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Abstract 

Ontologies are used to formally express domain knowledge, but sometimes the system 

that they represent has dynamic properties that cannot be represented. The representation of 

these dynamic properties would greatly help to improve the representation of reality offered 

by an ontology model. For this reason, many systems that before could not use ontologies 

because of the lack of this functionality, can now use this ontology developed.  

A systematic survey has been done by collecting the relevant papers searched using a set 

of key words like ontology modelling, ontology model validation, ontology for dynamic 

semantics, etc. More than twenty related papers were found, and based on those papers, it has 

been observed that previous research has achieved different ways to represent those dynamic 

semantics but with the need of more than one diagram or without allowing the representation 

of certain conditions. In addition, a way to validate the ontology model whether is consistent 

with the relationships and constraints including the changes caused by dynamic semantics is 

needed, for example by checking if the model can be an abstraction of the system before and 

after a dynamic property change or an entity changed its state. To evaluate our ideas and their 

level of innovation, a significant research has been carried out. The result indicates that an 

ontology for dynamic semantics, and the evaluation of its dynamic features, will be useful for 

sharing knowledge between systems at run time. 

 

Key words: ontology, knowledge representation, static and dynamic properties, test case, 

ontology model validation 
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1 Introduction 
  First appeared in metaphysics as the study of the structure of reality, the term ontology 

was adopted in Artificial Intelligence (AI) research in the 80s to define a conceptualization of 

a knowledge domain, based on concepts, relationships, and restrictions between them [1]. An 

ontological model formally represented in a computer-readable format allows known facts or 

assumptions to be used to derive a conclusion or to make inferences (i.e., reasoning) [2]. 

  A good example of an ontology-oriented language is OWL, which is built by defining 

classes and its properties and making relations between them [3]. A class and its properties 

could be static or dynamic. In this research, static means that either it does not change in the 

life cycle or if it changes the system/business will not be affected. On the other hand, a 

dynamic feature either changes the system to a new scenario or changes its state in the life 

cycle due to a condition or over time. 

  The main problem in OWL, regarding dynamic properties, is that it does not allow the 

representation of transitions between different business scenarios. Therefore, the goal of this 

research is extending an ontology to make it able to represent consistent ontology models, 

which includes the representation of Business Scenarios and the transitions between them. 

And later, design a way to validate an ontology model by using an automatic test case 

generation. 

  In the coming sections the literature review will be discussed to check its state of the art, 

then the objectives of this research will be set out and the approach used will be outlined. 

After that, the solutions proposed for each of the goals and the different tools used will be 

mentioned. Later, the results and their analysis will be exposed and the reasons why this 

project is innovative. Finally, the document will be completed with the research conclusion 

obtained after carrying out the research. 

1.1 Background 
Over the last few years, it has been possible to observe how technological advances allow 

the creation of new systems that seek to improve the quality of life while generating an 

enormous amount of information. Affecting our society and transforming it into an 

information society were the manipulation (including creation and distribution) of information 

is a significant activity [4]. A way to improve the society is by connecting those systems and 

allowing them to exchange information, but communication between people and software 

systems is difficult since each of these actors speaks a different language. As a matter of fact, 

if both entities agree upon the meaning of the terms they use, they would be able to 
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communicate.  

“Agreement must be achieved about the shared knowledge used as a communication 

medium among people and software tools.” [5]. 

For example, at the time of making a system that will relate to another system, both must 

use the same terms to define the same objects in order to have valid communication between 

them, e.g., an IoT system where a house has automatic room temperature control depending 

on a set of conditions. The system must be connected to the sensors, the heating, and the air 

conditioner to exchange information, that is the reason why an agreement in the shared 

knowledge is needed. 

Ontology is a solution to create a valid communication at the moment of sharing 

knowledge because it can be understood as that agreement with common terms and meanings 

to allow communication across people and computers [5]. 

  But ontologies must be flexible and adaptive, because in a business scenario some entities 

might change affecting the business results and even invoking other scenarios to run. For 

example, going back to the IoT system mentioned above, the conditions needed to manage the 

room temperature will also define the state of the room, e.g., if the room temperature is less 

than 10ºC, then the state of the room will be “Cold”. And the trigger of that state could 

activate another business scenario where the goal is to heat the room, and to do so the heating 

would turn on, which means, that the IoT system must exchange information with the other 

systems, i.e., sensors or devices as heating or air conditioner, and then do things like process 

the data of the sensors and use that information to, for example, turn on the heating until a 

desired temperature has been reached. The problem is that those changes, like modifying the 

value of a property or the state of an entity over time, are difficult to be specified by current 

ontology languages as OWL, and that would be highly convenient for any application where 

its components might change their behavior depending on a set of conditions. 

  Hence a research to improve the expression abilities of existing ontology modeling 

languages, with the purpose of making it able to represent the changes of features / states over 

time, is highly desirable. As a matter of fact, to share information between systems, the 

ontology must be consensual, therefore, a group of guidelines about a clear syntax would be 

needed to use the same representation for similar elements.  

  The best way to validate the syntax that composes the design of an ontology model is by 

searching for patterns. In this way, by checking that all the elements of the pattern are in the 

design and in the right place, allows to state that the design is correct. On the other hand, there 

are other elements that cannot be validated at the time of design but must be validated once 
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the ontology has instances that compose it. A consistent way to validate those elements is by 

using test cases to trigger changes in the states of the business objects to validate whether the 

changed business object can still be interpreted by the ontology model. 

1.2 Research Questions 
  Before starting this thesis, it is necessary to learn about ontologies, what they are, what 

they consist of, why and how they are used. In addition, it is necessary to learn how to 

represent ontologies (OWL, RDF) and to learn how to use the tools that allow such 

representation (for example, Protégé). Many doubts arose regarding the objectives of this 

research. The aim is to answer eventually all the following questions throughout the document, 

based on research, implementation, and testing.  

  In ontology modelling, there are some properties that could change its value over time, 

but these kinds of properties cannot be represented in the OWL language right now, for this 

reason: 

 “What extension or extensions could be made in OWL to allow the representation of 

dynamic properties?” 

The answer to this question could be the extension/s with an example showing how it works 

and its usefulness. 

  After that, new doubts arose, but related to the verification and validation of the ontology 

extension that it seeks to create. 

 “If an ontology model is created using the extension it is intended to define, how can it 

be verified that its dynamic components are well represented? In other words, would it 

be possible to create an application that could analyse the different elements of an 

ontology model and find out if they are well defined in the model following the rules 

created in the extension?” 

In order to answer this question, techniques must be sought to analyse ontology models and 

then compare the analysed elements with the correct implementation in order to contrast these 

elements. 

  Finally, it is important to test and be able to validate the consistency of an ontology that 

allows the business scenario to change when different dynamic properties vary. 

 “Since the dynamic properties of an ontology model change over time, how can it be 

verified that the ontology model remains consistent?, i.e., without errors that 

invalidate the transition from one business scenario to another.” 

It would be useful to be able to automatically analyse the different business scenarios that can 
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be created by an ontology model, and also to take advantage of this analysis to verify whether 

the transition from one scenario to another is feasible. Moreover, these different scenarios 

could be auto generated, so that from an ontology model it would be possible to know its 

possible scenarios and generate them automatically. 

1.3 Research Approach 
The following Activity diagram (Figure 1) represents the approach followed to achieve the 

proposed goals of this Thesis. 

 

Figure 1 Activity Diagram Research Approach 
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1.4 Research Schedule 
  In the Table 1, down below, it is represented the schedule of the different tasks and goals 

planned to complete while doing this research. Each goal has four basic tasks that must be 

done, Design, Implementation, Testing and Results. Each goal needs around four months to be 

finished. 

  The opening and midterm assessments carried out in December and May respectively, are 

checkpoints to review the work done up to that point. Finally, the Thesis document will be 

submitted in the first day of December of the year 2021. 

Table 1 Thesis Schedule 

1.5 Thesis Structure 
The rest of this document is structured as follows: In Section 2, a literature review will 

be given in order to clarify the topic and justify the importance of the research, and, in 

addition, ontology modelling will be introduced. In the same section, test cases generation 

will be explained, the needs of evaluating ontologies and the different ways to do it. 

In section 3, the goals of this thesis will be defined. In sections 4, 5 and 6 will be 

developed on one chapter each of the main goals, including its design and implementation if 

needed. After that, the results and the novelty of the project will be analysed, and the 

conclusion obtained after doing this thesis will finish this document. 

 2020 2021 

 December 
January 

February 
March 

April 
May 

June 
July 

August 
September 

October 
November 

1st Goal Research     
 

Opening      
 

2nd Goal Research     
 

Midterm   May   
 

3rd Goal Research     
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2 Literature Review 
  The motivation of this literature review is firstly to introduce the necessary knowledge 

and research advances about ontologies with and without dynamic semantics and to learn 

what needs exist in the world of ontologies in order to solve them. Once these needs and 

requirements have been identified, find out what research has been made with similar goals. 

Furthermore, learn which tools or applications can help to achieve the objectives of this 

research. 

  To conduct the survey, we have several tasks to finish. First, search papers, conferences, 

books, or any kind of source of information that might be helpful and related to ontologies, 

dynamic properties on ontologies and how to represent them, ontology model validation and 

test cases generation. After that, review those papers and select the ones related to the topic or 

that could be useful for future references. Finally, divide those papers into groups according to 

their topics, keywords, and abstracts. 

  After the searching process more than 30 papers were found, but only around 20 were 

related with our goals, and even less were included in this survey because although they deal 

with a similar topic, like dynamic elements, they do not cover the same kind of dynamic 

properties or just because their solution was related with ontologies but is not useful in this 

context. 

  Ontologies are used to create formal representation of domain knowledge and knowledge 

sharing. Also, they can be used at run time by intelligent processing methods, as for example, 

SHERLOCK (System for Heterogeneous mobilE Requests by Leveraging Ontological and 

Contextual Knowledge) [6] which provides interesting locations based on the services that the 

user needs on a specific moment. Therefore, ontology might be used in a run time context 

where an intelligent processing method needs to share knowledge to another one [7]. 

  During this research, two possible ways were found to implement the dynamic features 

for the model of a system. The first one consists in the creation of more than one ontology 

model for the same system, the first one with the static entities and the others about dynamic 

properties of the system, that means, dividing static and dynamic aspects [8]. The other 

possible option is to extend an ontology language to make possible the implementation of new 

features for versioning the ontologies [9]. Finally, a paper was found which expresses the 

need to create an ontology to represent dynamic properties that vary over time during the life 

cycle. Reference [10] includes some terms to differentiate between the different dynamic 

properties. But no solution was found to extend the ontology to represent the dynamic 
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properties of a system. This means that there are some challenges in this context, and 

therefore, some questions that need to be answered: 

 How to extend an ontology model to represent the different states of an entity and its 

transitions? 

 How to define the dynamic character of a property in an ontology? 

  On the other hand, the model to be obtained must be tested to verify its quality and to 

validate its usefulness. The most important part of the software testing is the generation of test 

cases. There are many methods for test case generation, mainly random, path-oriented, 

goal-oriented, and intelligent approaches [11]. A possible approach in the thesis of 

“model-based test case generation” [12]. And its algorithm to generate test cases might be 

related to modelling dynamic semantics, to verify the consistency of the model. 

  Finally, in [13], a survey on ontology evaluation, the authors mention three different 

approaches at the moment of making an ontology evaluation. But another option different 

from those consists in comparing the different elements of an ontology model with the 

elements of a set of patterns that define the correct implementation of some dynamic 

properties. In this situation a pattern is an ontology that represents in a general way how to 

model a particular situation that appears repeatedly, e.g., a pattern could be a model that 

describes how to represent that an entity has a finite number of states. A model may contain 

one or more patterns several times. The idea is to check the ontology model against the 

pattern to verify that it has all the entities and relationships correctly defined at design time. 

2.1 Ontology Modelling 
  First appeared in metaphysics as the study of the structure of reality, the term ontology 

was adopted in Artificial Intelligence (AI) research in 1980 to define a conceptualization of a 

knowledge domain, based on concepts, relationships, and restrictions between them [1]. An 

ontology model formally represented in a computer-readable format allows known facts or 

assumptions to be used to derive a conclusion or to make inferences (i.e., reasoning) [2]. 

  There are many definitions of ontology in the literature, but one that characterizes best its 

essence was: “An ontology is a formal, explicit specification of a shared conceptualization” 

[36], where a ‘conceptualization’ refers to an abstract model of some phenomenon in the 

world by having identified the relevant concepts of that phenomenon. ‘Explicit’ means that 

the type of concepts used, and the constraints on their use are explicitly defined. ‘Formal’ 

refers to the fact that the ontology should be machine readable, which excludes natural 

language. ‘Shared’ reflects the notion that an ontology captures consensual knowledge, that is, 
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it is not private to some individual, but accepted by a group.” [14]. 

  Another definition could be the following one: “An ontology is a formal explicit 

description of concepts or classes in a domain of discourse, properties of each concept 

describing various features and attributes of the concept (also called slots, roles, or 

properties), and restrictions on slots (facets or, also called role restrictions)” [15]. 

  There exist different formal languages to describe formal ontology like Description 

Logics (DL), Conceptual Graphs (CG), First Order Logic (FOL), etc.  

  Nowadays, an ontology-oriented language must satisfy several requirements: it must be 

computational, provide a human readable form and it must rely on a well-defined semantics. 

A good example of such a language is Ontology Web Language (OWL) [16], that is the 

reason why OWL will be used in this research, the standard recommended and designed by 

World Wide Web Consortium (W3C) [17]. 

  An OWL model is built by defining classes (or concepts) for sets of individuals (or 

instances) and using properties to relate individuals to individuals (i.e., object properties) or 

individuals to XML Schema type values (i.e., datatype properties). That also includes, 

cardinality (e.g., "exactly one"), equality, richer typing of properties, characteristics of 

properties (e.g., symmetry), and enumerated classes [18][3]. 

  This research seeks to differentiate between static and dynamic properties in an ontology. 

A static property is a property that does not change in the life cycle and for this reason the 

system/business will not be affected. On the other hand, a dynamic feature either changes the 

system to a new scenario or changes its state in the life cycle due to a condition or over time. 

  The main problem in OWL is that it does not allow the representation of every dynamic 

property. There are already some works that have as objective the creation of an ontology that 

allows dynamic properties.  

  For example, in the paper [8] the authors used more than one ontology to represent the 

aspects of a bank. Their static ontology represents the basic relation of actors and resources, 

and the dynamic ontology defines the propositions that will trigger goals, defining those 

propositions after carrying out tasks, i.e., represents the changing aspects of an event. For 

example, whereas the brand of a car is a fixed property, the plate number of a car could vary 

for the same vehicle. 

  They used other ontologies to represents social aspects or actors’ desires, but this survey 

is focused on static and dynamic features, and although is a solution to divide the different 

aspects, having one ontology to represent both features would simplify the solution while 

helping to understand it more easily. 
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  There are other solutions focused on the evolution of ontologies and how evolutionary 

changes affect in an ontology and its versions. One example is [9] where the authors decided 

to extend OWL language and proposed a dynamic OWL (called as dOWL) by including a set 

of mechanism for an evolving ontology. That kind of extensions are focused on differentiating 

the entities and properties between two different versions, on old one and a new one, of the 

same ontology model. That is particularly useful to manage the different versions of an 

ontology and its components but not to represent how the different classes might change of 

properties for a given situation or over time. 

  Furthermore, there are some ontologies that are able to represent dynamic elements, for 

example, an entity with states or variables that their value change over time depending on a 

condition. For example, “State Machine Ontology” [19] is an ontology to formally specify 

UML state machines, and the ontology that is intended be created in this document may be 

based on some of the features and definitions of that State Machine Ontology. And at the same, 

that new ontology could be built by joining more ontologies. But one important detail would 

still be missing, there must be a way to be able to specify the dynamic character of a property. 

  That is the reason why “ODO” paper [10] talks about the need to create an ontology in 

order to represent dynamic properties that vary over time during life cycle and the authors 

included some terms to differentiate between the different dynamic properties. It employs two 

terms to describe the dynamic properties, those terms will be discussed in more detail later in 

this document. But still, in that paper no solution was done, they discuss the need for an 

ontology that not only represents the changing business scenario, but also allows the 

identification of the different dynamic characteristics so that such information can be used and 

processed accordingly. 

  Contrasting the different solutions mentioned above, in this research the main goal is to 

establish an ontology modelling approach able to define static and dynamic features in the 

same ontology model, allowing it to represent the different states for a business object (a class) 

and time restrictions and properties. In this way, the diagram will be able to represent how a 

business scenario changes when for example, a business object changes its state or one (or 

more) of its properties, by somehow including a representation mechanism that implies that a 

property is or is not dynamic, in order to identify it a priori, such a mechanism may be based 

on the idea of dOWL [9], that uses some kind of metadata of the ontology model to specify 

the dynamic versions in an OWL. Therefore, metadata can also be used to express the two 

different terms defined in ODO paper [10] that help to define dynamic properties on design 

time. 
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  As a matter of fact, to be able to reuse different ontology models and share them with 

other systems, the different elements that conform an ontology model must be first agreed, 

using the same representation with a clear syntax would need a set of guidelines of how to 

identify and represent the different elements that could compose an ontology model with 

dynamic properties. 

  In this thesis, Protégé will be used to create the ontology models used as examples. 

Protégé is one of the most widely used ontology modelling tools in the world. It is supported 

by a strong community of academic, government, and corporate users, who use Protégé to 

build knowledge-based solutions in areas as diverse as biomedicine, e-commerce, and 

organizational modeling [20]. There is a web version and a desktop application. The one used 

in this document is the desktop one, which is a feature rich ontology editing environment with 

full support for the OWL 2 Web Ontology Language, and direct in-memory connections to 

description logic reasoners like HermiT and Pellet. Protégé Desktop supports creation and 

editing of one or more ontologies in a single workspace via a completely customizable user 

interface [21]. There are other tools used for the same purpose, but for the quality and opinion 

of the community, this one has been chosen. 

2.2 Ontology Model Validation 
  The need for evaluation of ontologies emerged since 1994 and it has grown ever since 

[22]. The purpose of a validation is to detect potential errors in a given ontology model. There 

are two kinds of errors, i.e., conformance error and semantic error. If a conformance error is 

present in an ontology model, it means the model fails to conform to some specific 

specification or guidelines that is explicitly required in the requirements of developing such a 

model. A semantic error usually indicates that some construct in a model contradicts with 

some sense, or user requirements. 

  In [23] the authors set up a formal model for ontology evaluation that consists in a 

catalogue of qualitative and quantitative measures for evaluating ontologies and is supported 

by an ontology model that represents how the ontology validation should be performed. 

  In [13], a survey on ontology evaluation, the authors mention three different approaches 

at the moment of making an ontology evaluation. The first one, Gold Standard-based, 

compares a learned ontology with a previously created reference ontology, known as the gold 

standard, which is the idealized outcome. However, having the gold-standard ontology can be 

challenging. The second approach consists in comparing the learned ontology with the 

content of a text corpus that covers significantly a given domain. It is useful to compare one 



BUAA Master’s Thesis  

or more ontologies with a corpus and that would be helpful in the validation of dynamic 

semantics, because the same model could be compared before and after some change happens. 

And the last one, task-based, measures how far an ontology helps improving the results of a 

certain task. 

  For all these reasons, it becomes clear that it is useful to have some examples to follow 

such as a Gold Standard or a corpus. As there are patterns in software to have a set of rules to 

follow to solve a design problem, are there patterns for ontologies? If they exist, can they be 

used to validate an ontology at design time? These new questions needed to be investigated in 

order to be solved. 

  Several scientific articles and reports have been found in which the definition of patterns 

for ontologies is discussed, such as [24]. The best option to search a particular pattern in an 

ontology model is by using the OWL API. It is developed in Java, and it can be used for 

creating, manipulating, and serializing OWL Ontologies. Therefore, it is possible to review 

the different elements that compose an ontology model by checking the different patterns that 

are present in it. 

  In order to create the validator, the features that will be validated must be clear. Therefore, 

it is necessary to first specify how to create the main elements of an ontology with dynamic 

properties. After this, patterns could be sought to represent those elements that characterize 

this type of ontologies. 

  In software development, a pattern, also called as design pattern, is a general solution to a 

design problem that recurs repeatedly in several projects. Software designers adapt the pattern 

solution to their specific project. Patterns use a formal approach to describe a specific design 

problem, its proposed solution, and any other factors that may affect the problem or solution 

[25]. 

  For example, MVC (Model-View-Controller) is a common software design pattern 

widely used to separate the data of an application, its user interface, and the control of the 

whole logic. It is a pattern proposed to solve the situation where a user interface is required 

allowing the application to be scalable, maintainable, and easy to expand. That is because it 

also helps to break up frontend and backend code into different and separated components, 

thus it is much easier to make changes to either side without them interfering with each other. 

  As the image below shows, The View is the User Interface (UI), and it represents the 

model state and updates the controller depending on the decisions done by the user. The 

Model has the logic of the program, and the Controller decides how to display the data taken 

from the Model in the View, modifying the Model with the processed updates taken from the 
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View. In conclusion, MVC can be used when it is needed to create an application that has a 

user interface and requires scalability. 

 

Figure 2 Model - View - Controller Pattern [26] 
  As there are patterns for software, there are also patterns for ontology design, because 

when trying to create an ontology, the user may encounter common problems that have 

already been solved by other people, and therefore can probably implement the same solution. 

A very widely used website dedicated to ontology design patterns (also called as ODPs) is 

[24]. In that website, an ontology design pattern is defined as “a reusable successful solution 

to a recurrent modelling problem”. And it explains that these patterns are used as “templates” 

or abstract descriptions that must be followed in a specific context to solve a specific problem. 

There are other sources of information that explain ODPs and collect different patterns, but 

this website [24] is very well accepted by the ontological design community and after several 

years in activity has gained a great prestige in the sector. 

  In conclusion, the second goal will consist in the definition of some patterns that might 

explain how to define different elements that an ontology with dynamic properties usually 

have. After that, develop a program able to check those patterns in a specific ontology. In this 

way, it is possible to verify whether the ontology model is correctly designed or not. 

2.3 Test Case Generation 
  Testing is an important activity to evaluate the quality of a product and increase its 

reliability. The effectiveness of this verification and validation process depends on the number 

of errors found and fixed before releasing the product or system. This in turn depends upon 

the quality of test cases generated [11].  
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  A test case is a specification of the inputs, execution conditions, testing procedure, and 

expected results that define a single test to be executed to achieve a particular software testing 

objective [27] which basically means that is a description of a test independent of the design 

of the system. 

  There are many methods for test case generation, mainly random, path-oriented, 

goal-oriented, and intelligent approaches [11]. A possible approach in the Thesis might be 

“model-based test case generation”, which basically will consist in using the ontology for 

dynamic semantics designed in the Thesis to get the specification and generate test cases. 

  Model-based Testing (MBT) provides a technique for automatic generation of test cases 

using models extracted from software artifacts [12]. 

According to Dalal [12], the automation of a MBT approach depends on three elements: (1) 

the model used for the software behavior description, (2) the test-generation algorithm 

(criteria), and (3) tools that generate supporting infrastructure for the tests [28]. 

Model-based Testing might be a good approach to evaluate the dynamic semantics of an 

ontology, because the elements needed for this automation can be obtained for 

implementation. 

  But, as far as this thesis is concerned, these test cases are meant to validate the ontology 

model at runtime. Therefore, because it is at runtime, it means that instances of the different 

entities and their properties will be needed. And a set of those instances will become a test 

case that will be used to validate the model. 

  Maybe a solution to test the ontology model in different cases would need first to create 

those different sets, thus an automatic instance generator would be convenient to achieve that 

goal. For example, in the paper “A generic and high-performance RDF instance generator” 

[29], the team created a generator of instances based on the model and some extra meta 

information. As in this thesis is sought to introduce dynamic properties on the ontology 

models, maybe that generator could be improved to allow the generation of instances using 

static and dynamic properties. And then, use those instances as test cases to check if the model 

works properly at runtime. 
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3 Research Goals 
  After the literature review, it has been observed that there is a need to create an ontology 

modelling approach capable of differentiating between static and dynamic properties. The aim 

of this thesis is to represent the dynamic properties of an ontology and validate that the 

representation is able to contemplate the different business scenarios that the system may have 

caused by its dynamic properties. To achieve this aim, it is necessary to create an ontology 

capable of including the different dynamic properties that exist, either by joining existing 

ontologies or/and by extending one or more of them. In addition, it should be verified, if 

possible automatically, if the ontology is kept constant and whether the changed business 

object can still be interpreted by the ontology model. 

3.1 Research Objectives 
  The aim of this thesis is to establish a formal way to define dynamic features in 

ontologies, and at the same time, verify whether the ontology model can be used to represent 

different business cases while being faithful to its characteristics and its restrictions. To 

achieve this aim, three research objectives must be met. 

  The first research goal is to propose modelling facilities that will allow the representation 

of dynamic properties in ontologies. Some guidelines might be developed in order to explain 

how to properly use the semantic defined in this document, by doing so, anyone can follow 

the instructions and learn how to design a model with dynamic properties properly or check if 

their representation is well done. 

  The second research goal consists in the implementation of a validator able to examine an 

ontology model and check if the different dynamic properties that it has are well represented, 

automatically checking the correctness of the design of the ontology model. 

  The third and last research goal is the search of how to generate instances of a specific 

ontology in a business scenario and find a way that this automatic generation is able to follow 

the correct flow of the transition of states of the different entities of the ontology. The reason 

behind the need of this generator is to test the ontology model and its instances based on 

business scenario and use those test cases to verify whether the changed business object can 

still be interpreted by the ontology model, i.e., if it is consistent with the relations and 

constraints captured in the ontology model. 
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3.2 Main Research Contents 
  The content of each objective will be presented below, in order to explain the tasks to be 

carried out and the deliverables expected to be achieved for the different objectives: 

  For the first goal, which aims “to propose modelling facilities that will allow the 

representation of dynamic properties in ontologies”, the first task consists in defining the 

meaning of the term "dynamic property" in an ontology. Later, it must be decided which 

dynamic properties will be studied. After researching the state of the art, it is necessary to 

define how to represent, one by one, the main dynamic properties chosen, for example, how 

to include entities’ states in the diagram, which could be an extension of the syntaxis of the 

OWL language, or how to represent the transition between those states which can be based on 

an ontology extension already defined. Once the main dynamic properties can be represented 

and a mechanism to differentiate between static and the different dynamic properties has been 

established, some guidelines might be developed to explain how to properly use the semantic 

defined in this document. The literature proposes a definition of what a dynamic property 

could be and includes new terms (transient and mutable properties) [10] which will be 

analyzed, and which will also be represented in this thesis. Finally, a case study will be 

specified and designed, in order to use the semantics established in this first objective, and at 

the same time, a comparison will be made between this semantics and a semantic that does 

not differentiate between static and dynamic properties. 

  Subsequently, for the second goal, a validator for the different dynamic properties must 

be implemented. Since some of the properties (both dynamic and static) can be defined by 

patterns, the idea is to be able to find these patterns in an ontology and automatically validate 

the correctness of the design of dynamic properties of an ontology model. There are some 

tools that might help for the implementation of this checker but maybe it is no needed to use 

them, and it can be created from scratch just by using the OWL API. There is a probability 

that some properties cannot be verified automatically, or maybe cannot be verified on design 

time, so these specific cases must be detailed. It is expected to be able to validate at least the 

representation of the different states of an entity. 

  As a final objective, a definition of “consistent ontology” will be given in order to 

express what consistency means and why it will be useful to verify it in an ontology model.  

  After that, a test case generator will be designed. In order to be able to generate the 

different test cases, an instance generator will be needed, which, taking an ontology model 

and some instances, will be able to generate sets of instances for the same model. Finally, 

those sets will be used as test cases to evaluate the quality of the ontology and effectiveness of 
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the guidelines proposed in this Thesis by checking the consistency of the model at run time 

when changing from one Business Scenario to another one in the same context.  

  There are already papers that talk about instance generators, one of the best ones is “A 

generic and high-performance RDF instance generator” [29], but none of them takes into 

consideration the dynamic properties and the semantics that will be defined in this thesis.  

  In conclusion, the last objective in this Thesis is to define a new instance generator that 

creates different business scenarios considering the possible dynamic properties of an 

ontology, specified in the first goal, and then define how to create test cases out of those 

instances. Finally, those test cases will be used to validate whether the changed business 

object can still be interpreted by the ontology model, i.e., check the consistency in the 

relations and constraints captured in the ontology model in the different sets of instances. 

  For example, in a Smart House system that has automatic room temperature control 

depending on a set of conditions. The system must be connected to different sensors, the 

heating, and the air conditioner to exchange information, that is the reason why an agreement 

in the shared knowledge is needed. The conditions needed to manage the room temperature 

will also define the state of the room, e.g., if the room temperature is less than 10ºC, then the 

state of the room will be “Cold”. And the trigger of that state could activate another business 

scenario where the goal is to heat the room, and to do so the system would turn on the heating. 

A representation of this system with Ontologies could be the following in the Figure 3: 

 
Figure 3 Example of Static Ontology in a Smart House System 

  But this representation lacks dynamic semantics, for example, which are the possible 

states of the room? What are the transitions between them? Those and many other questions 

could be answered if the ontology is able to represent the dynamic features of a certain system. 

In short, representing these dynamic properties will be the main goal of this thesis, along with 

research on how to validate and verify that the models created are reliable and consistent, both 

at design time and runtime. 
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4 Specifying Ontologies with Dynamic Properties 
  The first goal to be accomplished is to define what is a dynamic property, explaining the 

different kinds that exist and how to represent them. 

  There are many ways to create an ontology in order to represent rich and complex 

knowledge about entities and relations between them, like a computer system. But, although 

OWL (Web Ontology Language) provides a great mechanism to represent knowledge, in 

some scenarios, there must be a mechanism to distinguish between a property that does not 

change its value during the lifecycle and one that does it, improving not only the quality of the 

representation of reality, but also improving the exchange of knowledge and the capability to 

handle lifecycle-congruency [10]. 

  Currently, it is not taking into consideration if a property will change its value during the 

lifecycle or if it will be accessible or not depending on other properties like the state of an 

entity or the value of another property. That is the reason why it is important to differentiate 

between the properties that will stay “static” and the ones that will not. 

  A “static” property does not change its value and its possession is fixed during lifecycle. 

On the other hand, those properties mentioned above that change their value or their 

possession is not fixed across the lifecycle will be considered as “dynamic” properties. 

  Nowadays, there are certain ontologies that allow the representation of dynamic 

properties even if they are not called as such. For example, some of those ontologies are the 

following ones: 

 State Machine Ontology [19]: implemented in order to formally specify UML state 

machines, including classes like events, actions, transition between states and 

condition to make those transition happen. 

 The Object with States Ontology Design Pattern [30]: describes a pattern to allow 

modelling the different states of an objects and their restrictions. 

 SAREF: Smart Applications REFerence Ontology [31]: facilitates the matching of 

existing assets in the smart applications domain. 

 Ontology of units of Measure (OM) [32]: focus on units, quantities, measurements, and 

dimensions. 

 Expression Ontology [33]: ontology to represent mathematical expressions from the 

engineering domain. By using a list, the different elements of the expression are 

related (knowing which element goes next or previous), differentiating them between 

operands (that can be a variable or a literal) and operators (that are unary or binary). 
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  There are other ontologies that might help too, but the examples will be solved basically 

using the ones mentioned above since they are capable of solving some of the main issues 

generated by dynamic properties. Thus, all those ontologies will be joined together to create 

an extension to allow the representation of different dynamic properties, but first, the basic 

semantic of ontologies will be explained while showing how those elements will be 

represented in this thesis. 

4.1 Basic Semantics 

  The main elements of the ontologies using OWL are the following ones: 

 Class: 

A “Class” is an abstraction for grouping resources with similar characteristics [17]. 

And it will be represented as the Figure 4 below indicates. 

 
 Figure 4 Representation of a Class 

One example of a class could be “Air conditioner” and it would be represented as the 

Figure 5 shows. 

 
 Figure 5 Example of a Class 

It is important to say that if the class has more than one word, the words should be 

separated by using the character “_” between them in Protégé. 

 Class has property:  

This relation indicates that a specific class has a specific property. It is called as 

“rdf:Property”. In the diagram below, it is shown how the representation would be 

using an arrow to indicate the class and the property. 

 

 Figure 6 Representation of relation "Class has Property" 
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A property might be an object property which means that the property is an “entity” 

per se, for example, saying that an entity “Room” might have an entity “Door”, that 

must be defined as presented in Figure 7. 

 
Figure 7 Example in which "Room has a Door" 

Or a data property, which means it is a data type like for example “xsd:String” or 

“xsd:Double”. For example, the following image that defines that the entity “Room” 

has the property “energyConsumptionTotal” which is a “xsd:float”. 

 
Figure 8 Example: "Room" has a “xsd:float” property "energyConsumptionTotal" 

 “Instance” of a Class: 

An instance is basically a single occurrence of a class. To declare that a resource is an 

instance of a class, it can be used “rdf:type”, which in turn, is an instance of 

“rdf:Property”. Therefore, it is similar to the definition of a class has a property. For 

example, to define that “Bikes Project” is a specific “Project”, it should be defined as 

follows:  

 
Figure 9 Example: "Bikes_Project" is an Instance ("rdf:type") of the Class "Project" 

 “Sub Class of” relationship: 

It is called as “subClassOf”, but it is basically the same meaning as Inheritance in a 

computer language as Java. So, it basically means that a class is derived from another 

one, therefore the derived class got the same properties as the “parent” one. The 

following arrow will be used to express this feature in the figures of this thesis: 
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 Figure 10 Arrow to represent the relationship "Sub Class of" 

An example could be the following one, in which the “Air Conditioner” is the subclass 

of the “Device”, which means that “Air conditioner” derives from “Device”. 

 

 Figure 11 Example in which “Air Conditioner is Sub Class of Device” 

4.2 Requirements of the Extension 
  The main idea in this section is to establish an ontology modelling approach able to 

define static and dynamic features in the same model. The differences between static and 

dynamic properties have been explained above, but the most important properties that will be 

considered as dynamic will be listed here below, in order to define a semantic made up of 

several ontologies that will be able to model static and dynamic properties. 

  Firstly, the entities, mentioned in the basic semantic, must be able to have two or more 

states, as having only one state is not rational by the definition of state given in this thesis: 

“The situation or mode of being of a thing or person (especially the temporary situation) 

whose condition is subject to change”. If a class only has one state, then it would not be able 

to be subject to change, and therefore, it will remain unchanged forever, which means that 

there is not possibility of acquiring or losing properties, losing dynamism. For these reasons, 

having only one state will not be considered in this thesis and it will be treated just as a 

subclass. 

  The fact that the same entity can be in different states depending on the rest of the model 

implies a dynamic character in the representation. Each of these states may have their own 

properties which could be different from those of the other states or even from those of the 

entity. In addition, these states must inherit the properties of the "parent" class.  

  On the other hand, the entity must be able to change from one state to another when a 

certain condition is met. That is, the value of some specific properties or the existence of 
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certain entities will condition at runtime the state of a class. This condition must be reflected 

in the ontology model. A transition between states can have more than one condition. In turn, 

a condition can have more than one expression that defines the value that the properties must 

have for the transition to occur. 

  Finally, a way is needed to differentiate which properties can modify their value at 

runtime (dynamic properties) and which ones cannot. Thus, when processing the information 

collected, it is possible to distinguish between static and dynamic properties. Such a 

mechanism is requested by the authors of the paper [10]. In addition, they add some highly 

important ideas, the difference between transient and persistent properties, and the difference 

between mutable and immutable properties. The final requirement of this ontology modelling 

approach is that the user is able to include at design time these terms in the different 

properties existing in the model, in order to be able to differentiate at run-time between static 

(persistent and immutable) and dynamic (transient or mutable) properties. 

4.3 Design of the Extension 
  From the previous subsection, there are identified four main elements to be added to the 

semantics of ontology. Nowadays, there are many ontologies on which the design of this 

extension can be based. Therefore, for each new element to be added, an ontology that allows 

the representation of that element or a similar one will be sought first. 

  For the first requirement, which is to allow the representation of states for an entity, the 

design of the proposed solution is based on the State Machine Ontology [19] and the State 

Pattern [30]. These two solutions include many elements that are not necessary for just the 

representation of states of an entity, so some parts of each solution have been merged and 

some others will be omitted to simplify the proposed solution of this thesis. The design of this 

first requirement consists in basically that an Entity (in [30] called “Object”) has an Object 

Property “hasState exactly 1” with another class object called “State”, which is the set of 

states in which the entity could be. And its “exactly 1” restriction because one entity can be in 

one state on a specific Business Scenario and change to others over time. 

  But this solution does not explain how to change to other states. On the other hand, the 

State Machine Ontology [19] introduces “Transition” that has an Object Property with one 

state as “source” of the transition, which is basically the current state in which the transition 

starts. And another Object Property “target” with a different state, which is the next state in 

which ends the transition.  

  It is important to include some details that none of those solutions mention. First, an 
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Entity must have at least 2 possible states, otherwise it would not make sense to talk about 

states and that would be just a sub class of the entity. Also, the two states that are related to a 

transition must be different, “source” state and “target” state will be, most of the times, two 

different states from the set, unless a reflexive transition is needed, in which the source and 

the target are the same state. 

  And finally, the idea of each transition having the Object Property "hasCondition" with 

the entity “Condition”, is based on the State Machine Ontology [19], that solves this issue in a 

similar way. Moreover, a Condition is defined with one or more “Expressions” by having the 

property “hasExpression” with one or more expressions, that can be represented by using for 

example [33], but another way could be used too, since expressions are static, and the 

literature already proposes some ways to define them. Since what matters in the thesis is to 

define the dynamic part, it is enough to say that a condition can be defined by using “The 

Expression Ontology” [33]. 

  After putting all these designs together, the following “General Ontology” has been 

created to represent the desired extension. 

 

 Figure 12 Representation of the General Ontology designed 

4.4 Semantic of the Extension 
  Based on the requirements identified above, to define the different desired elements that 

were established in the design, the following semantics will be explained in order to represent 

the different dynamic entities that this thesis seeks to being able to model: 
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 A class and its states: 

First, the property state must be defined, connecting a class with the entity 

“Class.State” (using a dot “.” to separate them only for this specific situation) with a 

relation “hasState (exactly one)” as in the following figure. 

 

 Figure 13 Representation of a Class with States 
The instances of the object “Class.State” are the different possible states in which the 

“Class” may be.  

In this thesis, the “Class.State” entity is always represented with the following shape 

(Figure 14) to make easier the identification of the representation of the set of possible 

states throughout the document.  

 
 Figure 14 Shape to represent the Entity "Class.State" 

Therefore, the relation “Class has state exactly 1” with the object “Class.State” would 

change to the following one represented in the Figure 15. 

 

Figure 15 Updated representation of relationship "Class has States" 
By this way, it is pointed out that a “Class” has the possibility of being in one state 

(“exactly 1” in a particular Business Scenario), which can be different over time, 

therefore, it is dynamic. In this document, the change of the value “hasState” will 

depend on a set of conditions, that will be explaining below. For example, to express 

that the class “Air conditioner” has different possible states, it must be defined the 

property “hasState” and it can be represented as follows below in the Figure 16. 
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Figure 16 Example: "Class Air Conditioner has States" 

 A class and its subclasses on different states: 

The way to define the different entities of the class that are on each specific state is by 

using the “SubClassOf” relation, meaning that a Class can be in two or more different 

states (at different time), but the subclasses keep having the properties of the parent 

class, but they can include new conditions. 

 

  Figure 17 Representation of “sub classes of Class" in States 1 and 2 
For example, continuing with the “Air conditioner” it can be in two different states: 

“ON” and “OFF”, as it shows the Figure 18 below. And, when it is defined in Protégé, 

it was defined as “Air_Conditioner_OFF” or “Air_Conditioner_ON”. 

 

 Figure 18 Example: "Air Conditioner" has sub classes "Air Conditioner ON and OFF” 

 Instances of states: 

On the other hand, the different states that a class has are basically instances of the 

“Class.State” entity. Those possible states are just instances but will be defined with 

the following shape to differentiate them easily: 
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  Figure 19 Shape to represent an instance of "Class.State" entity 
To continue the example of “Air conditioner”, the possible states are as said, “ON” 

and “OFF”, and those should be represented as follows in the Figure 20: 

 

   Figure 20 Example of instances of States 
The line that connects the “Class.State” entity with its instances is used only for that 

purpose. As it is said before in this document, that line represents an instance of the 

state class, which is basically a “rdf:type”. 

Finally, the subclasses on each specific state must be connected to their respective 

state. For example, in the figure below, the instance of the state ON is connected with 

the class “Air conditioner ON” and same with class in the state OFF and its state, both 

of them using “hasState only”, because it is the only possible state for each of them. 

 

Figure 21 Example of Air Conditioner Class and its States 
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 Transition between states: 

A transition between states is the change from one state to another one. It will be 

represented with the element in the figure below.  

 

Figure 22 Shape used to represent a Transition Class 
Even though in this document it is represented like that, a transition is basically a 

“rdf:Class” that is subclass of “sm:Transition” element, taken from [19]. It has a 

“source” state (from where it starts, the current state) and a “target” state (where the 

transition ends, the next state once the transition is completed). 

In the following figure, it is shown the transition “From Turn ON to Turn OFF” in the 

device “Air conditioner”. 

 
Figure 23 Example of Instance of a Transition between States 

The instances of Class.State are the Source and Target properties, that in Protégé are 

defined as Object Property Assertions. Also, the Transition will use “_” instead of 

blank space and “FROM” and “TO” are keywords to split the first state (Source) from 

the next one (Target). 

 Conditions that allow a transition between states: 

In order to define the condition that must be fulfilled to be able to change from one 

state to another one, the transition instance will have the property “hasCondition” with 
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one or more “conditions”, but usually just one. For example, a particular state has two 

possible ways to change to the next state, taking the example of the Figure 23 above, 

there could be two possible ways to change from Air Conditioner ON to OFF. Each of 

these ways will be represented by one condition, and each condition has at least one 

expression. An expression is simply a comparison of a variable with a value, e.g., “is 

Temperature greater than 25 degrees?”, where the variable is “Temperature” and is 

compared to the value “25”. Any kind of variable can be used to construct the 

comparison expression or evaluation. There are many keywords to represent the 

expressions correctly. The conditions and expressions are considered as static even 

though their components should be dynamic. It is considered static because the 

expression to go from one state to another is just a statement, so it lacks dynamic 

behaviour, but the expressions are composed of variables which, as its name indicates, 

its value is not constant. To know more about conditions and expressions check “The 

Expression Ontology” [33]. 

Continuing the example of Air conditioner, if there are two possible ways to change 

from state ON to state OFF, that must be defined by having two different instances of 

condition that are property “hasCondition” of the instance of the transition “From ON 

to OFF”. It is represented in the following figure. 

 
Figure 24 Example of two Transition's Conditions 

Each of these conditions will have one or more expressions, one example could be the 

definition of the “condition1” that has the following representation: 
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Figure 25 Example of an Expression (:expression1) 

The expressions from [33] are composed of elements that might be “variables” 

(properties of the model) and operators (keywords as “leq” that means lower or equal). 

The expression of the image above defines the following statement: 

“Temperature lower or equal than 24”. 

 Class with states and one or more properties in the “parent” class: 

There are two main situations that involve a class with states and properties. The most 

common one is the following: 

 
Figure 26 Representation of Property on a “Parent” Class with States 

In the situation of the figure above, the class is the one that has the property, therefore, 

the sub classes, no matter in which state, will have the property too. This property (or 

properties) could be data or object properties, is the same situation for both types. 

Another situation could be that the class only has a property in a specific state (or in 
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more than one) but not in the “parent” class. In this context, the property is dynamic 

because the class has it or not depending on the current state of the class, and that 

depends on the situation of the rest of properties and classes of the model in that 

moment of time because those other classes will define the current state of the class. 

 
Figure 27 Representation of Class with States, "State 2" has a Property 

4.5 Example using the Semantic 
  The following example is taken from the paper [10] and it has been represented by using 

all the semantics that have been mentioned above. This example will be used as experiment, 

carried out to verify the quality of the ontology extension defined in this section, and also, it 

will help to find out its advantages and missing elements. The example, in a summarized way, 

consists of the idea that there is the class "Proposal" that has these properties: 

- Proposal isOwnedBy Principle Investigator. 

- Proposal isDescribedBy Discipline Code. 

- Proposal has Evaluation Score. 

- Proposal defines Work Plan. 

  But there is no definition for things like “Principle Investigator”, “Discipline Code”, 

“Evaluation Score” or “Work Plan”. Thus, “Discipline Code” and “Evaluation Score” were 

taken as data property because both could be declared as integers, and “Principle Investigator” 

and “Work Plan” as Object Properties. 

  In the other hand, there is another important class, “Project” that has the following 

properties: 

 Project executes Proposal. 

 Project has Start Date (which could be a common timestamp of OWL, and therefore a 

data property, but it is not defined in the paper). 
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  The methodology followed to create the ontology of this example is first to make the 

representation of it by using any drawing tool. In this thesis, it was used an online tool [34] to 

create the different representations of the examples’ models, and the same tool was used to 

create most of the diagrams of this thesis. To do the representation of a model, the first step is 

to find the entities of the context that needs to be represented taking into consideration if there 

is any hierarchy between those entities. The entities of the example have been underscored on 

the paper, as for example, “Proposal”, “Project”, “Principle Investigator”, etc.  

  After that, it is important to check if any class has states, and, if so, those states must be 

defined, as said before as sub classes of that class and creating the relation “hasState” with its 

instances.  

  Then, find the different properties that each class has, some of those properties might be a 

relation with another class or with a data type. Also, those properties might just appear for one 

or some States of a Class and not for the class as such. 

  Moreover, both classes have a “lifecycle”, that is basically the transitions between the 

different states of the entities. 

  Finally, the example describes that some properties are found only in certain states of a 

class but not in all of its states. As for example, “Proposal defines Work Plan” if the Proposal 

“has been submitted”, therefore, once the Proposal is in the state “submitted”, it will acquire 

the property “Proposal defines Work Plan”. 

  To read the statement of the example in detail, the paper can be checked, but there is 

some missing information in the paper that will be added in this thesis in order to improve the 

example, like some missing transitions or the range of possible values of the variable 

“Evaluation Score”. The representation of the previous example is as follows: 

 

Figure 28 Example of Class "Project with States" 
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  In the figure 28, the class "Project" and its possible states are represented, also the 

property "Start Date" which is acquired once the state of the class is "Initiated" and remains in 

the following states after it. In order to simplify the diagram, it has been decided to represent 

the transition from one state to the next as follows: 

 
Figure 29 Simplified representation of a Transition 

  It is true that the most faithful representation would be the following, but because it takes 

up a lot of space and does not provide information about the dynamic properties, it has been 

decided to simplify the representation of the transition only for the diagram of the example. 

Every next state is a new instance (rdf:type) of “Transition” and has one or more condition 

with one or more expressions. 

 
Figure 30 Representation of a “Next State” Transition 

Continuing from “Initiated” state, the property “is executed by” continues with the following 

image: 

 
Figure 31 Example of a "Proposal with States" 

  In the image above, the class “Proposal” and its states are defined, having two properties 

that will be inherited by all of its states: “Principle Investigator” and “Discipline Code”. And 
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two that are acquired from specific moments: “Work Plan” and “Evaluation Score”.  

In this example many different dynamic properties can be seen. 

  A Project has states, which is a dynamic property because it can change between different 

values such as “Not Initiated”, “Initiated”, “Reviewed” and “Finished”.  

And, except for a “Not Initiated” Project, in every other state there is a “Start Date” which 

means that “hasDate” property is dynamic because the property depends on the state of the 

Project. 

  This ontology could be done by using the different ontology extensions that already exist 

and joining them together, but one thing is still missing. How can it be stated in an ontology 

that some of these properties may change over time or under certain conditions? How can it 

warn the system about a new behaviour coming because a set of conditions have been met?  

4.6 Transient and Mutable Properties 
  In the ODO paper [10], the authors motivate to design a way “to handle not only the 

conceptualization of dynamic entities and the notion of a transient property, but more 

importantly to illustrate the design of a property possession algebra for conceptualizing the 

behaviour of transient properties across the lifecycle of corresponding entities”. Thus, it is 

appropriate to affirm that there is a need for the development of an ontology capable of 

defining dynamic properties. 

  In this thesis, the idea is to show how the same entity can lose or acquire new properties 

just by changing its current state. By this way, using the different ontologies that already exist, 

which includes entities with states and transition between those states, it is possible to define 

the notion of a transient property and express the condition that can make an entity lose or 

earn a property across the lifecycle. 

  In that paper, an ontology of dynamic entities is described as “a business ontology whose 

conceptualized elements are formed by a combination of persistent and transient properties” 

[10]. Therefore, two types of properties are defined, “persistent” and “transient”. In that 

document those properties are explained as: 

 “A persistent property is a property whose possession is fixed across the lifecycle of the 

entity or thing possessing it”. 

 “A transient property is a property whose possession is transient across the lifecycle of 

the entity or thing possessing it”. 

In this thesis, a transient property appears when it is defined for a specific state or states of a 

class but not for all its states. 
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  In the following example, the class “Proposal” has five different sub classes that are the 

different states in which a “Proposal” can be. A “Proposal is coordinated by exactly one 

Principle Investigator” is a property that is persistent because every possible state of 

“Proposal” will inherit that property from the “Proposal” class. But, “Proposal” does not have 

the property “hasScore”, neither do the states “Not submitted” and “Submitted”. Only the 

other three states have that property and for that reason it is considered as a “transient” 

property. 

 

 
Figure 32 Example: "Proposal" with "Persistent" and "Transient" properties 

  It is important to say that there are transitions from one state to another; in those 

transitions, conditions can be defined to express the requirements that must be met to change 

to another state and acquire or lose a transient property. And, therefore, being in one state or 

in another one just depends on every property or entity mentioned in the condition of that 

specific transition.  

  On the other hand, the properties of an ontology can be grouped into two different types 

depending on whether they can acquire more than one value or not. A dynamic property, 

which can acquire more than one value, will be defined as "mutable". However, if a property 

can only have a fixed value over time, it is considered to be an "immutable" property [10]. 

  It is essential to clarify that the same property may be identified as transient and mutable 

at the same time. Also, any other possible combination as: mutable and persistent, immutable 

and transient, immutable and persistent. For example, in the Figure 33, it is represented the 

following property: “Once the Proposal is (in the state) Submitted, it will have a Work Plan, 

which can be updated over time”. This statement indicates that “Work Plan” transient and 

mutable. 
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Figure 33 Example: "Proposal defines Work Plan" and it is "transient" and "mutable" 

  The “Work Plan” is not acquired until the “Proposal” is in the “Submitted” state. 

Furthermore, as the statement above says, a “Work Plan” can be updated or modified “over 

time”. That is the reason why the property “has Work Plan” not only is transient, but it is also 

“mutable” because the same “Proposal” can change its Work Plan over time. 

  Knowing these new terms mentioned above (transient, persistent, mutable, immutable), 

one can discern between the different properties in an ontology and differentiate between 

transient or persistent, and between mutable or immutable, since such a distinction can be 

made, it would be appropriate to find a way to include this knowledge in the “General 

Ontology” mentioned before in the design of the extension subsection. 

  The label “mutable” must be included in the definition of “hasState” because it is a 

property that change its value over time, acquiring one of the instances of “Entity.State”. In 

the other hand, there is no transient property, therefore, the rest of properties are persistent and 

immutable. Consequently, the final diagram of the General Ontology is the following one: 

 

Figure 34 Representation of the General Ontology 
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  From the Figure 34, an ontology model (stored as “.owl” file) has been created. The 

different examples used in this thesis are imported from this ontology file, with the name 

"General Ontology", as a “Direct Import” in Protégé. 

  When creating a new model, this ontology must be imported first. And then, create 

instances and/or subclasses from its entities. 

4.7 Example using Transient and Mutable Labels 
  Continuing with the example used in the paper [10] with the intention of showing how 

the above-mentioned terms would be used to specify an ontology. By the definitions 

explained above, some transient properties can be identified form the example of that paper. 

  For example, the properties “Work Plan” or “Score” that only appear in some of the 

possible states of the class “Proposal” but not in all of them. More in detail, “Score” appears 

once the “Proposal” has been “Evaluated”. Therefore, it must be a transient property. And it is 

important to specify if in this situation the states after the “Evaluated” state also have the 

property “hasScore” or not. Because if it is not specified, it means that the property is lost. 

 

Figure 35 Example: "Proposal has Score" property in some States 
  On the other hand, “mutable” properties depend more on the context than transient 

properties do. In the example, it says that a “Proposal is described by Discipline Code” and it 

also says that it is a mutable property, because a “Disciplinary Code” that describes a Proposal 

might change its value over time. And that could be represented as the Figure 36 shows 

below. 

 
Figure 36 "Proposal isDescribedBy Discipline Code" as a Mutable Property 

  In the end, after adding the tags "mutable" and "transient" to the example, it turned out as 

the Figures 37, 38 and 39.  
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  The Figure 37 represents the Project and its subclasses in the different states. Also, the 

property “Start Date” can be found in some states, therefore it is transient. 

 

Figure 37 Representation of Project Class with Labels 
  The Figure 38 contains the Proposal and its subclasses, that “define a WorkPlan” which is 

transient, because it is in some states but not all, and it is mutable, because it can be modified 

or updated over time. Once the Proposal is “Evaluated” it acquires (it is a transient property) a 

“Evaluation Score” that cannot change (it is not mutable). 

  Furthermore, as explained before, “hasState” property, that can be found in both figures, 

is a mutable property because it changes over different values at run time. 

 

Figure 38 Representation of Proposal Class with Labels 
  The part of the instances of “Project.State” and “Proposal.State” have been omitted 

because there is no updated on those parts. Once the different types of properties of an 

ontology have been identified, it is needed a way to include those terms (transient and 

mutable) in an ontology model. 
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Figure 39 Relation "isExecutedBy" between Proposal and Project 

  Finally, if the Proposal is “Accepted” it executes a Project that is “Initiated”, which 

means that the property “is executed by” is acquired just in one state and, therefore, it is 

transient. That relation between Proposal and Project has been represented in the Figure 39.

4.8 Annotation Properties 
  The terms “transient” and “mutable” do not perform any action at the time of displaying 

the system. Therefore, it consists of knowledge that needs to be transmitted so that it can be 

processed and used in the future. Furthermore, the information that this terms are giving is 

nothing more than information about a properties, i.e., it is information used to describe a 

property, e.g., by saying that a property of an entity is mutable, the property is being described 

and not the system or the entities. For these reasons, these terms can be represented as 

metadata. Metadata consists of information that characterizes data, describes the content, 

quality, condition, history, availability, and other characteristics of the data.  

  In Protégé, a program already mentioned throughout this document, metadata can be 

included in the form of “Annotation Properties”. These annotations help to describe a wide 

variety of information for an entity, a relationship or even an individual, such as comments 

written in plain text, information about the ontology version or many more. And, most 

importantly, Protégé allows the creation of new “Annotation Properties”. 

  To create a new Annotation Property in Protégé, just click on the button with the plus sign 

on the main screen in the "Active ontology" tab. 

 
Figure 40 Annotation Property creation on Protégé (First Step) 
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The following page will appear: 

 

Figure 41 Annotation Property creation on Protégé (Second Step) 
And clicking on the button “Add sibling property” (marked with red), it will allow naming the 

new annotation: 

 

Figure 42 Annotation Property creation on Protégé (Third Step) 
  After that, the new annotation property can be used as any other annotation on entities, 

properties, or individuals. For example, in the following figure, “hasState” property the 

“mutable” annotation property has been added. 
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Figure 43 "hasState" property defined as "mutable" 
  After that, just follow the same process for creating the “transient” annotation property.  

It has been considered that creating "mutable" and "transient" is enough, since these terms are 

the ones that indicate a dynamic change in the ontology. That is to say, if a property does not 

have any of these terms, it is considered that this property is static, so it is immutable and 

persistent.  

  The ontology of the example has been created in Protégé, and by adding the annotation 

properties it will help to distinguish between static and dynamic properties of an ontology. 

4.9 Conclusion 
  In conclusion, in the ODO paper [10] the authors emphasise the need for an ontology 

capable of representing dynamic properties. For this reason, an extension and patterns have 

been proposed in this chapter to create a new ontology that allows the representation of 

entities with static and dynamic properties. In addition, annotation properties have been used 

as a mechanism to distinguish between a property that does not change its value during 

lifecycle and one that does it, using the terms defined in the ODO paper [10], improving not 

only the quality of the representation of reality, but also improving the exchange of 

knowledge and the capability to handle lifecycle-congruency. 

  Finally, the Conditions that are found in the Transition from one state to another one can 

be considered as a mechanism for defining the loss or acquisition of properties, since 

Transient properties could appear and disappear when changing from one state to another. 

Such a mechanism is desired by the paper [10] and has been developed and implemented in 

this section.  
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5 Dynamic Property Validator 
  The purpose of developing a validator is to check at design time as many properties as 

possible, mainly related to annotations, dynamic properties and the entities that have those 

properties. As such a validator does not exist using the ontology extension and the annotation 

properties defined in this thesis, therefore, it is needed to develop a validator that is able to 

check the design of the ontology model with the objective of finding errors on it. 

  Some properties follow a pattern when they are created and, therefore, it is easy to 

distinguish them in the design of an ontological model. The objective of the validator is to 

verify that the pattern has been well implemented, to do so it needs to find the different steps 

that a particular pattern has. 

  There are some other properties for which its dynamic ability cannot be verified at design 

time, such as most mutable properties, because it cannot be verified as mutable unless it is 

compared with the requirements of the system that the ontology model represents or with the 

instances of the ontology model at run time. Since it does not follow a specific pattern, more 

data is needed (as requirements or instances), to check if it is mutable or not. As only dynamic 

properties will be tested in this section, only transient properties will be considered, except for 

"hasState" property, which is mutable but indispensable for the creation of transient ones and 

always follow the same pattern. 

  In this chapter, it will be explained how was developed the validator using the OWL API 

in the Java programming language. In an ontology model there are some elements that follow 

a pattern every time when they are well implemented. If an application is able to search and 

find those patterns in an ontology model, that is to say, search for elements with a similar 

composition as a pattern well defined, the application could check if anything in the ontology 

model is wrong, or if the pattern is used improperly. 

  Due to its usefulness, simplicity and clarity, model-view-controller software design 

pattern was used to develop the validator to “Load” and “Validate” an ontology. Finally, a 

variety of ontologies with errors have been created simulate the typical ontology model 

defects, such that the effectiveness of the validator can be evaluated. 

  Transient properties, as indicated by its definition, can be checked at design time. At the 

moment of defining a transient property there are three typical mistakes that are the most 

common. First, transient properties cannot exist if the owning class does not have states.  

 Second, a transient property cannot be defined in both the class and its sub class state, 

because if it is in the class, it means that the transient property is on every state and therefore, 
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it is not transient but persistent. Third, if a property has been defined as persistent in the class, 

it cannot be defined as transient in the annotation properties of the subclass, it must be one or 

another. 

  In this thesis, three patterns have been proposed for solving the just mentioned problems 

of dynamic properties, in particular, the transient properties. More patterns might be found in 

the future, but the idea is to develop a pattern that can be upgraded at any time, therefore, if 

any other pattern is found, it may be included in the validator created in this thesis. In the 

following subsections, each pattern will be explained, followed by the implementation of the 

application and its testing. 

5.1 State Pattern 
  The “State Pattern” was chosen because it is the key pattern to develop dynamism in an 

ontology model. It is used to define the different states that an “Entity” has, and at the same 

time, it helps to define the restrictions and properties of each state. 

  A similar pattern was created in [30] where it had more elements to define a similar 

operation. But in this thesis it has been simplified, and the following elements in the Figure 44, 

were considered to be enough to represent the different dynamic elements of an ontology: 

 
Figure 44 Representation of State Pattern 

  The pattern in the figure above was created with the purpose of modelling a class with 

states. Therefore, there are two main classes needed: “Entity” and “Entity.State”, that are 

connected by the property “hasState exactly 1”. And it has an opposite relationship, 

“isStateOf” from “Entity.State” to “Entity”. To validate an ontology model based on this 

pattern, the validator at first detects whether the property “hasState” exists, and is labelled as 

mutable, because it can have different values over the runtime (the different instances of 



BUAA Master’s Thesis  

possible states: State 1, State N). Also, it is very important that exists one instance of 

“Entity.State” for each subclass of the “Entity” that is on a specific state, and the subclass of 

“Entity” and that instance must be connected with the property “has State only”.  

  The importance of this pattern lies in the fact that it is an indispensable element to define 

transient properties and it must be applied every time a class might have different states in the 

lifecycle. In the following subsections, it will be clearly highlighted its relevance. 

  In conclusion, the following rules must be met in order to be able to declare that the state 

pattern has been implemented correctly: 

 Property “hasState” exists for that class and its inverse property is “isStateOf”. 

 Property “hasState” is labelled as mutable. 

 There is one instance of “Entity.State” for each subclass of the “Entity” that is on a 

specific state. 

 Each subclass of “Entity” is related with its corresponding instance of “Entity.State” 

with the property “has State only”. 

5.2 Transient Pattern 
  This pattern seeks to define the correct way to build any transient property in an ontology 

model. As it is already explained in this thesis, the transient property might belong to a 

subclass or several subclasses of the class with states but not in the class as such. Therefore, 

this implies that in our ontology the class must possess the property "hasState" to define the 

possible states in which the transient properties can be found. In turn, each child subclass of 

the class has the property "has state only", which establishes the state of that subclass. For that 

reason, it is obvious that “Transient Pattern” is defined based on the “State Pattern” already 

mentioned in the last subsection. 

  It is important to emphasize that the transient property must be labelled as “transient” in 

its annotation property. It does not matter whether those properties are object properties or 

data properties, both kinds can be transient properties therefore both must be checked in the 

validator and properly labelled. 

  All the following statements describe the rules to validate this pattern: 

 The parent of the subclass that contains the property uses the “hasState” property 

correctly. 

 The parent of the subclass that contains the property does not have the property. 

 The property is labelled as transient. 

 Not every subclass that is in a state has the property. 



BUAA Master’s Thesis  

A representation of this pattern can be found in the Figure 45. 

 
Figure 45 Representation of Transient Property Pattern 

5.3 Persistent Pattern 
  It is important to be able to differentiate between those properties that should be 

identified as “transient” and those that should not. For this reason, it is necessary to identify 

“persistent” properties to check whether they have been labelled as “transient” in their 

annotation properties wrongly.  

  “Persistent” properties are defined every time that a class does not have “hasState” 

property, but this pattern was created to validate those “persistent” properties that are defined 

in entities with states and could have been labelled as “transient” by mistake in that class or in 

its subclasses. 

  When they have not been labelled correctly, or do not have been implemented well, for 

example, with unnecessary repetitions like defined in the class and in its subclass on a specific 

state, will mean that the pattern has not been followed. Because if a property is already in the 

class, it is a mistake to define it again on each state since by inheritance it belongs to them. 

However, it is different when the class in a particular state has restrictions for that property. In 

that situation, it can be defined again with the restriction.  

  To avoid mistakes while defining “persistent” properties the “Persistent pattern” must be 

followed, which shows how a persistent property must be defined in a class just when the 

class has states, and it was created to avoid mistakes between transient and persistent 

properties. 
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  This pattern was created to compare the list of properties labelled as transient and the list 

of properties that fits with the definition of persistent property obtained from that pattern. The 

list must be completely different to be sure that there are not persistent properties labelled as 

transient by mistake. In addition, it should be verified that if the property "persistent" is in a 

class state, it must be because it includes a constraint or restriction. 

  In the image below is the pattern defined. As it illustrates, it is used the “State pattern” 

again, and that is because it helps to search the entities with states that might have incorrectly 

labelled one of its properties in one of its subclasses. If the class has states, any of its 

properties may have been defined as transient by mistake. 

 

Figure 46 Representation of Persistent Property Pattern 

  If the Class is not the subclass in a particular state (contains “hasState only”) of another 

class, then the property is persistent. Otherwise, the rules that those properties must meet, 

represented in the Figure 46 and in the text above can be defined as follows: 

 The parent of the subclass that contains the property uses the “hasState” property 

correctly. 

 It is a property of a parent of subclasses in different states. 

 The property is labelled as persistent. 

 It is inherited by all subclasses of the class. 
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5.4 Methodology 
  The methodology that has been decided to be implemented for this second goal consists 

of the following: 

  Firstly, during the literature review, an analysis of possible ways of verifying the design 

of an ontology model was carried out. Then, at the beginning of this section the patterns to be 

checked in these models have been defined. In the following, the requirements that the 

application needs will be defined, which depend on the functions that the user wants to 

perform in order to achieve an objective, in this situation, to validate an ontology model. Then, 

it will be defined how it is intended to design a solution that includes those requirements. 

After that, the application will be implemented, using Java in the IDE called “Eclipse”. Later, 

the corresponding tests will be carried out to demonstrate its correct functionality. Finally, the 

possible future work that can be born from this section and possible future upgrades that this 

application could have will be discussed. 

  Since section 2, it was decided to verify the correct implementation of an ontology by 

comparing it with a set of patterns, because, in order to represent certain design issues, there 

are patterns that, by simply following them, allow the designer to solve these problems. For 

that reason, the first step to create the validator consisted in the creation of the patterns shown 

above, which includes the different restrictions and rules that each pattern has. The second 

step consists in the creation of a program able to check if the ontology model conforms to the 

rules that each of the patterns have, in order to check their correct implementation. To do that, 

it is necessary that the application is able to review all the elements that compose that specific 

ontology. Using Java and the OWL API, it is possible to navigate through an ontology model 

file to retrieve its entities and the properties it has. 

  But only receiving as output a true or false answer to the question “Is the dynamic part of 

the ontology correctly implemented?” would not be enough. To improve the quality of the 

validation service offered to the user, messages have also been added as output, explaining the 

error or errors found, if any, and in which entities or properties it was found in order to make 

it easier for the user to find it in the model and solve it. The idea is that the user obtains as 

much information as necessary, without making the user feel overwhelmed, about: 

 The instructions to use the validator properly (which must be as easy as possible). 

 Some details of the ontology that is being loaded on the validator: like its name, amount 

of classes, properties, and instances to be sure it is the desired ontology file. 

 The process of validation: Is there any mistake on the ontology or there is no error on it? 
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If there is any, what is it and which elements are related to that error. 

As can be seen in the following figure, the methodology is composed of three main steps: 

 Pattern Definition: Patterns must be identified and defined in such a way that their 

existence in an ontology can be checked. 

 Design and Implement Java Application: that will be able to “Load an Ontology” and 

“Search the patterns” on it, which is basically search and validate their correctness. 

 Test Java Application: to determine whether the application has any error or missing 

requirement in comparison to the actual requirements. 

 

Figure 47 Flow Chart Second Goal Methodology 
  To design and test the application, the requirements must first be defined. 

5.5 Requirements 
  In order to find out the requirements of the application, the following Use Case and its 

variations were created to show how a user would use the validator. It could have been 

divided into “Load an ontology model” and “Validate an ontology model”, but it can be 

considered as a single action with the same goal, which is to validate an ontology model by 

loading its file, without being an overly complex set of actions; therefore, it has been decided 

to perform a single Use Case that includes both steps, “load and validate the ontology model”, 

and then some of the possible variations can be found below. 

Use Case: Check dynamic properties of an ontology model. 

Context of use:  
 A user wants to validate if a specific ontology implements correctly dynamic properties that 
follow a pattern, like for example “hasState” property or “transient” properties. 

Preconditions:  
 There must be already an ontology created that follows the different conditions designed in 
Section 2 of this document.  
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Trigger: user clicks on check ontology 

Description: 
1. User opens the application and clicks on “Load Ontology”. 
2. User chooses and loads a Specific Ontology model. 
3. User clicks on “Validate Ontology”. 
4. System searches and finds “hasState” property and it is well implemented. 
5. System searches and finds a “transient” property. 
6. System checks that the “transient” property is labelled as “Transient” in its annotations 

properties. 
7. System does again the steps from step 5 for every transient property found. 
8. System notifies to the user that the ontology model is well implemented. 

 
Variations: 

Variation A: 
2.a. User introduces wrong file that is not an ontology. 
3.a. System shows error message. 
 
Variation B: 
4.b. Systems finds “hasState” property, but it is not well implemented. 
5.b. Systems shows error message “hasState property of Class is not implemented 
correctly”. 
 
Variation C: 
4.c. Systems does not find “hasState” property. 
5.c. Systems checks if any property is defined as “transient”. 
6.c. Systems shows error message, because if there is no “hasState” property, there cannot 
exist “transient” properties. 
 
Variation D: 
5.d. Systems does not find any “transient” property. 
6.d. System finds properties labelled as “Transient” in annotation properties. 
7.d. Systems notifies error: “Properties are labelled as Transient, but they are not”. 
 
Variation E: 
5.e. Systems does not find any “transient” property. 
6.e. System does not find any property labelled as “Transient” in annotation properties. 
7.e. System notifies to the user that the ontology model is well implemented. 
 
Variation F: 
6.f. System does not find the “transient” property labelled as “Transient” in Annotation 
properties. 
7.f. Systems notifies error: “Transient properties must be labelled as transient”. 
 
Variation G: 
7.g. Systems finds the same property defined as “Persistent” in the annotation properties 
of the class. 
7.g. Systems notifies error: “Persistent properties cannot be labelled as transient in the 
states”. 
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From the Use Case, the following requirements has been obtained: 

 As a user, I want a program to validate my ontologies by contrasting them with patterns 

so that I can easily check if the model was done properly or not. 

 As a user, I want a way to load the ontology model in the validator program, so I can 

validate that specific model. 

 As a user, I want a way to search on the files of my computer, so that I can easily load the 

ontology model in the validator program. 

 As a user, I want a way to start the validation process so that I can validate the ontology 

model when I decide to. 

 As a user, I want a way to know if the validation process has finished and if it found any 

mistakes or not, so that I know if I need to fix it. 

 As a user, I want a way to read what mistakes have found the validator so I can easily fix 

them. 

   

  Once the requirements have been defined, the development process starts, with the design 

of the frontend and the backend and its implementation. 

5.6 Design and Implementation 
  Based on the requirements identified above, an application was designed and 

implemented to allow the user to perform the tasks that he/she needed, that were defined in 

the subsection above. The user wants to carry out two tasks, first load an ontology model and 

then validate it. Both of these two tasks show an output to the user to report the task’s result. 

  First, the “Load Ontology” function needs to allow the user to choose an ontology to load 

it in the application. Then, once the user chooses the ontology to load, it must show the output 

of the loading, reporting whether it went well or not (in case there was a mistake with the file 

or at the moment of trying to load the file). 

  After that, if the loading went successful, now the user could validate the loaded ontology. 

To prevent the user from validating an ontology after a loading error, the "validate ontology" 

button will be disabled until an ontology has been loaded correctly. Once the button is enabled, 

the user can click on it and the program will call the “validate ontology” function. This 

function needs to show the user whether the model has any failure(s) in the implementation of 

any of the three patterns, giving as much information as possible about the failure(s), if any. 

  From the previous paragraph, four main elements are described, first an element to allow 

the user to load an ontology model; second, an element that allows to show the results of the 



BUAA Master’s Thesis  

loading; third, another element that allows the user to validate the ontology; and finally, a 

fourth element to show the result of the validation. Both results can be displayed in the same 

place. Therefore, three elements are needed and those could be two buttons that allow the user 

to interact with the application and a place to display the output of both tasks, for example, a 

JTextArea, which is a component of swing that displays multiple lines of text. 

  The User Interface was designed with only the strictly necessary elements with the 

intention of not coding more than needed and not overloading the part of the application that 

the user sees. Java Swing was used to implement the interface, it is a part of Java Foundation 

Classes (JFC) that is used to create window-based applications. JFC are a set of GUI 

components which simplify the development of desktop applications. Swing was chosen for 

two reasons, first, OWL API is developed in Java, therefore, the best idea as a solution was 

desktop application developed in Java. And second, it is platform-independent, and it provides 

lightweight components [35]. 

  OWL API was used to create all the functions needed to review the loaded ontology 

model and its components. For example, the function “Validate Ontology” was implemented 

using OWL API, and its logic is as follows. 

 First, search if the property “hasState” was created between a class and its possible 

states. If it exists, it checks its implementation. Then, check the properties of the subclasses in 

the different states and in the entity. Searching if the ones labelled as transient are in the entity 

or only in the subclasses. And then, checking if the subclasses have any property not labelled 

as transient that it is not in the entity, which is a mistake because if it is only in the subclasses 

must be labelled as transient. All of these validations between properties, entities and 

annotation properties are possible thanks to OWL API. 

  To carry out those functions in Java a simple console application could have been done, 

but by displaying a User Interface the usability of the app considerably improved. And the 

best way to implement this kind of application is by using the Model View Controller Pattern 

(MVC), because the application can be developed quickly, in a modular and maintainable way. 

The User Interface would be the View, which as mentioned above would be implemented 

using Swing. On the other hand, the development of the functions to load and validate the 

ontology are found in the Model, where OWL API is used to implement these functions. 

Finally, in the Controller, the user's actions will be collected, in this case, depending on which 

button is clicked, the loading or validation function will be called to be executed. And finally, 

the result of this function will be obtained to be able to update the view and display it to the 

user. 
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 In the following figure can be found a class diagram of the application implemented. It 

is important to say that getters and setters of the attributes of the different classes have been 

omitted. 

 

Figure 48 Class Diagram of the Validator 
 As it was described before it is composed of a Model, a View, and a Controller. The 

View, made using Java Swing, is updated by the Controller, that receives the updated 

information from the Model. The Model uses OWL API in its different methods, saving the 

result of the loading and the validation, to later update the View with it. This class also has 

two methods, one to know if a specific property is mutable or not, and another one to know if 

a specific property is transient or not. 

 The Model and the View have a composition relationship with the Controller because 

they only exist when the Controller creates them, which means both are dependant.    

5.7 Tests and Results  
  Several ontologies were designed in Protégé to validate and verify the behavior of the 

application created, that means checking that the application was able to load an ontology 

model, to detect the three patterns on it, and it was able to identify any errors in their 

implementation. For example, the ontology model that has been used in this thesis to 

represent the example of paper [10] is an ontology with the implementation done properly, 

therefore, if the ontology is loaded, it would have the following output (left image) that shows 
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that it is the desired ontology to be validated, because if it is compared with the Protégé 

application (right image) it can be observed that they have the same document name, and the 

same amount of classes, properties, and individuals. 

 

Figure 49 Metrics of an Ontology in the Validator and Protégé 
  On the other hand, if the file chosen to be loaded is not an “.owl” extension file, the 

following message will appear, explaining that only files with that extension can be loaded: 

 

Figure 50 Error message related with the file extension 

  In addition, it can also happen that after clicking on the "Load ontology" button, the user 

wants to abort the operation and click on “Cancel”: 

 

Figure 51 Canceling the operation to "Load Ontology" 
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  Obtaining the message “Operation canceled.” in the result text area, as the following 

image shows: 

 

Figure 52 Message obtained if the "Load Ontology" operation is canceled 
  However, if the file has the correct extension and it is loaded into the application, the 

"Validate ontology" button will become enabled. Going back to the example mentioned above, 

if the user clicks on the " Validate ontology" button, it will have the output “No errors found”, 

as the following image shows: 

 

Figure 53 Output of validating an ontology without mistakes 
  On the other hand, if the ontology has any mistake, it can be observed in the following 

image, in the text box of the “Validation Result”, that the error message describes in which 

entity it has been found and which is the failure. 
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Figure 54 Validation of a model with a mistake related to “hasState” Pattern 

  The figure above shows an error in the “Proposal” entity of the model. The output is 

“ERROR in Proposal: There must be one state for each sub class entity in a particular state.” 

and it basically means that at least one sub class of the entity Proposal, that represents the 

entity in its possible states, does not have a “hasState” relation or has its value duplicated (two 

sub classes have the same instance as “hasState” value). That is a mistake, because in the 

definition of the pattern, it specifies that each subclass must have only one “hasState” 

property having as value an instance of “Entity.State” that is different for each possible state. 

  For example, in the Figure 55 is a possible representation of this mistake. It shows three 

subclasses in different states for the entity “Poposal”, but there are only two instances of 

“Proposal.State”, when the pattern specifies that they must be the same amount.  

 

 

Figure 55 Mistake in "hasState" Pattern 
  The same methodology was used to validate many ontology models with different 

mistakes to check if the whole code and all error messages are accessible. More examples, 

with mistakes on purpose, will be shown below to explain the possible errors that can be 

found related to the transient and persistent patterns. 
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  The following example was created in order to check if a property that has been tagged as 

“transient” in its annotation properties, can be found in the entity domain, and therefore, it is 

not transient. Because as the transient pattern exposed before says, the transient properties are 

in the subclasses (that represents the possible states) of the entity but not in the entity. 

Therefore, an error message should be displayed saying that the property is labeled as 

“transient” and at the same time in the entity. The same example of ODO paper [10] was 

chosen but this time the properties "hasWorkPlan" (Object Property) and "isExecutedBy" 

(Object Property) were connected to “Proposal” entity. Therefore, both properties are labeled 

as transient in the model, but the connections to the “Proposal” entity make them persistent. 

  In the following image it can be seen the output of the application after loading and 

validating the ontology model. 

 

Figure 56 Validation of a model with a mistake related to “Transient” Pattern 
  For both properties the error message is the same one, which can be summarized as: 

“ERROR: the property “PROPERTY” is labeled as transient in the subclass “SUBCLASS” 

BUT “PROPERTY” is in the domain of the entity Proposal.” 

  The user has two possible options. The first one, maybe what the user wanted to do was 

to define a transient property, and therefore, the entity Proposal must not have the properties 

"hasWorkPlan" and "isExecutedBy". The second possibility is that the user wanted to define a 

persistent property, thus the transient labels must be removed, and the subclasses must not 

have the properties. 

  A simplified representation of this mistake could be the following figure, in which there 

is only the “hasWorkPlan” property represented to make an easier explanation of the mistake 

in the ontology model. The Figure 57 shows that the “Proposal” and some of its subclasses 

have the property “hasWorkPlan”, but, as the “Proposal” entity has the property, it is mistaken 

to say that it is “transient”, because all subclasses already have inherited such property. 
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Figure 57 Mistake in "hasWorkPlan" property 
  And, as said above, there are two possible solutions, or the property from “Proposal” is a 

mistake or all the transient properties coming from its subclasses are the incorrect ones. 

  Another example, but this time related to the persistent pattern, is the following one, in 

which the property “isExecutedBy” does not have an annotation property defining it as 

“transient” and therefore the validator supposes that it is persistent. But to be so, it must be a 

property of the “Entity” (in this situation the “Proposal”), but it is not. It is just a property of 

the subclass “Accepted_Proposal”. 

  The following image shows how the test has been loaded by providing some of its details 

and the result of the ontology validation. 

 
Figure 58 Validation of a model with a mistake related to “Persistent” Pattern 

  From the image above, the output of the validation is the following statement:  

“ERROR: the property “isExecutedBy” is assumed to be persistent since it is NOT labeled as 

transient in the subclass “Accepted_Proposal” BUT “isExecutedBy” is NOT in the domain of 
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the entity “Proposal”.” The meaning of that is that because of the lack of “transient” 

annotation property in the property “isExecutedBy” (which is a property of the subclass 

“Accepted_Proposal”), the program needs to check if the property is in the domain of the 

entity, and, therefore, it is persistent or it is transient, and the mistake would be that the 

annotation property is missing. But after checking, as the output says, it is not in the domain 

of the entity, thus, the most likely mistake is that the transient annotation property is missing. 

5.8 Conclusion 
  To sum up this section, three patterns have been found to define how to create properly 

persistent and transient properties. Then, it has been possible to create a validator capable of 

checking those three patterns in the design of an ontology model. Also, this section has been 

useful to learn that although a large part of the ontological models can be verified at design 

time, there are still other parts that can only be verified at run time. For example, it has been 

possible to verify transient and persistent properties but not all mutable properties (just 

“hasState”).  

  Although it is not possible to check for more patterns related to Annotation Properties, it 

is possible to search, as future work, for any other pattern related to the properties defined in 

the last section of this document, like transitions, conditions, or exceptions, but those were not 

the goal of this topic, as it was more oriented towards the new features offered by the 

Annotation Properties. 

  Finally, as a different future project it could be useful to create an ontology validator in 

which the patterns to be verified can be input directly, for example as one ontology model file 

for each new pattern, and then load the ontology model to validate and search all those 

patterns on it. In this way the patterns of the website [24] could be one input and another input 

would be the ontology to be validated. 
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6 Generation of Instances to Test the Ontology Models 
  The last goal of this project consists of finding a way to test an ontology model to see if 

its instances at runtime are consistent. In other words, the ontology on runtime is in different 

business scenarios changing from one to another (depending on the states of its entities and 

values of its properties), the main objective of the test cases is verified that the ontology 

conditions that define the transitions between states have no incongruities in all of those 

different scenarios. 

  It is necessary to create test cases to test an ontology model. The idea is to define each 

test case using a snapshot. In this thesis, a snapshot is considered “a group of instances of the 

ontology model at a specific instant of execution time”. Generating the test cases in this way 

implies having a large number of instances to form the different snapshots. In order to obtain 

this number of instances, it will be explained how to build an instance generator that is able to 

consider the semantics of the dynamic properties that have been defined above and 

automatically generate the instances of different components of the ontology model. In 

addition, snapshots containing consistency errors should be generated intentionally. These 

could be created by hand by the user, so that there will be consistent and non-consistent test 

cases. 

  To achieve this objective, the first step would be to identify which condition guards an 

entity from the current state to its next one. Then, the second step is to generate the necessary 

instances that will meet the expression of the condition, taking into consideration that this 

condition depends on the values of other properties of the ontology at a given time, such as, 

turning on the heating according to the temperature of a room. 

  In summary, the generation of instances seeks to validate that the ontology has consistent 

design, and it remains consistent at runtime, while the different instances are being generated. 

Moreover, the key point at the moment of checking the ontology at runtime are the different 

transitions of entities between states. Therefore, the output of this generation may be the 

correct generation of instances for an ontology or the design/consistency error if it exists. And 

in case there are no errors, the instances would be used as test cases. 

6.1 Introduction 
  Since the main idea of this section is to check the consistency of an ontology model at 

runtime, first of all it is necessary to define what is the meaning of the term "consistency" in 

this thesis. An ontological model will be considered "consistent" if the following conditions 

are met for all its entities and transitions: 
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- Transient properties only exist in particular states, if the entity is not in such state, then 

there must not exist instances of that transient property. 

- If one entity has states, then only will be created instances in one of those states and not 

instances directly from the entity. 

- One state can only do a transition to its next state(s). 

- To do a transition its condition must be met, otherwise the transition cannot be 

accomplished. Therefore, if the condition has been met, the transition must be carried 

out.   

  In order to check those statements, it is necessary to check every entity and its properties, 

using the annotation properties to distinguish between static and dynamic (transient and 

mutable) properties. It is also necessary to check the transitions between states and their 

conditions. If all those statements are met for every element in an ontological model, then the 

model can be considered consistent and, therefore, it will not lead to unreachable business 

scenarios. 

  The idea of checking the consistency of an ontology model comes up with the purpose of 

verifying whether the model may have failures or impossible conditions at runtime. If this can 

be tested before the model is running on a real system, it could save money and time, as 

otherwise these faults can only be discovered after the model has been running and creating 

instances by its own. Furthermore, the idea is to discover the mistakes of the model (if any) 

automatically, and not just by a person, which would increase the productivity, saving testing 

time and improving its quality, and, therefore, the quality of the ontology model and the final 

system. 

  To test all those elements, it is necessary to check their different instances at runtime over 

time and the relation of dependency of a change with the rest of the ontological model, i.e., 

test how the state of an entity changes at runtime, changing the number of properties that it 

has (if it has transient properties) or changing the value of the properties of the entity (if any 

of them is mutable).  

6.2 Test Cases Generation 
  A set of instances can be considered as a snapshot of the system, which represents a 

Business Scenario. A new Business Scenario is represented when a modification in the value 

of any instance of the system appears. Each of these Business Scenarios could be used as a 

Test Case to verify the consistency of the ontology model. 

  A test case can be described as a specification of the inputs, execution conditions, testing 
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procedure, and expected results that define a single test to be executed to achieve a particular 

software testing objective [27]. 

  In this thesis, a test case will consist in a set of instances that may or may not conform a 

Business Scenario of the ontology model under testing. If the test case is considered as a 

Business Scenario, its expected output would be that it can be represented by the ontology 

model without having inconsistencies. 

  In the previous sections there was an ontology model that represents the different states of 

a Room and how the value of the temperature affects to the transition of one state to another. 

A similar and simplified example would be the following, in which the room has two possible 

states: hot and cold. It changes from hot to cold when the room temperature is lower than 20 

ºC. And it changes from cold to hot when the temperature is equal or greater than 20 ºC. 

 

Figure 59 Room with Hot and Cold States as example 

  In the Figure 59 there is a representation of the Ontology Model without including the 

transition “From Cold to Hot” and without the conditions to make any of its transitions. Some 

examples of instances of temperature, that are float values are the following ones (in this 

situation it is not described the metric used to measure the temperature, but it can be ºC): 

“20.4”, “13.2” or “29”. And some instances of Hot/Cold Room could be: “Suite 28”, “Suite 

34”. 

  An example of a snapshot could be: [Room : “suite 28”, temperature: “20.4”, hasState: 

“Hot”]. And this snapshot can be represented as a Business Scenario by the model because it 

does not have any inconsistency, as the temperature “20.4” is greater than “20” and therefore 

the state of the Room is “Hot”. 

  Moreover, test cases can be grouped in a specific sequence to indicate that there is a flow 

of scenarios with a specific order. If the expected output is that the model can represent the 

required flow in the correct order, then it will be tested taking into consideration the last test 
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case of the flow to see if that transition between states can be accomplished. If the model can 

represent the flow, it would mean that the ontology model meets the expected result. If it 

cannot, it would be an inconsistency in the model, and the output and the expected output will 

be different. 

For example, a flow of test cases could be:  

 Test Case 1.1 = [Room : “suite 28”, temperature: “20.4”, hasState: “Hot”] 

 Test Case 1.2 = [Room : “suite 28”, temperature: “20.2”, hasState: “Hot”] 

 Test Case 1.3 = [Room : “suite 28”, temperature: “19.8”, hasState: “Cold”] 

  By this way, the Test Case 1 can be divided in a flow composed of three “sub” test cases, 

that are 1.1, 1.2 and 1.3. Each of these test cases is composed of a snapshot that contains the 

necessary instances to represent a Business Scenario. Countless snapshots can be used to 

represent the same business scenario, like for example, “Test Case 1.1” and the “Test Case 

1.2” are representing the same Business Scenario in which the state of the room is “Hot”. 

  Another option could be directly expecting a negative output, in which is expected to find 

a set of instances that must not be able to be represented in the model. To do that, the set of 

instances chosen will face consistency problems if an attempt is made to be represented by the 

model. For example, having the following Test Case = [Room : “suite 28”, temperature: 

“20.4”, hasState: “Cold”], in which the “hasState” property is wrong because a Room with 

“20.4” as temperature cannot be in “Cold” state. 

  The greater amount of entities with states, number of states or number of transitions, 

would imply a greater number of test cases needed to go through every possible Business 

Scenario, and therefore, a greater amount of instances. And not only that, as the state of an 

entity depends on the rest of the model, that dependency begins because the transition from 

one state to another one is successful if the condition of the transition is met, consequently, 

any time that the condition is met and the current state of the entity is the source of the 

transition, the transition will take place, modifying the state of the entity to the target state and 

all that this change may entail, like the creation of instances of transient properties or 

changing the value of mutable properties. 

  A test case can be consistent but that does not mean that the ontology model is consistent. 

That is why is needed to check every possible Business Scenario, in order to say that, if the 

ontology model is consistent in every possible Business Scenario, then it can be guaranteed 

that the ontological model is consistent. 

  For these reasons, the possible options of test cases that can be created are endless, 

because of this, it is necessary to automatize and optimize the generation of test cases and 
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instances in such a way that the minimum amount of test cases is generated, having only one 

for each possible business scenario. 

6.3 Instances Generation in Static Ontologies 
  There are different ways to automatically generate instances of an ontology model, but as 

the idea is to generate the instances in an optimal way, to avoid generating unnecessary test 

cases, one of the most effective solutions is defined in [29]. Also, it does not rely on a specific 

ontology schema, but produces RDF instances by conforming to the syntax and semantics any 

ontology given by the users, which enables users to use the custom ontology developed by 

them.  

  For these reasons this is the most suitable solution to achieve this goal is “A generic and 

high-performance RDF instance generator” [29], that implements an automatic OWL-based 

instance generator called GAIA. It consists of four main components: a loader, a parser, an 

extractor, and a generator. 

 The loader loads the ontology schema, given by the user, in memory. 

 The parser used to check if the ontology conforms the OWL grammar. 

 The extractor extracts the data and objects properties and the classes. 

 The generator produces RDF instances and writes them into a file. 

 

Figure 60 Solution architecture of the Generator from [29] 
  The architecture of the generator is composed by the elements just mentioned and the 

ones in the Figure 60. The instance generation process consists in the following steps: 
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1. Ontology schema is loaded and parsed. 

2. The classes in the schema are extracted. 

3. Data properties are extracted. 

4. Object properties are extracted. 

5. Meta-information about hierarchy is extracted. This information is to identify 

relationships between concepts, sub-concepts, and super-concepts. This step creates an 

OwlOntology Java Object, which contains all this information. 

6. Generation of instances. 

 
  It is worth to mention that the generator has a graphical user interface to import and load 

ontologies, and perform different operations related with the generation. 

  The steps 1 to 5 have been done in this thesis, using as in that paper, the OWL API. But 

the important part in this section is the generation of instances, which is how was 

implemented the step 6 to generate the desired instances. 

  The instance generator has two different versions, first the generation of data properties 

only and then an enhanced version that also includes object properties. The first version is 

summarized in the following points: 

 The number of instances to be generated for each concept must be specified by the user. 

 The name of each instance is defined by concatenating the name of the class and a 

unique identifier: “myClass_instance_1”. The identifier is incremented by 1 for each 

new instance generated. 

 A random value is chosen for every instance of that data property. It is important to 

mention that this random value depends on the type of property (string, float,…). 

 Lastly, the instances are moved from memory to a file. 

 

  Finally, some changes are added to this version to allow the generation of object 

properties, creating the second version: 

 The users can choose a range of number of objects to be created. 

 The generator instantiates the concepts that are not a range of any property. 

 If a concept is linked with other through its range, then its instances will be generated. 

And this operation will be repeated recursively as long as the subsequent instances 

have object properties.  
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  But the most important part of this solution is how the threads are used to generate and 

write results concurrently. That is to say, a group of N threads is generating instances for each 

necessary element, while another group of N threads is writing the results on RDF files. For 

this reason, the performance of this generator is excellent. 

  However, in order to develop a generator capable of creating instances for a large number 

of classes and properties, it requires a lot of resources, and it is a research that requires a team 

and not just one person working on it. For example, in [29] the three authors used a 

high-performance computing platform with specifications such as 64 GB of memory or 10 

Gigabit of ethernet as network speed.  

  Also, this solution lacks the ability to generate instances taking into consideration the 

conditions to do transitions between states, and also, a way to use the annotation properties is 

missing, making the generator unable to differentiate between dynamic properties (transient 

and mutable) and static ones. For these reasons, it is necessary to adapt this solution to one 

that allows to generate the snapshots needed to make the desired test cases. 

6.4 Instance Generation in Dynamic Ontologies 
  In this section the generator, mentioned above, will be used as a baseline to design a 

generator that is able to produce instances to create in the future snapshots that will be used to 

test the consistency of the ontology model. That is the reason why the generator must consider 

the transitions between states, annotation properties defined in the section 4 of this thesis and 

the conditions that a model must meet to be considered as consistent. 

   To accomplish that, it is necessary that the generator is able to search and extract two 

different things, first, check if any entity has states, and second, extract the annotation 

properties of every data and object property. In the Figure 60, the components called “Class 

extractor” and “Property extractor” must be changed to perform these actions. And to do such 

activities, the code of the application developed in the Section 5 can be reutilized, in which 

every class is checked to see if they contain the “hasState” pattern well implemented and it 

can be verified if a property is mutable or transient by using OWL API. 

  Moreover, it is worth to mention that if the ontology model does not include entities with 

states (does not use “hasState” property), then it will not have any transient property, and 

therefore the only dynamic part that could be tested are the mutable properties. And, to test 

them properly it would be required another option that is not included in this thesis. The 

validator developed in the section 5 could be used to check if the ontology model contains or 

not any property with states. If it has any, then generating the instances would be useful to 
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check the consistency of the model. But if it has not, then it is better to avoid the generation. 

  On the other hand, the meta property extractor could be used to save the different states 

of each entity (instances of Class.State), the transition between them and their conditions. 

That information could be saved in memory to avoid searching the elements in the ontology 

model file every time a change of state is going to be performed. 

  After these changes the new instance generation process can be joined to the process of 

validating the ontology model described in the last section, and it would consist in the 

following steps: 

1. Ontology schema is loaded and parsed. 

2. Ontology model extraction and validation: 

2.1. The classes in the schema are extracted, checking if they have the “hasState” 

property, and therefore, having sub classes in different states. 

If it has “hasState” property, validate the “hasState” pattern. But, if there is not 

even one entity using the “hasState” property, then it is not needed to extract the 

properties, it can just check the persistent pattern for all of them. 

2.2. Data properties are extracted, checking each one if it is mutable, transient, or static. 

Validate the “transient” or “persistent” pattern depending on its annotation 

properties. 

2.3. Object properties are extracted, checking each one if it is mutable, transient, or 

static. Validate the “transient” or “persistent” pattern depending on its annotation 

properties. 

2.4. Meta-information about hierarchy is extracted. This information is to identify 

relationships between concepts, sub-concepts, and super-concepts. This step creates 

an OwlOntology Java Object, which contains all this information. Save the 

different states, their transitions, and conditions. 

3. Generation of instances. 

  Once all the information is extracted in the step 2, the generation of instances changes in 

several features: 

- For each class that is not dependant on a “transient” property for its creation, the 

minimum number of instances required to create a snapshot should be generated. 

- If that entity has states, at least one snapshot should be generated on each state. For 

example, the generation of instances could follow the flow of the transitions of states, 

that is to say, first generate an instance in the first state, and then in its next one, until 

the last state. If there is more than one next state in some point, each path should be 
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generated, in order to test it.  

- At the moment of generating a data property, the value depends not only on its type of 

property, but also, in the conditions of the transition of states. If the property is 

mentioned in the transition to a next step, first the value should be created differently 

for the required one, in order to avoid changing to the next state in the first snapshot. 

Then, for the next snapshot, a change in that property should be made, causing a 

change in the state of the entity, and creating a new snapshot in a different state. 

Also, it is important to notice here that the conditions decrease the range of possible 

values of the data property. For example, saying that “a property that is an integer 

must be greater than 50” makes a restriction on the range of that integer property, 

which now cannot be lower or equal than 50. 

- If any property, data, or object, is defined as transient. It will not be generated until the 

state of the entity is the one in which the entity acquires that property. 

- The static properties do not need to be generated over and over again with different 

values. The same property with the same value can be used until the end of generation 

of instances once is generated. 

- Each snapshot will generate an RDF file that later will be used as test case. 

 

  The development of such a generator is a huge work that requires, not only a wealth of 

resources, but also a team to be able to develop it in a short time. For these reasons, the 

development of the generator defined above was considered out of scope of this thesis. 

However, it may be a promising future work for a team with the appropriate hardware 

resources to implement the designed generator. 

6.5 Methodology 
  The methodology to validate the ontology model using the instances just generated is 

represented in a flow chart in the Figure 61. The first step is to validate the model to be sure 

that, in the first place, it does not have any mistakes, and second, it has classes that use the 

“hasState” property, otherwise, the whole generation and testing will not be useful and can be 

omitted. 

  As explained above, the main purpose of generating instances is to synthetically create 

snapshots of the system to verify that the ontology model does not have consistency problems. 

To achieve this, an RDF file is created for each snapshot generated. And each snapshot will be 

one test case. These instances are generated from the ontology model; therefore, they will 
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follow the conditions defined in the model, because of this, it is expected that the model is 

able to represent every test case created in this way without having consistency problems.  

  To check that there are snapshots that cannot be represented, a small amount of test cases 

will be created by hand whose output is expected to find consistency errors in the instances. 

  These test cases will be generated by hand by a person, introducing one or more errors 

that create conflicts in the conditions of transitions between states. Both instances generation 

can be seen at the right side of the following image. It is important to say that the expected 

output for each group of test cases is different as the image shows. 

 

Figure 61 Flow Chart Third Goal Methodology 
  Finally, it is needed a way to check every test case. To accomplish this goal, it must be 

developed an application that has as input the ontology model and the different test cases and 

is able to return an output saying if the model can or cannot represent the test case. 
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Figure 62 Flow Chart Test Consistency Simplified 

  The process of testing the consistency basically consists in checking the conditions 

defined before during the subsection 6.1. Those conditions mainly check if the conditions to 

be the current state for a specific class are met and if the transient properties appear in the 

correct states. In addition, it would be very useful to be able to configure test case flows, in 

which the validator is able to save the previous state for each entity and verify if that 

transition from one state to another exists. 

6.6 Conclusion 
  In this section, a way to verify the consistency of ontological models has been defined, 

with the objective of checking if the design and implementation of such model is correct in 

terms of consistency, since, if the model is not consistent, it would imply that some Business 

Scenarios of the model are unreachable at runtime. This type of testing saves a significant 

amount of time because it allows to test ontology models before having them on real systems. 

  In order to test the consistency of a model, it is necessary to generate Test Cases, and in 

order to generate those Test Cases, instances of the ontology model are needed. An instance 

generator with excellent performance already exists [29] but it does not consider the syntaxis 

to represent dynamic properties and the annotation properties defined in this thesis. Therefore, 

a possible design of how to include the dynamic properties in the RDF instance generator [29] 

was presented.  
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  Due to its complexity and the huge amount of resources it requires, the development of 

the generator defined above was considered out of scope of this thesis. However, it may be a 

promising future work for a team with the appropriate hardware resources to implement the 

designed generator. 

  In conclusion, improvements were accomplished in different fields, an RDF generator for 

ontology models that contain dynamic elements and a way to test the consistency of those 

models to verify its correctness and lack of unreachable business scenarios in a 

semi-automatic way were defined. 
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7 Conclusions and Future Work 
  In this thesis, a need in the field of ontologies has been found and fulfilled. After research 

on ontologies, it was found that there is no way to represent the dynamic character of the 

classes and properties in an ontology. And like in the paper [10], it was concluded that a way 

to represent such a feature was needed. Throughout this document, a set of guidelines were 

created in order to represent the different dynamic properties in an ontological model, and, at 

the same time, the use of Annotation Properties allowed to differentiate, both at design time 

and at run time, the static (persistent and immutable) and dynamic (transient or mutable) 

properties, creating an extension able to represent the different dynamic elements. 

  Later, three patterns were designed, which define how to create some basic elements of a 

dynamic ontology, following standards accepted by the ontology community. These patterns 

were related with the “State” of an entity, “Transient” properties, and “Persistent” properties. 

Then, using the OWL API and Java, a desktop application capable of searching for these 

patterns in an ontology was created in order to validate at design time the correct creation of 

an ontology model with dynamic properties, by this way, the design of the model could be 

analyzed and if any error is found in the ontology model, it can be fixed before using it. 

Finally, the created tool was verified and validated by using ontology models with and 

without errors. 

  In the end, an automatic generator of instances was designed to create test cases that can 

be used to check the consistency of an ontology and its dynamic elements at run time. 

  As a result, although progress has been made on this path, there are still many advances 

related to each accomplished goal, can proceed this thesis. Some possible future works would 

be the following ones. 

  Despite the fact that an extension has been made to represent the dynamic behavior, it is 

possible that this extension can be further improved by adding new elements or by refining 

the existing ones already included in this thesis. In the same way, four annotation properties 

(transient, persistent, mutable, and immutable) were defined, but maybe new annotation 

properties could be created to express new other types of properties (static or dynamic or even 

new ones). 

  In the application created in this thesis to validate patterns in ontology models, three 

patterns were used, but in the future new patterns could be added and integrated in the source 

code for a more exhaustive test. Another improvement that could be implemented would be a 

validator, similar to the one created, in which the user can choose which patterns to validate 
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and introduce new patterns as input, without the need of developing a code for each new 

pattern. For example, an application that is able to read the pattern from a file (for 

example .owl extension) and then search that pattern on an ontology model.  

  Another potential future work, this time related with the last goal of this thesis, would be 

the implementation of the generator of instances of the ontology models that have dynamic 

elements. Once an application like that is developed and tested, it can be used to generate test 

cases that can help to implement another application to verify the consistency of a model at 

runtime and, therefore, validate the ontology model. In this thesis, it has been designed some 

important points of such application, but because of lack of resources it has been considered 

out of the scope of this document. 

  Lastly, another possible future work could be to find a way to test if the values of a 

property change over time, to verify if the property (defined as mutable or immutable), is 

what it claims to be. If such ontology is already fulfilled with data, those instances could be 

checked to verify if the value of a property changes or not. 

  In conclusion, thanks to this thesis, the dynamism of classes and properties in ontology 

models can be expressed and differentiated in both design time and run time. Moreover, these 

ontology models with dynamic elements can be verified by comparing them with patterns at 

design time, using the application developed in this thesis, or by test cases, using synthetically 

generated instances instead of using the model in production, saving time and money. 
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