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Abstract. There are billions of open datasets published on the web.
Nevertheless, most of these data are merely available in a human-readable
format and are not interlinked. Thus, the full potential of the web is not
being used.

With the aim to address this issue, Tim Berners Lee proposed some of
the best practices to publish data on the web, known as the linked data
principles, enabling machines to interpret the semantics of data correctly
and therefore infer new facts and return relevant results of web research.
This paper is a systematic literature review on existing approaches to
transform web open data to linked data. A classification of these ap-
proaches is proposed, as well as a synthesis study to highlight approaches’
main trends and challenges.

Keywords: Linked Data - Open Data - Transforming Approaches.

1 Introduction

The world wide web counts today billions of web pages and documents that are
full of data; the classic web shows significant limitations in terms of organising,
extracting, and processing the available data on documents. Thus, the neces-
sity of moving to another version of the web, the semantic web, introduced by
Tim-Berners-Lee in 2009, which enables data providers to publish their data
efficiently so that it can be machine-readable and facilitate its reuse.

One of these techniques is the linked data paradigm, which aims to enable uni-
form practices for publishing interconnected data on the web using semantic web
technologies [I1].

This transforms the classical web from a network of documents to a network
of data allowing software agents and machines to interpret the data.

The adoption of the interconnected data principles by a large number of
companies, research centers, and institutions around the world has led to the
creation of a global data space with interconnected data from different domains,
such as people, companies, books, films, statistical and scientific data. [I1].
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This data network is called the "Linked Open Data (LOD) Cloud”, a massive
network of published datasets available via the existing web infrastructure and
interconnected according to the linked data principles.

The linked data principles provide general guidance for making a given dataset
available on the web in linked data format. However, there are several different
tools, methods, and techniques for generating and publishing these datasets.

In this paper, we present a bibliographical study of linked data in its context,
the semantic web, as well as the set of existing approaches and current efforts
to perform the transformation from open data to linked data.

For this aim, we conduct a systematic survey on the literature related to trans-
forming web open data to linked data. Our aim is to provide new interpretations
of existing literature.

Our survey is composed of four sections. Section [2] covers basic concepts of the
paper domain. Section [3] describes the process of systematic survey. Section
presents the selection and the study of existing approaches and initiatives to
transform open web data to linked data. We classified them according to some
criteria, such as automation degree, supported files format and application do-
main. We assessed the methodological quality of studies and discussed the differ-
ent initiatives, where we will identify the significant limitations and challenges
they face. Section [5| concludes the paper and presents its perspectives.

2 Background

In this chapter, we introduce the basic concepts of the semantic web and linked
data.

2.1 Definitions:

The semantic web is an extension of the World Wide Web that aims to publish
data in a format that is machine-readable and thus allows computers to intelli-
gently search, combine and process web content based on its semantics. [12]

It is based on a set of best practices for publishing and interlinking structured
data of multiple sources on the web. Theses best practices are known as the
linked data principles mentioned in section [2.2] [4]

Linked data makes the World Wide Web into a global database that we call the
web of data. Developers can query linked data from multiple sources at once
and combine it on the fly, something challenging to do with traditional data
management technologies. [2§]

We can’t talk about linked data without Open data which can be summed up
in the statement: ”Open means anyone can freely access, use, modify, and share
for any purpose ” ﬂ

Publishing Data on the web as linked data requires some special technologies:
RDF for representing data and SPARQL for querying data are the most impor-
tant semantic web tehnologies.

3 http://opendefinition.org/
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RDF E| is a language for representing information about resources in web. It
is based on the idea of identifying things using web identifiers (called Uniform
Resource Identifiers, or URISs) and describing resources in terms of simple prop-
erties and property values. This enables RDF to represent simple statements
about resources as a graph of nodes and arcs representing the resources, their
properties and values. E| In RDF, the description of a resource is represented as
a number of triples. The three parts of each triple are called: subject (the URI
identifying the resource), object (can be either a literal value or a URI) and
predicate (indicates the relation between the subject and the object).
SPARQIEL is a set of specifications that provide language and protocol to query
and manipulate RDF graph content on the web or in an RDF storeﬂ

2.2 Linked data principles

Tim-Berners-Lee, the inventor of the web and the initiator of the Linked Open
Data project, introduces the four linked data principles:

1. Use URIs as names for things.

2. Use HTTP URIs, so that people can look up those names.

3. When someone looks up a URI, provide useful information, using the stan-
dards (RDF, SPARQL).

4. Include links to other URIs, so that they can discover more things.

2.3 Linked Data applications

"Linked data successes are difficult to see because they are under the hood” [28].
Linked data has been widely used since its inception, we cite here some of the
success stories of linked data: [29]

— Google Knowledge Graph: it was introduced by Google in 2012 to en-
hance search results and allow users to extend their knowledge by searching
for related topics. [21]. The google snippet that is shown in the right side
when searching for something on Google is one of its use cases.

— Open Government Data (OGD): a collaboration between US, UK,
France and Singapoure governments to publish machine readable datasets.
Actually, the data.gov offers more than 5 billions RDF triples.

— BBC website: One of the most known success stories of linked data is the
BBC website that uses the linked data principles to publish their data.

* (Resource Description Framework)

® https://www.w3.org/TR/2014/NOTE-rdf11-primer-20140624/ , Feb 2020

5 SPARQL Protocol And RDF Query Language

" https://www.w3.org/TR/2013/REC-sparqlil-overview-20130321/, Feb,2020
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3 Methodology

In our work, we followed a systematic literature approach: a synthesis of the
scientific literature in response to a specific question. It uses explicit methods
for restrictively searching, selecting, and analyzing data. Our approach is based
on the guidelines proposed by [15] and [7]. The procedure is:

Definition of the terms/questions of the research.
Selection of the sources (digital libraries) to be searched.
Research and selection of studies.

Data extraction and analysis.

Evaluation of the methodological quality of the studies.
Synthesis of results.

A S

3.1 Defining the terms/questions of the research:

The identification of research questions is essentially what distinguishes system-
atic research from traditional research. The goal of this survey is to analyse
existing initiatives, tools and approaches to transform web open data into linked
data. We therefore define the following as generic research questions:

— What are the existing approaches to transform open data to linked data?

— How can they be classified ?

What technical aspects, features and functions are supported in the existing

approaches 7

— What are the current challenges and general trends related to the transfor-
mation of open web data to linked data?

Keywords in search : Transform to linked data, Convert to linked data, Pro-
duce linked data , From open data to linked data.

3.2 Selecting the sources (digital libraries) to be searched.

In order to cover the widest possible range of relevant publications, we have iden-
tified and used the most widely used electronic libraries, namely : ACM Digital
Library, IEEE Xplore, ScienceDirect, Google Scholar, HAL, SemanticScholar.

4 Literature Review

4.1 Research and selection of studies :

In order to select the most relevant articles, we have proceeded to gathering,
analysing and then filtering articles in four steps:

1. Searching for articles using the keywords mentioned in section [3.1}
2. Selecting articles with titles related to our study: the result of this step was:
42 articles.
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3. Quick reading of the abstract, introduction and conclusion to select accord-
ing to reliability (number of citations, variety and quality of references,
reputation of the author, source of the article) and relevance (The article
proposed an approach to transform open data to linked data or contains
relevant information for our study): The result of this step was: 22 articles.

4. Finally, we have read the articles and applied an other filter on them to
select those which:

— proposed a new approach for transforming open data to linked data
— proposed an approach producing linked data of good quality (respect-
ing the four linked data principles).
— performed tests on their approach and good results have been revealed.
— explained the steps of their approach in a non ambiguous way.
The result of this step was: 12 articles.

Figure [l represents the process that we have followed to filter and select articles.

Read the
whole article

45 articles 22 articles 12 articles

Fig. 1: The followed process of articles selection

Searching for
.—» articles with
Keywords

4.2 Data extraction and analysis :
In this section, we will talk about the approaches resulting from the three filters:

— [16] : proposed an incremental approach of transforming governmental datasets
available in data.gov to linked data by converting to RDF format and then
using existing vocabularies for interlinking.

— [13]: the authors proposed a step-by-step process for modelling data, con-
verting and publishing new datasets that has enabled many governments to
expose data for further visualisation, reuse and analysis

— Linked data life cyclesEI: the authors state that existing data management
methods which assume control of data, schema and data generation cannot
be used in the web environment because of its open and decentralised nature.
This is an approach suggested by the W3C group as it covers all stages of
the linked data life cycle, but unfortunately it focuses on government data.

— [17] : proposed a technique to automatically produce good quality linked
data by deducing the semantics of columns headers, cell values and relations
between columns inferred by knowledge base from different data sources such
as the LOD cloud .

— [9]: creates a RDF Triple Store populated with triples produced from text
documents to extract relations between terrorists or terrorism organisms.

8 https://www.slideshare.net/mediasemanticweb/linked-data-life-cycles
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[27] : covers all stages of government linked data life cycle.

[2]: provides software tools for the integration of the very heterogeneous

LOD2 data in a coherent framework.

— [1]: worked on transforming data coming on streaming of AEMET E| dataset
to linked data by developing a specific ontology for the dataset.

— [3]: it aims to integrate city data into a common data model using seman-
tic web technologies in order to help city managers with their decisions by
providing automated analytical support.

— [25]: an approach based on conceptual mapping between CSV components
and ontology components and keeping relations between columns by propos-
ing algorithms to detect the datatype or the object.

— [23] : presented a platform that aims to change the paradigm of open govern-
ment data portals in Romania by publishing data in LOD format providing
an easy way for developers to create applications without having to process
the initial files (by providing a SPARQL engine).

— [19]: the goal of the datalift project was to foster the emergence of the web
data by industrialising and facilitating the structuring, publication, inter-
linking and use of critical mass of data, providing access to spatial datasets
from oceanographic archives on the web.

— [14] : proposed a framework to link and interrogate data published as csv

files on the web (the data.gov plateform) .

After briefly describing the contribution of each article , we classified the ap-
proaches according to different criteria:

— Supported files formats
— Application domain
— Degree of automation

The result of the classification are represented in the figure

4.3 Evaluation of methodological quality of the studies :

Some approaches analyzed in this article, like [I3] and [27] included most steps
of the generally accepted linked data life-cycle but missed guidelines on how to
use the generated linked data. They do not provide detailed guidelines for pub-
lishing the generated linked dataset on the web.

Another point to consider is that most of the studies used explicit data sources
and published them on the web as linked data without proper semantic descrip-
tion and documentation. We noticed that most are focused on public data.
After analysing and comparing existing approaches in literature and selected in
this article, we present the most common limitations:

— Some approaches are specific to a domain or a dataset and are hard to be
adapted to another domain or other data available in the web.

9 Agencia Estatal de Meteorologia
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— Some approaches accept restricted files format as entries (CSV files are the
most supported).

— Some approaches are not linking to other datasets and thus not complying
with the fourth linked data principle.

— Some approaches have some steps that need human intervention (are semi-
automatic).

4.4 Synthesis of the results :

The linked data principles provide general guidance for making a given dataset
available on the web in linked data format. However, there are several different
tools, methods and techniques for generating and publishing these datasets,
and their application depends on the type, the nature of data and a list of other
factors. These methods and techniques are brought together in several linked
data life-cycle methodologies, which offer different approaches for dealing with
linked data in specific areas and for specific purposes.

In the section [£:2] we have explained only those which passed the three filters
explained in the section but there are more, in several application areas
and with different architectures and other specifications.

[8],[18],[6],[5] proposed eventually approaches to produce linked data but are
generally specific to a use case and can hardly be adapted to other use-cases.
In[22],[30] and [I0], the authors presented methodologies for linking data in the
media and library domains respectively. [20] in finance, [24] in education for
the Department of Computer Science at the University of Sheffield, UK, [26] in
healthcare...and many others.

As for the conversion step, we can notice that most of them share the same
steps but use different techniques to achieve the task. The difference between
approaches is the way the mapping is done: for example [I6] and [10] create RDF
resources then map them to resources from existing vocabularies while [17] and
[14] maps directly to resources of existing vocabularies. A special case is [I] who
used preset RDF templates and fill in the data from files since all incoming files
have same format.

Some approaches proposed additional steps to enhance the quality of data pro-
duced: [I7] proposed to detect links between columns to create new RDF classes
for a better precision while [25] worked on algorithms to detect the data types
of cells (literal or object URISs).

[10] proposed an approach that is totally different: it converts data to a relational
database before transforming it to RDF format.

5 Conclusion

In this paper, we have analyzed several approaches to transform open data to
linked data, then compared them and classified them according to different cri-
teria and identified the most significant limitations they face.
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The study of the existing linked data approaches provided us with a practical
analysis of the methods and techniques that can be used in each step of the life-
cycle for a linked data dataset. We drew experience on the different ways to get
the data, different modeling approaches, the best ontology (re)use practices, the
various methods for data transformation which, the different ways of publishing
the dataset on the web, as well as the extensive ways the datasets can be used
in real-world applications and services. We identified the specifics, advantages,
and drawbacks of the existing linked data methodologies.

Our future efforts will be guided by the perspective of the semantic web real-
ization through linked data principles. We plan to propose a generic and fully
automatic transformation approach that supports more than one entry file type
and provides links to external datasets.
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