioconda
Y

Description
Musei Tl e IT (combined)

4

Sources

Available sources Used sources

>>
IT ARPA air NO2 TI Musei
IT ARPA air 03 >
IT Agriturismi

<
IT B&B

IT Beni Artistici e Architettonici Comune =

Lecco

Figure 8. New dataset creation.

B.  Input Mapping

The Input mapping concerns the configuration of the
conversion from the input format to the internal vocabulary.
Together with the output mapping, it enables to configure the
conversion from different input data sources to the final LOD
format.

The system accepts input data retrieved from sources in
different formats, such as JSON, CSV, and XML, and using
different import modes, such as Rest APIs, SOAP APIs, and
SPARQL Queries. For each input format and import mode the
conversion towards the internal vocabulary is configured
through the input mapping.

Figure 9 clarifies how the mapping mechanism works: the
first column shows the fields of the original data source; the
second and third columns concern the internal vocabulary,
where in particular the second identifies the category, and the
third the field.

Categories and fields of the internal vocabulary are
predetermined and selected from a drop-down menu, while the
source fields must be entered by hand, according to the data
structure in use, as explained later.

In the example shown in Figure 9, fields of the “Cultural-
ON museums” category are used; the “email sede” field of the
initial source, representing the email of the museum site, for
example, is mapped into the “email” field of the “museum
Cultural-ON” category of the internal vocabulary. In some
cases, it is possible to group multiple fields of the data source
into a single field of the internal vocabulary; for example, to
compose the field “full address”, more fields of the input
source are used.

In this mapping, particular attention is dedicated to how
geospatial data are represented [27]. This is essential to
guarantee interoperability and efficient sharing of information
across different regions and national standards. The Cultural-
ON ontology assumes, by default, that spatial data are
represented in the geocentric Datum WGS84 and that the
coordinates are expressed in terms of latitude and longitude.
Therefore, data are transformed into this system when they are

(CRS) explicit.

Datasets | Input mapping ¥ | Output mapping

Input mapping

Source field

"musei_IT"

[*].tipo_chiusura

[*].motivazione_chiusura_tempo_det

"EPSG:4326"

"WGS84"

Admin
[ROLE_ADMIN]

Users

Internal Vocabulary

Category
Gioconda object ~
musei Cultural_ON~
musei Cultural_ON v
musei Cultural_ON ~

musei Cultural_ON ¥

Field

category <

closing_descriptio ¥

closing_reason v

coordinate_epsg ~

coordinate_systen v

[*].tipologia_museo musei Cultural_ON~  discipline v
[*].email_sede musei Cultural_ON~  email 7
[*].provincia_sede, comune_sede, indirizzo_  musei Cultural_ON~  full_address v

Figure 9. Input mapping.

The input mapping mechanism is the same for the different
import modes, which only differ for the way the original data
structure is imported.

For instance, Figure 10 shows an example of configuration
of a JSON data source imported through Rest APIs.

Input Rest API config

APl name admin 2021-11-02 04:05:46.319
IT musei 4
APl url

pS:) dati.lombardia.i 54zf json 4

JSON payload

Description and license

Musei It 4

Return format Next update time Update delay (m) Options
+ Enabled

[ saved

JSON = 20:59 06/12/2021 =] 50000
Source testing

Parameter name Parameter value

date 01-12-2021

Add parameter

Figure 10. Rest API configuration.

On this page the data source is first defined through a
name, a URL, and the licence, followed by a testing section
and the input mapping section as presented in Figure 9. In the
“Source testing” section there is a “run request” button, which
is used to verify the proper functioning of the specified REST
call; this button visualizes all the returned fields of the input
source together with their values. This call is also useful to
examine the field names to be used as input sources in the
configuration of the input mapping.
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C. Output Mapping

From the output mapping page, it is possible to create,
modify and extend the internal vocabulary, and define its
mapping to the ontology. This process requires a deep
knowledge of ontological concepts and existing reference
ontologies. Nevertheless, this mapping has to be done only
once for each category by an expert.

As already said, the internal vocabulary consists of several
categories, similar to contexts or ontologies; each category
contains classes, with a number of associated fields. Examples
of categories include museums, addresses, accommodations,
etc.

As shown in Figure 11, the output mapping defines the
match between internal vocabulary classes and ontology
classes, and between fields of the internal vocabulary and
object and datatype properties of the ontology; this is visible by
activating the “Show fields” button.

Datasets ‘ Input mapping ¥ ‘ Output mapping ‘ Users.

el reetrey B S
Ontology mapping

Internal class name Ontology class

ClsService cis:CISService

Show fields
Show fields
Show fields

CreativeWork cis:CreativeWork

C OrSite is:Ci rSite

Discipline cis:SubjectDiscipline
ImageObject

cis:imageObject

Museum cis:Museum Hide fields

Internal field name Ontology property Internal class aggregator

closing_ acapit: dition-> nditionTe = museum

closing_hours acapit o ndition,OF  museum

closing_reason d ndition,Te | museum

coordinate* cis:hasSite->Site, PointOfinterest museum

Figure 11. Output mapping: class and field match.

It is worth noting that only categories and fields of the
internal vocabulary defined in the output mapping can be used
in the input mapping (but not classes), providing in this way a
simplified version of the data structure for non-expert users.

Another action that takes place in the output mapping is the
interlinking configuration. For this purpose, a specific
interlinking module was developed and integrated into the
GIOCOnDa LOD platform. The next section describes how the
interlinking process works.

V.  THE INTERLINKING MODULE

In order to boost a dataset to 5* level, it is necessary to
enrich the RDF file with connections towards external sources.
The rules to create cross-reference links towards external
datasets, such as Wikidata, are defined in specific files,
generated using the Silk Link Specification Language,
serialized as .xml using the Linkage Rule Editor.

Once the Silk files are generated, it is necessary to
configure the interlinking and then activate it.

The configuration is accomplished in the output mapping
page, where one or more interlinking files can be associated to
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each category of the internal vocabulary (e.g., museum). This
association is called “interlinking configuration”.
The activation takes place on the datasets page, where it is
possible to enable or disable interlinking on a specific dataset.
The rest of this section describes the Linkage Rule Editor,
the interlinking configuration, and the interlinking activation in
more detail.

A. The Linkage Rule Editor

The Linkage Rule Editor is part of the Silk Linked Data
Integration Framework [18]. This open-source framework for
integrating heterogeneous data sources was selected for the
easiness to be adapted and integrated into the GIOCOnDa
LOD platform. In general, the primary use cases of Silk
include: generating links between different data sources and
applying transformations to data from structured data sources;
Linked Data editors can use Silk to set up RDF links from their
data sources to other data sources on the web. Silk is
powerfully based on the Linked Data paradigm, where, on the
one hand, RDF provides an expressive data model for the
representation of structured information; on the other hand,
RDF links are set up between entities in different data sources.

The rules to create cross-reference links towards external
datasets are defined in the Linkage Rule Editor page (Figure
12).

Link specifications can be created using the graphical
interface or manually in XML. Using the Silk Link
Specification Language (Silk-LSL) declarative language,
developers can specify which types of RDF links must be
detected between data sources, as well as the conditions that
data elements must meet to be interconnected. These link
conditions can combine various similarity metrics and can take
into account the graph around a data element (entity), which is
identified using the RDF path language.

Silk accesses the data sources via the SPARQL query
language, supporting the use of local and remote SPARQL
endpoints.

Figure 12 shows the creation of the owl:sameAs link
between different entities based on the comparison of their
geo-location coordinates. In particular, the first sourcePath and
targetPath take the latitudes, while the latter two take the
longitudes both from instances of a museum of the GIOCOnDa
LOD dataset and of Wikidata. We use the following criteria to
match entities from the two data sources: if two entities of the
same type (e.g., one museum from the GIOCOnDa LOD
dataset, another from Wikidata) are located within 10 meters
each other, then they are considered as the same entity.

The process corresponding to the rules defined in the
example of Figure 12 is the following. First, the coordinates
are obtained via the corresponding SPARQL queries; then a
numerical comparison (numericEquality) is performed both
between the latitudes and between the longitudes, with a
precision up to the 4th decimal place and a maximum threshold
0f 0.0001. This is equivalent to about ten meters in the physical
world. If both pass the equality comparison (min represents a
logical “and” aggregation), the interconnecting link is created
by declaring an owl:sameAs relationship. In simple words, two
museums are considered the same if their distance is below ten
meters.
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X prefixes done
numericEquality1 B8
Required a
Threshold 1.0E-4
° Weight 1 —
1.0E-4
Numeric equality (Compare)
mini 7]=]
Required O ®

Weight 1

And (Aggregate)

numericEquality2

(7]=]
Required O
Threshold 1.0E-4

° Weight 1

1.0E-4

Numeric equality (Compare)

Figure 12. Example of the Linkage Rule Editor use.

B. Interlinking configuration

Figure 13 shows an example of the interlinking
configuration within the Output mapping page for a specific
category. On this page it is possible to upload a rule set from an
external file, remove an existing set, create a new rule set, or
modify an existing one, by opening the Linkage Rule Editor
page (see also Figure 12).

It is worth noting that the Linkage Rule editor is a page
fully integrated into the GIOCOnDa LOD platform, after
adaptation of the Silk original editor page.

C. Interlinking activation

The interlinking activation takes place on the configuration
page of a dataset, where, through selection, it is possible to
activate or deactivate one or more configuration files on the
current dataset (Figure 14).

Admin

[ROLE_ADMIN]

Datasets Inputmappingv‘ Output mapping | Users

Output mapping config
Category name admin 2021-07-20 16:56:50.254

i Cultural_ON
musei Cultural_Ol 4

Description

Cultural_ON (Beni Culturali) per Musei
Options
Visible

Interlinking Configuration

New Upload

New filename

config-silk-musei-location-name.xml| Edit  Remove
config-silk-musei-location.xml Edit  Remove

Figure 13. Example of interlinking configuration for a category in the output
mapping configuration page.
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The ability to simultaneously use multiple configurations
allows interlinking between the generated RDF dataset and
multiple data sources to be performed; for example,
interlinking with the Wikidata endpoint with one configuration
file, while interlinking with Open Street Map with a second
one.

Interlinking Activation

config-silk-musei-location.xml -

config-silk-musei-location-name.xmi

config-silk-musei-location.xm! v

Figure 14. Example of interlinking activation.

VI. LOD PUBLISHING PROCESS: USE CASES

To better understand how the process of publishing a new
dataset works, three different use cases can be distinguished:

e request for publication of a dataset with the same
structure of an existing one (for example, a new dataset
structured as the Lombard museums). Since the mapping
from the input format to the internal vocabulary of that
category is already configured, the conversion will simply
take place by duplicating the existing input mapping
configuration; the output mapping is already configured;

e request for publication of a dataset with a new initial
structure that can be mapped into the existing internal
vocabulary (for example, a new dataset about museums,
structured in a different way compared to the existing
datasets). In this case it will be necessary to configure the
input mapping from the input format to the internal
vocabulary of that category; the output mapping is
already configured;

e request for publication of a dataset with a new initial
structure that cannot be mapped into the existing
internal vocabulary (for example, a new dataset relating
to bike sharing, for which a vocabulary has not been
defined yet). In this case it will be necessary: to look for
an ontology that models the domain; to extend the
internal vocabulary by adding the category “bike
sharing”; to define the correspondence between the
internal vocabulary and the domain ontology (output
mapping); to configure the matching between the initial
format and internal vocabulary (input mapping).

In summary, in the first case, there is no need to configure
input and output mapping, since they already exist; in the
second case, a new input mapping configuration is required; in
the third one both the input and the output mapping need to be
configured.

In all cases, once the two configurations of input and output
mapping have been defined, it is possible to proceed with the
creation of the new dataset.
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VII. CoNSUMING GIOCONDA OPEN DATA

Linked Open Data is useless if it cannot be extracted in a
format convenient for processing and exploiting the enrichment
and interlinking of LOD.

To this end, the GIOCOnDa platform provides a SPARQL
endpoint that can be queried to extract LOD data from the RDF
data sources stored in the Virtuoso server, providing ontology-
based data access. The endpoint is available at the URL:
https://gioconda.supsi.ch:8890/sparql. Thanks to this endpoint,
anyone can fetch homogeneous data to implement new
applications that can exploit the enrichment and interlinking of
LOD, with a limited knowledge of the complex notions of
ontologies and RDF.

As case studies, two applications that provide new
visualizations of the data are illustrated. The first provides an
overview of the museums in Tessin and Lombardy, whose data
have been already described in the previous section. The
second application provides a list of holiday accommodations
in Tessin and Lombardy.

A.  Overview of museums in Tessin and Lombardy

As first example, we implemented an application that
provides an overview of museums in Tessin and Lombardy.
The application is interactive and allows zooming and focusing
on a particular museum to access its main information: name of
the museum, type of museum, geographical location, address,
and a picture. These attributes are collected from public
sources based on Linked Open Data (namely: Regione
Lombardia portal and Wikidata), converted and interlinked in
the GIOCOnDa platform.

The purpose of the application is to allow people to explore
and have an overview of the distribution of various types of
museums in the two regions. People who have to take
important decisions related to the presence of museums in a
certain area, such as opening a new museum or establishing a
new partnership among different museums covering the same
subjects, may use this application.

To implement the application, the visual analytics tool
Tableau [28] was used. Tableau allows the integration of a
large number of data sources, but unfortunately it does not
allow the direct integration of SPARQL endpoints. To
overcome this problem, the data.world platform [29] was used
as a bridge to connect the GIOCOnDa SPARQL endpoint with
the Tableau platform. Data.world is a cloud-based service that
allows the creation of a repository of data that can be integrated
with dozens of applications for analytics and visualization. In
that way, we can produce visual representations of data
accessing data directly from the GIOCOnDa platform (see
Figure 15).
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SPARQL
Interface

With this architecture, the dashboard illustrated in Figure
16 was implemented in Tableau. This dashboard consists of 4
coordinated views. On the top left there is a bar chart that
shows the quantity of the different types of museums in the two
regions.

The user can filter out specific elements to see only data
related to a particular region (Lombardy/Tessin) or location
(city). A detailed view on the right provides a picture of the
museum (if existing) and its details (name, location, type, and
number of visitors per year). On the bottom left, the largest
area is dedicated to a dot representation of museums on a map,
and a tabular list of them on the right. Hovering the cursor of
the mouse over a particular dot opens a new window with the
details of the museum. Using this dashboard, the viewer can
graphically represent LOD data extracted from GIOCOnDa
datasets to make sense of the various types of museums and
their spatial distribution in the two regions.

B.  Overview of accommodations in Tessin and Lombardy

The second case study provides a list of holiday
accommodations in Tessin and Lombardy. Like in the previous
application, the purpose is to explore the different types of
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accommodations across the two regions in a uniform way. For
this new application the source data are taken from Wikidata
(that provides a list of Italian accommodations) and Ticino
Turismo (for the Swiss data). GIOCOnDa regularly fetches
data from these data sources, in order to keep data regularly
updated, and store these open data in its internal data
structures.

To extract the data from the GIOCOnDa platform, the same
infrastructure described in the previous case study was used. In
this case, new SPARQL queries had to be written and a new
visual interface to extract and visualize data relevant to this
new goal was implemented.

Figure 17 shows the dashboard implemented for this
purpose. As in the previous application, we kept the approach
of using a dot map to represent locations of accommodations.
The circle colours encode the different types of
accommodations (hotel, hostel, B&B, ...). A bar chart at the top
shows the percentages of each type of accommodation in the
two regions. A possible scenario for usage of this visualization
is the following. An entrepreneur wants to invest in opening a
new hospitality structure in Ticino. He/she may check this
visualization and see that Agriturismo (farmhouses) and B&B
are largely underrepresented in Tessin with respect to
Lombardy, so he/she decides to open one or more structures of
this typology. This could be an example of a decision driven by
data and supported by this application.

Musei in Ticino e Lombardia
GO,

Country

Tipo museo

(All) -

Location
(Al -

Nome: Complesso museale del Monte Verit
Luogo: Ascona
Tipo: museo d'arte

Numero di vistatori

M italia
M svizzera
Graubunden
o ‘. m Trentino- —
) £ O Alto
Brig S Chiavennze: 3 Ad¥oa i
Sion valais 3 OO Q | 1 |
o aici'e 0 Sondrio L
w‘ [ ) ) Belluno 1
° O Trento g
Zermatt: Nier® 0 5 1
2 Darfo Bo: @8
g % Term® o
LX) )mo - Bassano
A FT pol e Bl P o
Valle ° A ° © Veneto [+
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Figure 16. Overview of museums in Ticino and Lombardy.
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Accommodations in Ticino and Lombardia
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Figure 17. Overview of holiday accommodations in Ticino and Lombardy.

VIIIL.

This paper has presented a platform that facilitates the
process of conversion of open data to Linked Open Data and
some examples of applications that consume LOD to reveal
information that cannot be captured in a different way.

The GIOCOnDa LOD platform contains a number of
conversion configurations that are already available to
translate different data sources to LOD in various domains.

The complexity of mapping existing data to standard
ontologies is one of the major issues preventing a larger
diffusion of LOD. The GIOCOnDa platform reduces the
complexity of this process that would require deep
knowledge of ontologies and programming skills.

If we analyse the conversion process in further detail, it is
possible to distinguish different use cases and complexity
levels, according to the initial structure of the dataset to be
converted.

If the dataset has the same structure of an existing one
(for example, a new dataset structured as the Lombard

CONCLUSION AND FUTURE WORK

museums), the conversion is very simple, since the input
mapping is similar to an existing one (it just needs to be
duplicated) and the output mapping is already defined.
However, the platform is also flexible and extensible, and
enables to import and convert other datasets: for example,
the conversion to LOD of a new dataset about museums,
with a structure that can be mappable into the existing
internal vocabulary, only requires the configuration of the
input mapping from the initial format to the internal
vocabulary, because the output mapping is already
configured. More labour-intensive but still possible is to
convert a dataset with a new structure, not mappable into the
existing internal vocabulary; for example, a new dataset
about bike sharing.

In addition to the conversion of structured open data to
standard RDF open data, another important step of the
adopted methodology to produce LOD is the identification
and creation of interlinks between datasets. A specific
interlinking module was developed to configure and activate
the process of identification of cross-reference links towards
external datasets. The integration of the interlinking module
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in the GIOCOnDa LOD platform enables lifting datasets to
5* level, creating added value through an Extract-Transform-
Load (ETL) pipeline. This is demonstrated, for instance, in a
showcase that presents data about museums of the Insubric
region taken both from the GIOCOnDa LOD datasets and
from Wikidata.

Despite the benefits offered by the platform to publish
LOD  datasets (visual interface, configurability,
extensibility), it also presents some limitations: the main one
is the possibility of information loss during the conversion to
LOD if there are fields not represented in the selected
ontology. A possible solution would be the extension of the
selected ontologies with additional fields and the publication
of the new version with appropriate documentation.

By using the platform functionalities, a consistent
number of datasets were created and will be produced in the
future. However, it can be difficult to interpret data in a
tabular way; data gain more value when they are visualized.
By means of visualization tools it is possible to communicate
data findings and identify critical information to pull
insights.

To demonstrate the potential of Linked Open Data some
applications were developed concerning museums and
accommodations. In both cases the applications provide an
overview of the distributions of these entities in the Insubric
area, supporting decision making in these domains. Once the
number of datasets increase, new opportunities will be
available to develop consuming applications.

In conclusion, it is possible to state that the GIOCOnDa
project has reached its objectives thanks to the LOD platform
and the connected applications: a consistent number of LOD
datasets were published and examples of data consuming
applications were implemented to show the LOD potential.

In the future the platform will be further developed,
completing and improving some parts, such as increasing the
internal vocabulary to publish new LOD datasets,
simplifying the user interface and refining the interlinking
rule definition.
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