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Abstract: Today the internet has changed the way we communicate at all levels, including the professional who at the same time goes 

hand in hand with the staff. Every day it is more difficult to carry out some activity without the help of Internet search engines, so 

organizations must be at the forefront of technology and be able to meet the needs of users. The current web has some disadvantages in 

terms of the information that is published day by day, so the Internet intends to evolve giving way to the semantic web or web 3.0. The 

semantic web has as its main elements the "Ontologies". This article refers to a description for the development of OWL ontologies 

using the Protégé development environment as a tool. 
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1. Introduction 

 

The web content is designed only for human understanding 

and not for machines. However, as a result of the growth of 

web content, the efficiency of current search engines is 

greatly reduced and becomes a major problem on the web. 

The idea of the Semantic Web was presented by the inventor 

of the World Wide Web, Tim Berners-Lee. The Semantic 

Web is an extension of the current web where information 

receives well-defined meanings that improved interoperability 

between machines and humans [1]. 

 

The semantic web is a way in which the user could find 

answers to their questions more quickly and easily. The 

objective of W3C (World Wide Web Consortium) is to make 

semantics the main protagonist in the linguistic part for the 

study of lexical structures and mental processes since by 

means of these human beings we are able to make sense of 

linguistic expressions, in addition to being the main way of 

Human-Computer communication. 

 

The ontologies are the main elements of the Semantic Web 

that act as semantic repositories between machines.  

 

2. Ontologies 
 

Ontology is a term taken from philosophy, but in computer 

science an ontology is the representation of a domain of 

knowledge, where a set of objects and their relationships are 

described by a vocabulary [2]. 

 

An ontology is a hierarchy of concepts with attributes and 

relationships that have an agreed terminology to define 

semantic networks of interrelated units of information. An 

ontology provides a vocabulary of classes and relationships to 

describe a domain. Ontologies are used to capture knowledge 

about some domain of interest. An ontology describes the 

concepts of the domain, as well as the relationships that exist 

between them. There are different languages for ontologies 

that provide various facilities; The most recent standard given 

by the W3C is the OWL (Web Ontology Language) [3]. 

 

An ontology must be able to provide a good understanding of 

the domain it represents. This includes relationships of terms 

and concepts, their definitions or meanings, their 

relationships with each of them and the characteristics of the 

domain. This helps in solving the differences between the 

models and the domain used by the available sources, which 

is done by mapping the available data of all the resources for 

all the domains from the local model used by the source for 

the model specified by of the ontology [4]. 

 

2.1 OWL ontology language 

 

The OWL is designed to be used when the information 

contained in the documents needs to be processed by 

programs or applications, as opposed to situations where the 

content only needs to be presented to human beings. OWL 

can be used to explicitly represent the meaning of terms in 

vocabularies and the relationships between those terms. This 

representation of the terms and their relationships is called 

ontology. The web ontology language (OWL) is an extension 

of the Resource Description Framework (RDF) language. 

OWL has functions that can express the meaning and 

semantics that XML, RDF, and RDFS cannot, goes beyond 

what these languages offer, since OWL has the possibility to 

represent the content of the web so that it can be understood 

and interpreted by machine. 

 

If the machines are capable of performing reasoning tasks on 

the documents in which a semantics are used that go further 

than the basic semantics of RDF Schema, the semantic web 

will be on track. 

 

OWL has the following levels: 

 

 OWL Lite: It has simple restrictions (cardinality only 0 or 

1), it facilitates compatibility with other models/paradigms 

in addition to facilitating the development of authoring 
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tools. It has an efficient reasoning, facilitates the 

development of tools, compatibility with other models. It is 

the least expressive and is used in situations where there is 

only a simple hierarchy of classes and where few 

restrictions are needed. 

 OWL DL (Description Logics): It is medium term in terms 

of expressiveness; it is based on descriptive logic, which is 

a logic based on first order; This is favorable for automatic 

reasoning, for ranking hierarchies and for detecting 

inconsistencies in ontologies. Use restrictions to ensure the 

existence of a reasonable reasoning procedure. There can 

be no cardinality restrictions (local or global) in transitive 

properties, neither its inverse nor its super properties. There 

can be missing definitions. The axioms of inequality can 

only be applied to named instances. 

 OWL Full: It is the most expressive; it is used in situations 

where extreme expressiveness is more important than the 

ability to reason. Performs OWL and RDF syntax union (no 

restrictions). 

 

OWL levels based on RDF explain that OWL Lite is 

contained in OWL DL and this is contained in OWL Full. 

OWL is expressed with RDF primitives, so that any valid 

OWL document is a valid RDF document. RDF is contained 

in OWL Full (the latter is an extension of RDF) so that a 

valid RDF document is a valid document in OWL Full. 

 

3. Protégé 
 

Protégé is an open source tool developed at Stanford Medical 

Informatics. Like many other modeling tools, Protégé is 

separated between a model part and a view part. The Protégé 

model is the internal representation mechanism of ontologies 

and knowledge bases. The components of the Protégé view 

provide the user with an interface to visualize and manipulate 

the model [5]. 

 

The Protégé model is based on a metamodeling comparable 

to object-oriented systems and frame-based systems. Protégé 

can represent ontologies that consist of classes, properties, 

characteristics of properties and instances, its advantage is 

that its metamodeling is a Protégé ontology. The structure of 

the Protégé metamodeling easily enables extension and 

adaptation to other representations. 

 

Protégé is capable of generating user interfaces that support 

the creation of instances. In each class of the ontology the 

system creates a form with editing components for each 

property of the class [6]. 

 

Protégé can currently be used to load, edit and save 

ontologies in various formats such as CLIPS, RDF, XML, 

UML, OWL. Ontologies play an important role in semantic 

web applications. Protégé extensions can benefit from the 

general services provided by the core platform, to an event 

mechanism, undo capabilities and plugin mechanisms. 

 

With the Protégé OWL plugin, you can allow many people to 

edit the same ontology at the same time. Protégé also 

provides a highly scalable database, which allows users to 

create ontologies with many classes [7]. 

The OWL plugin is a complex extension that can be used to 

edit OWL files and databases. The plugin includes a 

collection of features for components called widgets and 

provides access to services based on classification, consistent 

checking and testing. 

 

Protégé OWL is a tool that makes possible the description of 

concepts and provides facilities such as: a rich set of 

operators (and, or and denial); it is based on a logical model 

that guarantees that the concepts are well described; complex 

concepts can be described, and the logical model allows the 

use of a reasoner that checks the consistency described in the 

ontology ensuring that the hierarchy is correct, known as the 

Racer reasoner. 

 

3.1 OWL ontology construction 

 

An OWL ontology is composed of individuals, properties and 

classes. Individuals represent domain objects of interest and 

are also known as instances. Properties are binary 

relationships on individuals and can be inverse, transitive or 

symmetric. OWL classes are understood as sets that contain 

individuals and can be organized within a hierarchy of classes 

and subclasses known as taxonomy. Classes are also known 

as concepts, as they are a concrete representation of them [8]. 

 

3.1.1 Class 

 

When starting an OWL ontology there is an initial class 

called "owl: Thing" that will contain the ontology. To create a 

class, you must use the corresponding icon in the class 

browser window as shown in figure 1. 

 

 
Figure 1: Class creation 

 

3.1.2 OWL Properties 

 

OWL properties represent relationships between two objects 

or individuals There are two types of properties in OWL: 

"ObjectProperties", which allows one individual to relate to 

another, and "DatatypeProperties", which relates an 

individual to an XML Schema Datatype value or an RDF 

literal [8]. The figure 2 shows a window that shows how to 
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add properties of the two types mentioned. The elements that 

an ObjectProperty must have are name, domain and range, 

where the domain refers to the initial class or classes and the 

range to the final class or classes that relates that property. 

 

 
Figure 2: OWL properties. 

 

3.1.3 Inverse properties  

 

Any object property or "ObjectProperty" must have a 

specified domain and range; properties link domain objects to 

objects in the range, where the domain and range are classes 

defined in the ontology. 

 

Each ObjectProperty must have its corresponding inverse 

property. If a property links an object A with another B, then 

the inverse property links object B with A. 

 

3.1.4 OWL property features 

 

OWL allows the meaning of the properties to be enriched 

with the characteristics of the properties, which are: 

 

 Functional properties: If a property is functional given an 

object, an object related to another can be at most by this 

property. For example, if you have three objects that are A, 

B and C and you have a functional property with Father, 

then you could associate objects A and B through the 

property and it would result in A having Father B. You 

could also associate the objects A and C by means of the 

property and would result in A Having Father C. Since 

Father has functional property, it is concluded that B and C 

are the same object. 

 Inverse functional properties: If a property is inverse 

functional, it indicates that an object related to another can 

be at most by this property inversely to the original 

functional property. For example, if you have three objects 

that are A, B and C and you have a functional property 

isFatherOf, then you could associate the object B and A 

through the property and it would result in B isFatherOf A. 

You could also associate the objects C and A by means of 

the property and would result in C is Father A. As 

isFatherOf is inverse functional property, it is concluded 

that B and C are the same object.  

 Transitive properties: If a property is transitive and 

relates two objects A and B, and there is also a property 

that relates object B to another C, then it can be inferred 

that object A is related to object C through the transitive 

property. 

 Symmetric properties: If a property P is symmetric and 

the property relates to objects A and B, then object B is 

related by means of property P with object A. 

 

3.2 Definition and description of CLASSES 

 

Once several properties have been created, they can be used 

to define and describe the behavior of classes [5]. 

 

3.2.1 Property restrictions 

 

Properties are used to create restrictions on classes in an 

OWL ontology. Usually the name of the property should 

suggest the restrictions imposed on the objects of the class. 

OWL restrictions are presented in the following three 

categories: 

 

• Quantification restrictions. 

• Cardinality restrictions. 

• Value restrictions. 

 

The quantification restrictions consist of the following 

elements: 

 

 Existential quantifier (ⱻ), which allows to indicate the 

existence of at least one object. 

 Universal quantifier (Ɐ), which allows to indicate the 

existence of all objects. 

 

Given the ontology shown in figure 3, which represents the 

conceptualization of the university model, different 

restrictions can be made using previously defined properties 

and applying existential quantifiers. 

 

 
Figure 3: Ontology model 
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3.3 Reasoning of the ontology 

 

To perform the reasoning of an ontology it is necessary to 

acquire a tool that acts as a reason for Protégé. There is a tool 

called Racer that can be connected with Protégé for the 

analysis and reasoning of ontologies. 

 

To start Racer, run the RacerPro program. A window will 

appear as shown in the figure 4 indicating that RacerPro is 

running on the IP address: localhost and on the port: 8088 

previously configured. 

 

 
Figure 4: RacerPro configuration 

 

It is necessary to configure the address where the RacerPro 

reasoner is running in Protégé. To do this, you enter the OWL 

Preferences window and set the address set in RacerPro. 

 

Racer is used for three main activities that are: 

 

 Consistency check: It allows checking that there is 

consistency between the properties of objects and 

restrictions assigned to the classes. 

 Taxonomic classification: Find the ontology hierarchy of 

the ontology based on the assertion hierarchy, which is the 

classification obtained in the construction of the ontology. 

 Inferred type computing: Allows computing the types of 

objects within the ontology 

 

By executing the taxonomic classification that is Racer's most 

important operation, Protégé generates a hierarchy of 

inference in the ontology as shown in the figure 5. 

 

 
Figure 5: Execution of the taxonomic classification 

 

3.4 OWLviz 

 

OWLViz is a Protégé tool that is installed using a plugin. To 

make use of this plugin it is necessary to install a tool that 

allows graphic components of the ontology called Graphviz. 

Once OWLViz and Graphviz are installed, a tab is generated 

in the Protégé environment called OWLViz. There is a 

toolbar that provides different features to the plugin. In this 

bar there is an icon called options, which you need to access 

to indicate the path of the Graphviz application [9]. 

 

Once all the installed elements are found, the ontology can be 

generated graphically with the assertion hierarchy or 

inference hierarchy as shown in the figure 6. 

 

 
Figure 6: Ontology in the assertion model seen in OWLViz. 

 

4 Results 
 

Based on the research and experiments performed for the 

preparation of this article, it has been possible to observe the 

great importance of ontologies in the different applications of 

solutions based on the semantic web. In addition, if the use of 

web services is considered for the implementation of the 

semantics described by the designed ontology, it is necessary 

to apply the concepts of orchestration and choreography in 

order to achieve in a synchronized way the correct flow of 

information between services and in this way obtain a product 

with a high level of abstraction from the problem domain. 

 

Once the ontology has been prepared using the Protégé tool, 

the taxonomy that this ontology represents is generated using 

the RacerPro tool. This taxonomy is based on OWL 

properties raised in the designed ontology, allowing this 

process to show the results in terms of inferences generated 

by the model that describes the problem domain. Based on 

these results, we proceed to implement the model described 

with the help of a technological platform that allows the 

construction of web services, which, when built under a 

semantic model, become semantic web services. 

 

However, the process of implementing this model implies the 

need to make use of existing technologies and paradigms, 

with a lower level of abstraction than ontologies. By 

performing this step, which becomes necessary in the process 

of executing a project, one can think that the power that 

semantic web models offer is simplified. 

 

For the applications to implement all the semantics proposed 

by an ontology, it may be necessary to build a semantic 

interpretation platform for said ontology, that is, it is 

necessary to generate a very high level language that allows 

to directly encode the provided semantics of the domain 

represented. Considering this point of view, one might think 

that the features offered by OWL are not sufficient for the 

implementation of semantic web systems that provide the 

complete abstraction of the business logic of the model using 

the software development languages currently available. 
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5 Conclusions 
 

The semantic web can be considered an extension of the web 

of today that allows to manage new technologies to improve 

the use and access of the resources of the web making use of 

concepts such as OWL and WSDL (Web Service Definition 

Language), which support an ontological language to define 

and classify concepts in a domain. These can be implemented 

through web services. 

 

 An ontology is a hierarchy of concepts with attributes and 

relationships that creates a classification to define the 

semantics of interrelated units of information. Ontologies 

provide an understanding of a domain that can be 

communicated between people and heterogeneous systems. 

 Protégé is an ontology development tool that allows the 

construction of OWL ontologies taking into account all the 

characteristics of the domain. Through Protégé the 

development of properties and restrictions allows to 

generate inference about the domain, generating 

conceptualization and knowledge of it. 

 Racer allows you to quickly verify an ontology taking into 

account elements of consistency, in addition to performing 

the taxonomic classification called the inference hierarchy, 

derived from the model built in the ontology called the 

assertion hierarchy. Based on these elements, the 

importance of ontology within the concept of the semantic 

web becomes understandable. 

 OWLViz is a Protégé tool that allows graphic 

representations of the ontology either in assertion or 

inference models. 
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