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Abstract - The World Wide Web has set up a global information space such of consisting of linked documents. As the Web 
becomes more intertwined with our daily lives, there is an increasing desire for immediate access to raw data not being 
available on the Web or represent in hypertext documents. Linked Data offers a new publishing paradigm to simplify the 
re-usability, inter-linking, complementarity, and sharing data on the Web. Ontologies (data model of Linked Data) are 
promoted to be re-used to raise the value of Linked Data. A large amount of data published on the Semantic Web and several 
ontology repositories have been created and made available online. The growth of ontologies occurs functioning problems 
because there are dependencies which means an ontology may reuse and expand other ontologies, this reuse or editing in an 
ontology may impact the ontologies that depend on it. Therefore, it will hamper their efficient re-usability. This paper is 
handling this task and presenting Linked Open Data (LOD) as a methodology for improving data description explicitly to 
simplify re-use as well as the tools which are available for converting and creating LOD from Open Data and techniques for 
linking of data sets. Moreover, it presents the environment and suitable demonstration use-cases for implying the basic 
concepts and problems. 
 
Index Terms - Linked Open Data, Ontologies, Open Government Data, RDF, Semantic Web, SPARQL.  
 
I. INTRODUCTION 
 
Nowadays the magnitude of semantic data openly 
accessible online develops constantly. This data is an 
important resource of information that can be deduced 
by methods for various techniques. Recently, Open 
data gets plenty of interest from governmental 
organizations and private companies. Every second 
we create a huge amount of data, some see these data 
as numbers that data represents our daily life 
experiences most of the data is stored in ways which 
make it inaccessible whereas some information means 
a huge opportunity, with open data we can use these 
numbers and learn from them together. 
 
Open data is the concept that data, for example, 
governmental data, ought to be unreservedly 
accessible to all for utilizing and re-distribute as they 
like, and anyone can combine private data with open 
data to create a new data to share. Linked Data specify 
a technique of publishing structured data in a way that 
can be interlinked and becomes more useful, handling 
the variety condition of big data, and it builds upon 
web technologies such as (RDF, HTTP, URI), 
moreover it also offers a method to simplify the 
re-usability, inter-linking, complementarity, and 
sharing data on the Web. LOD is a linked data that is 
open content to achieve the Semantic Web scenario of 
making the Web a global, distributed, semantics-based 
data framework using ontologies. LOD represent a 
transformation in thinking from publishing data in 
human readable Hypertext Markup Language 
(HTML) documents to machine-readable by putting 
your data on the Web -by following the standard web 
resource protocol Hypertext Transfer Protocol 
(HTTP)- in a certain way so the connecting links 

present in the simplest form and each of these links 
represent by using Resource Description Framework 
(RDF) triples and can be reached through several 
SPARQL endpoints which means the machines can do 
a little more work for us. And when these data are on 
the Web, then it needs a unique address Uniform 
Resource Identifier (URI).  
 
Information published as Linked Open Data makes it 
simpler to re-use that data, as it includes many 
resources to other sources of knowledge which makes 
access to the information easier. In recent years there 
became a trend towards the concept of openness which 
was previously unknown in supplying governmental 
data to the public. Government data is being put online 
to increase valuable information and to enable 
government operates more efficiently. This creates a 
large amount of information online. Valuable data 
sources are opened up to everybody who has an 
internet connection available not only to scientists. 
Publishing and re-use of Open Government Data 
(OGD) can provide benefits to citizens, business, and 
the public sector bodies and it also constitutes a link 
between the government and their citizens. The public 
sector bodies themselves also can benefit from Open 
Government Data. However, they currently 
encountering a number of problems and issues when 
publishing Open Government Data, e.g., regular 
updates of the published datasets are not always 
guaranteed. Different public sector bodies implement 
different methodologies to the publishing of Open 
Government Data. 
Moreover, the public sector data published in an 
anarchist way, i.e., we can find the same data in more 
than one website, and the links between those websites 
are missing. In order to be able to solve such problems, 
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we can convert these data to Linked Open Data to 
offer links and re-use. Public sector bodies and users 
of OGD hold a large amount of data that can be 
re-used in a creative way resulting in the development 
of new products and services. 
 
There are more and more data on the Web such as 
government data, health-related data, general 
knowledge, company information, flight information, 

restaurants…etc. in this paper will demonstrate OGD 
as a use-case for implying the Semantic Web 
technologies and the basic concepts and problems of 
the LOD using specific tools. 
 
II. SEMANTIC WEB TECHNOLOGIES 
 
The Semantic Web is the technical modelling of 
minimal statements and their relationships to each 
other: no longer primarily in the sense of documents 
and hyperlinks between them, but in the sense of a 
meaningful relationship. While the hyperlink only 
establishes a connection without saying anything 
about how that connection is made, the semantic 
relation makes a meaningful connection. Tim 
Berners-Lee came up with the idea of the Semantic 
Web as a Web of linked data to open the capability of 
the web[1].  
 
A. RDF and RDFS 
To be able to create a Semantic Web, we should have a 
Uniform Resource Identifier (URI) for everything and 
be able to access these URIs on the internet to retrieve 
useful information that includes explicit relationships 
to other things with URIs. Basically, the Semantic 
Web drive development from a World Wide Web of 
human-readable documents (web pages) to a global 
web of machine-readable so machines can gradually 
understand the meaning of data on the web to 
represent it or to be prepared by it.  
 
Semantic Web technologies empower individuals to 
create data repositories on the Web, construct 
vocabularies, and compose rules for handling data. 
Moreover, Semantic Web gives a typical system that 
enables data to be shared and reused crosswise over 
application, enterprise, and group limits. It is not just 
about publishing entire documents on the web, but 
also about data in the form of individual statements or 
triples (known as subject, predicate, and object). With 
triples like this, as many statements can be made in the 
Resource Description Framework (RDF), which 
together form a so-called RDF graph. The information 
that describes such RDF graphs, can be reused in other 
graphs. The triple structure of RDF and the RDF graph 
that can be produced this way, form the basis for 
everything else[2]. Each triple has a unique identifier 

URI which looks like webpage addresses. All 
extensions, which can be used to defines schemas, 
queries, or complex logical statements are based on 
RDF. Moreover, with the extension OWL (Web 
Ontology Language) [3] complex logical statements 
can be created, as they are possible in the predicate 
logic. So that so-called “Ontologies” can be built. 
OWL is an ontology language with a formal 
specification for the Semantic consists of classes 
(concepts), properties, and individuals (instances of 
classes). Moreover, it builds on RDF Schema which is 
consist of a set of RDFs classes with specific 
properties used to model things that tell as knowledge 
representation. 
 
There are some commonly used RDF serialization 
formats, e.g., Turtle and RDFa. For example, by 
taking an XML document, it basically contains nodes 
of information each with a parent node. At the root of 
the document has no parent. In a data graph, there is no 
concept of roots (or a hierarchy). A graph consists of 
resources related to other resources, with no single 
resource having any specific substantive importance 
over another. The following triples describe that 
resource “economic-inactivity” that described using 
(qb) vocabulary is a name that has type “dataset” with 
value labelled by using RDF prefix with the name 
“Economic Inactivity by Gender”. 
 
qb: economic-inactivity rdf:type qb: DataSet 
qb: economic-inactivity rdfs:label rdfs: Economic 
Inactivity by Gender can be represented in RDF/XML 
as shown in Fig- 1  
 
RDFS (RDF Schema) is used to define schemas, 
which defines the upper and subclasses as well as the 
usable predicates and their use. While RDF always 
refers to concrete statements about specific resources.  
 
RDFS determine the general structure of possible 
triples. Such schemes, also called vocabularies, 
already exist in a variety of applications and can be 
easily reused. But it is also possible to define your own 
schemas. In the illustrated, simplified example shown 
in Fig- 2, a schema is modelled in RDFS at the top. It 
defines the classes “Medium” and “Users”, each of 
which has more specialized subclasses (book and 
DVD as a subclass for Medium while Student and 
Employee as a subclass for Users). The predicate 
“isBorrowedBy” gives a possibility to join instances 
of both classes. The lower part of the figure then 
shows the application of this scheme in RDF, i.e. 
concrete instances in which a specific “Medium” is 
defined as borrowed by a specific “User”. 
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Fig- 1 RDF data displayed in RDF/XML format 

 
Fig- 2 RDF and RDFS in the example 

 
B. SPARQL 
SPARQL stands for SPARQL Protocol And RDF 
Query Language, -inspired by SQL database querying 
language- it is a current W3C recommendation 
language for querying RDF data. it defines a simple 
communication remote protocol that can be used by a 
client for issuing SPARQL queries and receiving the 
results. The results of these queries produced in XML 
document format. SPARQL specifications offer four 
different query forms: SELECT, CONSTRUCT, 
DESCRIBE, and ASK.  
 
C. Datasets and Vocabularies  
Government agencies produce and aggregate large 
amounts of data covering various aspects of life. This 
data can be of great value to non-governmental 
organizations, civil society organizations, the private 
sector, and citizens who can use for political, social 
and commercial purposes. Furthermore, many 
countries around the world have embraced open 
government data portals and made them an integral 
part of e-government programs with the aim of 
improving transparency, citizens participation and 
efficient delivery of government services. In this paper 
presented three datasets from government portal of the 

United Kingdom (UK) for demonstration and 
converting it to RDF triples. 
 
These datasets are about the job’s density, number of 
jobs, and economic inactivity in the UK. Datasets 
come in many forms, the most commonly used form is 
the rectangular form dataset, and in many file formats 
such as (PDF, XML, CSV, etc.), our datasets are in 
Comma Separated Values (CSV) file format. we can 
see the information about the chosen datasets shown in 
Table 1 
In RDF we can formulate any kind of knowledge, for 
example, we can encode OWL ontology so will get a 
lot of knowledge into HTML if we have the possibility 
to get RDF into HTML, and this is possible with RDFa 
(RDF in HTML attributes) that is used to reuse 
existing HTML attributes, i.e., Vocabulary, type of, 
property, resource, and prefix. Vocabulary is used to 
specify things denoted by “vocab” attribute, and 
farther the attribute we give the name of the 
NameSpace that intend to use for example FOAF: 
 

vocab=http://xmlns.com/foaf/0.1/ 
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Since the datasets used in this paper are statistical data, 
then I decided to choose an existing vocabulary from 
W3C to build the RDF structure, this vocabulary 
named “The RDF Data Cube Vocabulary” that support 
to publish statistical data in a machine-friendly format 
on the web. Furthermore, because of the common 
record in the structure of the database, the using of 
OWL ontology would benefit and strengthen the 
structure of RDF in that way we could create linkage 
using the property “sameAs”. The initial phase in 
changing over relational data to RDF is to determine a 
schema of the data.  
 

A collection of information does not say anything 
regarding the schema intended to work with the data. 
Keeping in mind the end goal to choose what data 
should have been changed over to RDF and how this 
information relates, a mapping should be outlined. The 
downloaded datasets from the UK portal will 
demonstrate by cleaning and reconcile tabular form 
into RDF triples and link these data to an external 
dataset using available tools for converting and 
creating LOD. In Fig- 3 we can see the steps of 
converting tabular form data to RDF data to be ready 
for Data Analytics.  

 
Fig- 3 Steps of conversion tabular data into RDF 

 
Table 1 Datasets information 

Name Economic Inactivity Number of Jobs Jobs Density 

Description 
those who are unable or do 

not wish to enter 
employment 

jobs are done by 
residents and jobs done 

by workers 

number of jobs per 
resident of working age 

Author 
Office for National 

Statistics 
Office for National 

Statistics 
Office for National 

Statistics 

Maintainer and 
License 

Opinion Research and 
General Statistics (GLA) 
UK Open Government 

License 

Opinion Research and 
General Statistics (GLA) 
UK Open Government 

License 

Opinion Research and 
General Statistics (GLA) 
UK Open Government 

License 

Update frequency Annually Annually Annually 
No. of columns 58 54 19 

No. of Rows 52 51 49 
 
III. LINKED OPEN DATA 
 
Nowadays, most of the data we obtain from the web is 
transfer to us in the format of web pages – HTML 
documents - that are linked to each other using 
hyperlinks, Linked Data enables links to be set 
between items in different data sources and therefore 
connect these sources into single global data space. 
Linked Open Data is a novel evolution where all 
datasets that are freely available online are associated 
with semantic technologies to publish these in a 
machine-readable manner and to simplify analyzing 
them in human-understandable form.  
LOD is Linked Data that is open content, Open license. 
It is a method that links data from various resources on 

the Web as well as building a wealthy network of 
information. The conception of LOD is depended on 
the idea of linking data available publicly online using 
the semantic methods. By linking data, all the data 
objects (e.g., user, medium) be associated with each 
other. By setting a number of rules about these 
relationships, such interrelated data can be understood 
by machines. Moreover, as LOD based on the RDF 
data model, which can give syntax and rules about 
data and resources as well as their location on the 
internet. Open data increases the scope of 
opportunities for transparency, growth, and efficiency; 
it allows people to put together their expertise and 
combine information from anywhere to generate new 
knowledge. Moreover, Linked Data is to utilize the 
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Web to connect related data that was not previously 
linked or to linking data currently linked using other 
methods. In Fig 4. 

shows which LOD datasets are connected, as of June 
2018. This was produced by the Linked Open Data 
Cloud project [4].  

 
 

 
Fig- 4 Linked Open Data Cloud Diagram 

 
 

The deployment of LOD methods requires a 
commitment to the four principles formulated by Tim 
Berners-Lee: 
1. Use URIs as names for things. 
2. Use HTTP URIs to let people look up names. 
3. If someone looks up a URI, provide useful 

information based on the standards (RDF, 
SPARQL). 

4. Link to other URIs so that more things can be 
discovered. 

In practice, the first two principles embed that every 
part of the data is universally recognized. And for the 
last two principles, if someone looks up a URI, 
provide useful information based on the standards 
(RDF, SPARQL) and link to other URIs so that 
people/machines can discover more things. And this 
will answer why we called this data “Linked”. 
 
A. Creating Linked Open Data 
As mentioned in 0 if we want to create a LOD we 
should map the relational data into RDF data. The first 
step is done by LODRefine [5] and GraphDB [6] tools 

to unify and clean up raw data and link to external 
datasets such as DBpedia, these tools can be used to 
identifying duplicates and discovering patterns in data 
and spotting inconsistencies in uploaded data. After 
unifying and cleaning the data then comes the second 
step that indicates to convert these data to RDF. This 
step composed of two operations: reconciliation and 
building a skeleton that will form a structure of RDF 
graph. The main purpose of reconciliation is to 
connect datasets collection to the specific vocabulary 
which in this case the names of the cities to an existing 
vocabulary on the web. However, in this 
demonstration, the DBpedia reconciliation service 
used, because it provides established vocabularies 
created and automatically generated properties as well 
as it also available through a SPARQL endpoint. In 
Fig- 5 shows the relationships between RDF classes 
represented by links for one of the datasets named 
“economic inactivity” with the “RDF Data Cube 
Vocabulary” denoted by “qb”. Each link is 
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Fig- 5 class relationships for one dataset 

 
RDF statement. The bundle can be thicker or thinner 
depending on the number of the links between 
instances of two classes. The classes from different 
prefixes such as “qb” and “void” with a different 
number of links for each class, some with both 
direction and another with one direction whether 
incoming or outgoing as shown in Table 2. 

Both tools LODRefine and GraphDB that used, are 
providing somehow similar functions: they can clean a 
messy data, reconciliation against different services, 
importing projects from file or URL, roll back to the 
previous operation, and works as web service. 
However, there are several differences between the 
two tools as following:  

 

Standard name GraphDB LODRefine 

Installation Minimal requirements Minimal requirements 

Usability 
Very clear and easy web-based interface and 

anyone can work with it simply 

Basic user interface and needs 
an effort for learning how to 

work on it 

License Not free license Free license 

Input 
TSV, CSV, Excel (.xls and .xlsx), JSON 

XML, RDF as XML 

TSV, CSV, Excel (.xls 
and .xlsx), JSON XML, RDF as 

XML, RDF N3 

Output 
TSV, CSV, HTML table, Excel (.xls 

and .xlsx), ODF spreadsheet. 
Support graphs 

TSV, CSV, HTML table, Excel 
(.xls and .xlsx), ODF, RDF as 

XML, RDF as Turtle 

Documentation very good documentation with pictures basic documentation 

Degree of automation semi-automated semi-automated 

Problems Fast reconciling with a SPARQL endpoint 
Slow reconciling with no 

SPARQL endpoint 
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Table 2 RDF classes and number of links 

 
 
B. Mapping relational data to RDF 
Numerous methodologies were investigated to 
produce relational data and make it accessible to 
semantic web applications. Depend upon the 
necessities; these methodologies presented mapping 
languages that extend from straightforward and 
realistic to exceedingly or universally useful. The 
practical way to access the mapped RDF from the 
relational database is over the SPARQL endpoint. 
Somehow, we must convert the SPARQL queries that 
formulated into SQL queries with respect to the given 
schema and with the mappings assistance. The data 
will be saved without any change in the database. This 
means the update of the database will normally be 
done because the mappings are estimated at query 
time.  
 
There are many tools that considered as an application 
of mapping languages. These are Virtuoso RDF View 
and D2RQ [7]. However, there are also other tools 
which can create RDF according to the domain of the 
data. In this use-case of the governmental datasets will 
map these datasets as a graph and then involving to the 

RDF and Linked Data principles with the help of using 
the “The RDF Data Cube Vocabulary” The 
fundamental class in the vocabulary is qb:DataSet that 
defines a basic column “AreaName” as a cube.  
 
A dataset defined by the structure 
qb:DataStructureDefinition with labels rdfs:label from 
“rdfs” vocabulary and several qb:Observation that 
represents the value of each cell of the dataset. The 
structure is determined by the abstract 
qb:ComponentProperty class. This class has three 
sub-classes: qb:DimensionProperty that specifies the 
dimension of the dataset, qb:MeasureProperty that 
define the measured values (columns that contains the 
statistical values), and qb:AttributeProperty represent 
the unit of measurement.  
 
furthermore, after mapping these relational data to 
RDF using the mentioned tools we can access the RDF 
data through SPARQL endpoints from both of tools 
and start querying then get the results, for example, 
run a query that returns subject, predicates, and objects 
from the current database (London_Jobs) and with the 
result XML to HTML as shown in Fig- 6.  Both tools 
D2RQ and Virtuoso that used for the mapping process 
are providing some similar functions: they can 
generate RDF data from the relational database, using 
SQL in their processing, supporting SPARQL query 
language, importing datasets with different formats as 
well as they have a web interface for data 
management.  
However, there are several differences between the 
two tools as following: 

 

 
Fig- 6 Query results from Virtuoso SPARQL endpoint 
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Standard name Virtuoso D2RQ 

Installation 
work with the minimum 64MB 

environment depends on how big the 
queries or the imported datasets are 

Minimal requirements 
work with less than 100MB 

Usability 
Uses a local server to run its conductor 
with a nice interface that contains login 

for the administrative 

Use interface of phpMyAdmin for 
data upload and has D2R server with 
an independent web-based interface 

Input 
TSV, CSV, Excel (.xls and .xlsx), 

JSON XML, RDF as XML 

support databases from Oracle, 
MySQL, SQL Server,PostgreSQL, 
HSQLDB and Inter-base/Firebird 

Output 
HTML, XML, Spreadsheet, CSV, 
JSON, Javascript, NTriples, TSV 

RDF/XML 

HTML, XML, Spreadsheet, CSV, 
JSON, Javascript, NTriples, TSV 

RDF/XML 

Documentation 
Has local tutorial in addition to the 

documentation available online 
clear and easy to understand 

documentation 
Degree of automation fully automated semi-automated 

Extra features 
supports named graphs RDF (triples 

named by a URI) 
Not supports named graphs RDF 

   
 
IV. INTERLINKING AND PUBLISHING 
 
A. Interlinking  
The main important phase in Linked Open Data is the 
integration of Web data by creating RDF links among 
data resources which means interlinking between 
them. Publishing is another phase of LOD that is 
publishing the data and make it available for Linked 
Open Data application to make queries among them. If 
we want to provide a high-quality link between data 
sources, I propose to use the Silk Link Discovery 
Framework tool [8]. This tool is a web application and 
able to generate links between data items based on 
user-provided link specifications. since I have three 
datasets and they are connected by using a “sameAs” 
connection between them from OWL ontology. this 
connection created by using link specifications that 
can be developed by a “Silk Workbench” or it can be 
written manually. The advantage of using silk 
workbench is it points the user through the procedure 
of interlinking different data sources and make it 
easier to complete the task thus that is why I chose to 
use silk workbench. Moreover, in theory, the 
procedure that we take two datasets from our datasets 
and try to connect them with an owl:sameAs links. 
The interlinking connects URIs aliases for the 
extricated entities and not connects the labels. The 
same process will be repeated between all three 
datasets. 
In practice, if we want to generate links using Silk tool 
by creating linkage rules, Silk has to know the source 
of the data, by using an external storage server for the 
data that have been mapped already. This can be done 
using a tool named “Fuseki” [9] for graph storage and 
start uploading and creating the datasets information 
as well as adding the Fuseki SPARQL endpoint URI 
to the data sources. therefore, add these three sources 
to the workbench which will have the same SPARQL 

endpoint but different graphs. Moreover, we also must 
add the cube vocabulary qb into the list of prefixes in 
the Silk workbench. 
The owl:sameAs links between observations for 
graphs “economic inactivity” and “number of jobs” 
and interlink not only observation but precisely URI 
related to area names for these observations however it 
is easy to compare labels related to these URIs than 
URIs themselves. The output that contains these links 
can be imported to the Fuseki server and can be 
queried using SPARQL endpoint. In Fig- 7 a scenario 
of linking two datasets to be applied in Silk 
workbench is shown.  
 
B. Publishing  
After all the previous work, the data now is ready for 
publishing on the Web. The publishing step can be 
done manually or by using the mapping tools D2R 
server and Virtuoso mentioned in 0. for publishing 
relational database as Linked Open Data. There are 
some points according to the requirements that can be 
used by Linked Open Data publishers to confirm that 
data comply it:  
1. The dataset should link to another dataset: RDF 

links data from different sources into one RDF 
graph and allows linked data browsers to browse 
between data sources. Therefore, the dataset must 
set RDF links indicates at other data sources. 

2. Using expression from well-known vocabularies 
as possible: using the terms from most used 
vocabularies produce convenient access for 
applications to understand linked data. 

3. URIs specifying vocabulary expression ought to 
be dereferenceable: so, it can be accessed using 
Semantic Web browsers. 

4. Access approaches: since the demonstration 
proposed in this paper worked with LOD so the 
data can be accessed via SPARQL endpoints. 
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Fig- 7 generate links between two datasets 

 
By the requirements above I can confirm that the tools 
(D2R server and Virtuoso) used in the demonstration 
are met these points successfully as well as there are 
more features that they can deploy on the datasets. 
 
CONCLUSION 
 
In this paper, I started by explaining the fundamental 
concepts and definitions of the Web of Data and 
Semantic Web technologies as well as explained the 
work on the establishment and achievement of the 
Linked Open Data principles by taking the 
governmental Open Data as a use-case for the 
demonstration and we have seen how to create a 
Linked Open Data from a chaotic data and associate it 
with other data sources by defining and using some 
tools that are available for converting and creating 
LOD from Open Data.  Moreover, the ability to create 
a LOD from Open Data; by building a schema for that 
data to be transferred to RDF. 
 
By defining the schema, it became easier to specify 
which ontology can be re-used to have a robust and 
efficient work. Whenever the ontology has been 
specified, then simply can map the data to RDF data 
with the help of these tools described in this paper. 
Furthermore, using an existing vocabulary from to 
build the RDF structure support to publish statistical 
data in a machine-friendly format on the web. After 
the creation of the RDF, the integration and 

interlinking phase is done with the help of 
specification language of the Silk tool to designate the 
rules for data that should achieve in order to be 
interlinked and set RDF links between data sources. 
We should also know what kind of information we 
need from the datasets that we want to link. And then 
introduced the requirements for data publishers to 
publish their data on the Web as well.  
 
We got several benefits from creating Linked open 
data and make it machine-readable on the Web such as 
data integration, authorizes for semantic collaboration, 
simply navigating complex data, easy update, and 
decreasing the cost from the reuse of Linked Open 
Government Data in e-Government applications. 
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